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Abstract

Natural radioactive materials (NORM) that accompany oil and gas
production pose a real problem for the environment and man, where can
these radioactive substances that pose a significant threat to workers in
extraction of crude oil if the concentrations of these substances exceeded
the permissible limits. Natural radioactivity due to U-238, Th-232, Ra-
226, Ra-228 and K-40 in crude oil samples collected from al Gharraf oil
field in Thi Qar province, south of Irag measured using gamma ray
spectrometry system based on 3” x 3” Nal (TI) scintillation detector. The
radioactivity concentrations of U-238,Th-232,Ra-226,Ra-228 and K-40
values in the studied oil samples are ranged (0.92-5.0 Bq / kg) with
average of 2.592 Bq / kg ,(3.423-4.30 Bq) / kg with average of 3.819 Bq /
kg , (1.611-6.811 Bq / kg) with an average of 3.802 Bq / kg, (1.15-4.62
Bq / kg) with an average of 2.947 Bq / kg and (60.45-138.88 Bq / kg)
with average of 97.324 Bq / kg , respectively. The equivalent
concentrations for each of Ra -226 and Th-232 and K-40 has been
calculated for all samples was found between (7.60-24.04) Bq / kg with
average of 15.92 Bq / kg, (5.39-16.98) Bq / kg with average of 10.74 Bq /
kg and (98.78-313.10) Bg/Kg with average of 98.78 Bq / kg respectively .
The absorbed dose for these concentrations were calculated using three
equations supported by ICRP, UNSCEAR and BECK and found that the
absorbed dose according to ICRP,UNSCEAR and BECK for all samples
ranged between (1.378-5.675) nGyh~lwith average (3.416) nGyh™1,
(11.00-3.85) nGyh~! with average (6.991) nGyh™! and (11.496-3.881)
nGyh~! with average (7.480) nGyh™1!, respectively. The calculated
values of the annual effective dose rate and excess lifetime cancer risks
(ELCR) are in  between  (1.690 — 6.960 uSv.y~1)  with
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average(4.190 uSv.y~1) and (0.591x10™*  -2.436591x10~*) with
average (1.465x107%) , respectively. The external and internal hazard
index also calculated and found are ranged between (0.021 —
0.065Bq/Kg) and (0.023-0.08 ( Bq/Kg ) with average (0.041) and
(0.049)Bq/Kg, respectively. The measured activity concentrations of
radionuclides were compared with the worldwide reported data. This
study shows that the measured crude oil samples do not pose any
significant source of radiation hazard and are safe for workers in these
areas so that all the measured and calculated parameters is within the

limits allowed by the recommendations of ICRP,WHO,UNSCEAR .

Keywords: NORM, Crude Oil Radioactivity, Radiation Hazard, Al-
Gharraf QOil Field, Gamma Ray Spectroscopy
1. Introduction

Crude oil or petroleum (used for the same meaning) is a liquid
originally formed from hydrocarbons and also contains a small percentage
of sulfur, oxygen and nitrogen. Is formed and collected in the ground and
remains stable in its place until it appears to the surface of the earth by
several natural factors such as cracks or fractures of land or extracted by
man by drilling wells and flows from them under a certain pressure or by
external pumping and vary crude oil significantly from one area to
another field to else. Crude oil is found in nature either in a solid or semi-
solid state such as an asphalt crater or it can be present in a liquid state
such as crude oil or in gaseous states such as natural gas.

Crude oil is primarily hydrocarbons or is a replacement hydrocarbon, in
which the two main components are carbon (83-87%) and hydrogen (10-
14%) with three elements of low importance (sulfur (0.1 to 3% and rarely
up to 7 %), Nitrogen (often less than 0.1 and sometimes up to 2%) and
oxygen up to 1.5%. [1]

The world cares about the protection from ionizing radiation due to the
abundance of sources in our daily lives and the harm it causes to humans
and the surrounding environment. Perhaps one of the most important
conditions for prevention from ionizing radiation are radiation
knowledge of what it is and its impact on humans in addition to
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knowledge of natural and industrial radiation sources [2]. NORM s
commonly referred to Natural Occurring Radioactive Materials, and
TENORM is also referred to Technologically Enhanced Natural
Occurrence Radioactive Materials [3].

Both terms are used in the oil and gas industry to express radioactive
materials of natural origin found in crude oil and its equipment. Includes
natural radioactive substances (NORM). Long-lived radioactive elements
such as uranium, thorium, potassium and some of their radioactive decay
products such as radium and radon. These elements exist in the earth and
within the tissues of all living things. The naturally occurring radioactive
material is widely found in oil and gas and its residues, sand, mud, soil,
rock, coal, groundwater, metallic minerals and nonmetallic minerals,
including fertilizers and raw materials such as phosphate and apatite
(metal used as a source of phosphorus). Metallic ores are found to be
associated with NORM and include tin ores, niobium, rare earth, some
copper and gold [3].

2. Material and Methods
2.1. Area of the study

The current study included the Gharaf oil field located in the north-west
of the city of Rifai in the province of Thi Qar, about 5km away, and
coordinates 31 43 43 14N and 4666 28" W. About 85 Km north of the
city of Nasiriyah. The field was discovered since 1984 and contains crude
oil in a reservoir of 17.5 km length and 5.5 km width. Figure (1) shows
the location of the field with maps and images.

Fig. (1): Al-Gharraf oil field location, Rifai city in province of Thi Qar.
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2.2. Sample preparation and measurements

In order to determine the radioactivity concentration of natural radioactive
elements in crude oil samples gamma-ray spectroscopy technique was
used to measure and analysis the samples.

Fifteen sample of crude oil were collected in small 1.5 liter containers.
Samples were studied according to the location of wells or reservoirs
taken from them. The samples were left for a month to obtain the
acceptable radioactive equilibrium of the natural radioactive elements.
Approximately from each sample were weighted to fit with the size of 1
kg Marielle Becker was counted for 10 h by a 76 mm x 76 mm Teledyne
isotope D1212 Nal (TI) scintillation detector with resolution 7.5% Kev at
the 661.76 Kev Cs-137 source. An efficiency curve in an identical
geometry was measured by using a certified standard natural radioactive
source (ThO2-S7), was produced by British laboratory equipment
company PANAX with specific activity of 3570 + 20 Bq /g of multiple
gammas over a range of energies. The radioactivity concentration for each
radionuclide was determined using equation (1) after measuring and
analyzing the energy peaks of sample spectrum and after determining the
Minimum Detectable Activity (MDA). Figure (2) shows the measurement
system and figure (3) representing the measured spectrum of one of the
samples CST1 measured with counting time of 30000 seconds. The
radioactivity concentration of Uranium-238 calculated depending on the
radioactivity concentration of Bismuth-214 and Thorium-232 depending
on radioactivity concentration of Thalium-208 while, the radioactivity
concentration of radium-226 and radium-228 determined based on the
radioactivity — concentration of bismuth-214 and  Actinium-228
respectively. Potassium-40 was measured by its single energy (1460.8
Kev). Table 3-6 contains the natural radionuclides used to calculate the
radioactivity concentration of Uranium-238, thorium-232, radium-226,
radium-228 and potassium-40.
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Fig. (2): Gamma spectroscopy system used in the present study.

- .
b
. - Hrh
= - 2911 (S83.0 KeV)
. -
* N ‘aiRa
’é y ML — 2148 (609.3 KeV)
5 o
.'2 [ 'I:f“
z . i . - 40 (9112 KeV)
1000 »
= 1000 ‘ L]
* ’ Bu
= g - *1B1(1120.3 KeV)
& - - ~

‘ I ’ 5 13K (14608 KeV)

. e
- “
[ 00 e 5| 0%

Gamma - ray Energy (KeV)

Fig. (3): The measured spectrum of the crude oil sample ID CST1 with a
Measuring time of 30000 seconds.

Table (1): Natural radionuclides used to calculate the radioactivity
concentration of Uranium-238, thorium-232, radium-226, radium-228 and
potassium-40.

Parent Daughter | Energy Intensity
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(Kev) (%)
233U 24Bi | 1120.3 15
2321 2087] | 583.0 84
22%Ra ziaBi | 609.3 46
22%Ra 2284c | 911.2 29
19K Natural 1460.8 11

3. Assessment of Radiation Hazards

3.1. Minimum Detectable Activity

The Minimum Detectable Activity (MDA) is very important if low-
concentration radioactive elements such as NORM are detected. The
sample count rate is often the same as the radiation background count.
Radiation background without the sample should be measured with the
same measurement conditions and preferably at the same time
Measurement for sample. (MDA) depends on the detection limit level
(LLD) and the counting efficiency of the detection system [4]. The LLD
detection limit level of the detector system can be calculated from the
following equation:

LLD = (4.66x0},) + 3 1)

The minimum effectiveness of MDA detection can be calculated from the
following equation:

LLD
MDA = v (2)
Or as follows:
MDA = % 3)

Where oy, is the standard deviation of the radiation background and t is the
measurement time of the radiation background and the sample k is a
coefficient that contains both the efficiency of the detection system and
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the abundance of the element under measurement and the weight of the
sample according to the following formula:

k= g(EV)'IV(EV)'W (4)

Where W is the weight of the sample measured in Kg. Equation (3) can
be redrafted as follows:

(4.66x0p)+3
MDA = ————~—
e(Ey).1y (Ey) Wt

(5)

Equations (1) and 3) are valid for use only when the sample and radiation
background time is equal and otherwise the following general equations
are used:

LLD = 3.29 [nyt, (1+ Z—b) +3 (6)

3.29 |nyt, (1 +§—;) +3

MDA = 7
e(E)).1,(E,).W.t 7

Where ny, is the rate of the detection of the radiation background detection
for the time period t, and ts the total time period of the sample [4]. The
Minimum Detectable Activity (MDA) was calculated in present study
using eg. (3) as shown in table (2).

Table (2): Minimum detection activity (MDA) of measurement system
Used to determine the radioactivity concentrations of targeted
Elements in crude oil samples.

Nuclide E,(KeV) | I,% | Element Concentratic MDA
(Bq/Kg) (Bq/Kg)
233Th(*33T1)| 583 84 | 3.423 0.164
228Ra(%§3Bi) 609.318 |46 | 1.611 0.167
228Ra(*38Ac) 911.204 |29 | 1.150 0.247
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238y (%44Bi) | 11203 |15 | 0.920 0.382
49K (Natural 1460.83 | 10. |60.45 3.90
7

3.2. Radioactivity Concentration

The concentration of the specific radiation activity is defined as the
activity of each unit of mass of the radioactive material and measured in
Curies per gram or Bg/Kg, the radiative quality of A for each radioactive
counterpart measured by Bqg / kg and can be calculated using the
following equation [5]:
N
ABI/K9) = oy e ym

(8)

Where N is the net area under the gamma-ray peak measured for the
spectrum after subtraction of the radiation background, t measurement
time (sec), 1,(E,) intensity of measured gamma ray energyE,, e(E, ) is
the efficiency of gamma ray energy line and M is the weight of the
sample Kg.

3.3. Radium Equivalent Activity (Ra.,)

The equivalent concentration value of the radium element (Ra _eq) used
to estimate the hazards associated with substances containing radium-226,
thorium-232 and potassium-40 radionuclides, calculated to assume a
concentration of 370 Bq / kg for radium 226 in this substance or 260 Bq /
kg for thorium - 232 or 4810 Bq / Kg of potassium-40 which produces the
same dose for gamma rays. The equivalent radium efficiency (Ra _eq)
can be calculated using the following equation [6]:

Raeq(Bq/kg) = Agq + 14347y, + 0.077 44 9)

Where Agra, Ath and Ax are the efficiencies of radium, thorium and
potassium, respectively, and measured by Bqg/Kg. This indicator can be
circulated on both potassium and thorium according to the following
equations:

Theq(Bq/kg) = Arp + 0.7Agq + 0.0554 (10)
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K.q(Bq/kg) = Ax + 18.46Ar, + 13.244z, (12)

3.4. The External Hazard Index (H,,)

This term is used to determine the external risk of gamma rays and to
estimate the expected gamma dose that may be exposed to external agents
when they deal with substances containing gamma rays. The objective of
this factor is to ensure that the effective dose of this radiation does not
exceed permissible limits. The external risk factor can be calculated using
the following equation:

Hep = 2584210 4 2K < (12)
Where Hex is the external risk factor, Ars, Amn and Agx are the
radioactivity concentration of radium-226, thorium-232 and potassium-
40, respectively, measured by Bg/Kg [7].

3.5. The Internal Hazard Index (Hiy

The internal risk factor determines the dose limits received by workers in
fields containing normal radiation activity, which reached the workers by
swallowing or inhaling. The internal risk factor is a measure of radiation
dose control and is given by the following formula:

Hyp = 2Ra L ATh 4 A < (13)
185 259 4810

Where Agra Ath and Ak are the radioactivity concentrations of radiation
activity in (Bq / Kg) for radium-226, thorium-232 and potassium-40,
respectively, where internal risk factor values should be less than one in
the ideal environment to get a proper job opportunity for respiratory
organs because they have dangerous respiratory effects [8].

3.6. Absorbed Gamma ray Dose (D,)

The absorbed dose is the absorbed energy in the mass unit of the body
exposed to radiation. This term is used for all types of radiation, energies,
and all objects and materials. The rates of the absorbed doses due to
gamma ray radiation of a naturally occurring radionuclide (*°Ra,
282Th “K) calculated based on the recommendations of ICRP [nGy / h]
using the following equation[9] :
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Dy icrpy = 0.427Agq + 0.662A7), + 0.043A, (14)

The conversion factors used to calculate the absorption rate of gamma
rays for each radioactivity concentration (1 Bg/Kg) are for radium-226
(0.462 nGy/h) and (0.604 nGy/h) for thorium-232 and (0.0417 nGy/h)
for potassium-40. Also, the absorbed dose can be calculated using the
relationship derivate by Beck [10]:

Dy (gecky = 0.420Ax + 0.429Ag, + 0.666A1y, (15)
And according to the formula adopted by UNSCEAR [11],
Dywnscear) = 0.5334g, + 0.827A7, + 0.0537A (16)

3.7. Representative level index (I,,,)

It is used to estimate the level of gamma rays radiation risk associated
with natural radionuclides in the measured samples, a factor representing
the OECD index can be calculated from the following equation derived
by the OECD [12]:
Apg , A A
Iyr(OECD) = 1_};() FTZ ﬁ (17)

Where the radioactivity concentration of radium-226 (Ag,), thorium-
233(A7y,) and potassium-40 (Ag), respectively are in Bg/Kg.

3.8. The Annual Effective Dose (AED)

To calculate the effective annual dose, consider the conversion factor
from the absorbed dose to the effective dose and the internal survival
factor. To calculate the effective dose of the gamma-emitting element,
UNSEAR2000 [13] has adopted the conversion coefficient of 0.7 Sv / Gy
as a conversion factor from the absorbed dose in air to the annual
effective dose received by adults. The calculations adopted that 80% of
the person life time spent in dwelling and 20% of time spent abroad.
From these data, the annual effective dose was calculated as follows:

AED;, (mSv/y) = Dy(nGy/h)x10_6x 8760h/y x0.8x0.7 Sv/G  (18)

AED,y(mSv/y) = D,(nGy/h)x10°x 8760h/y x0.2x0.7 Sv/G  (19)
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Where the number (8760) is the number of hours per year

3.9. Excess Lifetime Cancer Risk (ELCR)

It is a factor used to calculate the risk of gamma ray associated to
radionuclides in the studied samples. It gives the percentage of those who
develop cancer as a result of the annual effective doses received. ELCR
calculated as follows:

ELCR = AEDxDLxRF (20)

Since AED is the annual effective dose, DL is the expected life
expectancy of approximately 70 years and RF is the risk of fatal injury
per Sievert and is equal to 0.05 for the general public according to ICRP

[9].
4. Results and Discussion

The mean values of measured activity concentrations of selected
radionuclides of **U, #?Th, ?°Ra, **Ra and “°K in Crude oil samples
from all fifteen sites in Al-Gharraf oil field are shown in Table 2. The
activity concentrations of 2**U, %2Th, **Ra, ?*Ra and “°K are in the range
from (0.92-5.0 Bq / kg) with average of 2.592 Bq / kg ,(3.423-4.30 Bq) /
kg with average of 3.819 Bq / kg , (1.611-6.811 Bq / kg) with an average
of 3.802 Bq / kg, (1.15-4.62 Bq / kg) with an average of 2.947 Bq / kg
and (60.45-138.88 Bq / kg) with average of 97.324 Bq / kg , respectively.
The equivalent concentrations for each of Ra -226 and Th-232 and K-40
has been calculated for all samples was found between (7.60-24.04) Bq /
kg with average of 15.92 Bq / kg , (5.39-16.98) Bq / kg with average of
10.74 Bqg / kg and (98.78-313.10) Bg/Kg with average of 98.78 Bq / kg
respectively, are shown in table (3). The absorbed dose for these
concentrations were calculated using three equations supported by ICRP,
UNSCEAR and BECK and found that the absorbed dose according to
ICRP,UNSCEAR and BECK for all samples ranged between (1.378-
5.675) nGyh~lwith average (3.416) nGyh~1, (11.00-3.85) nGyh~! with
average (6.991) nGyh™! and (11.496-3.881) nGyh~! with average
(7.480) nGyh~?1, respectively, and the calculated values of the annual
effective dose rate and excess lifetime cancer risks (ELCR) are in
between (1.690 — 6.960 uSv.y~1) with average(4.190 uSv.y~1!) and
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(0.591x10* -2.436591x10™%) with average (1.465x107%)
respectively, while the external and internal hazard index also calculated
and found are in ranged between (0.021 — 0.065Bq/Kg) and (0.023-
0.08 Bq/Kg ) with average (0.041) and (0.049)Bq/Kg, respectively, as
shown in table (4) The measured activity concentrations of **U, 2*2Th,
?°Ra, **®Ra and “°K were compared with world-wide reported values as
shown in Table (5). This study shows that the measured crude oil samples
do not pose any significant source of radiation hazard and are safe for
workers in these areas so that all the measured and calculated parameters
is within the limits allowed by the recommendations of
ICRP,WHO,UNSCEAR. The results shown in Table (2) indicate that
average value of “°Ra (2.80 + 1.67 Bgkg) < **Th (3.42 + 1.85 Bgkg) <
K (97.32 + 9.87 Bgkg). Radium equivalent activity (Ra_eq) owing to
activity concentration of the three natural radionuclides from all samples
varies from (7.60-24.04) Bq / kg.

The average value of (Ra eq) is 15.92 Bq / kg = 3.9 Bgkg, which is
much less than the threshold value of 370 Bgkg. The average values of
hazard coefficients computed in this work is much less than the reported
world-wide.

5. Conclusion

The present work has been carried out to establish a base line data
regarding concentration levels of naturally occurring radionuclides of
28y, 2%2Th, #Ra, ?*Ra and “K in Crude oil and the corresponding
radiation doses in Al-Gharraf oil field, city of Rifai in the province of Thi
Qar. Measured average activity concentrations of the five radionuclides
are found less than the world’s average values. Calculated values of
hazard coefficients are also lower than the world average of about 0.5
mSv per year. It is concluded that there is no potential radiological health
risk associated with the crude oil samples of al-Gharaaf oil field
investigated during this work. The data generated here may be useful for
the introduction of radiation safety standards by the State Authorities for
the protection of general population from radiation hazards owing to
terrestrial sources.
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Table (3): Measured radioactivity concentrations of 2**U, %**Th, *Ra,
228Ra and °K in Al-Gharraf crude oil field.

Sample | *%U #2Th 2Ra 28Ra K
ID (Bakg) (Barkg) (Barkg) (Bakg) ((Bgkg)

CS1 366 + 189|377 + 194|373 + 193|298 |+ 173 | 11015 + 10.50
CS2 092 + 09| 142 + 119|091 + 095|156 |+ 1.25 60.45 + 7.77
CS3 156 + 125|262 + 162|162 + 127|242 |+ 155 85.11 + 9.23
CS4 293 + 1711414 + 203|308 + 175]355 |+ 188 | 10810 + 10.40
CS5 203 £+ 142|255 + 160|242 + 156|228 |+ 151 86.93 + 9.32
CS6 114 + 107|225 + 150|105 + 103|217 |+ 147 65.36 + 8.08
CS7 220 + 148|372 + 193|246 + 157|338 |+ 184 90.90 + 9,53
CS8 188 + 137|266 + 163|177 + 133|213 |+ 146 79.54 + 8.92
CS9 198 + 1411303 + 174|179 + 134|274 |+ 166 | 103.38 + 10.17
CS10 272 + 1651378 + 194|281 + 168|315 |+ 177 | 11595 + 10.77
CS11 273 + 1651369 + 192|317 + 178|306 |+ 175 99.43 + 9.97
CST1 502 + 224|527 + 230|581 + 241|452 |+ 213 | 13888 + 11.78
CST2 461 + 215|468 + 216|536 + 231|138 |+ 197 | 13504 + 1162
GIF1 270 + 164|139 + 199292 + 171|388 |+ 197 80.53 + 8.97
GIF2 290 + 170|383 + 196|312 + 177|314 |+ 177 | 10012 + 10.01
Average | 259 + 161|342 + 185]280 + 167|299 |+ 173 97.32 + 9.87
Max 502 £+ 224|527 + 230|581 + 241|452 |+ 213 | 13888 + 11.78
Min 092 £+ 09 | 142 + 119|091 + 095|156 |+ 1.25 60.45 +  7.77
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STDEV | 115 + 107 | 100 + 100|139 + 118|079 | + 0.89 22.53 + 475

Table (4): The equivalent concentrations of “°Ra, ?’Ra and “°K and the
Ratio of radioactivity concentration of **U /*°Ra and ?°Ra /**®Ra in Al-
Gharraf crude oil field.

Sample ID (F;"’}-Mfg‘} (TBZZS;) (gq—;g) w8y 26pa | 2°Ra/ZRa
cs1 17604 | 1244 22914 | 0954 1.265
Ccs2 7.601 5.39 9878 | 1.010 0.913
cs3 11.921 8.44 15494 | 0962 1.084
cs4 17319 | 1224 22523 | 0.952 1.166
css 12.763 9.03 166.08 |  0.839 1.118
Cs6 9.302 6.58 12082 | 1.084 1.039
cs7 14780 | 1044 192.15 | 0.894 1.102
Cs8 11.693 8.27 15201 | 1.061 1.248
Cs9 14.089 9.97 183.09 |  1.106 1.106
Cs10 17139 | 1212 22288 | 0.968 1.199
csi1 16.097 | 1137 20945 | 0.861 1.206
csT1 24041 | 1698 31310 | 0.864 1.166
CST2 22448 | 15386 20237 | 0.860 1.206
GIFL 14780 | 1043 192.24 | 0.924 1.019
GIF2 16309 | 1152 21217 | 0.929 1.221
Average 15102 | 2148 197.63 | 0951 1.137
Max 24041 | 1698 31310 | 1106 1.265
Min 7.601 5.39 98.78 |  0.839 0.911
STDEV 4885 4.27 6370 | 0.089 0.703
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Table (5): Gamma ray absorption dose calculated according to ICRP60,

Beck and UNSCEAR recommendations, annual effective dose AED
Calculated according to the ICRP60 recommendations as well as the
hazard coefficients.

Sampl Djcrp Dprck Dynscear | AEDicgp | ELCR 1y, H, Hy,
e ID nGy.h™* | nGy.ht | nGy.h™* | pSv.yt | x10~* | Bq.Kg~* | Bq.Kg™* | Bq.Kg*
CS1 4.060 8.665 7.91 4.979 1.743 0.102 0.048 0.058
CS2 1.378 3.881 3.85 1.690 0.591 0.048 0.021 0.023
CS3 2.444 5.989 5.66 2.997 1.049 0.070 0.032 0.037
Cs4 4.033 8.552 7.79 4.946 1.731 0.097 0.047 0.055
CS5 2.599 6.222 6.17 3.188 1.116 0.077 0.034 0.041
CS6 2.019 4.733 4.26 2.476 0.867 0.053 0.025 0.028
CSs7 3.444 7.239 6.51 4.224 1.478 0.081 0.040 0.047
CS8 2.603 5.915 5.44 3.193 1.117 0.067 0.032 0.036
CS9 2.897 7.212 6.76 3.553 1.243 0.084 0.038 0.043
CS10 3.705 8.552 8.04 4.544 1.590 0.100 0.046 0.054
CSs11 3.649 7.802 7.34 4.475 1.566 0.091 0.043 0.052
CST1 5.675 11.496 11.00 6.960 2.436 0.137 0.065 0.081
CST2 5.110 10.766 10.50 6.266 2.193 0.130 0.061 0.075
GIF1 3.814 7.175 6.21 4.678 1.637 0.077 0.040 0.048
GIF2 3.817 8.000 7.36 4.682 1.639 0.091 0.044 0.052
Average 3.416 7.480 6.99 4.190 1.466 0.087 0.041 0.049
Max 5.675 11.496 11.00 6.960 2.436 0.137 0.065 0.081
Min 1.378 3.881 3.85 1.690 0.591 0.048 0.021 0.023
STDEV 1.263 2.263 2.17 1.549 0.542 0.027 0.013 0.017
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Table (6): Natural radioactivity of the elements studied in the present
Research compared to their concentrations in global research and Studies in crude
oil, with reference to the concentration of the
Radiation effectiveness of these elements in the materials

Accompanying the crude oil.

Crude oil Crude oil
Radionuclides | (Bq/Kg) (Bq/Kg) | Produced | Hard scale Sludge
(Wwrl) (Present water (Ba/kg) (Ba/kg)
[ 14] work) (Ba/Kg)

U-238 0.0001-10 | 0.92-5.02 | 0.3-1000 | 1.0-500 5.0-10.0
Ra-226 0.1-40 1.611-6.8 | 2.0-120k | 100-15M | 50.0-800k

Th-232 0.03-2.0 3.42-4.30 0.3-1.0 1.0-2.0 2.0-10.0

Ra-228 0.05-20 1.15- 4.62 300 - 50.0 - 500-50k

180k 2.8M
K-40 1.0-623.0 | 60.5-138.8 | --------- | emmmeeem | e

Wwrl: Word wide reported levels of NORM, k: kilo (1073), M: million
(1076)
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