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Abstract. This paper describes an incident in a polypropylene plant caused by NORM material, 222Rn and its 
daughters; the measurements conducted to determine radon concentration in propylene; the determination of the 
maximum allowable concentration to operate and the radiation protection issues implied. The growing world 
demand on polypropylene makes necessary follow the research on the subject.  
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1. Introduction 
 
The radon is a natural radioactive gas belonging to the uranium radioactive chain. In the oil and gas 
industry it is liberated from the rocks or the production water (which may contains radium from the 
rocks) in the well. During the separation of the natural gas components: methane, ethane and propane, 
radon follows propane, an in less quantity ethane, due to its boiling point. The minor quantity in ethane 
follows propylene during the production and separation of ethylene.  
The concentration of radon in propylene depends, fundamentally, on gas origin and the time elapsed 
since its extraction. Although we don’t have complete data on NORM distribution in Argentina, our 
experience in several oil and gas fields, indicates that the higher levels of NORM are in Neuquén zone, 
followed far enough by Mendoza and Santa Cruz provinces, being Comodoro Rivadavia zone that of 
minor concentration (we don’t have data for Salta zone). 
 
2. The incident 
 
2.1 Raw materials 
 
The plant used as raw material propylene 70% obtained by oil cracking in a nearby refinery. 
Additionally the same material was received, from different origins, on trucks. To improve the process 
it was decided to include propylene 94%, obtained as by-product of ethylene production wich was also 
transported on tank trucks from 1000 Km south. The two first sources of propylene are NORM free, 
since they came from oil (NORM remains with the water in the separation process), but the third that 
comes from gas, extracted in the south, includes 222Rn. The process flow diagram is shown in figure 1. 
 
Figure 1: Process Flow Diagram (PFD) 
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2.2 Plant’s shutdown 
 
The plant has four production reactors where the polymerization takes place. The level’s control is 
performed by a 230 MBq 60Co source, 1 m long, and NaI 2x2" detector as is shown in figure 2. 
 
Figure 2: Reactor’s dimension and level’s control 
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During the first loading with propylene 94%, the operators noticed that the reactor’s level had gone 
down, so they incremented the propylene inlet. When the reactors overflowed, the plant had to be 
stopped. The operators recognized the problem and asked for the Atomic Energy Commission 
(CNEA) advice. 
 
2.3 Measurements 
 
Two trucks, with 22 tons each, were dispatched with propylene. The content of one of them had 
originated the incident, the other one stayed at the plant’s parking. The dose rates at different points on 
the truck are shown in Figure 3 and table 1. 
 
Figure 3: Measured points on the truck 
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Table 1: Dose rates on the truck and calculated concentrations 
 

Point Dose rate 
[µSv/h] 

Calc. Conc. 
[Bq/cm³] 

1 13.9 36 
2 13.3 35 
3 13.3 32 
4 3.1 - 
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From these measurements, and taken the tank’s truck as a cylinder or as a sphere an estimation of the 
concentration was performed with MicroShield 5.05 [1], obtaining 98 Bq/g at the time the truck was 
loaded, two days before. 
A sample of the propylene was also taken, and measured at the Nuclear Activation Analysis 
Laboratory (NAAL), Bariloche Atomic Centre (CAB), with an HpGe, 10% efficiency. The result, 
86 ± 8 Bq/g, agrees well with the previous estimation. 
Also samples of the product (polypropylene pellets) taken during the incident were measured at 
NAAL. The 210Pb concentration was lower than the detection limit of 20 Bq/Kg. 
 
3. Solving the problem 
 
To solve the problem the maximum 222Rn concentration in propylene, which gives at most 3% 
deviation on the level of the reactors, was calculated. 
First the source-detector response for the level’s control was simulated. To this end, the detector’s 
counting rate for different levels was calculated, using MicroShield to determine the exposure and the 
standard efficiency of a NaI 2x2” [2]. Figure 4 show the results for the source in the fluidized fase 
(X,FF), source in the gas fase (X,FG) and total (X, Total). The fit agrees quite well with the calibration 
for the control level system. 
 
Figure 4: Source-detector response for the level’s control 
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The detector’s response for the reactor filled at different levels with 222Rn in equilibrium with 
their daughters (214Pb and 214Bi) was determined in similar way.  
The concentration of 222Rn in the reactor that gives a counting error of 3% is 3.78 Bq/g. This 
concentration could be related to the inlet concentration (concentration in the truck) modelling the 
plant. Although a detailed modelling of the plant is out of the scope of this presentation, the analysis 
results are shown on figure 5, where the concentrations in the reactor, N3; purification system, N1; 
propylene sphere, N2; and in the LPG inlet sphere, Ni, are shown. These graphs were obtained, from 
CAB’s Process Control Division, applying MATLAB for Windows [3] to a system of coupled 
differential equations that describe the plant. 
An equilibrium state was reached around 20 days after the first truck with radon contaminated 
propylene was unloaded. As shown in figure 5 one truck per day unloads 22 tons of propylene with 2.1 
Bq/g in 2 hours resulting in the maximum allowable concentration in the reactor. 
This concentration was easily detected on the truck, measuring the dose rate at the surface; values 
under 900 nSv/h are on the safe side. 
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Figure 5: Evolution of 222Rn concentration in the plant. 

 Period = 1 day 
Pulse with = 2/24 day 
Pulse Height = 2,1 Bq/g 
Pulse start = 0 day 
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3.1. Another solutions 
 
There are several solutions for the problem; the most obvious is to change the principle of level’s 
control. In that case the radon concentration in propylene would be unlimited, and then, would be 
pertinent to calculate the dose rate near the reactor in both cases, i.e. with an inlet concentration of 60 
Bq/g (106 Bq/g at equilibrium in the reactor) without radioactive source, and with the cobalt source 
plus 3.8 Bq/g (2.1 Bq/g inlet).  
 
Figure 6: Dose rate near one reactor, with and without radioactive source level control 
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We could see that radiation doses, without considering pipes and another equipments, were higher in 
the second case. Nevertheless, dose levels in the plant are of minor importance due to the low 
occupation factor. 
 
3.2. The adopted solution 
 
The final solution adopted at the plant was to increase the sources activities, so that propylene with 
radon could be fed without masking the control level system. 
Dose rate for 3.7 GBq source plus the radon in the reactor could be in the order of 18 µSv/h near the 
reactors. 
 
4. Radiation protection aspects 
 
The plant is licensed and controlled by the national authority, but only for the cobalt sources they have 
in the control level system; practices with NORM are not specifically regulated in Argentine.  
There are several facts that seem to be contradictory with radiation protection philosophy:  

Is the process justified, in the radiation protection sense? 
The process was optimized without consideration of the personnel doses. 
Approximately 250 MBq/day (90 GBq/year) of radon and daughters could be released through 
the torch.  
Around 2 GBq of 222Rn, in equilibrium with its daughters could be transported each day 
without taking into account the IAEA [4] or national regulations [5]. 
The activity in a truck is several times higher than the exemption levels (10 Bq/g and 
0.8 GBq) in IAEA’s BSS [6], and considering the mass, very much higher than the values for 
exclusion for activity concentration of radionuclides of natural origin in IAEA’s RS-G-1.7 
(1 Bq/g) [7]. 
The product could be contaminated with 210Pb. 
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All this issues could have very little significance:  
Probably the vortex at the interface region in the reactor complicates the measurement of the level by 
another means. 
The dose to the workers is very low due to the very low occupation factor. 
The radon released is equivalent to the release from 0.2 Km2 of ground surrounding the plant, using 
the estimated mean worldwide flux of 222Rn of 0.016 Bq m-2 s-1 [8]. At the same time the release 
represents 30% of the total radon releases in the gas extraction in the country [9], [8]. 
The propylene is transported in a safe manner due to its properties as dangerous goods. The 
application of the transport code doesn’t add too much, except, perhaps, for the consideration of 
transporters dose (collective dose of around 10 mSv man/year could be feasible)  
No 210Pb contamination was detected in the samples taken, but in that case only one truck was 
unloaded, and the concentration in the reactor was far from the equilibrium. 
 
5. Conclusion 
The problems of radon in natural gas, and propane are well known, but there is less information on 
propylene. The aim of this paper is contribute to overcome this drawback.  
Propylene is one of the fastest growing petrochemicals, driven primarily by the high growth rate of 
polypropylene (Figure 7). Polypropylene demand is currently growing in the U.S. at 6 %/yr, and in 
some regions of the world the growth rate is considerably higher [10]. 
 
Figure 7: 50M Ton Propylene Market Driven by Polypropylene 
 

 
 
While steam cracking continues to supply most of the world's propylene, there is an increasing need 
for propylene from other sources. The growth in steam cracker capacity is driven by the need for 
ethylene, and co-product propylene production is not keeping up with propylene demand growth. New 
on-purpose propylene technologies will be required to provide the additional supplies of propylene 
needed to meet the growth projections. Several on-purpose propylene technologies are available, such 
as propane dehydrogenation [10]. 
Remembering that most of the radon follows propane, in the case of propane dehydrogenation the 
radon concentration in propylene will be very much higher. This world tendency, together with still 
unclear issues, makes necessary to keep an eye on the subject.  
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