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INTRODUCTION 

Naturally occurring radioactive material commonly known as NORM composes the majority of the dose 

received by a person each year at approximately 80% of the total amount. However, there is a noticeably 

higher concentration of radioisotopes present in technologically enhanced NORM, often called TENORM, 

which results directly from human industrial activities. NORM is formed in the process of mineral mining 

including phosphate production, where the end goal is to concentrate high quantities of metals or elements 

(e.g. phosphorous). However, NORM has also become a widely recognized problem in the oil and gas 

industry.   It is approximately one hundred and fifty years since oil was discovered in the continental United 

States and the mention of radioactivity in mineral oils and natural gases occurred in 1904, just eight years 

after the discovery of radioactivity by Henri Bequerel in 1896.  In just over three decades the problems from 

naturally occurring radioactive material (NORM) wastes arising from the oil and gas industry have been 

much more scrutinized. In the 1980’s 
226

Ra began to be noticed when scrap metal dealers would detect 

unacceptably high levels of radiation from oil-field piping
1
.  In 1991 Raloff

2
 published an article on the new 

hot wastes in NORM and in 1992 Wilson et. al
3
  described the health physics aspects of radioactive 

petroleum piping scale. NORM will develop in high concentrations in by-product oil and gas waste 

streams
4-7

. The NORM will chemically separate from other piped material in the process of the extraction of 

oil, resulting in high concentrations of 
226

Ra, 
228 

Ra and 
210

Pb and other radioisotopes in a densely caked 

layer on the inner surfaces of the piping
1 

. The activity of the 
226

Ra from NORM ranges from 185 to several 

tens of thousands Bq/kg of sample. By comparison, the NORM concentrations of radium in rock and soil is, 

at a natural level, 18.5 - 185 Bq/kg
1
.  Disposal of NORM becomes more problematic as higher 

concentrations of radioactivity and demand even higher degrees of separation from the general populace. 

Very low levels of NORM can be dispersed along the surface, but higher concentrations require 

containment in abandoned wells or salt domes
1
. 

222
Rn a product of the decay of 

226
Ra is also a major 

component of dose to oil and gas workers from NORM
1
. Radon buildup is particularly hazardous in places 

where air ventilation is limited, such as underground mining operations.  In the oil and gas industry, radon 

tends to preferentially follow gas lines, and thus is a major concern in the extraction of natural gas where 

concentrations of 5 - 200,000 Bq/m
3 

can be reached
8
. US EPA has also placed the set rules for contaminated 

soil to be at 1.11 Bq/g (30 pCi/g).  The obvious concern is that any elevated concentrations in radionuclides 

in soil may eventually leach into the ground water. Enviroklean Product Development, Inc. (EPDI) and the 

Nuclear Engineering Teaching Lab have been involved in the cleanup and identification of NORM wastes in 

west Texas.  

 

RESULTS 

NORM samples from oil and gas exploration contain a complex matrix as a result of the precipitation of 

radium, barium, calcium and strontium sulphates.  Barium, calcium and strontium are in group II of the 

periodic table thus they have very similar chemical characteristics. Thus the determination of low energy 

photons of 
226

Ra (186 keV) and 
210

Pb (45.6 keV) may be severely compromised due to self-attenuation of 

the gamma-rays in the sample. This is especially true if the samples are gamma-ray counted in large 

volumes such as Marinelli® containers which may hold up to 250-500 grams of material. To overcome this 

problem we used Petrie® dishes containing 20 grams of material.  In our experiments we used a 1 µCi 



calibrated water based solution containing isotopes from 46 to 1836 keV to derive a standard efficiency 

curve.  A program called SELFABS
9
 was used to estimate the attenuation in the water and soil. For soil the 

estimated concentrations of elements above 0.1% were based on universal published on crustal earth data
10

. 

The transmission factors were as follows: 45.2% for the 46.5 keV photon belonging to 
210

Pb; 76.8% for the 

186.2 keV photon belonging to 
226

Ra and 87.3% for the 911 keV photon of 
228

Ac, which is in secular 

equilibrium with 
228

Ra.  All samples were heat sealed and let stand for one month to achieve secular 

equilibrium, were counted for 12 hours on a hyperpure germanium detector with an efficiency of 28% and a 

FWHM resolution of 2.0 keV for the 1332.4 keV photon belonging to 
60

Co. The radioactivity results for 

soil, scale, sludge and processed water samples are shown in Table 1.  A quality assurance on the efficiency 

curve was performed by analyzing the IAEA-375 radionuclides in soil
11

. Our result of 5024 ± 163 Bq/kg  

for 
137

Cs (with all uncertainties propagated) is in good agreement with the consensus value of 5280 ± 80 

Bq/kg, which is ~5% higher.  A simple sensitivity analysis revealed that the dominant factor for any 

variation in a result is the calculation of the calculated transmission factor (or self-absorption) of photons.  

The analytical uncertainties based on counting statistics for the
 210

Pb, 
226

Ra and 
228

Ra for the sludge, soil and 

scale varied between 0.1 - 6%. Detection limits for 
210

Pb, 
226

Ra and 
228

Ra varied depending on the type of 

matrix that was determined. However, in all four cases there were adequate statistics to achieve good 

precision.  Two additional interferences were taken into consideration. One is the interference of the 185.2 

keV gamma-ray of 
235

U on the 186.2 keV of 
226

Ra. This interference is well known and explained in detail 

by Gilmore
12

 . However, in these NORM samples the activity of 
235

U is from one to several orders of 

magnitude less than that of 
226

Ra, thus having a negligible interference effect.  The second systematic 

problem is coincidence summing. Again, this is a well-known effect, and for naturally occurring 

radioactivity these corrections have been tabulated for Marinelli® and Petri® holders
13

. For 
210

Pb and 
226

Ra 

the correction factors are negligible but for the 911 keV photon for 
228

Ac used to determine 
228

Ra there is a 

9% effect.  Figure 1 shows a typical spectrum of radioactive oil waste byproduct. The results in Table 1 

reflect this correction factor. 

 

 

 
 

Figure 1. Typical spectrum showing the 
210

Pb, 
226

Ra and 
228

Ra byproducts  

from oil exploration 

  

More recently, we have used a more standard way of determining the self-attenuation by using a 
152

Eu 

source and placing it on top of the Petrie® dish with and without the NORM sample. Once an attenuation 

curve is plotted self-absorption factors for photons for any sample less or more dense can be easily 

calculated by normalizing the original plot with just one photon. Results for 
210

Pb, 
226

Ra and 
228

Ra are 

shown in Table 1.  

 
 



Table 1. Radioactivity results for 
210

Pb, 
226

Ra and 
228

Ra 

Radionuclides Sludge 

(Bq/kg) 

Scale 

(Bq/kg) 

Soil 

(Bq/kg) 
210

Pb 5148 ±  222 

(139 ± 6 pCi/g) 

1370 ± 74 

(37 ± 2 pCi/g) 

22, 889 ±  740 

618 ± 20 pCi/g 
226

Ra 59,000 ± 300 

(1593 ± 81 pCi/g) 

2630 ± 148 

(71 ± 4 pCi/g) 

65,296 ± 3296 

(1763 ± 89 pCi/g) 
228

Ac (
228

Ra) 28,501  ±  1493 

(770 ± 340 pCi/g) 

565 ± 40 

(15 ± 1 pCi/g) 

154 ± 12 

(4.1 ± 0.3 pCi/g) 

 

CONCLUSIONS 

Our collaboration with EPDI industry in NORM in oil exploration has been very fruitful. We have 

implemented analytical protocols in determining radionuclides in the waste products and determining self-

attenuation properties for samples that exhibit unusually high atomic number elements such as iron, barium 

and strontium. 
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