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ABSTRACT

Oil and gas fields wastes and sites contaminated with naturally occurring
radioactive materials (NORM) have become a focus of substantial attention.
The primary NORM includes radioactive daughter elements from uranium
and thorium decay series, which include radium-226, radium-223, and radon
gases. The criteria used to determine the activity of NORM is based on the
amount of radium contained in the samples.

Suez Gulf sediment samples from oil and gas production areas have been
analyzed and the concentration of radioisotopes was determined by gamma
spectrometry using HPGe detector in Bq/kg dry weight The screening of the
sediment samples on a vibratory sieve shaker was performed to evaluate the
feasibility of particle size separation. The fractions obtained were ranged
from >2mm to < 0.25mm. The results show that the NORM concentrations
vary widely from fraction to fraction.

Various leaching agents (mineral acids, carbonate or hydroxide solutions,
some salts of alkaline earth metals and EDTA) were tested to achieve
desirable decontamination of the sediment samples. Assessment of the results
obtained was given.

Key Words: Natural-radioactivity/ Contamination/ Remediation/ Leaching Agents.

INTRODUCTION

Naturally occurring radioactive materials (NORM) means any radionuclides or radio-
activity in its natural physical state distributed by man-made activities or technologically
enhanced state, but does not include source, byproduct or special nuclear materials.

NORM is a widespread substance in the earth's environment, it exists in soil, plants,
water, air, petroleum, coal, lignite, phosphate, geothermal waste, waste water, humans and
animals in small amounts. There is much concern about the NORM associated with oil and
gas production and processing jbecause these naturally occurring radioactive materials
collected in equipment scales and wastes in concentrations much higher than they normally
exist in nature . NORM in oil and gas field operations are mainly caused by Ra-226 and Ra-
228, the decay daughter's products of U-238 and Th-232 respectively, in produced water, soil
and sludge'2"4'. Estimating radium-226 level using gamma scintillation detectors has
performed by the measurement of NORM in soil and sludge.

The disposal of NORM contaminated wastes is a major problem with no completely
satisfactory solution. An attempt for reducing the volumes of NORM wastes to be disposed
focuses on removing the individual radioactive components from the produced waste. Volume
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rtvlucuon of NORM waste was the subject of a study using a two-step process of chemical
and ph> sical treatment(:>).

Eidl6> throws light on the natural radioactive materials, the radiation background in Egypt
and other area in the world. He found that the average activity concentration in soil is
extremely small. Taking Egypt as a study case, the variation of concentration are estimated to
be range from 5-64 Bq/g for 2%J series and from 2.5-96 Bq/g for 232Th series(7).

This work is directed to evaluate the naturally occurring radionuclides in sediment
sample associated with oil production facility and to identify and characterize of different
radionuclidc>, U,Th, Ra, etc. The distribution of NORM in different fractions of the sample
has been determined. Remediation by leaching the sample with different leaching agents to
reduce the activity of the sample to 50%

EXPERIMENTAL

The solid samples were dry screened on a vibratory sieve shaker model THR-2
(Germany).

The concentrations of uranium, thorium and their decay products radiun-226 and radium-
228 were measured in each sample by y-spectrometry using a HPGe coaxial detector with
30% relative efficiency.
Multi-channel analyzer equipped with Nal detector has measured the mean concentrations of
natural radioactive materials of the sample taken.
Efficiency calibration curves for different particle sizes are calculated for activity
determination of the sample. In this concern, 500 Bq of both U-238 and Th-232 nitrate are
mixed and homogenized with lOOg of the unknown sample fractions . The containers were
sealed and stored for one month before the measurement, to assure the secular equilibrium
between the Ra-226 and daughters.
The different fraction of samples was prepared in a similar manner. The standards and the
samples were prepared with a uniform geometry and were counted for 300sec. with
subtraction the background reading from the reading on the sample of interest.
All the leaching tests were performed at the same phase ratio, by shaking 5g of the solid
sample with 25 cm3 solution contained the leaching agents.

RESULTS AND DISCUSSION

The dry screening of the sediment samples produced from oil and gas production areas
(Suez Gulf sediment samples) have been performed to evaluate the feasibility of particle size
separation. Table (1) summarizes the obtained results for six fractions with different mesh
size and their weight percent in the sample. The fractions obtained were ranged from >2.5mm
to<0.25mm.
The radioactivity of various fractions were measured by gamma-ray spectrometer except that
of >2.5 mm fraction because of non homogeneity of its particles .The content of U-238 and
Th-232 found in the various fraction samples with Ra-226 and Ac-228 are summarized in
Table(l).
The results obtained showed that, the fraction contaminated by NORM less than 0.25
represent about 14% of the total sample and retain the higher total radioactive level than the
other fractions. The fractions >1.0, >1.6 and >2.0 mm represent about 18% and have about the
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same radioactive level but less than <0.25mm. While the fractions >.O25 and >0.5mm
represent 31.7% and 25.46% respectively of the total sample and have the lowest radioactive
levels.
The results obtained show that the distribution of NORM concentration varies widely from
fraction to fraction. The data indicate that the high concentrations of radioactive elements
were found in the fraction of <0.25mm. It is clear that, the fine particles (<0.25mm) show the
most absorptive properties for the material contaminants conducted with sediment' and
hence the tendency of the radionuclides studied to be bounded with the material of small grain
size^95.

Leaching results:
Remediation of the sediment sample by reducing the NORM concentrations in the sample

to be disposed focus on removing the individual radioactive component from the produced
solid. In this concern, several types of leaching agents such as mineral acids, carbonate,
caustics, nitrate, chlorides acetate and oxalate salts of some alkaline metals and EDTA were
tested to achieve suitable decontamination of tested sample. The results obtained were
performed on the fraction size >0.25mm. (31.7%). Leaching percent (L%) that calculated by
eqn.(l) represents the produced decontamination:

= —xlOO
An

AA(1)

Where Ao is the initial total activity of 5g solid sample
A is the total activity of the suspended solution after leaching.

All the results are easy to compare as tests were performed with the same solid fraction and
the same phase ratio (batch factors).
It was found that the suspended matter in the solution collected after shaking with the solid
sample contains a remarkable concentrations of activity.

Table 1: Specific activities (Bq /.Kg) for the different natural radionuclides
Analyzed in different fractions.

wt.%
U-238

Th-232

Ra-226

Ac-228

<0.25rnm

14.14

16021

5686

16410

6674

>0.25 m m

31.70

6916

2840

7260

3013

>0.5mm

25.46

5412

2058

5679

2366

>1 mm

9.91

9082

3417

9249

4053

>1.6 m m

3.79

9162

3794

9590

4759

>2mm

4.4

9796

3816

9963

4584
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The data obtained at using some mineral acids as leaching agents is shown in Table (2).
The results show that leaching percent at using 1M H2SO4 is higher than using the HNO3, HCl

or HCIO4, where 1M H2SO4 reduce the contamination of the solid sample to more than half
(55.2%), while the other acids used reduce it to about 40%.

Table 2: Leaching of solid sample (>0.25mm.fraction) using some mineral acids.

Leachant cone.
IMHNO3
1MHC1
1M HCIO4
1M H2SO4

L%
41.2
44.3
40.8
55.2

The results obtained when using alkaline solutions of carbonate, bicarbonate or
hydroxides are given in Table (3). It is clear that, the decontamination when using solution of
1M Na2CO3 is more efficient than using NaHCCb and NaOH or KOH as leaching agents.

Table 3: Leaching of solid sample (>0.25mm.fraction) using alkaline solution

Leachant cone.
lMNa2CO3

lMNaHCO3

lMNaOH
1MKOH

L%
54.6
40.9
41.0
34.3

Also using different salts of some alkaline earth metals were tested for decontamination of
the studied fraction. Table (4) summarizes the results obtained. It is clear that, using 1M of
the chloride salts of Mg, Ca and Ba as leaching agents that CaCb is more efficient than Mg
and Ba, where CaCk reduce the contamination of the sample to more than 40%. While using
1M of the acetate salts of Ba and K showing a L% less than the chloride salts except pot.
Acetate which gave about 50% decontamination.
Using another salts such as Na oxalate and amm. oxalate gave the same L% as chloride or
acetate.

From the previous results, it is concluded that, 1M H2SO4 , 1M Na2CO4 and 1M pot. acetate
reduce the contamination of the solid sample to more than 50%.
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Table 4: Leaching of solid sample (>0.25mm. fraction) using salts of alkaline
Earth metals.

1M Leachant cone.
MgNO3

MgCl2

CaCl2

BaCl2

Na acetate
Ba. acetate
K acetate

, Na oxalate
amm. oxalate

L%
30.6
28.3
44.4
25.2
23.6
18.4
50.4
27.6
21.3
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