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Abstract. Naturally occurring radioactive material (NORM) is known to be associated with oil and gas extraction.  
As part of a comprehensive NORM management strategy, Saudi Aramco needed to determine the extent of 
NORM contamination associated with their oil and gas operations. As part of that strategy, this study focused on 
external gamma survey of oil producing wellheads at various locations. The study aimed to (1) identify wellheads 
with elevated gamma radiation dose rate, (2) specify the exact locations of the high dose rates on the wellheads, 
(3) identify the radioisotopes responsible for the high dose rates and (4) propose worker protection requirements 
during maintenance. The majority (~ 92%) of the surveyed wellheads showed no enhanced gamma dose-rate 
above background level.  From the remaining ~ 8%, only a few wellheads showed dose rates between 1,000 – 
3,700 nSv/h. The study revealed that NORM contamination tends to accumulate at turns of the pipes, around pipe 
diameter changes, the joints, the back of valves, and at the base of the wellhead.  Also, for a given location, 
NORM build up on the interior of pipework varies over time and continues to migrate down stream until it reaches 
the Gas and Oil Separation Plants (GOSP). There NORM is expected to accumulate and reside in the form of 
sludge. Gamma spectroscopy analysis revealed that 226Ra and its progeny are responsible for the high radiation 
dose rates detected. It was concluded that NORM will not pose significant radiation hazards to workers as long as 
the tubing and piping are not opened. 
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1. Introduction 

 
Both the U-238 and Th-232 naturally occurring radioactive series are present in subsurface geological 
formations containing oil and gas reservoirs.  Ra-226 and Ra-228 are daughter products of the U-238 
and Th-232 respectively.  Oilfield NORM is a by-product of production brines.  It accumulates in the oil 
production stream when the dissolved radium is carried to the surface in the produced brine water.  The 
formation water contains various cations such as barium, calcium, strontium and sodium, together with 
anions such as sulphate, chloride and bicarbonate.  Also dissolved in the formation water is radium as 
radium chloride.  Once oil/water is released from the production zone, the pressure and temperature of 
the fluids fall rapidly.  This alters the solubility of various salts and they precipitate out on any available 
surface forming a layer of scale. Radium is co-precipitated as radium sulphate, producing a radioactive 
scale [1].  Radium (Ra-226 and Ra-228) with Barium sulphate and, particularly in the chemical form 
Ra/BaSO4, is extremely insoluble [2].  Hence, petroleum industry upstream infrastructure, especially 
wellheads, have the potential to contain NORM concentrations, accumulated within scale, inside the oil 
wellhead pipes and junctions. The NORM concentration in the scale can be enhanced significantly 
above that found in nature, known as Technologically Enhanced NORM (TENORM) [2-5]. This 
TENORM can result in an external radiation dose to workers and a potential internal hazard when 
systems are opened up during maintenance [6].  The health risk associated with radiation from NORM 
is similar to that presented by exposure to any ionizing radiation source, although the concentrations of 
NORM do not have the potential to deliver deterministic effects.  The risk depends upon many factors; 
among them is the level of gamma radiation.  
 
Saudi Aramco needed to determine the extent of NORM contamination in its operations and the 
magnitude of the external gamma dose rate, to ascertain if radiological controls are required for routine 
and maintenance operations around wellheads. Around 40% of oil wellheads were selected to measure 
the gamma dose-rate as part of this study, this information would supplement other extensive NORM 
surveys already carried out in operational plants and facilities.  The selected oil wellheads are 
distributed in seven different oilfields covering an approximate area of 250 x 25 km2.  The Christmas 
tree of the wellhead and the associated piping within the immediate area of the wellhead were the 
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subject of the survey. The presence of Ra-226 and Ra-228 would produce alpha, beta and gamma 
emissions; however, when NORM is enclosed inside pipework and vessels, only gamma radiation can 
potentially be detected externally [7-8].  Hence, the survey was limited to gamma radiation only.  
The study highlighted wellheads with elevated gamma levels, NORM contaminated hot spots on these 
wellheads and identified the isotopes emitting the gamma radiation. 
 
2. Survey Problems 

 
The study was limited to an external gamma survey of 10 to 20 m of surface pipework at each wellhead. 
The challenges were to survey a large number of those wellheads scattered in an area exceeding 250 x 
25 km2. Figure 2.1 shows the general location of the seven surveyed oil fields in the Abqaiq/Ghawar 
area of Saudi Arabia. The environment where the study was to be conducted is harsh; the typical 
weather can go to extremes in temperature and in humidity, exceeding the temperature operation range 
of most survey meters available on the market. The terrain presents many access and driving problems 
due the variation in surface material and topography. Driving in these conditions can generate vibration 
that can harm normal detectors and instruments. Therefore, a very fast and practical approach to reveal 
the radiological conditions of the large number of wellheads assigned in the study was adopted. Durable 
detectors and survey meters were selected, and the surveys were conducted during the cool part of the 
year; October, November, December, January, February, March, April and May. Background gamma 
radiation measurement and external gamma radiation survey were carried out at each wellhead. 
Wellheads with dose rates ≥ 200 nSv/h were selected for further gamma spectroscopy to identify 
radionuclides emitting the gamma radiation. 
 

Figure 2. 1: Seven oil fields located around the Ghawar area. 

 
 
2.1 Data Analysis Method 

 
Three types of measurements were carried out during the survey, namely; the background gamma dose 
rate, the direct gamma dose-rate at the pipe/wellhead and gamma spectroscopy of hotspots measured at 
gamma dose rates above 200 nSv/h. Gamma dose rate measurements were carried out using low dose 
rate measurement detectors; a GM Teletector, Scintillation detectors; Ludlum model 192 with 2” x 1” 
NaI detector and two Ludlum model 12s with 2” x 2” NaI probes. The gamma spectroscopy at the field 
was carried out using Target fieldSPEC-N detectors with dia 1” x 2” NaI (Tl) and fieldSPEC-L-35/90 
dia 35 mm x 90 mm long NaI(Tl). And the generated spectra were further analyzed using King Fahd 
University for Petroleum and Minerals facilities (KFUPM) [9-12]. 
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The local (at the well) background radiation dose rate was used to evaluate the significance of pipe dose 
rate at the wellhead.  
 
Wellheads with no NORM in the pipes are expected to show dose rate readings that are equal or less 
than that for the background. The reason NORM  might be less is detector-source geometry. Pipes with 
no NORM accumulation, depending on pipe diameter, would offer a shielding from the background 
radiation in the area. It is also anticipated in some instances that NORM is present inside the pipe, even 
with no enhanced gamma dose-rate due to the attenuation afforded by the pipe construction. In general, 
a wellhead is considered to be containing NORM with 95.4% confidence level when the highest dose 
rate “DR” reading on the surface of the pipe exceeds or is equal to the local background reading, at the 
particular wellhead, plus 2  (=Background dose rate “BKGD DR” + 2 x SQRT( BKGD DR)).  If the 
pipe dose rate reading is found to be less than the BKGD DR reading, we conclude that there is no 
external gamma radiation at the wellhead due to NORM. This conclusion does not mean that there is no 
NORM contamination on the interior. 
 
Wellheads with gamma dose rates exceeding 0.2 Sv/h were considered for gamma spectroscopy. The 
only significance in the selection of this gamma dose rate is that it will provide enough information to 
facilitate radioisotope identification. The counting time for gamma spectroscopy was a minimum of 15 
minutes; this enabled sufficient data accumulation to facilitate a good spectrum. The data was collected  
by placing the portable gamma spectrometer (fieldSPEC) in a fixed geometry 1cm from the surface of 
the pipe for the duration of the counting time (minimum 15 minutes).  
 
The Gamma Spectra for 2% of the wells surveyed were acquired and stored using fieldSPEC detector 
and then downloaded to the windows based EG&G Ortec MAESTRO software package at the Gamma 
Spectroscopy Facility of KFUPM [10]. Each spectrum was then analyzed offline. Table 2.1, shows the 
decay chain of 226Ra and their easy detectable gamma rays that are used to determine the presence of 
226Ra and its daughters.  The presence of 228Ra was checked by searching for peaks on the spectrum at 
911 keV of 228Ac and at 583 keV of 208Tl, both peaks represent gammas emitted following the decay of 
228Ra.  
 
Table 2.1: Decay chain of Ra-226 and the useful gamma rays  

S# Isotope Half life Particle 
radiation 

Useful Gamma rays 

1 Ra-226 1600 y  186 keV  

2 Rn-222 3.8235 d  no useful gammas 

3 Po-218 1 min  No gammas 

4 Pb-214 26.8 min  241 keV, 295 keV, 351 keV 

5 Bi-214 19.9 min  609 keV, 794 keV, 1.12 MeV, 1.23 MeV, 1.76 
MeV, and 2.2 MeV  

6 Po-214 164.3s  No gammas 

7 Pb-210 22.3 y  no useful gammas 

8 Bi-210 5.013 d  no useful gammas 

9 Po-210 138.4 d  No  gammas 

10 Pb-206  Stable 

 

 

3. Results and Discussion 

 

3.1  Background Radiation Dose Rates 

 

The background radiation dose rate “BKGD DR” at the wellheads surveyed was found to vary between 
20-70 nSv/h.  The overall background radiation dose rate averages around 29 nSv/h.   
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The background dose rates for each field were determined. Table 3. 1, shows a summary of the 
background dose rate measured at the seven oil fields.  There is no significant difference in background 
dose rate level between locations. 
 
Table 3. 1: A summary of the background dose rate (nSv/h) measured at the seven oilfields. 

  

 

 

 

 

 

 
3.2  Wellheads Radiation Dose Rates 

 
The study found the numbers of wells containing NORM contamination, with levels of confidence of 
95.4%, were limited to 8% of the wellheads studied. The vast majority of the surveyed wells showed no 
measurable gamma radiation level above background level.  These 8% of the wellheads were 
contaminated by NORM with dose rates grater or equal to 40 nSv/h. The maximum dose rate was found 
to be 3,700 nSv/h.  
 
During the course of repeated visits to the field for gamma spectroscopy, it was found that the dose rate 
level at some pipes had changed significantly from 0.2 Sv/h, to a lower value of 0.06Sv/h. Other 
wells showed an increase in the dose rate; see Table 3.2.  Also, it was found that the location of highest 
dose rate on the pipe has shifted to a downstream position, over a period of five months, as shown in 
Figure 3. 1.  These findings confirm the dynamic nature of the NORM concentration inside the pipes of 
a producing well.  
 
Table 3.2: The change in wellhead dose rates for the contaminated wellheads revisited (for gamma 
spectroscopy) at date I and date II. 

Field S# 
BKGD 

Sv/h 

Pipe Dose Rate Sv/h  

at  

Date I 

Direction 

of change 

Pipe Dose Rate Sv/h  

at  

Date II 

Field I 1 0.030 0.200 ▼ 0.060 

Field IV 2 0.025 3.600 ▼ 2.650 

3 0.030 2.700 ▼ 2.400 

4 0.030 1.100 ▼ 0.900 

5 0.030 0.300 ▲ 0.450 

6 0.025 0.300 ▲ 0.430 

7 0.025 0.260 ▼ 0.125 

8 0.025 0.400 ▼ 0.100 

9 0.025 0.250 ▼ 0.025 

Fields 
Min 

(nSv/h) 
Max (nSv/h) 

Mean 
(nSv/h) 

Sigma 
(nSv/h) 

Field I 20 70 34 6.4 

Field II 20 65 32 6.2 

Field III 20 50 30 4.2 

Field IV 20 45 27 3 

Field V 25 50 26 2.8 

Field VI 25 45 27 4.8 

Field VII 30 40 35 4.1 

Overall 20 70 29 5.2 
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Figure 3. 1: The change in the location of the highest dose rate on the pipe as indicated by the yellow 
tags. 

 
 
3.3 Locations of NORM contamination with respect to wellheads  

 

The study showed that the hottest spots on the tubing of the wellheads are found close to bends most of 
the time as shown in Figure 3. 2.  To be specific, hot spots were found at i) turns at the end of pipes and 
ii) after pipe diameter changes at the joints.  Also, on rare occasions the hot spots were found at unique 
locations such as Figure 3.3. iii) the back of valves and iv) at the base of the wellhead in the manhole.   
 
Figure 3. 2: The most common locations for the hottest spots. 

 

 
 

 

 

Figure 3. 3: The rare locations for the hottest spots. 

 
 
 
 

 

3.4 Radiological consequences of the findings 

 
The dose rates at most of the wellheads require no extra precautions as long as the wellheads and the 
piping are not open and their interior is not exposed.  Eight wells showed dose rate ≥ 1 Sv/h.  Only two 
of the eight showed a radiation dose rate ≥ 3 Sv/h; categorizing the area around the pipe as a controlled 
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radiation area.  For these eight wells the only precaution is to minimize the time of stay near the hot 
spots. Luckily, normal work activities at wellheads are limited to visual inspection or manual opening or 
closing of valves. These activities are usually accomplished in a few minutes. And hence workers are 
exposed to a very low dose. If work activities require the opening of the piping, extra precaution is 
required and the use of personal protective equipment is very important.    
 
3.5 Gamma spectroscopy of selected wellheads  

 

The acquired gamma spectra were stored in the fieldSPEC detectors and then read to the MAESTRO 
buffer at Gamma Spectroscopy Facility of KFUPM.  Each spectrum was then analyzed offline.  The 
peaks energies and the corresponding radioisotopes were determined. A sample spectrum is shown in 
Figure 3.4. 
. 
 
Figure 3. 4. A sample spectrum. 

  
 

The integrated counts under these peaks were calculated after placing the region of interest to each peak 
observed.  The results of the analyses are shown below in Table 3. 3. The integrated counts under each 
peak are those before correction for dead time.  
 

Table 3. 3: Analyses of the Gamma Spectrum. 

E 

gamma 

(keV) 

Isotope I gamma 

(%) 

Parent 

Isotope 

Counts at 

peak position 

Integrated Counts 

under the peak * 

Remark 

295 Pb-214 19.20 Ra-226 5012   8607  ±  746 Counting 
for 900 s 352 Pb-214 37.10 Ra-226 4264 24972 ±   827 

609 Bi-214 46.10 Ra-226 1718 41369 ±   954 
768 Bi-214 4.88 Ra-226 528   8745 ±   908 
1120 Bi-214 15.04 Ra-226 378   6304 ±   747 

* The integrated counts under each peak are those before dead time correction. The dead-time for this 
spectrum was 10.5%. 
 
It is clear that all the observed peaks come from the daughters of the parent 226Ra.  But none of the 
peaks of 228Ra daughters were observed.  At the low energy together with noise, there is an indication of 
the gamma peak of 186 keV, which is obviously from 226Ra.  From the data analysis of all the spectra, 
we came to the conclusion that all the spectra measured from oil wellheads within this project were 
similar to each other.  The radioactivity within the wellheads surveyed originated from 226Ra and its 
daughters.  There were no other radioisotopes observed. 
 

Pb-214 
Bi-214 

 
Bi-214 
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4. Conclusion  

 
The baseline survey to assess the presence of NORM in the selected wellheads in some of the producing 
area has been accomplished. The majority (~ 92%) of the wellheads surveyed showed no external 
NORM radiations.  From the remaining ~ 8% only 8 wellheads showed dose rates between 1,000 – 
3,700 nSv/h. And therefore, no exceptional radiation protection measures are required as long as the 
pipes are not opened.  Special radiation protection procedures and arrangements are required if the need 
to open the pipes arises. Gamma spectroscopy analysis, of the hottest wellheads, revealed that 226Ra and 
progeny are responsible for the high radiation dose rates detected. 
 
NORM contaminations tend to accumulate at turns at the end of pipes, after pipe diameter changes at 
the joints, at the back of valves and at the base of the wellhead in the manhole.  A NORM concentration 
in the pipes tends to change location as a result of migration of deposits down stream and as a result of 
changes in wellheads operating conditions. 
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