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ABSTRACT 
 

Applications of radiotracer technology are prevalent throughout oil refineries worldwide, 
and this industry is one of the main users and beneficiaries of the technology. Radioactive tracers 
have been used to a great extent in many applications i.e. flow rate measurement, RTD, plant 
integrity evaluation and enhancing oil production in oil fields. Chemical and petrochemical 
plants are generally continuously operating and technically complex where the radiotracer 
techniques are very competitive and largely applied for troubleshooting inspection and process 
analysis.  

Flow rate measurement is a typical application of radiotracers. For flow measurements, 
tracer data are important, rather than the RTD models. Research is going on in refining the 
existing methods for single phase flow measurement, and in developing new methods for 
multiphase flow without sampling. The tracer techniques for single phase flow measurements are 
recognized as ISO standards.  

This paper presents technical aspect of laboratory experiments, which have been carried 
out using Molybdenum-99 - Mo99 (radiotracer) to study and determine the flow rate of liquid in 
multiphase flow rig. The multiphase flow rig consists of 58.7 m long and 20 cm diameter 
pipeline that can accommodate about 0.296 m3 of liquid. Tap water was used as liquid flow in 
pipeline and conventional flow meters were also installed at the flow rig. The flow rate results; 
radiotracer and conventional flow meter were compared. The total count method was applied for 
radiotracer technique and showed the comparable results with conventional flow meter. 
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ABSTRAK 

 Teknologi dan aplikasi radiositop penyurih telah berkembang dan diguna-pakai dengan 
meluasnya diseluruh dunia. Pelbagai sektor perindustrian mendapat manfaat daripada teknologi 
ini, terutamanya sektor perindustrian minyak dan gas yang merupakan penerima dan pengguna 
utama teknologi ini. Antara teknologi dan aplikasi radiositop penyurih yang penting dan banyak 
diguna-pakai adalah penentukuran kadar alir, penentukuran masa mendiami (RTD), penilaian 
integriti loji dan kajian bagi mempertingkatkan pengeluaran minyak di telaga-telaga minyak. 
Operasi dan teknikal sesebuah loji kimia dan petrokimia yang secara amnya kompleks, telah 
menyebabkan penerimaan dan guna-pakai teknologi ini  dapat bersaing dengan teknologi lain 
yang berkaitan. Terutamanya dalam penganalisaan proses dan permasalahan di dalam loji yang 
melibatkan penyelesaian masalah serta pemeriksaan integriti loji berkenaan.   

 Penentukuran kadar alir adalah salah satu aplikasi radiosiotop penyurih yang tipikal 
dan banyak diguna-pakai. Sebagai contoh, dalam penentukuran kadar alir, maklumat atau data 
dari radioisotop penyurih ini adalah amat penting berbanding data dari model RTD. Walaupun 
teknik radioisotop penyurih untuk penetukuran aliraan satu fasa telah diiktiraf sebagai piawaian 
ISO, penyelidikan masih giat dilakukan untuk memperbaiki kaedah atau teknik sedia-ada 
(pengukuran aliran satu fasa) ini. Disamping itu, pembangunan yang giat juga sedang dijalankan 
untuk membangunkan kaedah/ teknik baru bagi pengukuran aliran berbilang fasa.  

 Kertas kerja teknikal ini membentangkan teknik penentukuran kadar alir, yang mana 
ianya merupakan salah satu aplikasi radioisotop penyurih. Penentukuran kadar alir dalam loji 
aliran berbilang fasa dengan penggunaan Technetium-99m (Tc-99m) sebagai radioisotop 
penyurih telah dijalankan di Agensi Nuklear Malaysia. Loji aliran berbilang fasa yang terdiri dari 
paip yang berdiameter 0.2 m dan sepanjang 58.7 m ini mampu menampung sejumlah 0.296 m3 
cecair. Air paip telah digunakan sebagai aliran cecair dalam saluran paip dan meter aliran 
konvensional juga telah dipasang di pelantar aliran. Perbandingan antara hasil keputusan kadar 
aliran yang diperolehi dari teknik radioisotop penyurih dan meter aliran konvensional diperolehi. 
Kaedah pengiraan keseluruhan (Total count method) telah digunakan untuk teknik radiosiotop 
penyurih dan hasilnya menunjukkan keputusan yang baik dan setanding dengan meter aliran 
konvensional. 
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1.0 INTRODUCTION 
 

A tracer is by definition a substance which can become identified with a product, the 
characteristics of flow of which we want to know. This tracer will have to behave identically to 
the product, while being able to be revealed and measured by an appropriate technology. The use 
of the radioactive tracers in industry started about fifty years ago, with the arrival on the market 
of diverse radioisotopes, and did not, since then, stop knowing a continuous extension. The 
success of the radiotracers applications is mainly due to the possibility, offered by the unique 
properties of the radioactive materials, to collect data which cannot be obtained by other 
techniques of investigation (Margrita, 1983). A better knowledge of the flow of fluids passing 
through devices contributes to internal mechanical modifications of the devices which induce an 
improvement of their performances. Furthermore, it is very much useful in answering a certain 
number of questions concerning the characteristics of material transfer in the units without 
disrupting to the process or operation.  
 

The flow rate measurement represents one of the most ancient and typical applications of 
the radioactive tracers. For flow measurements, tracer data are important, rather than the RTD 
models. A great advantage of the flow rate measurements executed with the tracer technique is 
that these measurements provide direct flow rate values in volume per time unit. This is in 
contrast to other methods that measure linear flow velocity, which also need to determine the 
flow cross section.  

An investigation of many industrial applications can be performed by the injection of a 
radiotracer at the inlet of the system and monitoring the radiotracer at the outlet. The high 
detection sensitivity, the online detection, the physico-chemical compatibility and the availability 
of radiotracer in a wide range are some of the many advantages of using radiotracer in measuring 
the flow rates (ISO 2975-1, 1974; Kasban et al., 2010; IAEA, 2008; IAEA, 2001a and 
Yelgaonkar et al., 2009). The data output can be treated and analysed to investigate the 
behaviour of the system. 

Measurement of flow in closed conduits can be done using radiotracer either dilution 
method or transit time method. The latter method will allow one to determine the concentration-
time distribution of radiotracer in known volume regardless of the massive flow rate of the liquid 
(ISO 2975-1, 1974). It is also important that by using the second method, the concentration of 
the measuring cross section can be determined at any time. 

In using the radiotracer approach, results are obtained immediately and repeated tests can 
be carried out, if the radiotracer generator is used. The radiotracer technique also has powerful 
advantages which are having high detection sensitivity, online detection, the physicochemical 
compatibility and also easily available in wide range of application (Kasban et al., 2010 and 
IAEA, 2008). Flow rates of liquids and gases are measured to an accuracy of 1–2% in situations 
where flow meters are either not installed or are unreliable due to deposits or corrosion. The 



installed flow meters are calibrated with 1% accuracy. The tracer techniques for single phase 
flow measurements are recognized as ISO standards.  
 

Thus, the purpose of the study is to determine the flow rate of liquid system in flow rig 
using the well-known tracer techniques and compared with the conventional flow meters. 
 
 
 
2.0 THEORETICAL 
 

There are two methods of flow rate measurement using radioisotope tracers, namely 
“peak to peak” and “total count” methods (Kasban et al., 2010 and Yelgaonkar et al., 2009). 
However in this paper, only total count method data will be compared with conventional 
findings.  
 
2.1 Total Count Method 
 

Determination of the flow rates with the tracer method is based on measuring the dilution 
rate of the injected tracer in the pipe. The tracer quantity A is instantaneously injected into the 
process pipe and the tracer concentration is recorded at a sampling point downstream (where 
mixing is complete ~ 100 to 200 D) during the entire passage of tracer. The tracer balance 
equation in this case is: 
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The mixing criterion in this case is similar to that in the peak to peak method that 
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The total count is the way of determining the integral dttC∫
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injection method describe above. The ratemeter accumulates the counts during the passage of 
the tracer. If N is the net total count (after subtracting the background), it can be shown that 
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Where, F is a calibration factor in appropriate units for the particular pipe or stream, counting 
arrangement and the radioisotope employed. It is determined in the laboratory under identical 
test condition. 
 
The flow rate Q is then obtained from the formula  

N
AFQ =       (3) 

 



Technically, the measurement consists of a tracer injection at a given point of the pipe 
(Figure 1) and of a detector installed at another point over the mixing distance, plotting the 
intensity function in time.  

 
Figure 1: Injection of a radioactive tracer into the tested pipeline. 

 
Spreading the radioactive “cloud” is demonstrated in Figure 2. Mixing distance is 

approximately 350D, where D is the diameter of the pipe. For quantitative measurements, prior 
to the tracer injection, both the activity and volume of the radioactive tracer and its activity 
versus count rate are determined. 

 
Figure 2: Spreading the radioactive “clouds” in time. 

 
 

 
3.0 MATERIALS AND METHODOLOGY  
 

Multiphase flow rig at Evaluation and Verification Facility (EVF), building 60 of Nuklear 
Malaysia has been experienced radiotracer experiment for flow rate measurement study as shown 
schematically in Figure 3. The rig comprised of pumps, flow meters, regulating valves, a test 
section and finally a liquid storage tank or separator. It is designed to allow the study of different 
multiphase measurement. These sections were fitted together with flange joints and sealing “O” 
rings were positioned in between two flanges. About 0.296m3 tap water was filled up in the 
58.7m and 20cm in diameter of pipelines that fully occupying the system. The portable Doppler 



FD-400 ultrasonic flow meter was installed at the outer part of the piping systems while Coriolis 
and turbine meters were automatically detecting the flow rate of the fluid in pipelines. 
 

Prior injection, Rhodamine dye was used as dummy to ensure no leakage to the system as 
well as to estimate the injection time in order to perform the Dirac impulse. About 10ml of Tc-
99m was diluted with 150ml of water before injection in the pipeline. The Dirac pulse for this 
study was found out to be 5s. In this study, total count method of the radiotracer techniques was 
performed. The total count method was performed in which the travelling time of tracer was the 
utmost important. Hence, one has to synchronize the time of injection with the time at laptop of 
Data Acquisition System (DAS). Four collimated detectors of 2’x 2’ NaI have been specifically 
placed on the surface of pipes, respectively.  
 

Table 1 shows the locations and distance of the detectors with respect to the pipe distance. 
The total count method was pertained between detectors D1 and D3.  
 

 
Figure 3: The location of injection point and the detection points at the multiphase flow rig 

 
 



Table1: Location of detectors and pipe distances 
Detectors Location Distance (m) Radiotracer technique 

D1 From Injection point to 1st detection 3.77  
D2 1st detection to 2nd detection point  10.31  

D3 2nd to 3rd detection point 22.12 
D4 3rd to 4th detection point 22.50 Total Count Method 

Total length  58.70  

 
 
 
4.0 RESULTS AND DISCUSSION 
 

Measurement of flow rate using radiotracer methods have been successfully conducted at 
flow rig of EVF. As can be seen in Figure 4, the arrival time of tracer at detector no. 3 which was 
located 36.2 m away from the injection point. The time of tracer breakthrough was a crucial part 
in total count method in which it determined the exact flow rate with respect to the effective 
volume (m3). It can be written that:  
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∆t = time of tracer arrival – time of injection          (5) 
 
Where, 

V  = πr2h  
            = Pipe cross-section area x (D1 + D2 + D3)  
        = 3.142 (0.101/2)2 x 36.2m 
       = 0.290m3. 
 
           ∆t = 1.03 min = 0.017 hr. 
 
Thus, volumetric flow rate for total count method (eq. 4) 
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               = 17.06 m3/hr. 
 

Furthermore, the percentage of error with respect to the Coriolis meter was at acceptable 
range (1-2%) especially for total count method where the error was less than 2% (IAEA, 2001b) 
as presented in Table 2.   
 
 

 



 
Figure 4: Arrival of tracer at 3rd detection point 

 
 

Table 2: Comparisons of volumetric flow rates measurement 
No. Techniques Equipment Volumetric flow 

rates, Q (m3/h) 
Error (%) 

1 Coriolis meter Flow meter 17.4 Reference 
2 Doppler flow meter Flow meter 17.7 1.7 
3 Turbine meter Flow meter 17.0 2.2 
4 Total count method Radiotracer 17.1 1.9 

 
 
 
5.0 CONCLUSION 
 

The economic benefits that may be derived from the use of radioisotope technology in 
petrochemical industry are large. This paper successfully presented the state-of-the-art of 
radiotracer applications for troubleshooting and optimizing processes petrochemicals. It aims to 
provide a comprehensive description of what can be achieved by the application of such 
techniques and to promote their benefits to industrial end-users. 
 

Flow rate measurement has been conducted successfully using radiotracer method with 
some modification and conventional flow meters. In this study, the total count method has been 
verified as a reliable and accurate radiotracer technique for flow measurement and equipment 
calibration. Generally, the comparison results of flow rate between radiotracer and conventional 
flow meters were exceptionally comparable. 
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