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FOREWORD 

The first Research Coordination Meeting (RCM) of the Coordinated Research Project (CRP) on 
Validation of Tracers and Software for Interwell Investigations was held at the headquarters of the 
International Atomic Energy Agency (IAEA) in Vienna on 16–19 November 2004. The Chief 
Scientific Investigators of all research contracts and agreements under the CRP participated in the 
meeting. This is the first CRP in the field of the radiotracer applications in interwell investigations in 
oil and geothermal reservoirs. Three research agreement holders from Canada, France and Norway 
provided assistance to the other RCM participants with their expertise and know-how. The seven 
research contract holders from Argentina, Brazil, China, Indonesia, Pakistan, Philippines and Vietnam 
are with recognized experience in radiotracer technology. 

Interwell tracer test is an important reservoir engineering tool for secondary and tertiary 
recovery of oil. Most of the oilfields in many developing countries are in the stage of secondary 
recovery. Moreover, the oil industry remains at priority in these countries. It is therefore appropriate 
that further efforts should be channeled primarily towards promoting the radiotracer technology in this 
priority sector. 

The main purpose of interwell tracer tests in oil and geothermal reservoirs is to monitor 
qualitatively and quantitatively the fluid connections between injection and production wells and to 
map the flow field. Tracer is added into injection fluid via an injection well and observed in the 
surrounding production wells. Tracer response is then used to describe the flow pattern and obtain 
better understanding of the reservoir. This is important knowledge in order to optimize oil recovery. 
Radioactive tracers have been playing an important role in interwell tests because of their advantages, 
such as high sensitivity, stability and selectivity. Most of the information given by the tracer response 
curves cannot be obtained by means of other techniques. 

Interwell tracer test is also used in geothermal reservoirs to get better understanding of reservoir 
geology and to optimize production and re-injection program. High temperature geothermal resources 
are normally used for power generation. Whereas, middle and low temperature reservoirs are 
developing for civil living such as room heating and warm water supplying. Geothermal resource is 
now well recognized as a green and important part of follow-up energy sources in many developing 
countries. 

Over the years, the IAEA has contributed substantial funding and effort to the development of 
radiotracer technology and its transfer to developing Member States. Significant progress has been 
made enabling the countries to establish national radiotracer groups with an indigenous capacity to 
sustain and develop applications. The introduction and promotion of tracer techniques for oil 
producing industry have been going on through several national and regional technical cooperation 
projects. 

Presently, R&D is going on in interwell tracer technology, including development of new 
tracers, improvement of analytical and interpretation techniques, and other innovative techniques for 
multiphase flow pattern characterization. The CRP coordinates knowledge generated in this field to 
guarantee the continuity of technology and to transfer the best part to developing countries. For 
effective transfer of the technology to developing countries, the target techniques will be consolidated, 
developed further and validated though the CRP activities. Technical documents will also be prepared 
to facilitate upgradation of the capability of tracer groups in developing countries. 

In line with the CRP objectives, the first RCM summarized the status of tracer technology as 
applied to interwell tests and discussed the ways to meet the proposed goals. The proposed 
investigations were focused on three main fields: 1) Software and model development and 
interpretation, 2) development of new tracers, methods and technologies, and 3) field applications. All 
participants were encouraged to participate in one or more of these topics of discussion and establish 
networking activities. 

The IAEA wishes to thank all the participants for their valuable contributions. The IAEA officer 
responsible for this CRP is Mr. Joon-Ha Jin of the Division of Physical and Chemical Sciences. 
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EXECUTIVE SUMMARY 

1. SCIENTIFIC BACKGROUND 

 
Interwell tracer tests are important reservoir engineering tools for secondary and tertiary 

recovery of oil. Most of the oilfields in many developing countries are in the stage of secondary 
recovery. Moreover, oil industry remains a priority in these countries. It is therefore appropriate that 
further efforts should be channelled primarily towards promoting the radiotracer technology in this 
priority sector. 

 
The main purpose of interwell tracer tests in oil and geothermal reservoirs is to qualitatively and 

quantitatively monitor the fluid connections between injection and production wells, as well as to map 
the flow field. Tracer is added into injection fluid via an injection well and observed in the 
surrounding production wells. Tracer response is then used to describe the flow pattern and obtain 
better understanding of the reservoir. This is important knowledge in order to optimize the oil 
recovery. Radioactive tracers play an important role in interwell tests because of their advantages, 
such as high sensitivity, stability and selectivity. Most of the information given by the tracer response 
curves cannot be obtained by means of other techniques. 

 
Interwell tracer tests are also used in geothermal reservoirs to improve the understanding of 

reservoir geology and to optimize production and re-injection programmes. High temperature 
geothermal resources are normally used for power generation, whereas middle and low temperature 
reservoirs are developed for domestic uses such as room heating and warm water supply. Geothermal 
energy is now well recognized as a green and important alternative energy source in many developing 
countries. 

 
Over the years, the IAEA has given substantial funding and efforts to the development of 

radiotracer technology and its transfer to developing Member States. Significant progress has been 
made enabling the countries to establish national radiotracer groups with an indigenous capacity to 
sustain and develop industrial tracer technology. Introduction and promotion of tracer techniques for 
oil producing industry are ongoing under several regional and national technical cooperation projects. 

 
This CRP was introduced to reinforce the capabilities of groups working with the field 

implementation of tracer technology as well as groups dealing with analytical techniques and software 
development in order, in turn, to satisfy the needs of end users in their own countries and to cooperate 
with them in interpretating results. It should be recognized that interpretation of response curves 
obtained from tracer experiments is a complex task. One should include important information to be 
supplied by reservoir engineers and geologists, such as results of pressure tests, production history, 
water cut values, water injection rates and all available geological parameters, i.e. porosity, 
permeability, fractures and faults and stratifications. 

 
Tracer methodology generally comprises five interrelated aspects of the application, namely: 

tracer selection, experimental design, sample measurement, data treatment and modelling and basic 
interpretation.  

 
When planning an interwell study selection of tracer is one of more difficult challenges, tritiated 

water (HTO) being the first choice as water tracer. International bibliography including IAEA 
publications has comprehensively discussed this topic. However, a general procedure for tritium 
application is still lacking. 

 
Many situations require utilization of more that one tracer. In these cases an alternative tracer 

should be selected in addition to HTO. These “new” tracers should be tested under reservoir 
conditions (or simulated reservoir conditions) and validated through intercomparison tests in order to 
be accepted as qualified tools. 
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Concerning experiment implementation, further development of injection devices is important, 
for reasons of performance and for safety. Standardization is still desirable in this field. 

 
Sample treatment and nuclear counting techniques are very important in order to obtain reliable 

and accurate results of the tracer recovery. Again, standard procedures are desirable. Some specific 
situations may involve “in situ” measurement. Therefore, special devices associated with suitable 
detectors should be developed and tested. 

 
In the field of data treatment and modeling, four levels of complexity are generally accepted: 
 
Qualitative: Important information can be obtained by just looking at the response curves or by 

means of simple calculations. Breakthrough and mean residence times, distribution of injected water, 
recovered tracer mass or activity and swept volume are among these parameters. 

 
Basic models and software: Decomposition of complex curves into simple ones so as they 

become easy to approximate by elemental functions, moment determination and evaluation of 
statistical parameters, simple calculations, fitting experimental data. 

 
Streamline models: The volume under study is divided into a two-dimensional or three-

dimensional grid in small cells. By assigning to each one certain properties, e.g. pressure, 
permeability, porosity, streamline pictures are generated by solving the pressure equations. By this 
method it is possible to fit the experimental data in order to obtain structural information from the 
reservoir. 

 
Reservoir simulators: These are generally commercial and expensive software with 

compatibilities for simulating the reservoir behaviour under different conditions. Some of them have a 
rather basic “tracer” option to evaluate the application of water tracers. Only one provider of reservoir 
simulators have included an advanced tracer simulator which may also be used in cases with phase 
partitioning tracers and with gas tracers under continuous changes in phases compositions 
(compositional simulators). 

 
Finally, interpretation should be the last step in any tracer experiment. Collaboration with end-

users, generally reservoir engineers, is indispensable at this stage.  
 
The main objectives of the CRP are: 
 

― To further develop and refine tracer methodology and technology for interwell investigations: 
To prepare, test and validate emerging tracers, analytical and field techniques, as well as to 
improve modelling and interpretation of tracer data. 

― To facilitate the transfer of the technology to developing countries: To formulate guidelines, 
experimental protocols and software packages. 
 
The following outputs are expected: 
 

― Validation of at least four tracers for oilfield and geothermal reservoir interwell investigations. 
― Software and manual for interwell data processing and interpretation. 
― TECDOC with validated protocol and guidelines on methodological and technological aspects 

of tracer experimental design, injection, measurement, data processing and interpretation. 
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2. SUMMARY OF PRESENTATIONS 

2.1. G.E. Maggio (Argentina) 

 
The first experiment in oilfields was carried out in 1978 with satisfactory results. Since then 

more than eighty operations were done, most of them in the last ten years. A case study based upon the 
larger series of experiences carried out in a unique oilfield is discussed. Important conclusions were 
made about the behaviour of this oilfield that allowed reservoir engineers to improve the oil 
production. Several demands from different oil companies for new tracer injections next year are 
under discussion.  

 
Software for basic interpretation based on dispersion equations was developed. Original 

concentrations are corrected for internal calculations or graphic operations both by background and by 
radioactive decay. The experimental curve can also be extrapolated in the case in which sampling 
finishes before the tracer concentration reaches the baseline. The software calculates the tracer 
recovery as a function of the time or volume and generates graphs of the tracer concentration or 
cumulative functions. The main statistic parameters are also presented. The response curve can be 
decomposed in several simple functions following the classical dispersion function.  

 
Another Argentinean tracer group envisaged a different approach. This group is at present 

working on the development of a module for “Mathematica” standard commercial software based on 
streamlines. It is a tracer flow simulation model with capabilities for optimizing a function that 
evaluates the error of the model with regard to experimental data (concentration vs. time curves). The 
optimization mathematical model was analysed as a non-linear programming problem with the 
purpose of estimating the values of the reservoir characteristic properties and on the basis of tracer 
curves. 

 
Plans for the near future include application of chemical tracer and improving software 

capabilities by adding new options. 

2.2. R. Martins Moreira (Brazil) 

 
Radiotracer applications in oil reservoirs in Brazil started in 1997 at the request of the State Oil 

Company (Petrobrás) at the Carmóplois oilfield. 1 Ci of HTO was injected in a regular five-spot plot 
and the results obtained were quite satisfactory. Shortly after this test one other request asked for 
distinguishing the contribution of different injection wells to a production well. It was then realized 
that other tracers should be available. As a first choice 35SCN- has been selected since it could be 
produced at CDTN. An alternative synthesis path was defined which shortened post-irradiation 
manipulations. The tracer was tested in core samples and a field injection, simultaneously with HTO, 
was carried out at the Buracica field; again the HTO performed well but 35SCN- showed up well ahead. 
Presently the HTO applications are being done on a routine basis. All in all, four tests were performed 
(some are still ongoing), and the detection limits for both 3H and 35S were optimized by refining the 
sample preparation stage.  

 
Lanthanide complexes used as activable tracers are also an appealing option, however core tests 

performed so far with La-, Ce- and Eu-EDTA indicated some delay of the tracer, so other complexants 
such as DOTA are to be tried in further laboratory tests and in a field application. Thus, a deeper 
understanding of their complexation chemistry and carefully conducted tests must be performed before 
lanthanide complexes can be qualified as reliable oil reservoir tracers. More recently, Petrobrás has 
been asking for partitioning tracers intended for SOR measurement. 
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2.3. J. Tang (Canada) 

 
This research focuses mainly on the interpretation of partitioning tracer data for residual oil 

saturation measurement.  As a secondary objective, depending on the progress of the project, it may 
also look into some commonly encountered phenomena related to tracer interaction with rock matrix 
such as adsorption and mass transfer into secondary pores.   

 
With advancement of interpretation techniques, interwell partitioning tracer tests have become 

popular in the industry for determining residual oil saturation to water flood or gas flood.  With 
reported successes both in petroleum and environmental industry, it has gained wide recognition as a 
reliable method for measuring residual oil saturation, along with other standard techniques such as 
single well tracer testing, sponge coring and log-inject-log. Several levels of interpretation, depending 
on the degree of sophistication, are available to interpret the tracer data for residual oil saturation 
determination. These methods range from the simplest analytical methods namely chromatographic 
transformation and moment analysis to the most intricate finite difference or streamline simulation, 
with the semi-quantitative Brigham’s Model being in between. The residual oil saturations measured 
by these methods are not necessarily identical. There arises a legitimate question as to what the 
residual oil saturation values from different methods mean. 

 
Brigham’s Model has the advantage that it is semi-analytical and requires minimal effort to 

match the tracer data.  Brigham’s five spot model will be extended to model the propagation of 
partitioning tracer for residual oil saturation measurement. The limitation of using the model for 
irregular pattern will also be addressed.  We will also try to construct a 7 spot, 9 spot and line drive 
based on Brigham’s correlation.  This model will also be used to study the effect of different Sor in 
different layers on chromatographic and moment analysis method. 

 
Other retention mechanisms such as reversible adsorption can also delay tracer production. 

Adsorption can also be irreversible, which will cause tracer loss. Chromatographic transformation will 
be attempted to differentiate reversible and irreversible adsorption. The effect of reversible adsorption 
on tracer production and its impact on residual oil saturation measurement will be studied.   

 
The effect of double porosity, e.g., dead-end pore or fracture with zero matrix permeability, on 

tracer propagation between wells is not well understood.  Though it is not a mandatory part of the 
project, mathematical analysis or a simple one-dimensional numerical model may be attempted for 
preliminary study of the problem. 

 

2.4. Zhang P.X. (China) 

 
Interwell tracer technology has gained rapid development and plenty of field applications since 

middle of 1980s in China. At present, hundreds of field tests are conducted annually. Radioactive 
tracers have been playing the most important role. New approaches are reported for on-line analysis of 
gamma radioactive tracers in both wellhead measurement and down- hole in tracer production profile 
logging. 

 
An interwell tracer project was completed by CIAE in Tianjin Geothermal Reservoir in 2001 to 

2002 using radioactive tracers. More field tests are expected in later stages. 
 
Although interwell tracer technology has gained important progress and plenty of applications, 

there is a lack of well established and adopted procedures for quality control of the commonly used 
radioactive tracers. Further, there is a lack of standard techniques for sample treatment and analysis of 
these radioactive tracers. In addition, the requirements and quest for new tracers are evident.  
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On this background, the research contract is focused on the following four aspects as in the 
three year project: 

 
1) Establish methods on quality control of commonly used radioactive tracers (HTO, 35S and/or 

14C tagged SCN-, 57Co、58Co and 60Co tagged [Co(CN)6]-3, 125I-, and 131I- ),  
2) Optimize techniques for sample treatment and analysis of these commonly used radiotracers, 
3) Validate the tracers, methods and software by field test, and  
4) Carry out research on synthesis of 14C tagged fluorinated organic acids. 

2.5. P. Berne (France) 

The “Tracer group” representing France is composed of personnel from the Laboratory for 
Sciences of Chemical Engineering (LSGC – Nancy) and the Atomic Energy Commission (Section for 
Tracer Applications – Grenoble). This group has been using tracers of every description for the past 
few decades in the industry (mainly chemical, oil and more generally energy industries) and the 
environment (safety of classical/nuclear waste storages, waste water treatment, protection of water 
resources, dispersion of pollutants in the atmosphere). It has also long standing experience in the 
analysis, interpretation and modelling of tracer data. 

 
Due to the lack of significant oil and geothermal resources in France, this group cannot claim 

practical experience of interwell tracer tests in these fields. The respective domains however share 
many interests: For instance, the technique of partitioning tracers originates from oilfield studies but 
also proves useful in the environment; the same goes for the problem of tracing multiphase fluids with 
phase change in oil/geothermal fields and in many devices in the industry (e.g. 
evaporators/condensers). Moreover, the challenges in exploiting the data from an interwell test may be 
the same (poor tracer recovery, incomplete recovery curves, lack of relevant data on the underlying 
matrix) for a test in a reservoir or in an aquifer. The French group therefore proposes to concentrate on 
the latter aspect: Data interpretation and modelling, to explore the differences/similarities in the 
underlying theory for the bounded (industry) and unbounded (in-field conditions) systems and to 
investigate the consequences of data uncertainty onto the reliability of outputs from models. 

2.6. Z. Abidin (Indonesia) 

Indonesia is one of the oil countries that have more than 40 % of the world’s geothermal 
reserves. Geothermal development has amounted to 807 MW including several fields (Kamojang, 
dieng salak, Wayang windu, Darajat Sibayak and lahendong) from 20,000 MW reserves. In several 
locations in Sumatra there are many oil fields under secondary production. At present, they are starting 
to exploit possibilities using EOR technology. Tracer technology is an alternative to determine 
interconnection between wells and mass recovery for steam or oil management. Tracer return in wells 
production could be used to calculate optimization of water re-injection and various useful parameters 
including swept volume between well pairs.  

 
Some radiotracers like tritiated water HTO, iodide as 125I- (or 131I- in some cases) and 

cobalthexacyanide as for instance 60Co(CN)6
3- could be considered as suitable tracers for reservoir 

systems. HTO will be injected into geothermal reservoirs under different conditions: Vapour 
dominated (Kamojang) and two phase systems (Lahendong). Radiotracers of iodide will be injected to 
the liquid dominated system of the geothermal field (Salak). Also HTO and radiolabelled Co(CN)6

3- 
will be injected simultaneously in an oilfield under secondary recovery. Data interpretation using user-
friendly software (Iceboc, etc.) will give maximum technology contribution to geothermal fluids and 
oil field management.  

2.7. T. Bjørnstad (Norway) 

This proposal concentrates on water tracers for interwell studies in oil reservoirs. The main 
objective is to conduct further studies of a previously somewhat investigated class of metal complex 
water tracers. This class is composed of a selection of metal cyanide.  
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The metals (or central cation) should preferably also have stable isotopes with high activation 
cross-section for analysis with thermal or epithermal neutron activation analysis. These properties 
offer the possibility to use also the non-radioactive metal complexes as water tracers.  

 
The metal ion selected is cobalt to make Co(CN)6

3- with the possible radiolabels 56Co, 57Co, 
58Co, 60Co and 14C, nickel to make Ni (CN)4

2-with the possible radiolabel 63Ni, silver to make Ag 
(CN)2- with the possible radiolabel 110mAg and gold to make Au (CN)2- and/or Au(CN)4- with the 
possible radiolabel 195Au. 

 
In addition, new classes of complexes will be considered for further studies. This part will 

mainly be a concept study to prepare for future experimental investigation. 

2.8. H. Khan (Pakistan) 

 
Interwell tracing is an important technique in reservoir engineering, which is used during 

secondary/tertiary recovery of oil to maximize the production. As most of the oilfields in many 
countries are in the secondary recovery stage, it is highly desirable to streamline and refine the 
interwell tracing methodology and technology so that it can be used to its optimum potential. As oil 
industry remains at priority in many developing countries, the efforts for refinement in technology that 
helps increase production of oil/gas, are always welcome by the government as well as oil & gas 
industry. The main purpose of the subject CRP is to develop and refine tracer methodology and 
technology for interwell investigations. This includes the investigations regarding interwell 
communications; to prepare, test and validate new tracers; analytical and field techniques; as well as to 
improve modelling and interpretation of tracer data; use available software packages for tracer data 
processing/analysis and better understanding of the reservoir model.  

 
PINSTECH has fairly good facilities (laboratory and field/technical manpower) to initiate the 

proposed CRP. The tracer group at PINSTECH has already carried out some studies in oilfields using 
radiotracers and naturally occurring environmental isotopes (2H, 3H, 18O) to investigate interwell 
communication successfully. Fimkassar oilfield in Pakistan has been selected to carry out proposed 
investigations in the subject CRP.  Some institutions from advanced countries are also taking part in 
the proposed ‘Coordinated Research Programme’. Participation of PINSTECH in the proposed CRP 
will enable this group to share knowledge and experience of advanced countries on this subject. This 
will help to further develop, refine, upgrade/consolidate the capabilities of field/analytical techniques, 
data processing, interpretation and modelling/simulation. This will ultimately lead to up-gradation of 
the “Country Capability” and fostering the emerging new applications in enhancing oil recovery. 

2.9. M. Ogena (Philippines) 

 
After a quarter of century of exploitation, many of Philippines’ geothermal fields have 

developed extensive two-phase or steam zones that are more sensitive to ingress of cold water and 
injection water requiring critical management of optimum pressure support by injection. Vapour-phase 
tracers such as tritiated water (HTO) and hydrofluorocarbons (HFCs) can identify direct paths between 
re-injection and production wells and quantify injection return volume. The problem of cold-water 
ingress is currently being experienced in Tongonan and of re-injection breakthrough in Mindanao with 
the associated threat of quenching of the steam zone in these geothermal reservoirs leading to serious 
steam shortfall. 

 
It is important that the return fluid and cold water flow paths are identified and the connection 

between the steam cap and cooler fluids is established so that appropriate reservoir management 
strategies can then be instituted thereby maintaining production from the natural or developed steam 
horizons. 
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Tracers such as HTO and HFCs have the ability to define flow paths, both for the geothermal 
invading cold or re-injected waters and the use of tritiated water as becoming a standard tracer for both 
liquid and vapour phases in geothermal systems. The proposed application of HTO and HFCs as 
vapour tracers in Tongonan and Mindanao geothermal fields over a 3-year program starting in 2004, 
would have a significant impact on tracer technology research and in geothermal reservoir production. 
Scientific findings from this proposal are predicted to revolutionize geothermal reservoir management 
practices based on the following study objectives: 
 
― Establish the applicability of vapour-phase tracers in high enthalpy geothermal environments. 
― Integrate vapour tracers as a major geochemical monitoring tool in aid of reservoir management 

strategies to prolong the production life of geothermal reservoirs. 
― Open new technical frontiers and hence promote sharing of innovative ideas and technology 

development for new and emerging tracers through IAEA’s established scientific network. 
 

The following activities are identified in this study: 
 

1) National activities 
 

― Injection of tritium and HFC tracers in selected geothermal wells in Tongonan and Mindanao 
― Monitoring and sampling at production wells 
― Laboratory analytical capabilities for vapours-phase tracers 
― Interpretation of results, including flow path modelling and simulations. 

 
2) IAEA activities 

 
HFC analyses will be done at PNOC-EDC’s Leyte project laboratory where a GC with ECD is 

operational. However, some modifications are needed on the GC to be able to shift from routine 
geothermal gases to HFC analysis. Since the Philippines is not equipped to analyse tritium, it is 
proposed that the tritium analyses be done through the Agency. 

 
3) Group activities (with all participants of the CRP) 

 
Conduct of review and coordination meetings and field visits are proposed to facilitate 

widespread dissemination of results, intensive discussions on scientific breakthrough and sharing of 
experiences through the intent of technology transfer to all participating institutions. 

 
The CRP emphasizes the development of new technology resulting to availability of scientific 

expertise in different countries in the region. Manpower resources would be developed, information 
exchanged and disseminated. In the longer term, the regional collaboration will catalyse and accelerate 
the use of indigenous geothermal resources for electrical and non-electrical applications in the 
participating countries. 

2.10. N. Quang (Vietnam) 

The petroleum potential of Vietnam is mainly in fractured basement rock reservoir located 
offshore and characterized by a fracture system of very high heterogeneity in porosity and 
permeability, and by high temperature ranging from 110°C to 150°C. The complexity of the reservoir 
structure introduces a considerable uncertainty in the reservoir model and fluid flow simulation.  

 
Offshore location, lithological property of granite rock, high temperature, declination of the 

drilling well and fracture structure are the constraints to application of production technologies and 
other investigation techniques. This situation calls for more application of tracer technique in interwell 
communication study and residual oil saturation measurement. On the other hand, this situation also 
gives challenges to improve tracer technologies. 
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On this background, the proposed project is aimed at an effort to validate the tracer applications 
in high temperature and fractured basement reservoir, both with regard to tracer methodology and 
result interpretation. 

 
The specific objectives of the project are: 
 

― Validation of the multi-tracer selection and analysis in high temperature and fractured reservoir 
using the following tracers: HTO, MeOH (3H), MeOH (14C), EtOH (3H), Isopropanol (14C or 
3H) and Benzoic Acid (3H).   

― Validation of the modified and improved tracer methodology including tracer design, injection 
and sampling. 

― Trial of various levels of tracer interpretation in fractured reservoir. 
 

3. WORK PLANS FOR 2005 

3.1. Research Contract: Argentina 

 
New tracers and analytical tools for interwell communication studies 
 

― To improve the basic interpretation software including new simple functions and additional 
capabilities. 

― To start with the development of new and more comprehensive software based on the existent 
software. 

― To continue testing a couple of non-radioactive tracer for interwell communication studies. 

3.2. Research Contract: Brazil 

 
Development of alternative tracers for oil reservoirs 
 

― Synthesis of lanthanide tracers and laboratory tests 
 Complexation tests with soluble rare earth salts of Eu, La, Dy 
 Static test of the sorption of complexed Ln’s in rock samples 
 Core test of complexed Ln’s. 

 
― Irradiation and analysis of the Ln 

 Irradiation of Ln samples and standards dissolved in brine 
 Gamma spectroscopy of irradiated lanthanides 
 Detection of interferences and definition of procedures for their elimination. 

 
― Production and tests of the S14CN- tracer 

 Definition of the path for the synthesis of S14CN- 
 Definition of the enrichment procedure for S14CN- 
 Tests and optimization of 14C counting procedures by LSC. 

 
― Tests with partitioning tracers 

 Set up of equipment, for the evaluation of Kd of partitioning tracers 
 Tests for definition of the Kd measurement methodology. 

 
― Field test 

 Field test with S14CN- and complexed Ln’s (injected together with HTO) 
 Analysis of results (hopefully with a software provided during the CRP). 
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3.3. Research Agreement: Canada 

 
Interpretation of interwell partitioning tracer data for residual oil saturation (SOR) 

determination 
 

― Comparison of chromatographic transformation and moment analysis and the residual oil 
saturation measured by these two methods. 

― Limitation of 5-spot Brigham Model 
― Extended 5-spot Brigham Model for SOR determination. 

3.4. Research Contract: China 

 
Compulsory research on radioactive tracers for interwell studies of water flooded oilfields and 

geothermal reservoirs 
 

― Quality control methods of HTO, radioisotope  (35S, 14C) tagged SCN-, 125I and 131I tagged NaI 
 total activity 
 specific activity 
 radiochemical impurity 
 solvent analysis and control 
 dilution process and packaging control. 

 
― Optimization of sample treatment & analysis methods for tracers of radioisotope (35S, 14C) 

tagged SCN-, 125I and 131I tagged NaI 
 sampling and pre-treatment of samples (solvent for wellhead samples), 
 enrichment and separation of 125I and 131I tagged NaI by column chromatography, 
 enrichment and separation of 35S and 14C tagged SCN- by solvent extraction, 
 liquid scintillation counting of beta emitting tracers, 
 gamma counting and spectral analysis of gamma emitting tracers, 
 peak-sum method for accurate analysis of 125I. 

 
― One oilfield test using 35S tagged SCN- and 60Co tagged [Co(CN)6]3- 
― Preliminary research on 14C-tagged FBAs: Literature investigation and laboratory research. 

3.5. Research Agreement: France 

 
Interpretation of tracer experiments in non-boundary systems: Application to oil and 

geothermal fields 
 
The work plan for year 2005 comprises two items, both bearing on the data interpretation and 

modelling aspects of the CRP: 
 
From a theoretical point of view: Revise the foundations of the residence time distribution 

(RTD) theory as it is classically applied in bounded systems like reactors; assess if and how it can be 
extended to non-bounded natural systems like oil/geothermal reservoirs, taking into account existing 
literature; in the best case, the output could be a model for the latter systems. 

 
From a practically viewpoint: Select a model of reasonable complexity and relevance for tracer 

transport in an oil or geothermal reservoir (preferably, the result of the previous part); implement this 
model in a solver and optimization routine, allowing to determine optimal values of model parameters 
from tracer data. This tool is to be used in the continuation of the CRP for estimating the impact of 
data incompleteness or uncertainty on the reliability of the optimized parameters. 
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3.6. Research Contract: Indonesia 

 
Tracer technique development in geothermal and oilfield 
 
The first year work plan for tracers research is to be carried out in West Kamojang geothermal 

field and Sopa, Prabumulih South Sumatra oil field, as follows: 
 

― Injection of tritiated water (HTO) in KMJ 46 well re-injection of Kamojang field 
― Injection of HTO in SPA-23 and 60Co-labelled cobalthexacyanide in SPA-01 and SPA-29 well 

re-injections in Sopa oil field 
― Monitoring and sampling in production well surrounding well reinjection 
― Analysis of HTO and 60Co-cobalthexacyanide in laboratory 
― Progress report. 

3.7. Research Agreement: Norway 

 
Radiolabelled metal complexes as possible interwell water tracers 
 
The work plan is briefly sketched below. Since finances on the research part is coming from 

other sources than IAEA, the program below can, to some extent, be altered by our sponsors (mainly 
the Norwegian Research Council for this particular task). 

 
― Collect international experiences with Co(CN)6

3- tracers in reservoirs 
― Design detailed experiments for improved understanding of the behaviour of Co(CN)6

3- under 
realistic reservoir conditions 

― Develop a synthesis procedure for 60Co(CN)6
3- to be used in laboratory experiments 

― Conduct stability experiments of Co(CN)6
3- as a function of temperature and chemical 

composition of contacting media. 

3.8. Research Contract: Pakistan 

 
Radiotracer technique to investigate interwell communications in an oilfield and validation of 

tracers and software for data analysis 
 

― Selection of oilfield has been made 
― Radiotracer experiment has been designed and radiotracer injection executed 
― Sampling and subsequent analysis of the tracer 
― Collection of the injection and production data of wells 
― Combining the tracer data with production data for the analysis of: 

 Tracer recovery 
 RTD analysis 
 Sweep volume estimation 
 Contribution of injected water to producer 
 Flow pattern analysis 
 Data processing and analysis using available software (Anduril 2.2 from Argentina, 

Mr. Tang’s software from Canada, and DTS Pro from France as agreed during the RCM). 
 Compilation of analysed data collected during the first year of CRP and preliminary 

interpretation 
 Preparation of report for the work carried out during the first year of the project. 
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3.9. Research Contract: Philippines 

Application of HTO and hydrofluorocarbons as geothermal vapour-phase tracers in geothermal 
reservoir management 

 
The following activities are identified for the initial year in this study: 
 

1) National activities 
 

― Injection of HTO and HFC tracers in selected geothermal wells in the Tongonan geothermal 
production field 

― Monitoring and sampling at production wells 
― Sample analyses for HFC in the Leyte project laboratory 
― Analytical results/data processing and interpretation including flow path modelling. 

 
2) IAEA activities 

 
The HFC analyses of the first year samples from the Tongonan tracer test will be done at the 

PNOC-EDC Leyte project laboratory Gas Chromatograph with ECD. However, the modifications 
required to be able to shift from routine geothermal gases to HFC analysis are proposed to be provided 
through IAEA funds including any special equipment, materials and paraphernalia for HTO and HFC 
tracer injection and sampling. Since the Philippines is not equipped to analyse tritium, it is proposed 
that the tritium analyses be done through the Agency. 

 
3) Group activities (with all participants of the CRP) 

 
Conduct of coordination meetings, regional workshop, training and field demonstrations are 

proposed to facilitate widespread dissemination of preliminary results, scientific breakthrough and 
sharing of field experiences with the intent of technology transfer to the participating institutions. 

3.10. Research Contract: Vietnam 

Tracers in high temperature and fracture basement rock reservoirs 
 

― Tracer screening test at reservoir condition (at 1500C max): Ethanol, methanol, isopropanol and 
benzoic acids tagged with 3H or 14C. 

― Core flush tests for ethanol, methanol, isopropanol and benzoic acids tagged with 3H or 14C. 
― Field test for radiolabelled ethanol, methanol and HTO. 

 

4. NETWORKING ACTIVITIES IN THE CRP 

A number of areas of common interest and common challenges were identified from the 
participants’ presentations. Such issues include methodological and interpretation aspects. Networking 
activities will be developed in two different levels. In the first level, most participants will take part in 
intercomparisons in which they will evaluate their analytical capabilities as well as their understanding 
for result interpretation. The second level includes any particular agreement between participants 
under the framework of the CRP. 

 
Sample measurement (“round robin test”) 
 
Three standard tritiated water samples will be distributed among the participant laboratories in 

order to determine the activity concentration, error and confidence level of the measurement. These 
first samples will be prepared out of fresh water. 
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In further stages of the intercomparison plan a set of new samples will be submitted but 
replacing fresh water by formation water coming for different oil fields. 

 
Norway will be responsible for producing and distributing the samples to the other groups as 

well as for collecting and distributing the results of the “round robin” test. The samples will be 
calibrated against secondary standards. 

 
Result interpretation 
 
Several sets of real experimental data from field tests (tracer production data) will be submitted 

to participants in order to make a basic interpretation using defined software packages. Defined 
parameter should be calculated such as the breakthrough and mean resident times, swept volume, 
fraction of injection water reaching each well and flow paths. 

 
The following software packages are adopted to accomplish these tasks: Anduril 2.2 from 

Argentina, Mr. Tang’s software from Canada and DTS Pro from France. 
 
Argentina will be responsible for distributing the set of experimental data. 
 

5. TECHNICAL ISSUES 

5.1. Interpretation of tracer data for improved reservoir description and/or oil saturation 
measurement 

There has been a general consensus that tracer data interpretation may be carried out at four 
levels of complexity. 

 
1) Qualitative visual inspection 
 

From the tracer curves, the reservoir engineer should be able to tell qualitatively how the fluid 
flows in the reservoir, such as preferential flow paths, production-injection imbalance, drift, upswept 
areas (hence infill potential) etc. Visual comparison is the most common way to use the tracer data by 
the reservoir engineers. It is useful in clearing up some uncertainties in reservoir modeling as 
perceived by the reservoir management team.  The qualitative approach will shed light on the direction 
that the team should follow for further study. 

 
2) Semi-quantitative analysis 

 
This approach needs accurate knowledge of tracer recovery in individual producers assuming 

the tracer follows the injection water from the tracer injector. From the recovery factor, the flow rate 
from the injector to the producer as well as the swept volume can be calculated. However, in practice, 
this is a difficult number to obtain due to the fact that most of the tracer tests are terminated at the 
request of the field engineers after tracer breakthrough and/or observation of the first peak. An 
artificial extrapolation function has to be employed to project tracer recovery at a producer. This 
procedure may be quite inaccurate. Secondly, the total recovery of tracer is low, typically below 50-
60%.  There is a possibility that some tracer is lost at the injector (e.g., thief zone, pressure upset) so 
that it is controversial whether the injected dosage or the total recovery should be used as the base for 
calculating the fraction of tracer recovered at a producer.  

 
To enlighten this problem one should take occasional samples from the second row or even 

third row of wells to check if there are tracers going from the injector to those wells. It was agreed that 
this method is simple and can be handled easily by the Member States with minimal training.  
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The credibility of the method depends strongly on the quality of tracer data and field conditions. 
If all the precautions have been taken, this number would be accurate enough for reservoir engineering 
applications. 

 
The technique is based on getting a good approach of experimental data and the generated 

response curves (tracer concentration as function of the time or injected water volume). The 
decomposition of complex curves in several simple functions makes it possible to analyse each curve 
in particular in order to make conclusions about he overall system. 

 
This kind of simple software usually has capabilities for performing statistical calculations, 

moment analysis, swept volume determination, tracer mass or activity recovered, distribution of 
injected water and some other basic calculations all of the very useful for reservoir engineers. The 
software developed in Argentina can be placed in this category. 

 
3) Simple streamline model 

 
There seems to be an agreement that a simple streamline model should be built for the Member 

States. The basic requirement is a 2 D (or pseudo 3 D) model. The main purpose will be to model 
partitioning and non-partitioning tracer propagation under immobile oil conditions. It will include 
permeability, porosity and oil saturation distribution as input tuning parameters to fit the tracer curves. 
Including production in the model is desirable but will increase the degree of complexity tremendously 
so it may be a good idea to leave the production out for the time being. If one needs to match 
production, pressure and tracer data, a commercial finite difference simulator should be attempted, 
which is beyond the scope of this study. There is no need to model the wells (well head pressure, well 
function etc).  It is nice to have the capability of changing the streamlines when the field changes the 
operation. This will cause complication as the new streamline may have to pick up the tracer 
concentration from several old streamlines and the analytical displacement function incorporated in 
the streamline may not function anymore. 

 
China’s streamline model is coupled with their finite difference reservoir model, so it is not a 

standalone entity. As well, it was developed under RCA so it may not be available for CRP. 
 

4) Full field finite difference or final element / sophisticated streamline simulators 
 
These simulators are based on a reservoir geological model, and take into consideration all 

possible geological, stratigraphic and reservoir engineering hard facts as well as history of oil, water 
and gas production. It is expensive and complex and should be handled by the reservoir engineers of 
the oil company. 

 

6.  APPLICATION AND VALIDATION OF CURRENT TRACERS 

6.1. Tracer selection and limitations on applications 

 
Several radioactive tracers currently in use have been identified in terms of their common 

applications to both oil and geothermal industries and over a wide range of temperatures. These tracers 
are classified accordingly into two major categories as: 

 
― Low temperature (LT): below 100°C in oilfields (OF) 
― High temperature (HT): greater than 120°C in both OF and geothermal fields (GF). 

 
The limitations of commonly used tracers are shown in Table I below. 
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TABLE I. COMMONLY USED TRACERS 
Sr. 
No. Radiotracer Category Phase-type Remarks 

1 HTO  LT1) and HT2), OF3) 
And GF4) 

Water and 
vapour Ideal water tracer 

2 SCN- (35S tagged  or 14C 
tagged) LT, OF Water 

Add biocide to collected sample 
to prevent bacteria attack if 
samples not analysed 
immediately. High cost of tracer 
and analysis 

3 
Co(CN)6

3- (60Co, 57Co, 
58Co tagged or 14C 
tagged), 

LT, OF (<90°C) Water 

Contamination risk, costly 
transfer, transportation and 
shielding. Possibility of on-line 
measurement. 

4 I- (125I-, 131I-) LT and HT, OF 
and GF Water 

Possibility of online 
measurement. Do not use in high 
temperature with oxidizing 
environment.  

5 CH2TOH 
 

LT and HT, OF  
And GF 

Water and 
vapour 

Higher vapour pressure than 
water implies a higher fraction 
than water in the gas phase 

6 CH3T (3H tagged) LT and HT, OF Gas Partition to oil phases 

LT = low temperature; HT = high temperature 
OF = oil fields; GF = geothermal fields. 
 

6.2. Tracer amount estimation 

The amount of tracer to be used for a tracer investigation can be estimated using the following 
“rule of thumb”.  

 
A = MDL × Vd, x10 

 
where, 

• A is the amount of radioactivity (Ci) or weight (Kg) of tracer; 
• MDL is the minimum detection limit (Bq/l) or (g) 
• Vd is the volume of dilution, m3. 

 
The degree of dilution (x10) can be reduced based on tracer cost consideration but at the 

expense of significant tracer recovery, detection and analytical precision. 

6.3. Tracer transfer 

Tracer should be transferred from the transport container to injection cylinder by peristaltic 
pump with addition of carrier. 

6.4. Injection of tracer 

 
Tracer should be injected directly into the wellhead or flow line close to the wellhead in order to 

minimize the dead volume or contamination of the injection system. Injection methods can be: 
 

― by-pass method using injection flow  
― directly pumping by liquid displacement air-driven pump. 

 
All regulations regarding safety of radiation workers, general public and the environment must 

be observed strictly during all the stages of radiotracer handling. 
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6.5. Sampling 

 
Tracer sample can be collected at the wellhead. Commonly, at least 1 litre of produced water is 

required for tracer analysis. Tracer sampling should commence as soon as possible after tracer 
injection. The sampling frequency should normally be high after tracer injection. In order to save cost 
and money, only a fraction of the collected samples are analysed regularly (say 1 out of 5 consecutive 
samples). When the first sample containing tracer has been detected, collected samples backwards in 
time may be analysed in order to obtain a more precise breakthrough time. Subsequently frequency of 
sampling and analysis must, to some degree, be determined by the further development of the tracer 
production curve: When the tracer concentration values changes considerably with time (steep 
portions of the curve), the frequency should be higher than for other portions of the curve.  

6.6. Field measurements  

 
In case of anticipated very quick tracer breakthrough, which may happen for instance in heavily 

channelled/fractured reservoirs with high injection velocity and short distance between injector to 
producer, a high sampling frequency is necessary. This may lead to a large number of samples and 
heavy laboratory sample analysis workload. Gamma emitting tracers can be analysed on-line at both 
the wellhead and down hole. On-line analysis of ‘hard gamma’ radiotracers is an emerging 
technology, which has been previously used in observation wells in reservoirs. However, if the 
conditions permit, it can also be used in production wells. As such, one has still to gain more 
experience. This measurement principle is suitable for quick tracer breakthrough and particularly has 
an application potential for down whole measurement of tracer production profile in between reservoir 
layers. 

6.7. Tracer analysis 

 
Laboratory procedures for HTO analysis are well established using the liquid scintillation 

counting method. Commercial liquid scintillation counters and counting cocktails are available. After 
oil/water separation, HTO in oilfield brine is measured directly without enrichment. However, for low 
concentrations a distillation step before counting may become necessary. Radioactive tracers in 
anionic form should be enriched and/or separated first before measurement. Commonly used methods 
for enrichment and/or separation are based on column chromatography for anionic tracers. Tracer 
anions are either absorbed on a small column or eluted off from the column in small volume through 
the processes. Subsequently, the enriched/separated tracer samples are measured by gross beta 
counting, gross gamma counting, beta spectrometry or gamma spectrometry. Normally, gamma 
radioactive anions are absorbed on the chromatographic column and beta radioactive anions are eluted 
off from the column for measurement. Solvent extraction is also used for beta anions such as 35SCN-. 
A distillation method is used for enrichment/separation of tritiated alcohols. Tritiated methane is 
measured by proportional counters or by gas burning and collection of the produced tritiated water 
followed by liquid scintillation counting. Basically, laboratory procedures are well established and 
practical for a single tracer in a sample. Further research on ‘group’ tracer analysis and optimization 
are necessary. 

6.8. Data processing and interpretation 

 
As previously described, there are four approaches used for data interpretation of an interwell 

tracer test: 
 

1) qualitative analysis 
2) moment analysis and analytical modelling 
3) streamline modeling 
4) numerical reservoir simulation. 
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Qualitative analysis is the first approach for tracer data interpretation and application. Using 
tracer response information, many important conclusions of reservoir engineering concerns can be 
made directly and/or in combination with other data/information of the reservoir. These conclusions 
include identification of flow barrier, features of fault, connection relations between wells, layering, 
reservoir heterogeneities, etc. There are qualitative analyses in all of the tests. However, a systemic 
study and a guideline on qualitative analysis are needed. 

 
Moment analysis is the basic calculation for data interpretation. By matching the tracer response 

curve, analytical modelling can generate basic reservoir parameters in average, including number and 
size of layers, porosity and permeability. However, an analytical model normally cannot meet well, the 
real needs of reservoir development and management. Nevertheless, it can be used as a basic tool for 
interwell tracer data processing and interpretation. Calculation software has been developed and used 
in Argentina. 

 
Streamline modelling is now a widely used technology for interpretation and application of 

interwell tracer test. Methodologically, streamline modelling is a combination of analytical modelling 
and numerical reservoir simulation. In China, a streamline software package TRACER IMAGE has 
been developed and used in routine field tests.  

 
Most commercial reservoir simulators have basic tracer treatment functionality. However, there 

is only one simulator provider that has implemented an advanced tracer simulator in their full-field 
reservoir simulator, namely CMG in Calgary (simulators STARS and IMEX). However, these 
numerical simulation packages are complex and not suited for single tracer groups. Professional 
knowledge and experience on reservoir engineering are needed to run these simulators. A few tracer 
groups have reported reservoir simulations involving use of these commercial simulators. 

 

7. DEVELOPMENT OF NEW TRACERS 

7.1. Demand and expected benefits 

 
One of the items of the overall objective of the CRP is to refine, further develop and validate 

tracers for interwell investigations. Implicit in this is the specific research objective that aims to 
prepare, test, and validate emerging tracers. Among such emerging tracer candidates the rare earth 
complexes of La, Eu and Dy had been explicitly cited in the CRP Proposal, either as radioactive or 
activable tracers.  

 
Although there are presently a number of reliable and well-proved tracers available for oilfield 

applications, and specifically for interwell tests, a continuous push for new alternatives can be 
observed. Most reservoir examinations require the use of two or more tracers simultaneously. One 
should be able to label different neighbouring injectors specifically in order to distinguish 
unambiguously their individual contribution to the various producers. Less costly tracers and less 
involved field and analytical techniques is also a goal for this CRP. 

 
The use of activable tracers may simplify both the tracer preparation and sampling activities 

(although some more careful processing of the samples for irradiation may be required). This will in 
particular be of interest for countries that have a suitable irradiation facility (i.e. mainly nuclear 
reactors) but it may also benefit countries that do not detain irradiation facilities (although the samples 
would have to be sent abroad for analysis). One of their greatest advantages is to avoid working with 
radioactive material in the field. Besides, they are non-toxic at the concentrations used, have a very 
low detection limit, and are not affected by quenching agents or radiolysis. Last but not least, their 
half-lives place no limitation on the duration of the interwell test. 
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7.2. Emerging tracers for oil-field applications 

Besides the above-mentioned suggestions included in the CRP Proposal, other metal complexes 
have been mentioned during the presentations. 

 
Norway proposes to study cyanide complexes of metals such as Ni, Au, and Ag. Research with 

Co-hexacyanide stability is still ongoing, and 59Co(CN)6
3+ has been proposed as an activable tracer, 

making profit of the high neutron cross-section of the metal nuclide. 
 
China presents a several suggestions including 35S and 14C tagged SCN-, 57Co, 58Co and 60Co 

tagged [Co(CN)6]3-, 125I-, 131I-, FBA’s, 14C tagged FBA’s, as well as neutron activable tracers including 
[Au(CN)2]-, [Co(CN)6]3-, and rare earth elements complexed with ligands such as EDTA. 

 
Brazil is proposing to look further at the use of the lanthanides La, Ce, Eu, and Dy complexed 

with polycarboxylic acid ligands as activable tracers. 
 
Vietnam uses 3H and 14C tagged methanol, ethanol and benzoic acid, and has developed the 

technique for their separation by distillation. 
 
Pakistan is working with stable nuclides (2H and 18O) for measuring the amount of injected 

water produced in water-flooding operations. 

7.3. Synthesis of the tracers 

The presentation by Norway strongly emphasized the importance of a proper understanding of 
both the theoretical and experimental basis of metal complexation and the pitfalls that may be incurred 
at in case stability constants are applied without a critical judgment as to their actual meaning. 
Knowledge of several factors influencing the relationship of the co-ordination number and sequential 
formation of bonds of metal with different ligands can shed a light on the stability of the complexes 
thus formed. Research on this topic for each choice of metal-ligand pair must go hand-in-hand with 
the development of the method for the production for the desired tracer. 

 
It is required that all the stages of the method for the synthesis of the tracer, whether this 

involves just a simple complexation or a lengthy sequence of steps, are to be carefully checked. 
Frequently the tagging nuclides may be used in their non-radioactive form in such inspections. 
Analytical methods to be used in this control must reliably assure that the tracers produced effectively 
are in the desired form. 

 
It is mandatory that the operations, especially those involving manipulations of post-irradiated 

material, should be optimized aiming at reaching the simplest, least time consuming and safer 
procedures attainable. 

 
Several methods for quality assurance and quality control (QA/QC) of commonly used 

radioactive tracers were proposed by China in this CRP and are in another section of this report.  

7.4. Laboratory and field tests 

Laboratory tests for tracer candidates are essential for tracer validation. To do this, both static 
tests and flow tests are required in order to evaluate the tracer candidate properties such as thermal 
stability, bio-stability, absorption behaviour, mass balance and the coherence with the flow of the 
traced fluid, which usually is water. Norway presented the method and equipment for laboratory test 
of tracer candidates. Brazil reported experimental result of 35SCN- in laboratory as well. Basically, 
both static tests and flow tests in laboratory should be conducted in typical simulated reservoir 
environments by using proper equipment. However, performance criteria need to be established.  
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To produce a radioactive tracer, target irradiation for the production of the radionuclide is the 
same as the production of this radionuclide for any other purpose. There are well-established 
procedures for production of all radionuclides used for tracer preparation. Neutron activable tracers 
require reactor irradiation. The irradiation methods are generally the same as in normal NAA. 

 
After having defined, synthesized and qualified the new tracers in laboratory tests they must 

pass through the final validation, which is a field test. The usual procedures are to be followed, but 
some specific steps may have to be considered depending on the physical and chemical characteristics 
of the new tracer. Especially regarding the sampling procedures and the sample preparations before 
counting (or activation), due care must be exercised towards sources of errors such as the interference 
from other components of the sample, requiring previous separations or purifications and the danger of 
contaminating the sample before irradiation. 

 
HTO is normally measured directly. However, radioactive tracers in anionic form can require 

some degree of enrichment and/or separation before measurement. Commonly used methods for 
enrichment and/or separation are based on column chromatography for anionic tracers and solvent 
extraction beta anions such as SCN-. Tritiated alcohols and tritiated methane are enriched and/or 
separated from interfering agents by distillation prior to their measurement in proportional counters. 

7.5. Final remarks and suggestions 

 
Since the possibility of utilizing the new tracers is to be made available to all potential end 

users, whether in the CRP or beyond it, protocols are planned to be prepared for each of these tracers, 
detailing the synthesis process, the methodology for the laboratory tests as well as for the quality 
assurance and quality control, and for the analytical methods, including the activation whenever it 
should be the case.  

The final conclusions of the CRP should deal, among other subjects, with the critical issues and 
point at those subjects that might possibly need further refining. Suggestions are to be presented for 
the continuation of the research in new developments, involving the same nuclides in different 
chemical species and eventually different nuclides and methodologies whose potentials might become 
conspicuous during and due to the work performed in the CRP. 

 

8. CONCLUSIONS AND RECOMMENDATIONS 

 
Based on the participants’ presentations and the discussions during the meeting the following 

conclusions were drawn with respect to the content and prospect of the CRP: 
 

― The recent achievements of tracer developments provide more reliable and precise testing 
results concerning interwell applications. 

― There were also reported relevant R&D work and case studies developing further different 
aspects of tracer methodology as applied to this area in many countries.  

― Mutual networking activities and the efforts outlined for dissemination of know-how to other 
tracer groups are expected to present valuable contributions to the promotion of scientifically 
and technologically well based tracer applications related to interwell communication studies in 
oil and geothermal reservoirs. 

― New and improved methodologies in terms of reliable data generation and improved utilization 
of data in modelling will be developed and utilized at the end of the CRP. 
 
The RCM made the following recommendations to the Agency with respect to promoting the 

successful completion of the CRP and implementing results. 
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― The meeting recognized the needs for standard procedures and interpretation software as well as 
general guidelines and protocols for application of different validated tracers in oil and 
geothermal reservoirs. The RCM strongly recommended publication of this material as one of 
the main CRP outputs. 

― The meeting has identified the need for extended cooperation for technological development 
and dissemination of results. It is recommended to that Agency organize consultants meetings 
as well as regional or interregional seminars on all subjects related to radiotracer applications in 
interwell communication studies. 
 
The “Application and validation of current tracers” Group suggested inclusion of the following 

additional recommendations: 
 
Protocols and guidelines on the methodology and technical aspects of each commonly used 

radiotracer were identified to include: 
 

― tracer selection and limitations on applications 
― tracer application design 
― tracer transport and safety aspects 
― injection procedure 
― sampling procedure 
― field measurements 
― analytical procedure 
― quality assurance and quality control in sampling and analysis 
― data processing and interpretation. 

 
These will be done for the following identified tracers as assigned to the respective participating 

institutions: 
 

Tracer Institution to draft protocols 
HTO PINSTECH, Pakistan 
SCN-,Co (CN)6

3- CIAE, China, P.R. 
I- BATAN, Indonesia 
CH2TOH VAEC, Vietnam 
CH3T IFE, Norway 

 
The required tracers for field injection and the subsequent analyses of samples can be provided 

by those participating institutions, which have the capability and expertise in both tracer production 
and laboratory instrumentation. Similarly, the necessary development of personnel, field or laboratory 
visit as well as desirable expert missions can be arranged through each country’s current TC projects 
and national manpower development programs with the IAEA. 
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REPORTS BY PARTICIPANTS IN THE RCM 



GENERAL SCOPE ON RADIOTRACER APPLICATIONS 
IN OIL FIELDS IN ARGENTINA 

Interwell communication studies 
Natural production mechanisms, or primary production, contribute to extract from the 
reservoir about 25% of the original oil in place. This means that 75% of the existing oil 
remains in the pores and fissures of the rocks. 

The main natural production mechanisms (primary production) are the expansion of the 
oil, water and gas and in certain cases the water influx from aquifers connected with 
the reservoir. 

When primary oil production decreases in a field because of a reduction in the original 
pressure, water is usually injected to increase the oil production. Injected water in 
special wells (injection wells) forces the oil remaining in certain layers to emerge from 
other wells (production wells) surrounding the injector. This technique, commonly called 
secondary recovery, contributes to extract up to 50% of the original oil in place.  

Tagging the injection water with a suitable nuclide and measuring samples taken from 
production wells make it possible to obtain the response curves (concentration of 
activity vs. time or water volume), which represent the dynamic flow behaviour of the 
pattern (injector plus producers) under study. 

Detailed analysis of the response curves obtained from interwell studies allows to: 

 detect high permeability channels, barriers and fractures; 

 detect communications between layers; 

 evaluate the fraction of the injection water reaching each production well; 

 determine residence time distributions; 

 indicate different stratifications in the same layer; 

 determine preferential flow directions in the reservoir. 

All this information can be used to make operational waterflooding decisions in order to 
increase oil production. 

In Argentina, applications of radiotracers for interwell communication studies started as 
far as 1978. Today this technique is used by most oil companies as an almost routinely 
tool but in between different stages were covered. 

First steps 
In 1977 an agreement was established between the National Atomic Energy 
Commission (CNEA) and YPF (by that time the national oil company) whose main 
purpose was the evaluation of the possibilities of applying radioactive tracers in 
interwell communication studies. 

As a consequence of that agreement, the first operation was carried out in “El 
Medanito” oil field in 1978. Several radiotracers were used in order to evaluate their 
behaviour and to extract conclusions for their eventual application in future studies. 

The pattern under study included one injector and six producers (one of them closed at 
the moment of injecting the tracers) in a hexagonal geometry. 

Four tracers were tested: 3H as tritiated water, 131I as INa, 51Cr as EDTA and 46Sc as 
EDTA too. Tritium was detected in all of sampled wells while 131I and 51Cr were 
detected in non-of them. On its side 46Sc was found in some wells mainly in oil phase. 

Concerning tritium, 48,5% of the injected tracer was recovered, 32% in a one specific 
well and two canalisations were found. One experience was performed in order to 
detect a vertical communication between two layers, but the experimental results did 
not confirm the existence of such a connection. 

Phase 2 
Between 1979 and 1990 the policy of the Department responsible for radioisotope 
industrial applications consisted in no to promote the technologies already developed 
or those that had been tested satisfactorily. If some private company wanted to apply 
some of them the technology was transferred to it. On the other hand if an end user 
asked for some application then the operation could take place. 

As a result of that policy there was not radiotracer applications in oil field along that 
period and ten years of experience and further development of that technology were 
lost.

Phase 3 
Between 1991 and 1994 some promotion took place with a very low budget but some 
fruits were recollected. Three oil companies asked for interwell communication studies 
and seven operations were carried out, seven of them using HTO and the other using 
60C0 as 60Co(CN)6

3-.

In all operations good results were got and some experience was gained mainly in data 
treatment and basic interpretation. 

Phase 4 
In 1995 many different reasons contributed to make almost disappear the group of 
industrial applications in the National Atomic Energy Commission. The same year 
NOLDOR S.R.L. a small private company was born. Its main objective was to fill the 
empty space left by the CNEA in the field of radioisotope applications. 

NOLDOR started a very strong publicity campaign especially addressed to oil 
companies offering tritium injections for interwell communication studies. As a result of 
this promotion twelve oil fields belonging to six different companies asked for that kind 
of operations and forty-two injections took place from 1995 to 2000 when other stage 
started.



In this phase different aspects of the technique were improved such as injection,
sampling and measurement. Data treatment, report presentation and basic
interpretation were also ameliorated. 

Phase 5 
The fifth phase endure from 2001 up today. This phase is characterised by the 
presence of a new tracer group belonging to National University of Comahue (UNC). As 
a matter of fact this team had carried some interwell studies before but in an isolated 
way.

In 2001 an agreement was signed between UNC and NOLDOR S.R.L. with the 
purpose of promoting industrial application of radiotracers. In practise most efforts were 
aimed to oil companies taking into account that the University headquarter is situated in 
the area with major oil production in the country. 

A total of twenty eight operations took place in this period in eleven oil fields belonging
to four companies. Tritiated water as radiotracer and thiocyanate as chemical tracer 
were used. Most operations was performed in the framework of that agreement. 

Some words should be said about year 2002 when none operation was performed. 
This year was very bad for Argentinean economy, a strong devaluation took place and 
the industry was almost paralysed waiting for better times. Nowadays the worst part of
crisis seems to have passed and some reactivation is coming.

Table 1 summarises all interwell communication studies carried out in Argentina. 

The main campaign 
The most important injection campaign in one oil field in Argentina took place between 
1994 and 1997 with a total of 19 tritium injections involving 126 production wells and 
more than 5,700 samples analysed. The operation was fulfilled in Piedra Clavada oil 
field, Province of Santa Cruz in Southern Argentina. The picture showed bellow is a 
good example of a typical well response in this oil field. 
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TABLE 1: INTERWELL COMMUNICATION STUDIES IN ARGENTINA 

Institution Year Oil field Tracers Injections

CNEA (1) 1978 El Medanito 
HTO     Sc-46      
Cr-51   I-131  

4

CNEA 1989 Piedras Coloradas HTO   Co-60 2
CNEA 1993 Catriel Oeste HTO 4
CNEA 1993 Piedra Clavada HTO 1
Noldor 1995 Piedra Clavada HTO 10
Noldor 1996 Piedra Clavada HTO 4
CNEA / Noldor 1996 Hidra HTO 2
UNC (2) 1997 Entre Lomas HTO 2
Noldor 1997 Diadema HTO 3
Noldor 1997 Cañadón Piedra HTO 1
Noldor 1997 Piedra Clavada  HTO    alcohol 5
Noldor 1997 Borde Colorado HTO 1
Noldor 1998 Vizcacheras HTO 2
Noldor 1999 La Ventana HTO 2
Noldor 1999 Vizcacheras HTO 3
Noldor 2000 Vizcacheras HTO 1
Noldor 2000 Agua del Cajón HTO 2
UNC / Noldor 2000 Puesto Hernández HTO 3
UNC / Noldor 2000 El Medanito HTO 1
Noldor 2000 Cerro Banderas HTO 3
UNC / Noldor 2001 Entre Lomas HTO 3
Noldor 2001 Centenario HTO 1
Noldor 2001 El Porvenir HTO 1
Noldor 2001 Aguada Baguales HTO 1
UNC / Noldor 2001 Chihuido HTO / thiocyanate 4
UNC / Noldor 2003 Loma Alta Sur HTO / thiocyanate 3
UNC / Noldor 2003 Aguada Toledo HTO / thiocyanate 3
UNC / Noldor 2003 El Trapeal HTO 4
UNC / Noldor 2003 Aguada Toledo HTO 3
UNC / Noldor 2003 Señal Cerro Bayo HTO 1
UNC / Noldor 2003 Lomita HTO 2
UNC / Noldor 2003 Desfiladero Bayo HTO 2
UNC / Noldor 2004 Chihuidos HTO / thiocyanate 2
Noldor 2004 Barrancas HTO 2
Noldor 2004 Cañada Dura HTO 2
Noldor 2004 Vizcacheras HTO 1
(1) National Atomic Energy Commission 
(2) National university of Comahue 



The following results were obtained from radiotracer response curves: 

Canalisation (anisotropy): Channelled flow is predominant in most of the patterns 
(86%) in one preferential direction.  

Water recuperation: The amount of water recovered in each pattern is almost 55% in 
average with a maximum of 69% and a minimum of 10%. 

Breakthrough: The values of the arriving times were spread in a very large range from 
one day to two years. In general the average was 90 days for channelled patterns and 
157 days other ways. 

Fault characterisation: Four faults were characterised as not impermeable and another 
fault was confirmed as impermeable. This information was useful to improve the use of 
numeric simulators in this area. 

Injection optimisation: After the information derived from radiotracer experiments some 
changes in the injection regime were made in order to improve oil production. Several 
strongly canalised layers were closed and in many cases the injection flow rate was 
modified. Furthermore, the results obtained helped reservoir engineers make 
predictions related to waiting times in tertiary recovery operations in which chemical 
products are injected or in thermal processes such as hot water injection.

Numeric simulation: Responses curves were used to calibrate numeric simulators. In 
this way more accurate calculations were carried out to evaluate porosity and 
permeability in some patterns. 

The conclusions were: 

Interwell tracers made it possible to better understand the characteristics and 
properties of Piedra Clavada oil field. 

It was confirmed that the predominant flow is canalised especially in directions parallel 
to the main geological faults. 

Most of the faults in the oil field are partially permeable but there are also some 
impermeable faults. 

About 80% of the injected water moves along a preferential direction. 

Around 50% of the tracer were not recovered. This non-recovered volume is a 
measure of the efficiency of the injected water to sweep the fluids and increase the 
system pressure. 

Experiences using thiocyanate 
Recently NOLDOR  as well as Comahue National University tracer group started to use 
ammonium thiocyanate as a chemical tracer with excellent results. Injections in typical 
Argentinean wells require around 1.000 kg diluted in 2,000 L and usually last 40 
minutes.

Samples are enriched using ionic exchange resins and then measured by 
spectrophotometry  (detection limit 0.1 ppm). 

The situation at present 
Nearly eighty tritium injections and six thiocyanate injections were performed up to the 
present. A number of operations are planned for next year using these two tracers. 

Regarding new radioactive tracers, sulfur-35 and carbon-14 are not suitable for 
Argentinean oil fields: the former has a very short half life compared with the standard
mean residence time in most cases and the latter is too expensive.

Some tests using methanol worked reasonably well and probably it will be used in a 
next experience.

Software development 
NOLDOR S.R.L developed a software for basic data treatment and preliminary
interpretation. Its main screen appears in the next image.

The main data (time, concentration and water flow rate in the producing well) is
introduced in a grid manually or by a copy and paste operation from an ordinary
spreadsheet. The information can also come from a previous file. Water volume may be
used as independent variable instead of time. Other values needed are the injected 
activity and the radioisotope (tritium is default), the background concentration and the 
baseline expressed as a real constant multiplied by the background. Experimental 
concentration values below this line are not taken into account. 



As a general rule for further calculations, distance between wells, layer thickness, 
porosity and water saturation should be written while the inclusion of some other 
parameters will depend on the selected model. Finally, any additional information may 
be included as a “commentary” in an appropriated text box. 

Original concentrations are corrected for internal calculations or graphic operations 
both by background and by radioactive decay. However in the main grid the information 
remains unchanged.

The experimental data can be filtered in order to eliminate the quick and random 
alterations that could mask the true values. The Fast Fourier Transform is the 
mathematical tool used for this purpose. Once the higher harmonic to be used in this 
approach is selected, a graph will appear showing the original and the filtered data.

The experimental curve can also be extrapolated in the case in which sampling finishes 
before the tracer concentration reaches the baseline. 

The software calculates the tracer recovery as a function of the time or volume and 
generates graphs of the tracer concentration or cumulative functions. The main statistic 
parameters are also presented. 

The response curve can be decomposed in several simple functions following the 
classical dispersion function. This operation can be performed manual or automatically. 
Error information is shown in both cases so as the user can correct the fitting 
parameters in order to get the best possible approach. 

Graphic representation of simple functions can be presented as well as a numeric 
information of each curve. 

The software includes many other options such as calculation of sweep volume, 
breakthrough time, final time and mean residence time. 

A different approach was envisaged by Comahue National University tracer group. 
They are nowadays working in the development of a module for “Mathematica”  
standard commercial software based on streamlines . 

It is a tracer flow simulation model with capabilities for optimising a function that 
evaluates the error of the model with regard to experimental data (concentration vs. 
time curves). 

The optimisation mathematical model was analysed as a non-linear programming 
problem with the purpose of estimating the values of the reservoir characteristic  
properties a on the basis of tracer curves. The model particularities are:

Objective function: quadratic difference  between experimental and theoretical 
concentration values. 

Equations: mass conservation, pressure and velocity fields, dispersion, tracer 
concentration among others. Free variables are related to reservoir parameters 
to be evaluated such as layer thickness, dispersivity and permeability. 

Restrictions: physic limits and border conditions. 

The free variables are obtained minimising the objective function in order to get the 
approach of experimental data. 

The next picture shows the streamlines got for a typical non-isotropyc case. 

Finally, the picture bellows shows the experimental data and the model output for a 
minimum value of the object function. 

The next steps concerning software development in the framework of the present  CRP 
are : 



To improve Anduril basic interpretation software by adding new capabilities 
(such as calculation of the needed activity to be injected) and incorporating new 
basic model for tracer flow. 

To finish the streamline module for “Mathematica” software. 

To start the development of a new standalone software based on streamlines. 

Production profile 
Radiotracers are an excellent tool to identify the origin of crude oil during production 
tests in any vertical or horizontal well. Furthermore, its application does not add extra 
time to the standard operations.

The main objectives of production profile test are: 

to determine the layer or layer zone contributing to oil production in a new well; 

to evaluate semiquantitatively the contribution of each layer to the total 
production. 

When a new well is drilled perforation guns are used to make some holes in the casing 
by means of explosive charges in order that oil coming from the producing layer can 
flow into the tubing. When applying tracer technique to evaluate the production profile, 
radioisotopes are attached to specific perforation guns. Since each gun is put at a very 
well known depth downhole each layer under study can be labelled with some specific 
tracer upon triggering the guns. At present five tracers are available for this application: 
46Sc, 51Cr, 60Co, 110mAg and 124Sb. 

The tracers are used in a suitable chemical to form to ensure their solubility in crude oil 
whilst remaining insoluble in water, that means that only the oil phase is tagged. 

Field experience 
Only one production profile field experience took place in Argentina in the framework of 
an agreement between Tracerco (U.K.) and NOLDOR S.R.L. Non-active tracers were 
sent by Tracerco and irradiated in Argentina in nuclear reactor RA-1. 

The operation was done in Alfa Sud oil field, Province of Tierra del Fuego, in the 
extreme South of the country. The following picture illustrates that the tracers were 
injected in two points of each layer in a horizontal well (AS-6). 

Trazador B

Trazador C
Trazador D

Trazador A

One litre oil samples were extracted by the oil company during two weeks and 
measured in laboratory by means of a semiconductor detector. The picture shows the 
lectures got from the moment in which the first response was obtained. 
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The results generated show clearly the presence of all four tracers and confirm that 
crude oil flowing within the wellbore comes from the area under study. 

Hydraulic fracture 
Nowadays, completion techniques play an important role in oil industry. Hydraulic 
fracture is a standard tool to repair damages in producing layers and to improve their 
permeability. It consists in injecting a mixture of proppant fluids and sand at a specific



depth downhole using high-pressure pumps. These materials enter the layer, open its 
porous and fill them with high permeability sand. 

Some theoretical calculations are usually made with the porpuse of determining the 
height and general geometry of the fracture but they are only an approximation of the 
actual situation. Radiotracers can be used with the following objectives:

to determine the height of an hydraulic fracture; 

to evaluate semiquantitatively the depth of the fracture. 

The image bellow shows how tracers are used with these porpuses. 

Small pump

Injection
pump

To the well

Ir - 192Sb - 124Sc - 46

SandFluid

Sand and fluid are incorporated following a programmed sequence according to the 
fracturyng plan. Tracers are injected in specific points of that sequence. 

Once the complete operation has finished a natural gamma logging is performed and 
its results are compared with a previous gamma log. From the analysis of both of them 
the height of the fracture and its distribution can be determined. 

Field experience 
Only one experience of this type was carried out in Argentina in well CP-1005 using
46Sc, 124Sb and 192Ir as Al2O3. The sequence of fluid and sand incorporation as well as 
the points in which tracers were injected are shown in the following pictures. 
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In the next picture can be seen the result of the gamma logging and a probable 
distribution of the sand inside the producing layer. 
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TRACER APPLICATIONS 
IN OIL RESERVOIRS IN BRAZIL

Need for Development 
of

Alternative Tracers

Rubens Martins Moreira
Amenônia Maria Ferreira Pinto
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BURACICA OIL FIELD
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INJECTION AT SERRA OIL FIELD

17/11/2004 1st Coordinated Research Meeting
IAEA, Vienna – 16-19 November 2004  

TRITIUM TEST AT CARMÓPOLIS
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COMMONLY USED RADIOTRACERS IN OIL
RESERVOIR APPLICATIONS (Aqueous Phase) 

Composto / Íon Formula mostrando o isótopo 

Água tritiada 3HHO

Tiocianato 35SCN- , S14CN-

Hexacianocobaltato 60,58,57Co(14CN)6
-

Iodeto 125I- , 131I-

Cloreto 36Cl-

Álcoois 14CCn-1H2nOH , Cn
3HH2n-1OH
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NUCLEAR REACTIONS FOR THE GENERATION 
OF 35S THROUGH NEUTRON IRRADIATION

A tividade gerada sob  um  fluxo
de 10 13 n /cm 2s (m C i/g)R eação

A bundância
isotóp ica do
nuclídeo(% )

Secção de
choque
(bam ) 1 h 24 h Sat.

R eações
secundárias e 
m eia-vida do

nuclídeo gerado

34S (n , )35S 4,22 0 ,24 0,019 0,47 58

3 2S(n ,p )32P
(T =14,3  d)

A bund . Isotóp .
95 %

35C l(n ,p )33P
(T =24,6  d)

A bund . Isotóp .
0 ,75%

35C l(n ,p)35S  75,529 0,49 0,42 9,7 1220

35C l(n , )3 6C l
(T =2,5  anos)

A bund . Isotóp .
75,4 %
=33 barn

3 5C l(n , )32P
(T =14,3  d)

(f) =  0 ,0145
barn ,

(th) =  0,08
m barn
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SCHEME FOR  K35SCN PRODUCTION

KCl irradiado

KCl residual
35S + 32P

tricloroetileno

35S + 
tricloroetileno

32P + HCl +
NaHCO3 + H2O

35S sólido

extração com
tricloroetileno

1 -extração do 32P com HCl
2 - neutralização da fase orgânica com NaHCO3
3 - lavagem da fase orgânica com H2O

K35SCN + 35S + 
etanol

evaporação

síntese com
etanol 80% e KCN

35S sólido K35SCN sólido

filtração e
evaporação

Esquema geral da síntese do K35SCN
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PREPARATION OF AMPOULE
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VACUUM SEALED QUARTZ 
AMPOULES FOR KCl IRRADIATION

KCl Bricket

KCl KCl + S
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QUARTZ AMPOULES AFTER
IRRADIATION
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WELLS AT BURACICA OIL FIELD
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TRITIUM RESPONSE CURVES AT 
BURACICA
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TRITIUM AND 35S RESPONSES AT 
BURACICA

Poço 291- Buracica
Comparação entre Trítio e Enxofre
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LANTHANIDE COMPLEXATION

Aminopolycarboxilic acids: EDTA

Polyazopolycarboxilic acids:

DOTA (1,4,6,10- 1,4,6,10-Tetraazocyclo-
dodecane-N-N’-N’’-tetraacetade

Stability of complexes: 

DOTA > EDTA >TETA > NOTA
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ADVANTAGES OF ACTIVABLE 
TRACERS

Nontoxic at concentrations used

Very good detection sensitivity (e.g: Dy: 10-2 g).

Not affected by presence of water colour,
photochemical or radioactive decay.

Cost-competitive with radiotracers and flurescent 
dyes

Possible to mark different streams with given 
“fingerprints” (fixed ratios of tracer elements)
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PROPOSAL (I)

K35SCN:

Determine causes for lack of agreement with HTO

- lab tests

- field tests

Anionic repulsion: how to avoid ?

Influence of carrier
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PROPOSAL (II)

Development and testification of Ln-complexes

Complexation procedures for La, Ce, Eu, Dy

Test the performance of 

- Ln-EDTA
- Ln-DOTA
- Ln-others ?

in the lab: batch tests
core tests

in field test
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PROPOSAL (III)

Partitioning tracers

Natural 222R

- Determination of Kow (~32)

- Correlation with SOR

Others ?
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OPENING TRITIUM AMPOULE
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FILLING TRANSPORT VESEL
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INJECTOR
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INJETOR SYSTEM
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TRANSPORT CASE
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INJECTION AT BURACICA OIL FIELD
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INJECTION AT BURACICA OIL FIELD
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FBA INJECTION AT BURACICA OIL FIELD
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SEPARATION OF OIL PHASE IN SAMPLES
AFTER COLLECTION
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SAMPLE DISTILLATION LINE
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SAMPLE HOLDER 
INSIDE COUNTING SHIELDING
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140La, 141Ce & 152mEu ANALYTICAL CURVES
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2-FLUORBENZOIC ACID

COOH

F
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LABORATORY TRACER PERFORMANCE 
EVALUATION
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IODIDE TESTS
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KSCN TEST
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FBA TEST

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

0 1 2 3 4 5 6 7 8 9 10

Pore volumes Injected

C
on

ce
nt

ra
tio

n 
/ I

ni
tia

lc
on

ce
nt

ra
tio

n

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

Pr
es

si
on

 (p
si

)

Ideal (no dispersion)
Simulation
Experimental points
Pression (5 psi)
Pression (12,5psi)
Pression (80 psi)

17/11/2004 1st Coordinated Research Meeting
IAEA, Vienna – 16-19 November 2004  

La-EDTA TEST
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Eu-EDTA TEST
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AMOUNT OF TRACER INJECTED

Piloto Fonte TR(dias) VP(m³) Sw(%) Vw(m³) Ld(Ci/m3) Fator A(Ci)

BA - 365 BURACICA 60 221.816 49 108.690 3,20E-07 100 3,478

BA - 365 BURACICA 60 221.816 49 108.690 1,25E-09 100 0,014

BA - 313 BURACICA 60 163.478 43 70.296 1,50E-02 5 5,272

SERRA 875.227 3,40E-07 10 2,976

SERRA 875.227 1,50E-02 10 131,284

THO

AFB

THO

Traçador

AFB

35S
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DEVICE FOR BREAKING AMPOULES
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AMPOULE CRUSHER
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CHIATON’S PATH FOR GENERATION OF 35S (I)

Heat at  500 0C for 5h

10) Irradiated  KCl + 
Trichloroethylene 3h reflux

20) HCl 10% 3h  reflux
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GLOVE BOX FOR K35SCN HANDLING
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CHIATON’S PATH FOR GENERATION OF 35S (II)

EtOH
KCN + 35S K35SCN

Aq.
4h
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SETUP FOR K35SCN GENERATION
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DETECTION LIMITS

Detection Limits Bq.mL-1 pCi.mL-1

3H 0.009 0,25
35S 0.011 0.29
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ACTIVATION DATA OF LANTHANIDES

Initial
Isotope

Isotopic
Abundance, %

Cross Section
barn

Generated
Isotope Half-life

139La 99,9 9 140La 40,22 h
140Ce 88,43 0,57 141Ce 32,51 d
142Ce 11,13 0,95 143Ce 33 h

152mEu 96 min
152m2Eu 9,3 h151Eu 47,8 4 + 3300 + 5900

152Eu 12 a
153Eu 52,2 390 154Eu 8,8 a
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Interwell Tracer Testing for 
Residual Oil Saturation 

Measurement

Joseph Tang 
Australian School of Petroleum

The University of Adelaide
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Chromatographic Theory 2

Chromatographic Theory: Partitioning
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Reported IWTT for Fluid Saturation 
Measurement

Sorw
Judy Creek 2 Tang 1989
Leduc 1 Tang 1989
Ranger field 1 Sun Exploration/ Pope 1988
Dagang 3 PetroChina CIAE 1998
Shengli 1 Sinopec CIAE 1999
Liaohe 1 PetroChina CIAE 1999
Sorg
Golden Spike 2 Tang 1987
NAPL 20 Pope and others 1995-
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Research Plan
Sor by Various Methods (Y1)

Chromatographic Transformation

Moment Analysis

Extended Brigham

Finite Difference/Streamline (Y3)

So with Moving Oil (Y1)

Extended Brigham’s Model (Y2)

Multi-layer with different Sor

Limitations

7,9 spot and line drive
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Research Plan
Adsorption (Y3)

Mechanism formulation

Effect on Sor

3-Phase Saturation (Y3)

Formulation, proposal

Double Porosity? (Y3)

Effect on Tracer Propagation

Dead-end and fracture with tight matrix

Mathematical Analysis and Numerical
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Chromatographic Transformation

Transformation 3: Equal Normalized Recovery
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Moment Analysis Method (1)Moment 1 
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Brigham 5 Spot Model

Ideal 5 Spot Pattern:

Homogeneous

Repetitive Pattern

Balanced

Mobility Ratio = 1
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SWTT in Carbonate Reservoir

Carbonate

Coats and Smith double porosity (capacitance) model

Dead-end Pore

Flowing Pore

Micro-
conformance

Low water flow, Slow mass transfer, 
accessibility to tracer varies
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Boundary Conditions
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Deans’ Double-Porosity Mixing Cell Model
1D-radial, homogeneous, no drift, pore diffusion, mixing dispersion
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Tang’s Double Porosity with Linear 
Drift
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Double Porosity with Linear Drift
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1. Foreword
Inter-well tracer test (IWTT) of both oil and geothermal reservoir is a tracer 

technology in which, a tracer material is added into the injection fluid via an injection 
well and observed in the surrounding production wells; tracer response information is
then used to describe the flow pattern of injected fluid inside reservoir and get better 
understanding of the reservoir. In China, with the development of new tracers, tracer
analysis techniques and computer modeling & simulation techniques as well as along 
with the increasing demands of reservoir development in the specific stages, IWTT
technology has gained rapid development and plenty of field applications since 
middle of 1980s. Radioactive tracers have been playing the important role in IWTT
technology because of their attractive advantages such as high sensitivity & stability
and wide selectivity & availability. These advantages are well adapted the emerging
requirements on multiple well/multiple layer/multiple tracer applications, on line
tracer analysis and downhole tracer measurement.

In the oilfield, IWTT is an important reservoir engineering tool for the Secondary 
and Tertiary Recovery of oil. The earliest work in the world can be traced to 1960s in 
literatures. It is a non production interrupt, easy operate and high output to input ratio 
technology and well accepted in many countries nowadays. The functions of oilfield 
IWTT can be summarized into three aspects: 1) flow pattern description of the 
injected fluid inside reservoir, 2) definition of reservoir heterogeneities and help on
modification of reservoir model, and 3) get information on reservoir 
residual/remaining oil distribution and get better understanding of the reservoir as the
all. Information obtained from IWTT can be used directly to guide on the reservoir 
development such as injection/production optimization, well processing, decision on 
infill drilling, the tertiary recovery strategy, etc. 

IWTT is a useful tool for geothermal reservoir management. In the re-injection 
process of a geothermal reservoir, IWTT can evaluate directly the validity of the
re-injection program, help on getting better understanding of the reservoir geology
and solving many engineering concerns for substantial development of the reservoir
such as the optimization of production & re-injection program, cooling down 
prediction, new drilling strategy, etc. 

IWTT technology is basically an experimental one. The quality of tracers, the
analysis of tracers and the demands of new tracers are mostly the continuous concerns 
for the technology. In China, hundreds of field tests, mainly oilfield tests are 
conducted annually at present. However, there are in lack of well established and 
adopted procedures for quality control of the commonly used radioactive tracers, in 
lack of standard techniques for sample treatment and analysis of these radioactive 
tracers, and the requirements on new tracers are always the subsistent fact. In these 
connections, the CRP contract is focused on the following four aspects as in the
program of three years. 

To establish methods on quality control of commonly used radioactive 
tracers,
To optimize techniques for sample treatment and analysis of the commonly 
used radiotracers,
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To validate the tracers, methods and software by field test, and 
To do research on synthesis of C-14 tagged fluoric acids. 

2. Current Status of the Technology R&D and the Oil & Geothermal Resource
Development in China 

Oil resource and development
Oil is the second energy source of China. The proved resource by exploration 

was 18.14 billion tons located in 32 oilfields. According to the report of Oil & 
Gas in 1997, the remained recoverable resource in the world was 139 billion tons
and China has 2.241 billion tons in the 11 place. In 145 of the total 319 basins, 42 
basins have found oil & gas, 24 basins have been proved to have oil & gas field 
with total estimated reserve of 78.59 billion tons. So far, the proved reserve is 
mainly distributed in east of China. However, in long term of view, the west of 
China and offshore oil reserve has great potential. Geologically, age of oil 
deposits are 50% in Cenozoic, 36% in Mesozoic and 14% in Paleozoic. In 2003, 
oil production in China was 160 million tons mainly from in-land oilfields. There 
are about 11,000 producers and 40,000 injectors in the in-land oilfields. At 
present, most of the in-land oilfields in China are in the late stage of Secondary 
Recovery and early stage of Tertiary Recovery. The main technologies of oilfield 
development are water drive and waterflood based polymer drive. High water cut 
and geologic complexity of reservoirs are the key factors influencing the 
production rate, production cost and final recovery ratio of oil. It leads directly to 
the insistent requirements and then plenty of applications of IWTT.

Geothermal resource and development 
Geothermal energy is now recognized as a clean and sustainable energy for 

the benefit of humanity and the environment. According to estimation, China has 
geothermal reserve of 1.37 trillion tons of standard coal equivalent in depth less 
than 2000m. The resource is distributed in broad range of regions. Part of the
resource are located at active zones of the formation such as Tibet, Yunnan
Province, south of Sichuan Province, coastal region of the southeast (Tianwan,
Zhejiang, Guangdong, Guangxi) and the Liaodong-Jiaodong region. There is a 
high temperature reservoir in Tibet in development for power generation. 
However, China is not close to a plate boundary, but has hot water in sedimentary
basins similar to those in northern Europe. Direct use in 1995 totaled 4717 
GWh/yr. In Tianjin and Beijing, more than 400 wells provide 6000 kg/h of hot 
(50-70 ) water for space heating, cloth dyeing and paper processing. In rural 
areas hot water is used for greenhouses, drying crops and fish farming.
Throughout the country hot water is used for bathing and heating. Geothermal
greenhouses in northeast China allow early starts of rice plants and an increase in 
production. Geothermal resource is now well recognized as one of the green and 
important part of follow-up energy sources in China. At present, some of the
reservoirs have started re-injection program.

IWTT R&D and its applications 
In the oilfield, IWTT study was started by late 1970s. Early researches were

mainly focused on the use of conventional chemical tracers such as NH4SCN,
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NH4NO3, NaI, NaBr, NaCl, etc. These tracers were analyzed by using of ‘wet 
chemistry’ method. In middle of 1980s, with the increasing of water injection and 
water cut rising, research on IWTT was starting intensified and real scale 
applications of IWTT were emerging as a noticeable tool for reservoir
management. In 1988, CIAE in cooperation with Daqing Oil Company, CNPC, 
the largest oil company of China, started the research of using THO as water 
tracer for waterflood oilfield, opened the curtain of using radioactive tracers for
oilfield IWTT. Since then, THO has been widely used in Daqing Oil Company for 
IWTT of waterflood. In 1989, with the assistance and in cooperation with CIAE, 
Dagang Oil Company in Tianjian got the IAEA TC project for oilfield tracer
applications. THO as waterflood tracer was then promoted to Dagang Oil
Company and applied as routine technology as well. From early 1990s, both the 
technology R&D and the real scale application of IWTT have gained noticeable 
progresses in China. As the leading institution in the area, CIAE has been playing
an important role. 

In 1993, completed the first test in China using gamma emitting tracers in 
Shengli Oil Company, the second largest oil company in China. Tracers
applied are 60Co - K3[Co(CN)6], 125I-NaI and 51Cr-EDTA.
In 1995, conducted the first test in China for steamflood tracing use
radioactive tracer-THO.
In 1997, in cooperation with Liaohe Oil Company, the third largest oil 
company of China, completed the first test in China using partitioning tracer 
for residual/remaining oil evaluation of waterflooded reservoir.
1997-2002, new radioactive tracers were developed including 35S-NH4SCN,
57Co - K3[Co(CN)6], 58Co - K3[Co(CN)6], 3H tagged methanol, 3H tagged 
ethanol and 3H tagged iso-propanol. Part of these achievements was
contributed by the IAEA CRP contract number 10114 entitled “R&D of New
Tracers for Inter-Well Waterflood Tracing Studies of the Oil Field”. 
1997-2002, some neutron activable tracers were developed and succeeded in 
field test including K2[Au(CN)] and K3[Co(CN)6]. EDTA complexes of rare 
earth elements are tried in some fractured and high channeling reservoir with 
successful result as well; however, tracer breakthrough time of these tests is 
no more than one month.
In 1998, in cooperation with Petroleum University (Huadong), the first 
version of TRACER IMAGE software package has been developed for
IWTT data interpretation. It is a streamline based software package and able
to deal with reservoirs of various geologic conditions. Version 2 of the 
package was completed in 2001. So far, the software package is still in 
modification and new versions are expected. 
In 2001, analysis method of FBAs was developed using SPE in combination
with GC-MS. The method was verified by field test. 
With the assistance of IAEA TC project CPR/8/010 “Using Radiotracers to 
Determine Residual Oil Saturation of Waterflooded Oilfields”, techniques of 
the above were further developed and verified. 
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In middle of 2001, on-line measurement technique of ‘hard gamma’ emission
tracer was applied in Shengli Oil Company for the test of short term using
60Co-[Co(CN)6]-3 tracer. The technique is in upgradation for spectral gamma
analysis for multiple tracer applications.
In 2003, research on downhole tracer analysis was started for gamma emition
tracers in cooperation with Daqing Oil Company.
In 2004, an Industrial Standard of IWTT “Technical Requirements on 
Inter-well Tracer Test of Oilfield” was drafted together with Daqing, Liaohe, 
Dagang and Jilin Oil Company. The standard will be issued by PetroChina in
2005.
Routine application of IWTT has been promoted by CIAE into all most all 
in-land oilfields by different means including technology transfer, partnership 
with local high-tech companies, technology investment and technology 
service. Net work ‘Field Stations’ for IWTT service were established. To
enlarge the capacity, 1 field station (Xinjiang station) has been expanded and 
reorganized in 2004. In 2003, 245 well-groups of IWTT were completed in 
China. Among them, 182 (74.3% of total) well-groups were CIAE related. 

Commonly used tracers in China are listed in table 1. 

Table 1, Commonly Used Tracers in China Oilfields 

Tracer material Tracer for Remarks

THO Water, steam Generally applicable 

CH2TOH Water Normal temperature (<100�)

CH3CHTOHCH3 Water Generally applicable

CH3CH2OHCH3 Water Ditto

CH3CH2CH2CHTOH Water/oil Partitioning tracer

CH3CH2CH2CH2OH Water/oil Ditto
35SCN- Water Normal temperature, medium term test 

S14CN- Water Normal temperature, long term test

SCN- Water Normal temperature
57,58,60Co-[Co(CN)6

-]3 Water Normal temperature reservoir

[59Co(CN)6]-3 Water Neutron activable tracer 
125I- Water Reducing environment, medium term test 

I- Water Reducing environment
192Ir-[Ir(CN6)]-3 Water Normal temperature reservoir

46Sc-EDTA Water Short term test 
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[197Au(CN)]-2 Water Neutron activable tracer, normal

temperature

NO3
- Water Not environmental friendly

FBAs Water High temperature reservoir (>100 )

CH3T Gas Generally applicable
85Kr2 Gas Ditto

SF6 Gas Ditto

51Cr-EDTA Water Short term test 

EDTA complex of rare earth Water Short term test, neutron activable tracer

An IWTT project was completed by CIAE in Tianjin Geothermal Reservoir
in 2001 to 2002. There were 2 injector-producer pairs. 125I-NaI and 35S-SCN-
were used as tracers. Improved methods for analysis of these tracers were 
established and practiced successfully in the Tianjin test. .Along with the further 
development, the demands of IWTT in geothermal reservoirs of China are 
expected to increase. Commonly used radioactive tracers are THO, I-131 and 
I-125 tagged NaI as well as S-35 tagged SCN- for low temperature reservoirs. 

3. The Research Project 
Scientific Scope of the Project

The overall scope of the research project is to upgrade the IWTT technology and 
validate it by field test. 
Specific objectives are: 

to establish methods on quality control of commonly used radioactive 
tracers,

for oilfield: THO, radioisotope (S-35, C-14) tagged SCN-, I-125 
NaI and radioactive cobalt (Co-60, Co-57, Co-58)  tagged 
[Co(CN)6]-3,
for geothermal reservoir: THO, I-125 and I-131 tagged NaI; 

to optimize techniques for sample treatment & analysis of these 
commonly used radioactive tracers;
to validate these tracers, methods and software in 2-3 real scale field 
tests;
to do research on synthesis of  C-14 tagged fluoric benzene acids
(FBAs) as new tracer for high temperature oilfield tracing studies.

Detailed Work Plan for First year 
Quality control methods of THO, radioisotope  (S-35, C-14) tagged
SCN-, I-125 and I-131 tagged NaI,

total radioactivity activity,
specific activity,
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radiochemical impurity,
solvent analysis and control,
dilution process and packaging control.

Optimization of sample treatment & analysis methods for tracers of 
radioisotope (S-35, C-14) tagged SCN-, I-125 and I-131 tagged NaI,

sampling and pretreatment of samples (solvent for wellhead 
samples),
enrichment and separation of I-125 and I-131 tagged NaI by column
chromatography,
enrichment and separation of S-35 and C-14 tagged SCN- by solvent 
extraction,
liquid scintillation counting of beta emitting tracers,
gamma counting and spectral analysis of gamma emitting tracers,
peak-sum method for accurate analysis of I-125.

One oilfield test using S-35 tagged SCN- and Co-60 tagged [Co(CN)6]-3.
Preliminary research on C-14 tagged FBAs: literature investigation and
laboratory research.

Expected out put of the project (as for 3 years)
Established procedures of quality control of the commonly used 
radioactive tracers as mentioned. These procedures are for the tracer 
suppliers and in particular, practical/verifiable by tracer application team 
as well.
Optimized sample processing and analysis techniques of these 
commonly used radioactive tracers.
Completed 2-3 filed tests for the tracers, methods and software
validation.
Laboratory process for preparation of C-14 tagged FBAs as new tracer
for high temperature reservoirs.

Facilities used for implementation of the project 
101 Heavy Water Research Reactor, 10MW, CIAE. 
492 Swimming Pool Reactor, 3.5MW, CIAE. 
Radioisotope production line No. 8, building No. 144, 85m2, Department
of Isotope, CIAE. 
Radiochemistry lab, 25 m2, Department of Isotope, CIAE. 
Chemistry lab, 20 m2, Department of Isotope, CIAE. 
Instrument analysis lab, 25 m2, Department of Isotope, CIAE. 
Liquid Scintillation Counter, WALLAC 1414 WinSpectral / , Finland. 
Well-type, HPGe Gamma Spectrometric System, EG&G ORTECH,
USA.
HPLC, Varian, Austria.
GC-MS, ThermoQuest Tracer GC-MS, Finnigan. 
Radioisotope Calibrator, CRC-30, CAPINTECH, USA. 
Thermal meter for H-3, China. 
NaI(Tl) gamma counter, single channel, home made.
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All radioisotopes, home made.
All chemical reagents, China.
All other equipments and consumables, China. 

4. Proposed Net Work Activities
Design of field test 
Tracer manufacture and supply 
Tracer sample analysis 
Tracer sample analysis inter-comparison
Tracer data processing and interpretation 

Oilfield Production
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Hot Spring

Geothermal Greenhouse
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31st RCM - Vienna

Presentation of the labs: SAT

• SAT: Section d’Applications des Traceurs
a part of the Atomic Energy Commission (CEA) in Grenoble

• About 40 years in existence

• Historically: applications of radioactive tracers
(easy access to research reactors)

• 2 fields of interest: chemical engineering
the environment

• Situation has changed a lot recently:
1997: last reactor in Grenoble closed down
2002: new regulations for the use of radioactive tracers

41st RCM - Vienna

Presentation of the labs: SAT

• Present situation: about 20 persons

Two groups:

• Environment
Soils/subsoils
Rivers/aquifers
Atmosphere

• Process engineering
Fuel cells
Characterization of materials
“New” tracers



51st RCM - Vienna

A few former applications of potential interest for the CRP

Displacement of a liquid by a gas in a porous medium:

Breakthrough curves for liquid and gas, 
as a function of flow rate, gravity/counter gravity …
used for validation of numerical models

Gas in

Water + gas out

Sand,
initially saturated with water

61st RCM - Vienna

A few former applications of potential interest for the CRP

“Mimicc”
(Multidimensional Instrumented Module for Investigation of Coupled Codes)

A 2-D porous media with controlled inlets/outlets

Visualisation of activity field by -camera

(so far: only 1-phase water flow – tracer 99mTc)

0.8 m

1.08 m



71st RCM - Vienna

A few former applications of potential interest for the CRP

A tool for borehole logging:

Flow of oil in a borehole, flow of water in a rock formation

6 m

7.5 cm

Two scintillation detectors
+ various sensors (temperature …)

A remote-controlled device
for the injection of tracer

2 km cable

81st RCM - Vienna

Presentation of the labs: LSGC

Laboratoire des Sciences du Génie Chimique
(Nancy – France)

180 persons – All aspects of chemical engineering

J.P. Leclerc: 15 year experience in
systemic analysis
interpretation/modelling of tracer data

One of the authors of the DTSPro software



91st RCM - Vienna

Common themes with the CRP

Partioning tracers
PTs: adapted from oil field investigation to soil science for the measurement of 
the water content in the non-saturated zone
Recently published: application to water content measurement in municipal
waste (at lab. scale)

Ongoing project at SAT:

Inter-well investigation with partitioning tracers to determine water content in a 
landfill cell

Cover

Waste
Liner

101st RCM - Vienna

Common themes with the CRP

Vapour phase tracers
Ongoing project:

Tracer experiment in a  exchanger/evaporator

Water in Vapour out



111st RCM - Vienna

Common themes with the CRP

Interpretation of inter-well tracer test
… also a question in studies on aquifers

?
? ? ?

121st RCM - Vienna

Proposals

Two aspects in CRP: 

New, better tracers

Data interpretation and analysis

A classical scheme:
Parameters

Numerical solver

Flow model
Transport model

Compare
with experimental

data



131st RCM - Vienna

Proposals

A classical model in chemical engineering: 
axial dispersed plug flow

• Flow model:

• Transport model:

u

D

Simple equivalent for inter-well investigation? 

(non-boundary limited system)
u flow

L

T
dispersion

141st RCM - Vienna

Proposals

Another version:

K? flow

L

T
dispersion

A possible problem:
extension of Residence Time Distribution concept
to non-boundary systems



Proposals

What next?

Reliability of model outputs:

Sensitivity to data uncertainty

What if? model assumptions are erroneous

To what extent?
can that be detected and corrected

151st RCM - Vienna

161st RCM - Vienna

Proposals

In summary:

Choice of (simple but relevant) model(s)

Implementation in calculation/optimisation routine

Parametric study of reliability of model outputs



TRACERS TECHNIQUE DEVELOPMENT IN 
GEOTHERMAL AND OIL FIELDS IN 

INDONESIA

RESEARCH CONTRACT INS-12947

CHIEF INVESTIGATOR :

ZAINAL ABIDIN

CENTER FOR RESEARCH AND DEVELOPMENT OF
ISOTOPES AND RADIATION TECHNOLOGY-BATAN

INDONESIA

FIRST OF COORDINATION MEETING OF THE CRP ON
VALIDATION OF TRACERS AND SOFTWARE FOR 

INTER-WELL INVESTIGATION

INDONESIA GEOTHERMAL POTENTIAL

Oil base
Geoth. Exploration areas
Geoth. production areas

SUMATERA
9,500 MW



TRACERS TECHNIQUE DEVELOPMENT IN 
GEOTHERMAL AND OIL FIELDS IN 

INDONESIA

1. PREVIOUS WORK IN OIL FIELDS

- Tracer Test of Tritium in EOR, Asa Mera oil field,
Riau East Sumatera 1989

-Tracers Test of Tritium and 51Cr in EOR Ramba Oil Field
Riau, East Sumatera 1991

-Tracer Test of Tritium in EOR Lirik Oil Field
Riau, East Sumatera 1993

-Tracer Test of Tritium in EOR Husky Oil Field, Prabumulih
Palembang 1996

Well Tracer Inter-
conection

Mass
Recover
y

KMJ-
15

Tritium 
10 Ci
(1992)

Proven (KMJ-11, 
14, 17, 18, 26, 27, 
30)

13.5%

KMJ-
32

Tritium 
10 Ci and 
alkohol
1200 L

Not proven (KMJ 
33,31,37,45 and 
38)

PREVIOUS WORK  : PREVIOUS WORK  : 
2. TRACERS2. TRACERS APPLICATIONAPPLICATION IN KAMOJANG GEOTHERMAL FIELDIN KAMOJANG GEOTHERMAL FIELD

Previous tracers test

RC INS-12947  (2004)

REINJECTION WELLS



TRACER TEST RESULT IN KAMOJANG 
GEOTHERMAL FIELD

KMJ 30KMJ 27
KMJ 26

KMJ 11/ 18
KMJ 15 KMJ 17KMJ 14

r30 = 1023.3 m
r26 = 1141.3 m

r27 = 1272.4 m

r11 = 838.3 m
18 925 5

r14 = 959.1 m

r17 = 1030.3 m

1500 a sl

TRITIUM MONITORING RESULT IN PRODUCTION WELLS TRITIUM MONITORING RESULT IN PRODUCTION WELLS 
SURROUNDINGSURROUNDING KMJKMJ 15 WELL REINJECTION15 WELL REINJECTION

-INTERCONECTION BETWEEN
REINJECTION WELL AND
PRODUCTION WELLS

0

5

10

15

20

25

30

1988 1990 1992 1994 1996 1998 2000 2002

TIME MONITORING (YEARS)

TR
IT

IU
M

 C
O

N
S 

(T
U

)

kmj11

kmj14

kmj17

kmj18

0

5

10

15

20

25

30

1988 1990 1992 1994 1996 1998 2000 2002

TIME MONITORING (YEARS)

TR
IT

IU
M

 C
O

N
S 

(T
U

)

kmj35

kmj26

kmj27

kmj30



TRITIUM SIMULATION CURVE OF GAUSS 
DISTRIBUTION FROM KMJ-11 WELL USING CURVE 

EXPERT 1.3 PROGRAM

0

5

10

15

20

2 5

30

3 5

40

0 500 00000 1E+0 8 1.5E+08 2E+08 2 .5E+08 3E+08 3 .5E+08 4E+08

TIME (SECOND)

TIME BREAKTHROUGH CURVE OF KMJ-11 WELL 
USING TRINV PROGRAM MODEL



Production WellsNo. Input Data
KMJ 11 KMJ 14 KMJ 17 KMJ 18

1 Tracer Activity
, M,(TU)

3,13 x 1012 3,13 x 1012 3,13 x 1012 3,13 x 1012

2 Production 
Rate, Q ,(kg/sec)

20,0 13,4               15,3             28,9

3 Injection 
Rate, q, (kg/sec)

15,0             15,0               15,0              15,0

4 Waterreinjection Density 
,rl,(kg/m3)

998,0          998,0              998,0           998,0

5 Resvoir fluids
density,rr, (kg/m3)

950,0           950,0              950,0           950,0

6 Flowpath Distance
between Reinjection and 

Production wells, x
,(m)

838,3            959,1 1030,3           925,0

7 Max. concentration c, 
(TU/m3)

33600 22500 16700 28900

8 Max. Time ,t ,(sec) 1,73 x 108 1,89 x 108 2,05 x 108       1,89 x 108

9 Top half width
,w, (sec)

9,5 x 107 1,2 x 108 9,8 x 108 1,40 x 108

INPUT DATA FOR TRINV PROGRAM PROCESSES ON KMJ-
11,14,17 dan 18 

Ouput Data Production Wells

KMJ 11 KMJ 14 KMJ 17 KMJ 18

Mass Recovery, Mr, (%) 2.20 1,25                0,86                 4,04

Flow rate, u , (m/s) 4,72x10-6 4,90x10-6 4,92x10-6 4,67x10-6

Dispersion Coefisien, D,
(m2/s)

1,06x10-4 1,67x10-4 1,03x10-4 2,07x10-4

Maximum
Concentration ,c, 

(TU)

33,65 22,51 16,73 28,93

Time Breakthrough, t, 
(sec)

1,735x108 1,892x108 2,05x108 1,892x108

Dispersivity, (m) 22,37 34,00  20,93 44,28

OUTPUT DATA TRINV PROGRAM PROCESSES 
ON KMJ-11, 14,17 dan 18



Parameter Best Fitting Sumur Produksi
KMJ11     KMJ14     KMJ17     KMJ18     KMJ26     KMJ27     KMJ30

Reservoir Initiial temp, T, (oC) (1989)

Reinjeksi water temp., t (oC)

Wells production Flowrate i ,Q, (kg/det)

Reinjection waterFlowrate , q,(kg’det)

Heat Conduktivity of Reservoir, k, (W/m oC)

Heat Capacity of Reservoir, C,( J/kg oC)

Rock Density of Reservoir, R, (kg/m3)

Heat Capasity of water Reinjektion,c,(J/kg oC)

Density of water Reinjektion, r, (kg/m3)

Pathway distance ,x (m)

Lebar Zona Fracture,b (m)

Fracture zone heat, H, (m)

Porosity ,p, (%)

Actua Reservoir temp., (1998)

Reservoir temp. of Simulasi Model (1998)

Reservoir Temperature Model (2009)

244,2      230,5         234,6       244,2        244,0        243,0    231,5 

40              40 40 40 40 40 40

20,0           13,5           15,3          28,9          16,3  19,4          5,5        

15              15 15 15 15 15 15

2,5            2,5 2,5 2,5 2,5 2.5           2.8

800           800 875           800          800 800 1000   

2600         2600 2650         2600        2600 2600 2650

4179         4179 4179 4179 4179 4179 4179

990           990 990 990 990 990 990

838,3        959,5           1030          925,5      1141      1272         1033

0,01           0,01 0,01 0,01 0,01 0.01         0.01

732,5         609             733            540          530   470          800

10              5                 10              10 10 10 5

234,6         214,4          231,9          230,3      231,8    232.1       230.3

234,7         214,4          231,7          230,3      231,6    232.3       230.2                                         

211,9          178,5         214,7          211,2      203,1    208,3       208,3

PROGRAM TRCOOL : BESTPROGRAM TRCOOL : BEST FITTINGFITTING PRAMETERS FORPRAMETERS FOR RESERVOIR RESERVOIR 
EVALUATIONAT THEEVALUATIONAT THE FLOWRATE 15 KG/DETFLOWRATE 15 KG/DET
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KMJ 26
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Parameters Best Fitting result at flowrate 15 
kg/s

-Reservoir conductivity 2,5 – 2,8 W/m oC

-Reservoir Heat capacity 800 – 1000 J/kg oC

-Rock Density 2600 – 2650 kg/m3

-Fracture zone height 470 – 800 m

-Rock Porosity 5 – 10 %

BEST FITTING BEST FITTING GRAPH FROM TRCOOL PROGRAM MODELGRAPH FROM TRCOOL PROGRAM MODEL

Temperature different between
actual and Model 0 – 0,2 oC



KMJ-11
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OPTIMIZATION FLOWRATE RESULT

-5 Kg/S RESV. TEMP COOLING 0,0  - 0,21 oC

-10 Kg/S RESV.TEMP. COOLING 0,48 - 11,98 oC

-15 Kg/S RESV.TEMP. COOLING 19,9 - 52,0 OC
- 20 Kg/S RESV.TEMP. COOLING 31,96 – 104,33 oC



RC, INS – 12497
WORK PLAN OF THE WHOLE RESEARCH PROJECT 

RESEARCH STRATEGY

1. TRACERS TEST IN OIL FIELD (FIRST YEAR)

LOCATION : SOPA OIL FIELD, PRABUMULIH SOUTH SUMATERA

REINJECTION WELLS : SPA-01, SPA-23 AND SPA-29

REINJECTION WATER : BRINE WATER WITH FLOWRATE 1000-2000 
Barrel per day         

TRACERS    : - TRITIUM  (HTO), ACTIVITY  20 Ci (SPA-23)
- 60Co  [ K3Co(CN)6 ], ACTIVITY 300 mCi Each (SPA-1 &

SPA-29)

MONITOR OF WELLS : SPA-01 :SPA-02, SPA-04, SPA-05, SPA-10 & SPA-33
SPA-23 : SPA-07, SPA-09 & SPA-17
SPA-29 : SPA-16, SPA-20 & SPA-26

SOPA OIL FIELD MAP

ISOPOROSITY UNIT 4
LEGEND :

Monitoring well

Injection well 

Time Breakthrough Estimation
x r2 x x h x Sw 

Tb =-------------------------
5.615 x q

Well
Reinj.

Well
Prod.

Dist.
(r)

Tb (q 
=2000)
Month

Tb
(q=
1000)

SPA-
01

SP-2
SP-4
SP-5
SP-10
SP-33

525
362
462
287
187

25
11
10.5
6.5
1.8

50
22
21
13
3.5

SPA-
29

SP-16
SP-20
SP-26

312
562
775

5
12
27

10
24
54

SPA-
23

SP-7
SP-9
SP-17

662
350
350

23
8
5.5

46
16
11



METHOD
1. TRACER ACTIVITY CALCULATION

PORE VOLUME EQUATION  :     Vp  = x x  h  x  Sw  x  n

60Co DETECTION LIMIT (DL) :         6.3   x   10-9 μCi/cc
60Co MPC                                      :         3.0   x   10-6 μCi/cc
TRITIUM DETECTION LIMIT : 5.0  x  10-7 μCi/cc
TRITIUM MPC              : 1.0  x  10-3 μCi/cc

ACTIVITY MINIMUM (Amin) = Vp  x  DL
ACTIVITY MAXIMUM (Amax)= Vp  x  MPC

WELL
INJECTION

POROSITY
( )

DISTANCE
( r )

RESRVOIR
THICKNESS
( h )

WATER
SATURATION

( Sw )

SWEPT
FRACTIO
NAL (n )

ACTIVITY 
MIN (Amin)

ACTIVITAS 
MAX (Amax)

SPA-01
(60Co)

12 % 300 m 30 m 39 % 0.5 1.25 Ci 595 Ci

SPA-29
(60Co)

12 % 400 m 30 m 39 % 0.5 1.33 Ci 634 Ci

SPA-23
(HTO)

12 % 350 m 30 m 39 % 0.5 81 mCi 162 Ci

METHODS
2.INJECTION TRACER IN OIL FIELD

N2

T1

WELL

Legend :
T1 = flashing water tube
T2 = Radiotracer tube
N2 = Nitrogen gas tank (high pressure)
S  = Shielding

T2

Procedures:
-All valve in close condition
-Open V9 and V8 to check pressure M2 

and cloce V8 and V9
-Flowing N2 gas P1 and check Pressure M1
higher than M2

-Open V1, V3, V4, V6, V7 and V9

S



TRITIUM AND 60Co RADIOISOTOPES INJECTION IN SOPA OIL FIELD

TRITIUM INJECTION
COMPOUND  : HTO
VOLUME        : 100 CC
ACTIVITY      : 20 Ci
TIME       : SEPT 16, 2004
WELL INJECTION : SPA-23 

60Co TRACER INJECTION
COMPOUND : K2Co(CN)6
VOLUME       :  15 CC
ACTIVITY     :  300 mCi
TIME              :  SEPT 16, 2004 
WELL INJECTION :SPA-01 & SPA-29

SAMPLING TECHNIQUE OF CRUDE OIL

SAMPLING PROGRAM :
-Background Sample is taken before radioisotope 
arrived 

-Monitoring Samples is planned to taken for 1 year 
are as followed ;

•Every week for first one month 
•Every 2 weeks for duration of year
•Periodic sampling time will be changed if there are

any radioisotope anomaly in one well



3. OIL SAMPLES TREATMENT & ANALYSIS 

WATER CONTENT IN OIL SAMPLE IN SOPA FIELD BETWEEN 3-20 %,
EVEN SOME OF WELLS UP TO 80 %

a.60Co Radioisotope Analysis

-Mixture of oil and brine water (suspension sample) from oil field samples is not needed treatment
- Samples is directly measured using Gamma Counter-Multy Channel Analyser

b.Tritium radioisotope Analysis

-Mixture of oil and brine water(suspension sample) from oil field samples is treated previously
before counted by Liquid Scintilation Counter through step are as follow ;

-Water Content in oil sample is separated through destilation processes
- Added  by coctail
- Than direct is counted by LSC 

2.TRACERS TEST IN GEOTHERMAL FIELDS

A. VAPOR DOMINATED RESERVOIR SYSTEM 

-LOCATION : KAMOJANG GEOTHERMAL FIELD, GARUT WEST JAVA

-REINJECTION WELLS : KMJ-46 AND KMJ-55

-WATER REINJECTION : - COLD WATER SYSTEM REINJECTION
- STEAM CONDENSATE FROM COOLING TOWER

-TRACERS : -TRITIUM (HTO) ACTIVITY 15 Ci (KMJ-46)
-FREON R-134A(1,1,1,2 TETRAFLUOROCARBON)

ACTIVITY 100 Kg (KMJ-55)

-MONITOR OF WELLS : -KMJ-46 : KMJ-62, 26, 22,41, 27 & 73
- KMJ-55 : KMJ 24, 36, 51 & 72



Well Tracer Inter-
conection

Mass
Recover
y

KMJ-
15

Tritium 
10 Ci
(1992)

Proven (KMJ-11, 
14, 17, 18, 26, 27, 
30)

13.5%

KMJ-
32

Tritium 
10 Ci and 
alkohol
1200 L

Not proven (KMJ 
33,31,37,45 and 
38)

PREVIOUS WORK  : PREVIOUS WORK  : 
2. TRACERS2. TRACERS APPLICATIONAPPLICATION IN KAMOJANG GEOTHERMAL FIELDIN KAMOJANG GEOTHERMAL FIELD

Previous tracers test

RC INS-12947  (2004)

REINJECTION WELLS

2.TRACERS TEST IN GEOTHERMAL FIELDS (SECOND YEAR)

A. LIQUID DOMINATED RESERVOIR SYSTEM (TWO PHASE) 

-LOCATION : LAHENDONG GEOTHERMAL FIELD, NORTH SULAWESI

-REINJECTION WELLS : LHD-7

-WATER REINJECTION : - COLD WATER SYSTEM REINJECTION
- STEAM CONDENSATE FROM COOLING TOWER

-TRACERS : -TRITIUM (HTO) ACTIVITY 15 Ci (KMJ-46)

-MONITOR OF WELLS : -LHD-7 : LHD-8, 11, 12 & 15



LEGEND:
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THANK YOU 

Gas Freon Tube

Side valve

Freon flowing

INJECTION OF FREON TRACER SYSTEM
IN KAMOJANG GEOTHERMAL FIELD

Procedure Freon Injection

-Make sure that well re-
injection in negative
pressure

-Connected freon tank to
water reinjetion pipe line

-Open V1 and open V2, 
freon flowing to followed
water reinjectionv1

v2



THANK YOU 

INJECTION OF TRITIUM TRACER SYSTEM
IN KAMOJANG GEOTHERMAL FIELD

Procedure Tritium Injection
-Make sure well in negative
pressure
-Open V1 and V2
-Followed open V3
-After finish tracer than open
V4

Side valve

tracer

Tracer tube
V1 V2

V3

V4
Wash water

TERIMA KASIH

TRITIUM INJECTION IN THROUGH WELL HEAD



SAMPLING TECHNIQUE AND ANALYSIS OF FREON AND 
TRITIUM IN GEOTHERMAL FLUIDS

1. Sampling Technique for Freon

-Is conducted in steam phase of fluid using separator  for liquid dominated
-Using bottle as for gas sampling which filled by   NaOH solution 6 N in vacuum 
condition
-sampling take place for 45 minute

Separator

Insoluble Gas (H2, N2, CH4, He
Include Freon)

Soluble Gas CO2, H2S etc

2. Freon analysis

-Freon is analyzed using Gas Chromatography
with condition are as follow :

- Colom : Porapax-Q
- Detector : ECD
- Detector Temp.: 270 oC
- Injector Temp. : 195 oC
- Gas Flushing : N2



3. Sampling Technique for Tritium

- Is conducted using condencer device
- Geothermal fluids is condenced to be liquid with amounth 1 liter

4. Tritium Analysis

- Tritium is analyzed using enrichment technique
- One liter of sample is destileted 
- 600 ml of detilated sample is electrolized for tritium enrichment to
be 20 ml

- 10 ml of enrichment sample added by 11 ml coctail than counted
in LSC



TEMPORARY RESULT

SEPT 9, 2004

SEPT 24, 2004

OCT 7, 2004

OCT 20, 2004
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Objective (1)

Main objective:
Study selected metal complexes as possible interwell 
tracers for injected water 

Requirements:
The complexes must have a high complex stability, be 
unknown to reservoir fluids and the central metal ion 
must either be a suitable radionuclide or be activable 
with high cross section by neutron activation analysis. 
In addition, the general requirements for interwell 
tracers apply.
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Objective (2)
Sub-tasks on tracer behaviour:

Screening of complex stability as a function of 
temperature and chemical composition of actual 
reservoir fluids, reservoir rock materials and chemical 
components in the injection/well system.
Study of other possible degradation mechanisms like 
radiolysis
Study of partitioning to the oil phase (if any).
Study of flooding behaviour under simulated reservoir 
conditions.
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Objective (3)

Sub-tasks on tracer analysis:
Development of analytical methods that can be used 
for analyzing complexes in laboratory studies
Development of analytical methods for analysing 
tracer complex compounds in real field samples, both 
individually and in mixtures
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Objects for study (1)
Co(CN)6

3- that has been somewhat studied before 
but needs further attention in order to be regarded 
as qualified for field operations. This complex can 
be labeled with the radionuclides 56Co, 57Co, 58Co,
60Co and 14C, thus representing 5 different 
radiotracers. In addition, the only stable cobalt 
isotope 59Co has a high reaction cross section for 
thermal neutrons (37 b) and is therefore highly 
detectable at low concentrations with neutron 
activation analysis (NAA). Therefore, the non-
radiolabelled complex is also a tracer candidate in 
combination with NAA.
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Objects for study (2)

Ni(CN)4
2- has been little studied with respect to oilfield 

tracer properties. Ni has the long-lived applicable radio-
isotope 63Ni (pure beta emitter). The complex can also 
be labelled with 14C.

Ag(CN)2
- with the possible radiolabel 110mAg. The 

complex may also be labelled with 14C and or used with 
natural silver composed of the two stable isotopes 107Ag
and 109Ag with high cross sections for neutron activation 
analysis.
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Objects for study (3)
Au(CN)2

- og Au(CN)4
- with the possible radiolabel 

195Au. In addition, the stable 197Au (100% natural 
abundance) has a reaction cross-section of 99 b and is 
suitable for detection with NAA. Thus, the non-radiolabel-
led complex is therefore also a tracer candidate in 
combination with NAA.

Other complexes: Start mapping of suitable/interest-
ing combinations of metallic radionuclides and complexing 
agents different from CN-, which produces negatively 
charged (or neutral but polar) complexes with high stability 
constants.
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Coworkers

Øyvind Dugstad PhD Experiments

Sven Hartvig MSc Experiments

Jan Sagen MSc Modelling
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Sissel Opsahl Viig MSc Experiments

Odd B. Haugen Chem
eng.

Experiments
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Time plan

Tasks Year 1 Year 2 Year 3

1. Collect international experiences with Co(CN)6
3-

2. Design experimental details

3. Synthesize 60Co(CN)6
3- for laboratory experiments

4. Stability experiments of Co(CN)6
3-

5. Dynamic flooding studies of Co(CN)6
3-

6. Development of radioanalytical methods for Co(CN)6
3-

7. Analysis of Co(CN)6
3- in samples with 35SCN- or S14CN-

8. Start study of Ni(CN)4
2-, Ag(CN)2

- and Au(CN)4
-

9. Analysis of Ni(CN)4
2-, Ag(CN)2

- and Au(CN)4
-

10. Stability of Ni(CN)4
2-, Ag(CN)2

- and Au(CN)4
-

11. Coreflooding exp. on Ni(CN)4
2-, Ag(CN)2

- and Au(CN)4
-

12. Literature invest. on other metal complexes

13. Final reporting
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Cyanide complexes

Co(CN)6
3-

Ni(CN)4
2-
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Cyanide complexes

Ag(CN)2
-

Au(CN)2
-

Au(CN)4
-
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Complexation theory-
Stability constants (1)

The degree of complexation in a metal-ligand system is
determided (defined) by the equilibrium constant called 
the stability constant or the formation constant:

Let M = metal ion and L = ligand. Then:
M + L ML

ML + L ML2

MLn-1 + L MLn
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Complexation theory-
Stability constants (2)

The equilibrium constant for this first reaction is then:

K1 =  [ML] / [M] [L]

For the second reaction

K2 =  [ML2] / [ML] [L]

In general for the n-th reaction:

Kn-1 =  [MLn] / [MLn-1] [L]
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Complexation theory-
Stability constants (3)

These are called “stepwise equilibrium constants”.

Since many ligands are bases of weak acids, hydrogen 
is also involved in the reaction. In general:

MLn-1 + HL MLn + H

where
Kn =  [MLn] [H] / [MLn-1] [HL]
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Complexation theory-
Stability constants (4)

The total reaction is:

M + nHL MLn + nH

The “total equilibrium constant” for the whole reaction 
chain is:

KT =  [MLn] [H]n / [MLn-1] [HL]n

=   K1 K2 Kn
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Complexation theory-
Stability constants (5)

M + nHL MLn + nH

n =  [MLn] [H]n / [M] [HL]n

n

1i
i
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Stability constants-
determining factors

Statistical effects
Electrostatic effects
Geometric (or steric) effects
Chelate effects
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Electrostatic effects (1)

+
r1+

+ + + +r2+ r3+ r4+ r5+

Here r1+ >  r2+ >  r3+ >  r4+ >  r5+

• • • • •

Since
r
zz 21

we have that 1 < 2 < 3 < 4 < 5
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Electrostatic effects (2)
The electrostatic field of 
the anions induce an 
asymmetric electron 
distribution in the d-
orbitals. This will again 
lead to extra stability of 
the complex.

Such increased complex 
stability is called ligand
field stabilization LFS.
Maximum stability is 
expected at d3 (V) and 
d8 (Ni).
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Geometric effects (1)
The geometric size of the cations and ligands may be 
partly responsible for the actual size of the complex, its 
structure and accordingly also its -values.

Small ligands Large ligands



06.12.2004 Tor Bjørnstad 23

Geometric effects (2)
StructureGeometryNr+/r-

Linear20.15

Triangular30.15 – 0.22

Tetrahedral40.22 – 0.41

Planar40.41 – 0.73

Octahedral60.41 – 0.73

Cubic8> 0.73
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Geometric effects (3)

Examples:
1). Co2+ +  6H2O

2). Co2+ +  4Cl- Co(Cl)4
2-, rCo2+/rCl- =  0.3

3). Ni2+ +  4CN- Ni(CN)4
2-, rCo2+/rCN- =  0.5
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Chelate effect
Ligands which can bind cations on two or more coordina-
tion sites are said to form chelates:

C
H
2

N
H
2

N
H
2

C
H
2

CH2 NH2
NH2

CH2

CH2
NH2
NH2

CH2

Ethylene diamine 
complexBidentate ligands
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Screening experiments -
Thermal stability - Sorption to rock

Heating bath,-
thermally
controlled

Rock substrate
(sandstones, carbonates, 
clays etc.)
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Partitioning experiments 
Oil-water

Water

Oil

Principle for
measurement of
water/oil partition
coefficient of 
tracer compounds 
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Phase partitioning - autoclave
Pressure
regulator

Temperature
recorder

Pressure
gauge

Heater

Baffles

Oil
phase

Water
phase

Water
sample

Oil
sample

Nitrogen
pressure

Magnetic
drive

Autoclave for 
measurements

of water/oil
partition

coefficients
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Sandstone cores

Varying porosity
and permeability

Various dimensions,
most common:

1”x2”
1”x3”
1,5”x10”
2”x15”
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High-Pressure 1D Flow Rig
HEATING CABINET

HIGH-PRESURE
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CORE
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TRACER
VOLUME
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MULTIPORT
SWITCH-
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COLL.OVERBURDEN

PRESSURE
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PRESSUR-
IZED GAS

BOOSTER
PUMP

DRAINAGE

PRESSUR-
IZED WATER

P

COUPLE

P

THERMO-

LOGGING
DEVICE
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High-pressure core holder 1
for cylindrical cores

Axial flow

Variable angle
from horizontal
to vertical



06.12.2004 Tor Bjørnstad 33

17 18 19

1

2

3

4

14

13

12

8 9 105 6 7

16

11

15

High-pressure
column

Flow-rig for examina-
tion of the dynamic 
behavior of the tracer
candidates relative to
tritiated water, HTO
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Tracer dispersion profiles
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Co(CN)6
3- problems

Field experiments with 60Co(CN)6
3- in a North 

Sea offshore field in the mid 80ties resulted in 
substantial contamination of the injection 
system and topside equipment.

Why?
Is 60Co(CN)6

3- chemically unstable in spite of 
a quoted stability constant > 1064 ?
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Electrophoresis
-setup and sample application

+-

High
voltage

Electrolyte

Non-conducting
support

Electrophoresis strip

Sample
application

Water
cooling
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Electrophoresis strip monitoring

Electrophoresis
strip

Position sensitive
gas proportional
counter

Recorded intensity
spectrum

Nuclear
electronics
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Electrophoresis strip scanning

Electroforesis
strip

Gamma detector
Lead
collimator
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Electrophoresis spectrum

60Co-
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gamma
scanning

0 20 40 60 80 100 120 140 160 180

6

5

4

3

2

1

0

-1

Gross spectrum
Background
Net spectrum

IN
TE

N
SI

TY
 (c

p5
s)

(T
ho

us
an

ds
)

POSITION (relative units)

06.12.2004 Tor Bjørnstad 40

+-R
EL

A
TI

VE
 IN

TE
N

SI
TY

 (c
ou

nt
s)

0

1500

1250

1000

750

500

250

labelled cobalthexacyanide purchased
from Amersham International plc.

Electrophoresis spectrum of the
the unstored commercial 60Co-

Sample
application
point

Electrophoresis chromatogram

0 20 50 100 150POSITION (mm)



06.12.2004 Tor Bjørnstad 41

POSITION (mm)100

R
EL

A
TI

VE
 IN

TE
N

SI
TY

 (c
ou

nt
s)

50 1500 20

+-
0

Commersial Co-60 labelled
cobalthexacyanide purchased
from Amersham International plc.

Sample stored at IFE.
Storing conditions:
- Time: 6 months
- Temperature: Room (ca. 20 C)
- Specific activity: 2.06 mCi/ml
- Sample form: Aquous
- Sample volume: 50 l

1000
Sample
application
point

60Co(CN)6
3- after liq. storage 20°C

2500

2000

1500

500

M:\CLUB\TE2\RAD-10

06.12.2004 Tor Bjørnstad 42

POSITION (mm)100

R
EL

A
TI

VE
 IN

TE
N

SI
TY

 (c
ou

nt
s)

50 1500 20

+-
0

Commersial Co-60 labelled
cobalthexacyanide purchased
from Amersham International plc.

Sample stored at IFE.
Storing conditions:
- Time: 6 months
- Temperature: 50 degr.C
- Specific activity: 2.06 mCi/ml
- Sample form: Aquous
- Sample volume: 50 l

Sample
application
point

60Co(CN)6
3- after liq. storage 50°C

2500

2000

1500

1000

500



06.12.2004 Tor Bjørnstad 43

POSITION (mm)100

R
EL

A
TI

VE
 IN

TE
N

SI
TY

 (c
ou

nt
s)

50 1500 20

+-
0

2500

2000

1500

1000

500

Sample
application
point

Commersial Co-60 labelled
cobalthexacyanide purchased
from Amersham International plc.

Sample stored at IFE.
Storing conditions:
- Time: 6 months
- Temperature: Room (ca. 20 degr.C)
- Specific activity: 2.06 mCi/ml
- Sample form: Dry salt
- Sample amount: 50 ul dried

60Co(CN)6
3- after dry storage 20°C

3500

3000

06.12.2004 Tor Bjørnstad 44

POSITION (mm)100

R
EL

A
TI

VE
 IN

TE
N

SI
TY

 (c
ou

nt
s)

50 1500 20

+-
0

M:\CLUB\TE2\RAD-13

2500

2000

1500

1000

500

Commersial Co-60 labelled
cobalthexacyanide purchased
from Amersham International plc.

Sample stored at IFE.
Storing conditions:
- Time: 6 months
- Temperature:50 degr.C
- Specific activity: 2.06 mCi/ml
- Sample form: Dry salt
- Sample amount: 50 ul dried

Sample
application
point

60Co(CN)6
3- after dry storage 50°C

3500

3000



06.12.2004 Tor Bjørnstad 45

Electrophoresis chromatogram
Syntesis 1 of 60Co(CN)6

3-
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Electrophoresis chromatogram

Electrophoresis chromatogram of 
60Co(CN)6

3- synthesised in the 
present authors’ laboratory
according to a revised procedure. 
This product has, in addition, been 
exposed deliberately to 105 rads of
60Co gamma radiation in a gamma 
irradiation facility.

Synthetic 2
60Co(CN)6

3-

irradiated
105 rad
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Electrophoresis chromatogram

Electrophoresis spectrum of 
60Co-containing components in 
a sea water solution of 
commercial 60Co(CN)6

3- on the 
anionic side after a heating 
period of 24 h at a temperature 
of 120 C

Heating
60Co(CN)6

3-
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Electrophoresis chromatogram (4)

Electrophoresis spectrum of 
60Co-containing components 
in a seawater solution of 
commercial 60Co(CN)6

3- on
the cationic side after heating 
for 24 h at 120 C.

Heating
60Co(CN)6

3-
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Cyclene derivates

Cyclene DOTA

DOTP
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Introduction

Study Site: Fimkassar Oil Field,
OGDCL, Distt. Chakwal,
Pakistan

No. of wells:  4  (3 in operation +1 new well)

Production:   Well No. 1 (Sakessar Formation)
Well No. 2 (Chorgali Formation)
Well No. 4 (Chorgali + Sakessar)

Injection:      Well No. 3 (Sakessar Formation)

Reservoir Temp: Sakessar (210 oF)
Chorgali (209 oF)

Location of wellsLocation of wells

The structure is developed The structure is developed 
onon SakessarSakessar FormationsFormations
along SWalong SW--NE direction. NE direction. 
There are two major There are two major 
reverse faults which cut reverse faults which cut 
each other at about 90each other at about 90 ..
The structure is developed The structure is developed 
against the SWagainst the SW--NE fault, NE fault, 
while the other fault is SEwhile the other fault is SE--
NW. The throw of the fault NW. The throw of the fault 
shows that this structure shows that this structure 
was developed due to thewas developed due to the
compressionalcompressional tectonics.

WellWell
No. 4No. 4

tectonics.



Location of wellsLocation of wells …….…….
The contours show that Well The contours show that Well 
# 1 is almost on the apex and# 1 is almost on the apex and
encounters theencounters the SakessarSakessar
Formation at 2408 mFormation at 2408 m subseasubsea..
Well # 3 is 2.6 km almost in Well # 3 is 2.6 km almost in 
the West of Well # 1 and the West of Well # 1 and 
encounters the formations atencounters the formations at
2621 m2621 m subseasubsea. However, . However, 
according to the map it is according to the map it is 
below the oilbelow the oil--water contact.water contact.
The Well # 2 produces oil The Well # 2 produces oil 
fromfrom ChorgaliChorgali Formation,Formation,
which overlies thewhich overlies the SakessarSakessar
Formation and follow the Formation and follow the 
same structure having the same structure having the 
thickness about 50 m.

WellWell
No. 4No. 4

thickness about 50 m.

Location of wellsLocation of wells ……..……..

Well #2 is located about 800 Well #2 is located about 800 
m from Well # 1 in the NE m from Well # 1 in the NE 
direction towards the point direction towards the point 
of intersection of both the of intersection of both the 
faults and it encounters the faults and it encounters the 
Formations at 2356 m and Formations at 2356 m and 
2424 m2424 m subseasubsea respectively.respectively.

Recently, another well Recently, another well 
(well#4) has been drilled (well#4) has been drilled 
which will start production which will start production 
soon. This well is located at soon. This well is located at 
a distance of 1 km in the NE a distance of 1 km in the NE 
of well#2 of well#2 (at(at 4.5 km from 
the injection well).

WellWell
No. 4No. 4



GeologyGeology
The termThe term SakessarSakessar Limestone was introduced by Gee (inLimestone was introduced by Gee (in FermorFermor,,
1935) for the most prominent Eocene limestone unit in the Salt1935) for the most prominent Eocene limestone unit in the Salt
and Transand Trans--Indus ranges.Indus ranges. SakessarSakessar Peak (lat. 32° 31´ N; long.Peak (lat. 32° 31´ N; long.
7171oo 56´ E) in the Salt Range has been designated the type 56´ E) in the Salt Range has been designated the type 
locality. The formation is widely distributed in the Salt Range locality. The formation is widely distributed in the Salt Range 
and theand the SurgharSurghar Range. It is aboutRange. It is about 100 m thick at100 m thick at FimkassarFimkassar..
The unit consists dominantly of The unit consists dominantly of limestone with intercalations of limestone with intercalations of 
shale. The shale is more prominent in the middle and bottomshale. The shale is more prominent in the middle and bottom
layers of the formationslayers of the formations.. The limestone, throughout its extent, isThe limestone, throughout its extent, is
creamcream colouredcoloured to light gray, nodular, usually massive, with to light gray, nodular, usually massive, with 
considerable development ofconsiderable development of chertchert in the upper part. Thein the upper part. The
foraminifers indicate an foraminifers indicate an Early Eocene age of the unitEarly Eocene age of the unit.. SakessarSakessar
Formation is overlain byFormation is overlain by ChorgaliChorgali Formation. The term “Formation. The term “ChorgaliChorgali
beds” of Pascoe (1920) has been formalized asbeds” of Pascoe (1920) has been formalized as ChorgaliChorgali
Formation by the Stratigraphic Committee of Pakistan. Formation by the Stratigraphic Committee of Pakistan. GenerallyGenerally
the formation is divisible into two parts. The lower part consisthe formation is divisible into two parts. The lower part consiststs
of shale and limestone, while the upper part is mainly limestoneof shale and limestone, while the upper part is mainly limestone..
The fauna indicates an The fauna indicates an Early Eocene age.Early Eocene age.



Well No. 1 (Production)Well No. 1 (Production)

Sakessar Formation: Sakessar Formation: 28882888 –– 3031 m3031 m

Regular Operation:Regular Operation: October 1989October 1989

Production:Production: 25002500 –– 4000 bbl/day  (till mid 1992)4000 bbl/day  (till mid 1992)
Declined to 2000 bbl/day in Dec. 1995Declined to 2000 bbl/day in Dec. 1995

Water Flooding started in March 1996Water Flooding started in March 1996
Oil production started to increase in Sep. 96 & reached Oil production started to increase in Sep. 96 & reached 
a max. of 3833 bbl/day in Dec. 97a max. of 3833 bbl/day in Dec. 97
Water production started in June 1998 & oil production Water production started in June 1998 & oil production 
declined quickly and reached to 500 bbl/day in June declined quickly and reached to 500 bbl/day in June 
20002000
Present production Present production 400400--450 bbl/day450 bbl/day

(WHP(WHP 300300 psipsi))

Well # 1Well # 1
Production response: 6 months after injection
Max. 3800 bbl/day at the end of Dec., 1997
Appearance of water: June 1998
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Well No. 2 (Production)
ChorgaliChorgali Formation:Formation: 2356 m (2356 m (subseasubsea))

Regular Operation:Regular Operation: May, 1990May, 1990

present Production:present Production: 150 bbl/day 150 bbl/day (WHP(WHP 200200 psipsi))

Water cut:Water cut: 38 %38 %

Started producing water:  Jul, 1998 Started producing water:  Jul, 1998 1515--20 %20 %

Apr,2001Apr,2001 35 %35 %

For the last two years For the last two years 37 %37 %

Well No. 4 (Production)Well No. 4 (Production)

ChorgaliChorgali Formation:Formation: 28812881 -- 2912 m2912 m
SakessarSakessar Formation:Formation: 29482948 -- 3110 m3110 m

Regular Operation:Regular Operation: To be started soonTo be started soon



Well No. 3 (Injection)

Sakessar Formation: 3150 – 3180 m

Water Flooding: March 1996

Rate of Injection: 10,000 bbl/day 
(Maintained at 
~ 7000 bbl/day)

Pressure: 3000 psi up to April 1998 
Afterwards ~ 2500 psi

Present Inj. Rate: 4000 bbl/day
at 2100 Psi

PREVIOUS WORKPREVIOUS WORK

in Oilfieldin Oilfield



METHODOLOGYMETHODOLOGY

•• Isotopes used as tracers :Isotopes used as tracers :
1818OO (oxygen(oxygen--18)18)
22HH (deuterium)(deuterium)
33HH (tritium)(tritium)

••

RESULTS (RESULTS ( 22H Indices)H Indices)

Location Range of 2H
(‰)

Mean 2H
(‰)

Well # 2 (Prod.
Chorgali)

-84  to  –78   -80

Turkwal (Prod.
Sakessar)

  -64

Bulkassar (Prod.
Sakessar)

  -77

Well # 3 (Injection
in Sakessar)

-31  to   -7  -24

Well # 1 (Prod.
Sakessar)

-42  to  –32  -37



Location Range of 2H
(‰)

Mean 2H
(‰)

Well # 2 (Prod.
Chorgali)

+1 to +2.3 +1.9

Turkwal (Prod.
Sakessar)

+2.6

Bulkassar (Prod.
Sakessar)

+1.9

Well # 3 (Injection
in Sakessar)

- 4.2  to  -2 -3.2

Well # 1 (Prod.
Sakessar)

-2.5 to  -1.4 -2.0

LocationLocation Range ofRange of 1818O   Mean O   Mean 1818OO

RESULTS (Tritium Indices)RESULTS (Tritium Indices)

Location Range 3H
(TU)

Mean 3H
 (TU)

Well # 2 (Prod.
Chorgali)

0 0

Turkwal (Prod.
Sakessar)

0 0

Bulkassar (Prod.
Sakessar)

0 0

Well # 3 (Injection
in Sakessar)

4 to 12 7

Well # 1 (Prod.
Sakessar)

4.5 to 7 5.5



-5
-4
-3
-2
-1
0
1
2
3
4

Ju
n-

98

Au
g-

98

Se
p-

98

O
ct

-9
8

N
ov

-9
8

D
ec

-9
8

Ja
n-

99

Fe
b-

99

M
ar

-9
9

Ap
r-

99

M
ay

-9
9

Ju
n-

99

Ju
l-9

9

Au
g-

99

Time (months)

18
O

 (‰
)

Well # 2

Well # 3

Well # 1

Temporal Variation of 18O of Well No. 1, 2 &  3

-90

-70

-50

-30

-10

10

-8 -6 -4 -2 0 2 4

(‰
)

Produced Water (Well # 1)
Chorgali Fomation (Well # 2)
Injection Water (Well # 3)
Original Sakessar Formation Index

18O ( ‰ )

Formation water
Well # 2

Produced Water
Well #1

Injection Water
Well # 3

LMWL

Mixing Line

Plot of 18O vs 2H of injected  and produced water



0

2

4

6

8

10

12

14

16

-85 -77 -70 -62 -55 -47 -41 -33 -26 -18 -11 -3

Well No. 2

Well No. 1

Well No. 3

Histograms of 2H of Well # 1, 2 & 3

2H ( ‰ )

F
r
e
q
u
e
n
c
y

TWO COMPONENT MIXING EQUATION
To determine the fractions of:

fresh water = f1
formation water = f2

f1 1 + f2 2 = m
Where 1 = 2H of fresh water, 

2 = 2H of formation water 
m= 2H of mixed water (prod. Well) 

f1 = ( m - 2)/( 1 - 2)
f2 =  1 - f1

Fresh water contribution = 77%
Formation water contribution = 23%



Location Range Cl (ppm) Mean Cl
(ppm)

Well # 2 (Prod.
Chorgali)

2795 - 3186 3008

Turkwal (Prod.
Sakessar)

12423 (May, 1999)
6340 (July, 2001)

9318

Bulkassar (Prod.
Sakessar)

P2:  13723 (May, 1999)
P2:  25119 (July, 2001)
A3:  5725 (May, 1999)
A3:  5148 (July, 2001)

12429

Well # 3 (Injection
in Sakessar)

63 - 155 110

Well # 1 (Prod.
Sakessar)

4328 - 4925 4640

Chloride

CONCLUSIONS
Well No. 1 (production well) has hydraulic connection

with Well No. 3(injection well) --> BTT: 27 Months.
The water produced in Well No. 1 had 67 to 80% 

contribution of fresh injected water since the appearance
of water in June 1998
The initial breakthrough time was 27 months which 

was reduced to about 8   months after November 1999.

There seems no quick channel connecting the injection 
well and the production well.

It seems that the injected water sweeps a large 
volume.

Source of water in the formations is meteoric water 
recharged from northern parts of the country



Artificial Tritium Tracer Test

Radioactive Tracer: Tritium (3H)
(Tritiated water)

Activity: 22 Curie

Half Life: 12.33 years

Radiation: -,18.6KeV (Max)

Date of Injection: 06-11-1998

Tracer Response versus time at Well # 1Tracer Response versus time at Well # 1
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BTT = 240 days (8M)



PRESENT SCENARIOPRESENT SCENARIO

Vertical connectionVertical connection betwween Sakassarbetwween Sakassar &&
ChorgaliChorgali formation is suspected formation is suspected (Well#2)(Well#2)

New Well #4 developed recentlyNew Well #4 developed recently

Contribution of injection water to Well Contribution of injection water to Well 
#1, 2 & 4 needs to be evaluated#1, 2 & 4 needs to be evaluated

There are other well across the fault. It is There are other well across the fault. It is 
important to seeimportant to see wetherwether the faults are the faults are 
communicating or not ?communicating or not ?

CRP OBJECTIVES

To determine breakTo determine break--through time between injection and through time between injection and 
production wellsproduction wells
To assess the contribution of injected water towards different To assess the contribution of injected water towards different 
production wells and investigate the presence of quick production wells and investigate the presence of quick 
channeling between injection & production wells.channeling between injection & production wells.
To determine the swept volume of the reservoirTo determine the swept volume of the reservoir
To assess the efficiency of injected fluid to increase theTo assess the efficiency of injected fluid to increase the
reservoir pressure.reservoir pressure.
Evaluation of tracers used in course of above investigation for Evaluation of tracers used in course of above investigation for 
‘Tracer Validation’.‘Tracer Validation’.
Use of software (produced/distributed by CRP participantsUse of software (produced/distributed by CRP participants
from developed countries) to analyze tracer production from developed countries) to analyze tracer production 
profiles for the better understanding of the reservoir model.profiles for the better understanding of the reservoir model.
Enhancement of technical knowEnhancement of technical know--how through sharing of how through sharing of 
knowledge and experience with other participants fromknowledge and experience with other participants from
developed countries. developed countries. 



Work Plan for the CRPWork Plan for the CRP
Selection of Oilfield and discussions with end-user
Selection and arrangement of suitable tracers
Arrangements of suitable injection system in 
cooperation with end-user.
Design of tracer experiment
Preparation of detailed plan for injection and 
sampling in cooperation with end-user.
Radiotracer Injection
Periodical sampling and collection of production data
Analysis of samples and preparation of preliminary 
results
Validation of TracersValidation of Tracers
Use of software for data interpretation and software Use of software for data interpretation and software 
validationvalidation
Data processing and analysis
Preparation of report for the first year of the project

Expected Outputs
Enhancement of practical experience and technical know-how
leading to creation of ‘Country Capability’ in the field of ‘Inter-
Well Tracing’ for EOR

Improvements in analytical and field techniques as well as 
modeling and tracer data interpretation

Active cooperation between scientific groups from developed 
countries (Research Agreement Holders) and developing 
countries (Research Contract Holders)

Solution of specific problems of end-user industry 

Better cooperation and coordination between nuclear institute 
and end-user industry (Promotion of Technology)

Development and refinement of Tracer Methodology and 
Technology for Inter-well Investigations

Validation of Tracers for Inter-well tracing and Software for
data analysis/interpretation



Proposal on the Use 
of Tritium and HFCs 

as Gas Tracers in 
Geothermal Systems

Proposal on the Use 
of Tritium and HFCs 

as Gas Tracers in 
Geothermal Systems

Philippine geothermal fields Philippine geothermal fields 
production problems…production problems…

• DDeveloped 2-phase or steam zone
• SSensitive to cold inflow/RI returns, leads 

to production decline
– TTongonan/Mahanagdong reservoirs
– MMindanao reservoir

• NNeed to identify flowpaths, return times 
and volume contribution

• FFor pressure support and production/RI 
strategy, reservoir management



Objectives of project proposal

• EEstablish gas tracer applications to high-
enthalpy fields

• IIntegrate vapor tracers as geochemical 
monitoring tool for reservoir mgmt

• PProlong production life of mature 
geothermal fields

• TThrough IAEA, promote regional research 
and development & improvement of gas 
tracer technology

Geothermal tracers overview…Geothermal tracers overview…
• CCompounds introduced into geothermal 

reservoirs
• TTrace injection fluid through reservoir
• CChemical and radioactive tracers in use
• BBackground value of tracer must be low
• CCan be injected short-term or 

continuous
• LLiquid tracers normally injected @ 

wellhead
• GGas tracers injected under pressure



Tracer selection criteria…Tracer selection criteria…
• SSalinity – mod salinity background should 

avoid iodides & bromides
• DDistance / permeability – long distance or 

high permeability need tracer w/ very low 
detection limit (offset dilution effects)

• RReservoir type – liquid or vapour (in vapour 
phase, ONLY tritium or halogenated 
compounds can be used)

• TTemp – consider thermal stability of tracers
• RRegulatory restrictions – environmental laws
• BBudget
• AAnalytical equipment

Gas tracer applicationsGas tracer applications
• SSoutheast Geysers, CA

– AAdams, et al., 1991
– UUsed CFCs R-12 (CCl2F2), R-13 (CClF3)

• GGeysers
– AAdams, et al., 2001
– TTritium, R-13, R-23 (CHF3), R134A 

(CF3CH2F)
• CCove Fort-Sulphurdale, Utah

– MMoore, et al., 2000
– RR-134A

• KKamojang/Lahendong, Indonesia
– TTritium, R-134A (2004)
– TTracer breakthroughs detected



Proposed study areas:Proposed study areas:
• Leyte

Geothermal
Production Field 
(LGPF)

• Mindanao
Geothermal
Production Field 
(MGPF)

• Leyte
Geothermal
Production Field 
(LGPF)

• Mindanao
Geothermal
Production Field 
(MGPF)

The Leyte Geothermal FieldThe Leyte Geothermal Field
•22 separate geothermal systems –

Tongonan & Mahanagdong
•PProducing 700 MWe total; 112.5 MWe

(1983-1995), full production since
•MMajor reservoir change due production
-enhanced boiling of central & upflow wells
-discharge H from 1600-1800J/g to 2400-
2700 J/g

-CO2TD 300 mmoles/100 moles steam
-Liquid fraction in production wells nil
-“Liquid-based” geochemistry tools not

applicable



The Leyte Geothermal FieldThe Leyte Geothermal Field

• TTongonan       Mahanagdong

O18   -3.0 to +0.5      -4.0 to +1.0
H2   -30.0 to –40.0  -25.0 to –40.0
H3        No values           No values

404404

LEGEND
Power Plant

Production Well

Injection Well
5R10D5R10D

5R11D5R11D

404404

-
Boiling zone



The Mt. Apo SystemThe Mt. Apo System
• PProducing 104 MWe from 2 power 

plants
• LLiquid-dominated system; upflow 

fluid T >300°C
• NNatural 2- or steam cap near 

upflow region
• FFluid has low gas content;  CO2TD

100 mmoles/100 moles steam
• OO18 = -9.0 to –4.0
• HH2   = -50.0 to –70.0
• HH3   =  No values
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Salient points of RC proposalSalient points of RC proposal
• UUse vapour tracers HFCs, tritium
• IInject @ LGPF, MGPF RI wells, monitor in 

production wells
• 33 year program proposed
• HHFC analyses to be done @ PNOC-EDC 

LGPF lab (w/ECD but need to modify)
• RRequested support from IAEA:

– TTracers (HFCs and tritium)
– LLab consumables (column, stnds, etc.)
– SSampling equipment fabrication
– TTritium analyses
– MModeling software

Major areas of collaboration Year 1 Year 2 Year 3

Activities in the Philippines
1.  Scientific visit (2 weeks)

2.   Field setup (Leyte) (4.2 mos)

3.  Injection/monitoring/lab analyses (Leyte) (7.8mos)

4.  Field Setup (Mt. Apo) (4.2 mos)

5.  Injection/monitoring/lab analyses (Mt. Apo) (7.8
mos)

6.  Modeling software/workstation acquisition (4 mos)

7.  Data interpretation/report preparation (8 mos)

IAEA activity
1. Analysis of tritium samples (4 mos)

Group activities 
Field visits, meetings, workshops, etc.
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TRACERS IN HIGH TEMPERATURE AND 
FRACTURED BASEMENT RESERVOIR

TRACERS IN HIGH TEMPERATURE AND 
FRACTURED BASEMENT RESERVOIR

• Nguyen Huu Quang
NUCLEAR RESEARCH INSTITUTE

CENTRE FOR APPLICATIONS OF NUCLEAR TECHNOLOGY IN INDUSTRY
DALAT, VIETNAM
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Fractured Basement Reservoir
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RD-16X_Wellpath

TopC: 3,005m(;2,832mss)

TopD: 3,187m(2998mss)

Bsmt: 3,375m(3,170mss)
T1

T2

T1: 4,144m(3,600mss)

T2: 4,570m(3,700mss)

TD: 5,188m(3,847mss)

T3

T3: 4,990m(3,800mss)

Targets
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Depth_slice @3600mss
N

WHP-S1

RD-16X

RD-8X

RD-10X
RD-12X

RD-13X

RD-11X

RD-9X
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Fractured Basement Reservoir

• Fracture porous media
• Macro and micro  fractures are conductive 

and productive 
• High heterogeneous distribution of 

permeability and porositity
• High temperature (130-160DC)
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Tracer selection

• HTO
• MeOH (H-3, C-14)
• EtOH (H-3)
• BZA (H-3)
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Tracer response curves

HTO Response-Basement Core Test
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retention time: 0.282 days re tention volume: 67.68ml
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Tracer Test in Reservoir condition

– Static test
– Core Test

TRACER RESPONSE-BASEMENT CORETE
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Thermal and chemical stability

SCN test at 150oC-Basement condition
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IPA (C-14) test at 150oC-Basement condition
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MeOH (C-14) test at 150oC-Basement condition
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Tracer Analysis

• H-3, C-14 count directly
• Distillation EtOH and MeOH
• Remove HTO by dilution and re-distillation
• Separation of EtOH and MeOH
• Count EtOH and MeOH
• Extract BZA
• Count  BZA
• Count HTO
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Radioisotope Measurement Equipment

Packard LSC TriCarb 2900 and Canberra 2230G

Tracer enrichment by fractional distillation
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TRACER INJECTION

31 2 4 65
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Tracer is injected directly to flowline of
injection near to wellhead
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Sampling by 
WH sampler

Pressure
Gauge

Adjustable
Choke

Sampling site

Sampler

Tubing ~ 15m

Main
flow

Wellhead Sampling site

Connection
to sampler
inlet Connection

to sampler
outlet
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Tracer Injection in S-1 area
S-01I HTO (300Ci) 7April 2004

S-02I EtOH (1.5Ci) 23 August 2004

WHP-S1

S-01P

S-03P S-01I

S-02P

S-04P

NW

NW

NW

NW

S-02I

N
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S-01P

EtOH - S-01P
MDL=0.24Bq/l

BT on 5 
October,04
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Tracer concentration HTO  is till increasing in S-IP

EtOH found breakthrough in S-01P on 5 October 2004, after injection 42 days 
(24 August, 2004) with radioactivity higher MDL 10 times.
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HTO and EtOH breakthrough in S-02P 
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HTO breakthrough since 1 October,04 (43Bq/l # MDL=23Bq/l) and still 
growing up.

EtOH breakthrough since 28 September, 2004  (1.27Bq/l # MDL=0.24Bq/l) 
The curve looks like bell shape (shortcut or by pass from S-02I?)

Pressure transient data???
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Tracer breakthrough summary

Injection well Tracer Breakthrough Situation Comment

S-01P
3 May (26 days)

Growing up

S-02P
1 Oct (176 days)

Growing up

S-01P
5 October (42 days)

Growing up

S-02P
28 Sept (34 days)

One peak completed
Tracer
Recovery@6mCi

Short cut 
conduit?

S-02I
EtOH, 1.5Ci

S-01I
HTO, 300Ci
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Water Cut S-01P and S-02P
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-Water flooding progress in S-01P and S-02P is similar from August to 
October, while S-01I S/I, only S-02I in operation.

- S-02I communicates with S-02P and S-01P?
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RESEARCH CONTRACT 

• 1ST year:
– tracer screening & 
– analytical procedures; 
– injection of partitioning tracer for Sor

• 2nd year:
– analytical procedures (cont.)

• 3rd year:
– Finalize the Project output (tracer selection, tracer 

analysis, tracer data obtained)
– Data interpretation of Sor
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