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Abstract: Produced water that has been reported to contain Hydrocarbons, inorganic ions, dissolved gas,
metals, and chemical treatment, in addition to NORM activity concentration, is considered a harmful waste
resulting from the petroleum extraction process according to the significant concentration of naturally
occurring radioactive material (NORM) is frequently disposed into nearby areas, leading to the
contamination that increases the possibility of human exposure to NORM in various pathways. This work
aims to provide an inclusive review of the produced water characterizations and the NORM concentration
activity and their behaviors in previous studies from oilfield companies around the globe. The results
indicate that Ra isotopes, as the most radionuclides present in produced water, U-238, and Th232, were
remarkably present in low amounts. However, oil extraction is increasing, which leads to more produced
water being disposed of, which is a genuine concern for human health, so an in-depth study is recommended
focusing on produced water treatment or re-use as management methods instead of being disposed into the
environment. Furthermore, the NORM waste and its influence could be abridged by obeying the endorsed
standard of IAEA and other environmental protection agencies.
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1. Introduction

The major challenge in the recent oil industry is the unwanted production of water and gas;
every day, approximately 300 million barrels of water are brought up to the surface together with
oil and gas [1]. produced water represents an enormous waste stream because of several oilfield
company operations. During the oil extraction process, a huge amount of water comes out of the
wells to the surface with the crude oil, including both formation water and injected water into the
wells to enhance the oil and gas recovery [2]. The first source of produced water follows the oil
and gas extraction process, while formation water that exists below the oil layer then enters through
the porous reservoir and comes out of the well mixing with the crude oil. This process leads to a
reduction in reservoir pressure and resolves this problem by injecting water again into the reservoir
system to maintain the hydraulic pressure [3]. This injected water presents the second source of
produced water based on the fact that the more oil extraction there is, the more produced water.
Furthermore, the origin of that unwanted water involves saline water that exists and resides in the
layer below oil and gas due to its high density compared to those hydrocarbons. Generally, there
are two sources of saline water: flow from the same hydrocarbon zone due to hydrocarbon
production and flow from other hydrocarbon zones due to hydrocarbon migration [2]. This Saline
water is called formation water and becomes produced water when it is brought up in addition to
oil to the surface as a mixture. In some other cases and due to the reduction of pressure in the
reservoir, this water will be injected again to maintain the hydraulic pressure and enhance the oil
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recovery. The injected water is usually from injector wells towards the formation, which directs
oil to another well-called producer well, while the formation water or the injected water arrives in
the producer wells. These wells start extracting hydrocarbons as well as producing water. This
mixture contains, in addition to the water and oil, metals that have been reported in various studies,
including Cr, Ba, Ni, Zn, Mg, Fe, Ni, Pb, and K [4],. Heavy metals are transformed from a
dissolved state to particles in water under oxygenated conditions [5], along with radium and radon,
treating chemicals, salt, and dissolved oxygen. The stream of produced water is considered the
main waste in terms of size after the oil and gas facilities.[6]-[7]-[8]-[9]-[10]-[11]-[12].

Naturally, radiation exposure is present due to cosmic rays or naturally occurring
radioactive materials (NORMS) that originate in the Earth's crust and are present everywhere in
the environment [13]. Produced water has been reported to contain significant values of
NORM.[14]-[15]-[16]-[17]. Almost all elements are constituents from stable nuclides; however,
U and Th are unstable by nature [18], and will fade in time by disintegrations into other radioactive
elements by emitting alpha and beta particles accompanied by gamma rays. A uranium-235
nucleus undergoes a series of 11 transformations to become stable lead-207. A thorium-232
nucleus goes through 10 transformations counting Ra?2® and Ra??* to become stable lead-208.

A uranium-238 nucleus undergoes 14 transformations, including Ra??°and Rn??2, to
become stable lead-206, in addition to K*°, one of the three isotopes of K, which is widely
distributed identically with its isotopes, implying that the presence of K will be accompanied by
K*°. K*9 disintegrates once into either Ca*® or Ar*° emitting B-particles (89%) or y-photons
(11%), respectively.

2. Characterization of produced water in oil and gas fields:
2.1 Qil:

A previous study in the western united states reported an amount of 40mg/l to as high as
2000mg/I of oil and grease in produced water [19]. This organic material is present in produced
water either in the form of dispersed oil, which consists of separated oil droplets suspended in
water. The level of droplet oil is affected by different factors such as the oil density and the amount
of precipitation [20]. Solubility decreases rapidly as the carbon number increases in a straight-
chain saturated hydrocarbon molecule [21]. Table 1 describes the solubility of some of these
hydrocarbon present in the oil, such as pentane, hexane, heptane, octane, and nonane. The oil is
present in water and non-hydrocarbon material in a dissolved state.

The relation found between oil dispersed and dissolved oil is provided in the experiment
done, while acidified oil dissolved samples were led to converting them into dispersed oil [21], the
produced water contains more dispersed oil; however, the dissolved oil contains the high
concentration toxic components [22]. Generally, the nonpolar organics in produced water are
constantly toxic. The high compounds in dissolved oil that contribute to toxicity are aromatics and
phenols [23].

2.2 Inorganic ions:

In conventional or unconventional wells, chloride and sodium were the most abundant in
produced water; however, sulfate was the lowest inorganic ions [24]. Some produced water
proprieties were identified according to inorganic anions and cations, such as conductivity is
determined by all cations and anions, and Cl-and Na+ determines the salinity of a formation. A
similarity in cations concentration was noticed in both conventional and unconventional wells. At



the same time, sodium was considered the most cation present in produced water, with a percentage
of 81% in water produced from conventional wells and 90% in unconventional wells; however,
the concentration of the anion was different in both wells types. The chloride represents 97% of the
anions present in water from conventional wells, while 66% was the amount of chloride present in
unconventional wells and 32% bicarbonate [25]. Furthermore, the salinity of produced water is
greater than that of seawater, therefore, denser than seawater [26].

Table 1
Solubility of hydrocarbons components in produced water [21].
Compound n-pentane n-hexane n-heptane n-octane decane
Solubility 39 11 2 1 0
(mg/L)
2.3 Metals:

Produced water may contain metal as Cr, Ba, Ni, and Zn, in addition to heavy metals, which
were transformed from a dissolved state to particles in water under oxygenated conditions [27].
Metals concentration is proportional to the geological age and features [28]; the metals type and
chemical content are also affected by factors like injected water volume and chemical composition
[29]. The concentration of barium, sodium, iron, magnesium, potassium, and strontium in natural
gas field production was reported at higher concentrations [30]. Some metals concentration values
in produced water from an oilfield were founded to be as much as 50000 times seawater [27]. The
formation of particulate from produced water was according to substantial quantities of metals
such as Al, Fe, and Mn that will precipitate on contact with seawater, absorb heavy metals and
other chemicals, and settle to the bottom, thus altering the transport of the contaminants in the
produced water plume and potentially focusing their accumulation onto the sediments. An
experiment done to understand the toxicity of heavy metals in produced water after discharging
into seawater found that the infiltrated water samples had h high concentration while the
concentration was low in the filtrated samples.

2.4 Total dissolved solids TDS

A significant level of TDS was founded in produced water [31]-[19]. Produced water from
some field locations can have TDS values as high as about 400,000 mg/L [32]. As a comparison,
typical seawater has TDS at about 35,000 mg/L [33]. Many factors can cause a variety of TDS
concentrations, such as the difference between the geological basins and the produced water
sources. In addition, the TDS concentration was founded to have a high value in conventional
wells, more than the concentration reported from unconventional wells [25]. Table 2 provides the
Concentrations of metals, hardness, salinity, TDS, and density of produced water from oilfield
activities.



Table 2

Concentrations of metals, hardness, salinity, TDS, and density of produced water [34]-[35].

Parameters Range mg\L
Na 8800-189000
Cl 16000-19500
Co 0.003-0.004
Pb 0.003-0.003
Cu 0.001-16.9
Fe 4310-4770
Mn 0.058-17.2
Ni 0.015-0.017
Zn 0.027-10.1

K 3100-9530
Mg 1530-3790
Al <PQL-12.5
Sr 709-2450
TDS 237.680

The hardness of water, CaC0, 4890-44778
Density. 20 1010-1070

2.5 Total dissolved solids TDS

Carbonates, clays, corrosion products, proppants, and sands are found as suspended solids
from wellbore and production formation, the values of TSS present in produced water may change
from area to area depending on the wellbore and formation condition. The TSS concentration has
been reported in the range of 14-800 mg. L~ [36].

2.6 Chemical treatment:

In addition to its natural components, produced water contains chemical treatment;
basically, it is chemical additives to the wells while drilling operation to treat or prevent possible
operation problems while wells oil drilling and enhance the separation of oil and water after
extracting oil mixed with produced water [37]. Including scale inhibitors, corrosion inhibitors,
oxygen scavengers, biocides to mitigate bacterial fouling, asphaltene dispersants, paraffin
inhibitors, defoamers, emulsion breakers, clarifiers, coagulants, flocculants [38]. The type of
chemical additives is chosen depending on the well and the fuel characteristics by the
manufacturers [39].

2.7 Dissolved gas:

The reservoir contains oil and water, in addition to gas that will come out of the wells with
oil and water, the most common gas found in produced water are Oxygen, Hydrogen sulfide, and
carbon dioxide [40], and the salinity and temperature of produced water decrease the solubility of
these gases while it increases with pressure.

3. NORM concentration in produced water

The radioactivity concentration in a given volume of water represents the levels of
radioactivity in produced water; the distribution of the reported levels in different areas are varied



from one region to another due to the geological characteristics in each region. Table 3 resumes
the values of radionuclides associated with produced water that has been reported in several
regions in the world.

According to the results shown in table 3, we notice that Ra isotopes are the dominant
radionuclides in produced water, especially Ra?2®, Ra??®and Ra??*. Ra??®, which results in
fromU238, decays into Rn??2 by emitting alpha and beta particles and gamma radiation to reach a
stable state over 1600 years of half-life. On the other hand, Ra??®, and Ra??* are daughters
products of the Th23? decays chain, which decays into Ac?28, Rn?2° respectively; Ra?2® reaches
the ground state by emitting beta particles and gamma rays with an estimated half-life of 5.75
years, while Ra??* ends up in the stable state through decays by emitting alpha particles and
gamma rays over 3.7 days of half-life. The Ra?2* is noticed as the lowest radium isotopes present
in produced water because Ra?2* appears in produced water without its immediate parents Th?28,
so that will die out within two weeks of secular equilibrium, the same period for Ra?2° to reach
its secular equilibrium with Rn?22, Po?18 po?1* Bi?* and Pbh?1°, while Ra??® considered as
the quick radium isotopes that reach its equilibrium with Ac?28 withing two days.

Table 3
Activity concentrations (Bq. L) of U238, Ra??%, Th?32, K*°, and Ra??®, Ra??* in produced
water in different oilfields worldwide

Radionuclides U?3s Th?32 K*0 Ra?26 Ra?228 Ra??* Ref
Congo(Bq.dm™3) <4.5x1073¢ <4.5x1073¢ - 5.1c - - [9]

Egypt - 39.9c 66¢C 19c - - [41]
Iragq - 9.4c 66.4c 20.3c - - [42]
Romania (0.043-1.1) (0.21-8) (221-899) (23-45) - - [43]
Syria - 19.2c 1460c 186.2c - - [44]
Ghana (0.11-1.03) (0.21-0.56) (1.65-11.99) - - - [45]
Ghana - - (5.90-23.90) (6.20-22.30) (6.40-35.50) (0.78-7) [46]
Nigeria - 39.8¢c 8.9¢c 8.1c [47]
Nigeria - (9.08-155.22)  (2.01-13.19) (0.75-12.30) [48]
UsS (pCi.L™1) - (56-1494) (69-600) [49]
us - (30-2690) (35-763) [50]
us - (<0.002-58) (0.02-59) [51]
Azerbaijan (ND-13.71)  (26.1-194.5) (ND-101.7) - [52]
Poland <30 - 75¢ <2 <2 [53]
Texas - (0.1 -5,150) ND [54]
Brazil - (0.012-6) <0.05-12 [55]
Norway - 3.3c 2.8c [56]
Norway - (0.5-16) (0.5-21) [57]
Syria - 51.9¢ 37.5¢ (0.2-3.7)  [58]
Oman - (1522-1535) (514-529) - [59]
Turkey - 6¢ 3.17c 2.83c [60]

(): the range of the concentration, c: the average concentration, ND: below the detectible

limits



Ra?2% was noticed as the most Ra isotopes present in produced water in different studies
from different areas [9],[41]-[42]-[43]-[44].[54]; one of the reasons can be due to its high
solubility in water and its behavior preferring the aqueous state. Furthermore, Ra?2¢ is chemically
similar to Barium Ba, Strontium Sr, Calcium Ca, and Magnesium Mg so that it becomes
incorporated in group |1 sulfate or carbonate deposits and scale [18]; high precipitation of Ra?2°
is reported with strontium and barium, which are taken part in the metals present in produced
water, this result is according to various previous experiments that aim to find the correlation
between radium isotopes and metals.[27]- [61]- [62], Radium was remarkable to be mainly
coprecipitated with barium sulfate (RaBaSO) and strontium sulfate (RaSrSO4) [63]. Figure land
2 illustrate the Ra?2® and Ra??® distribution in produced water, respectively; results observed
according to radium isotopes distribution confirmed the abundance of Ra?2® in produced water
compared with Ra??8.

U238 and Th?3? concentrations are noticed from table 1 that were measured according to
their progenies Ra?2®and Ra?28 respectively [51],[60],[27], The absent of U238, Th?32 in produced
water in some studies ,[12],[46]-[48]-[49]-[50]-[51]. according to their chemical characteristics,
they prefer the solid rock phase and do not dissolve in the aqueous or oily phase; as a result, both
series remain with reservoir rock and may appear as a natural concentration just during drilling
activities [18].

Results display a high value of K*° activity concentration, of range (1.65-1460) Bq.L™! in
produced water, owning to the fact that K isotopes are widely distributed in nature (abundance in
the Earth's crust 2.1%), including K40 (0.0117%). However, K *° concentrations in produced water
are lower than the values found in soil samples around the oilfield area [65].

Ra-226

Mean = 26 .46
Stl. Dev. = 48.03
N=14

Frequency

juis] 50.00 100.00 150.00 200.00

Ra-226

Fig. 1. Ra??¢ distribution in produced water from oilfield companies worldwide
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Ra-228

Mean = 11.98
Stel. Dev. = 11.804
N=8

Frequency

juis] 10.00 20.00 3000 40.00

Ra-228

Fig. 2. Ra??8distribution in produced water from oilfield companies worldwide

4. Conclusion

Produced water was reported to contain Hydrocarbons, inorganic ions, dissolved gas,
metals, and chemical treatment, in addition to NORM activity concentration. Even though the low
NORM concentration present in produced water compared with its levels in scale and sludge
amount, the accumulation of radioactivity concentration in the environment through the disposal
of produced water represents a serious concern that leads finally to human exposure and
environmental contamination, so an in-depth study is recommended focusing on produced water
treatment or re-use as management methods instead of being disposed into the environment.
Furthermore, the NORM waste and its influence could be abridged by obeying the endorsed
standard set by IAEA and other environmental protection agencies.
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OB30P XAPAKTEPUCTHK IINIACTOBOM BOJbI U KOHIIEHTPAIIUN
IMPUPOJHBIX PAIUOAKTUBHBIX MATEPUAJIOB B HEM

X.A. Hacep, ®.1O. I'ymbaros, U.1. Mycradaes, C.P. PacyioB

Pe3rome: 1lnactoBas Boga, KOTopasi, Kak COOOIIAETCS, CONEPKUT YIIIEBOAOPOAbI, HEOPraHNUECKHE UOHBI,
PacTBOPEHHBINH ra3, METALIBI U XMMHYECKYI0 00pa0OTKy, MOMHUMO KOHIIGHTpalMud akTuBHOCTH EPM,
CUMTAETCSl ONACHBIMH OTXOJaMHM, OOpa3yIoUIMMHUCS B mpolecce JoObYHM HEe()TH, B COOTBETCTBUH CO
3HAYUTEIILHON KOHIIEHTpALel eCTECTBEHHOr0 pagnoakTuBHOro Matepuana (EPM) wacro BeiOpaceiBaeTcs
B OJIM3IIeKAIINe PaiOHBL, YTO MIPUBOIUT K 3arpS3HEHUI0, KOTOPOE YBEITUUHUBACT BEPOSATHOCTH BO3JIEHCTBHUS
EPM Ha yenoBeka pa3nW4HBIMU IyTAMH. OTa paboTa HampaBieHa Ha MPENOCTaBICHHE BCECTOPOHHEIO
0030pa XapaKTEpUCTHUK IIACTOBON BOAbI M KOHUEeHTpaunu EPM, a Taxke MX MOBEACHUS B MPEABIAYIINX
UCCIIeIOBAaHUSX HEPTIHBIX KOMIIAHUH 110 BceMy MUpY. Pe3ynbTaThl MOKa3bIBAIOT, YTO H30TOMNBI Ra, Kak u
OOJIBIIIMHCTBO PAIMOHYKIIH/IOB, TPUCYTCTBYIOIIMX B IJIacTOBOM Bozie, U-238 u Th232, npucyrcTBoBajiu B
YIMBUTEIBHO MallblX KOJM4YecTBaX. TeM He MeHee, JoOblYa He(TH YBEIMYMBACTCS, YTO NMPHUBOAMT K
yIAIECHUIO OOJBIIEro KOJMYecTBa MOMYTHON BOABI, YTO MPEACTaBIAET cO00M peanbHyI0 MpodieMy A
3[IOPOBBSI YEJIOBEKa, MOITOMY PEKOMEHIYETCS MPOBECTH YIIIyOJIEHHOE HCCIIEZOBAaHUE, COCPEAOTOYUB
BHUMAaHHE Ha OUYMCTKE UITU MOBTOPHOM HCIIOJIB30BaHUH MIOITyTHOM BOJIBI B KAUECTBE METO/IOB YIIPABIECHHUS,
a He yTWIn3aluus B OKpyxkamomyro cpeny. Kpome toro, orxomel EPM u ux Bo3geiicTBHEe MOXHO
YMEHBIINTb, €CIH CJEA0BAaTh YTBEP)KIEHHBIM craHmapraM MAI'ATD u apyrux npupoaoOXpaHHBIX
arcHTCTB.

Knrouegwie cnosa: Ilinacroas Bona, noosrda Hedtr, EPM, MeTaimisl, oKpyXKaromias cpea.
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ISTEHSALAT SUYUNUN XARAKTERISTIKALARI VO TOBii MONSOLI
RADIONUKLIDLORIN KONSENTRASIYASI HAQQINDA iCMAL

H.A. Naser, F.Y. Hiimbatov, I.I. Mustafayev, S.R. Rasulov

Xiilasa: Tobii mansali radionuklidlorin (TMR) aktivliyins slavs olarag karbohidrogenlor, geyri-iizvi ionlar,
hall olunmus qazlar, metallar va kimyavi emaldan ibarat oldugu bildirilon lay sulari tabii monsoli radioaktiv
materiallarin oshomiyyotli konsentrasiyasina goro neft hasilatt prosesi zamani yaranan tohliikali tullanti
hesab edilir. Tobii olaraq yaranan radioaktiv materialin (TMR) tez-tez yaxinliqdaki oraziloro atilmas,
insanin miixtalif yollarla TMR-o moruz qalma ehtimalini artiran ¢irklonma ilo naticolonir. Bu is lay
sularinin xiisusiyyatlori vo TMR konsentrasiya aktivliyi, eloco do diinya iizro neft sirkotlorinin avvalKki
tadgiqatlarinda onlarin davranisi haqqinda hartorafli icmali taqdim etmok moqgsadi dasiyir. Naticalor
gostarir ki, Ra izotoplari, lay sularinda méveud olan aksar radionuklidlor kimi, U-238 vo Th232, toacciiblii
doracads kigik migdarda mévcuddur. Bununla bels, neft hasilati artir vo naticads insan sshhatinin asl
problemi olan daha ¢ox lay sularinin ¢ixarilmasi ilo naticalonir, ona goéro do lay sularinin idaroetmoa
metodlar1 kimi toamizlonmasi vo ya tokrar istifadasine yonoldilmis darin tadgiqatlarin aparilmasi tévsiya
olunur. Bundan slavs, AEBA va digor astraf miihit qurumlarinin tosdiq edilmis standartina amol edilorss,
TMR tullantilar1 vo onun tasiri azala bilor.

Agar sozlar: lay suyu, neft hasilati, TMR, metallar, otraf miihit.
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