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Abstract 

Radiotracers have been used in many fields to optimize processes, solve problems, improve 

product quality, save energy and reduce pollution. The radiotracer technology is a proven 

reliable technique and recognized by many sectors such as medical, industrial and 

environmental. In this work, an unsolved leak problem was present in lift pit within a building in 

Malaysia. Many techniques have applied such as dye techniques, chemical analyses and 

engineering plaster to overcome the problem. Unfortunately, none of the techniques solve the 

problem. Radiotracer was used to find the unidentified source of leak. Basically, Technetium 

(Tc-99m) has been injected to the several injection points and flow of the tracer was monitored 

with radiation detectors that have been placed at various locations. The results were successful 

and pinpoint the problems. 
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1. INTRODUCTION 
 

Radiotracer technology has been used since 1980’s. The technology used in many sectors 

such as agriculture, medical and petrochemical industries. Radioisotope technology used 

radiotracer as a tracer to monitor and track any abnormality in any systems. As in medical 

field, radiotracer (Tc-99m, I-131) largely used to monitor cancer treatment (Mozaffari et al., 

2015; Rechtman et al., 2014) meanwhile, radioisotope P-32, K-42 and Fe-59 used in 

agriculture investigations (Ben Abdelouahed et.al, 2011; Shrivastava et al, 2007 & 2011; 

Tirumalesh et al., 2007). In petrochemical and gas industrial, radiotracer technology have 

help engineer and geologist to identify size and quantity of oil in underground reservoir 

(Bjørnstad, 1998). 
 

One of the techniques to identify any leakage in underground pipe is radiotracers (IAEA, 

2009). Other technique such as Radar (Ultrasound technique) only find and locate the pipe 

position. Unfortunately, there is still a need to further investigation on locating the problem 

on leakage in the lift pit. In this research, detail explanation on procedure, tracer selection, 

safety precaution and results will be discussed. 

 

2. LEAK PROBLEM AND CONVENTIONAL TECHNIQUES 
 

According to the staff of the Company A, water leakage problems in the lift pit has suffered 

since 2002. Monitoring water leaks in the lift pit was implemented by other company; they 

found water leakage levels always rise per hour and had to use pumps to remove the water. The 

water level can reach up to 12 inches a day if it is not flushed out. However, the water leakage in 

the lift pit may still maintain one inch of water after some of the water have been flushed out. 

 

To identify the cause of the leak, a variety of common techniques was carried out by the 

Company A. However, the cause of the leakage is still not known. Among the techniques was 

carried out by using injected dye techniques. Test results found a drain next to buildings only 

found some traces of dyes but leaks water lift pit still unknown cause. But the probability of 

water from leaking underground pipe from the drain side of the building are large and try to 

identified. However, one source of water from the women’ toilet near the lift pit was also 

investigated. However, the Department of Chemistry has taken samples of the water lift pit and 

in drain out the building and found the cause of the leak is not from sewage water as there are 

elements of chlorine in the samples. 
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3. RADIOTRACER TECHNOLOGY 
 

Radioisotope tracer technology is widely used to detect leakage of process pipe and heat 

exchanger system pipe that carries liquid and gas in the oil and gas industry. The same 

technique is also used to identify leaks in water pipes under the ground. The advantage of 

this technique compared with the common technique is undeniable. It proved to be able to 

determine leaks quickly and accurately without the need for complicated preparations. The 

detector system used is highly sensitive. The detector can detect radioisotope although only 

small amount radioisotope tracer is used. In this technique, tracer is usually detected outside 

the pipeline because ionizing radiation projection from tracer can pass through the media of 

the mediator. The tracer movement through a pipeline can be detecting in real time and in-

situ. 

 

3.1 Selection of Radiotracer 

 

The selection of suitable tracer is important for doing this technique. For tracing an aqueous 

phase, several types of radioisotope are usually used. The tracers were Bromin-82 (Br-82), 

Iodine-131 (I-131) and Technetium-99 m (Tc-99 m) can be chosen. Half-life, the intensity 

and the nature of the radiation transmitted by any radioisotope is an important criterion to be 

taken into account before making a selection. Half-life radioisotope means the time required 

for a radioisotope reduced half of the original. 

The strength of the radiation energy is also a factor determining the suitability of a tracer. Br-

82 has a half-life of 1.47 day and has the energy gamma of 554 keV, I-131 has energy 637 

keV and half-life 8.05 day. While the Tc-99 m that has a half-life only 6.0058 hours and 

energy 140.05 keV, it is appropriate for the purpose of identifying this leakage. Radiotracer 

Tc-99 m is in form of Pertechnetate solution. In terms of radiological safety, it proved to be 

secure because radioisotope are often used to detect cancer cells in the human body using 

medical imaging system. In addition this tracer is also used in the study of water flow in the 

fields of hydrology and agriculture. 

Gamma ray radiating from the tracer radioisotope Tc-99m is measured in-situ using 

scintillation detector (waterproof) together with the data acquisition system with computer 

control. The collection data is done automatically during the review period. Radioisotope 

tracer can be detected even in quantity and low intensity. 

 

3.2 Injection Techniques 

Some dummy tests were carried out to ensure the radioisotope injection could be done 

quickly and perfectly by taking into consideration the radiological safety to the operator. In 

addition, the careful steps also performed to ensure that no contamination occurs. For this 

purpose, especially around the area of injection radioisotope lined with plastic and paper 
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special absorption to prevent contamination. 

First Injection 

Tc-99m radioisotope tracer (activity 800 mCi) of 8 ml has dissolved into the beaker 

containing 500 ml water and distributed/injected in a pipeline through gate valve as shown in 

Figure 1. Injections were done for 10 seconds at the pump, which has not been switched on, 

and has minimal water flow through the pressure of gravity. The valve out of the tank is 

opened and controlled. After injection, the gate valve was closed and fully open while the 

pump is switched on simultaneously. The first injection was performed at 17.42 hrs, 17th 

March 2015.  

After the radioisotope detected through D2, D7, D1, D8 and D9 (see Figure 2 & 3), the valve 

in the tank at the top of the building is closed immediately. In this situation, a pipeline is high 

pressure tank and pump is retained for 45 minutes until 18.27 hrs. This is to ensure that the 

radioisotope mobilized to the leaking around the bottom of the ground. 

  

 

  

 

Figure 1. First Injection of Radiotracer which Located Near to Pump House. 
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The data acquisition process continues from the injection place until 11.39 hrs on 18th 

March 2015 through the control of a personal computer. 

 

Figure 2. Position of First Injection and Detectors 

 

 

Figure 3. Position of Detectors (D2, D7, D1, D3, D6, D9 dan D8) for First Injection 

 

 

 

 



6 
 

Second Injection 

Tc-99m radioisotope tracer (activity 400 mCi) of 4 ml was dissolved into the beaker containing 

500 ml water and injected in a pipeline through the gate valve as shown in Figure 4. Injections 

were done for 10 seconds and then followed with 10 liters of water through the water container 

as in Figure 3. After injection, the gate valve full open so that the water in the tank is drained. 

The water was flowing down by the pressure gravity in both pipelines to the male and female 

toilets. This second injection was done at 21.31 hrs, 18th March 2015. 

 

  

Figure 4. Second Injection Located at the Top of the Building Near to Outlet Pipe of Water 

Tank. 

 

Before the second injection is done, all water pipelines male and female restroom on level 4, 3, 

2, and 1 was closed except on the ground floor. This is done with the aim to prevent water 

continues to flow through all of the pipes to the ground floor and the basement alone. These 

include two unknown end pipes available in male and female restroom in ground floor. 

 

Figure 5. Detector Location (D9, D8, D2, D1, D7, D3 and D6) for Second Injection. 
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The process of data collection was carried out from the time of injection up to 13.52 hrs on 19th 

March 2015, where all the pipes tested are pressurised (gravity). Position sensor devices were 

installed, as shown in Figure 5 and 6. 

 

Figure 6. Schematic Diagram of Second Injection with Detector Positions 

 

3.3 Detection of Radiotracer 

 

Tracer detection is performed by placing radiation sensors at each of 7 locations in and outside 

the building. Each sensor is equipped with a data acquisition system where any change to data 

will be known to the computer system (sensor systems D2, D1, D3, D6 and D7). The movement 

of the tracer was monitored with this computer system in-situ and real-time.  However, the 

detector D8 and D9 done manually where detectors are on the upper floors of the building. 

Collection of data every 10 seconds interval will be recorded by counting time is 3 seconds. 

Beginning data collection and the end is very important to take accurate data. Readings from the 

background will increase after the tracer through each detector. For example, background 

reading 300 will increase to tens of thousands after the tracer through a detector. Data collection 

and monitoring was done for 24 hours to ensure that the radiation intensity radioisotope is 

decreasing. This is to ensure the safety of the public for the use of water in the building. 
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3.4 Radiological Assessment 

 

Although this radioisotope Tc-99 m is safe for use in medicine, security measures were taken to 

secure worker safety and the general public. Some of the steps are to restrict the use of tap water 

in building and injection of tracer was done during the evening where employees were ready for 

departure. Radiation readings are also taken for each study before and after the radioisotope 

injection is performed at the injection sections. Obstacle and radiation signs was attached to 

every corner of the test area. Civil servants were notified before the work started. 

In addition to Nuclear personnel were provided with waterproof clothing with all Personal 

protective security services equipment (PPE) applications. Film badge as well as radiation 

detector rings were worn for to monitor radiation. Film badge used to measure the radiation dose 

received by radiation workers. Some dummy tests done for routine radiation. The duration of the 

dilution process of radioisotope is quickly under 1 minute. This is aimed at reducing the dose of 

radiation received. 

All waste materials radiation equipment such as tissue, pipes, gloves, radioactive containers and 

other equipment are classified as radioactive material waste. This waste was stored by the 

Nuclear Agency. 

 

4. RESULTS 

 

Before the tracer injection, the background radiation readings were taken in the environment 

around the building. In addition, the background reading also depends on the sensitivity of 

radiation detectors. Background radiation readings were done with 7 radioactive detectors 

(Figure 7). The number of photons readings is radioactive radiation readings taken within 3 

seconds. Reading is found to vary due to each detector detects radiation in the capacity of its 

own electronic system. 
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Figure 7. Background Radiation for All Detectors Taken on 16 Mac 2015 

 

4.1  Results of First Injection 
 

Each data of the first injection are plotted using Microsoft Excel. Figure 8 shows the results of 

the first injection. The graph shows the detector has detected radioactive journey concerned. D2 

earliest detector can detect radiation from the tracer. This is based on the peak in the graph is 

drawn. Then D7 detector can detect radiation from a tracer and consequently the detector D1. 

D7 detector can detect leaks within a short time of 1 minute. While the detectors D3 and D6 lift 

pit has successfully identified leaks slowly. Leakage of water flowing into the pit lift is detected 

within the walls (D6) in 1 hour and 31 mint in the lift pit (D3) in 1 hour 38 minutes. It shows 

water leakage elevator pit is caused by a leak in a water pipe outside the building. Each time the 

main pump open affect readings such as photon detectors D7 where there are peak high. Use 

water pumps in the lift pit also gave different readings of photon detectors D3 and D6. 

 

4.2  Results of Second Injection 
 

Figure 9 shows the results of a second injection of tracing performed on 18th March 2015. The 

graph shows the detector has detected radioactive tracing path. D8 and D9 detector had detected 

radiation in a relatively short time. While the detectors D1 and D2 have detected radiation on male 

and female restroom. However, detectors D3 and D6 in the lift pit there was no change in the 

reading of the photon. This proves that there are no leaks in the lift pit on elevator pit.
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Figure 8. Results of First Injection for all Detectors 
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Second Injection 

 

 

 

 

Figure 9. Results of Second Injection for all Detectors 
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5. CONCLUSION 
 

First Tracer injection, leakage of lift pit can be detected within 1 hour 31 minutes on the wall lift 

pit and 1 hour 38 minutes in the lift pit. This leakage arises from pipeline water from the pump 

house.  The Second Tracer Injection, there is no sign of a leak in the lift pit resulting from water 

pipes in the building. 
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