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Abstract: In current article were reported results of chemical and radiochemical measurements from
formation waters separated from oil pumped from approximately 700 m below ground near Baku,
Azerbaijan. The results also include data from a formation water storage pond (“radium lake”) where the
waters are temporarily stored after oil is separated and then eventually disposed of by pumping into the
Caspian Sea. It was obtained that, there is a relatively strong inverse relationship to bicarbonate and
sulfate, the bicarbonate dependency appears stronger. The radium-bicarbonate relationship, however,
suggests that carbonate precipitation in formation waters is significant and may be an important control
on the radium concentration.
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1. Introduction

Oil and gas production and associated processing operations often results in the
accumulation of naturally-occurring radioactive material (“NORM” or “TENORM” if
technologically enhanced) at elevated concentrations in by-product waste streams. The ultimate
sources of most of the radioactivity are from daughter products of uranium (¥*8U, 2%U) and
thorium-(%2Th) that are naturally present in subsurface formations from which oil and gas are
produced. NORM, in the form of scale, has been known for many years to occur in some oil and
gas pipelines. Deep formation waters, often with high total dissolved solids, tend to be enriched
in natural radium isotopes. When these fluids are brought to the surface, CO, may escape,
resulting in a pH rise with the solubility products of many sulfate and carbonate species being
exceeded. The result is often precipitation of scale deposits rich in the divalent alkaline earths
Ca2*, Ba?*, Sr**, and Ra?" (Wilson and Scott, 1992; Mackay and Heriot-Watt, 2003; Efendiyev
G.H. 1953.) [1-3]. Radium, and its decay products, can occasionally be concentrated enough to
be of human health concern because of their gamma radiation (Bernhardt et al., 1996; Smith et
al., 1996) [4-5]. It is estimated that between 300,000 and 1,000,000 metric tons of NORM scale
are produced each year in the oil/gas industry (Tomson et al., 2003) [6]. The primary
radionuclides of concern in NORM wastes are 2?°Ra (%*8U series), and 2%®Ra (**?Th series) as
well as their respective daughters.

The production waste streams most likely to be contaminated by elevated radium
concentrations include produced water, scale, and sludge. Spills or intentional releases of these
waste streams to the ground can result in NORM-contaminated soils that may need to be
disposed. Since radium is fairly soluble in saline waters, it can follow the produced water stream
and accumulate in formation water storage ponds rather than all being retained in scale deposits.
Thus, dissolved radium in formation waters either remains in solution in the produced water,
precipitates out in scales or sludges, or is removed from the produced water during storage (e.g.,
precipitation, adsorption onto sediment components). Conditions that effect radium solubility
and precipitation include water chemistry (primarily salinity), temperature, and pressure (Jens
and Sebastian, 2002) [7].
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NORM contamination of scale and sludge can occur when dissolved radium
coprecipitates with other alkaline earth elements such as barium, strontium, or calcium. In the
case of scale, the radium coprecipitates primarily with barium, to form hard insoluble sulfate
deposits (barite) (Doerner H.A. and Hoskins W.M., 1925) [8]. Such scale typically forms on the
inside of piping, filters, injection wellhead equipment, and other water handling equipment, but
also can form as a coating on produced sand grains. In the case of sludge, radium can be present
in several forms. It can coprecipitate with silicates and carbonates that form in the sludge, or it
can be present as particles of barium sulfate scale that become incorporated into the sludge.
NORM-contaminated sludge can accumulate inside piping, separators, heaters and other types of
treatment facilities, storage tanks, and any other equipment where produced water is handled.

Formation waters that are sent to disposal ponds may consist of accumulated heavy
hydrocarbons, paraffin, inorganic solids, and heavy emulsions. We report here results of
chemical and radiochemical measurements from formation waters separated from oil pumped
from approximately 700 m below ground near Baku, Azerbaijan. Our results also include data
from a formation water storage pond (“radium lake”) where the waters are temporarily stored
after oil is separated and then eventually disposed of by pumping into the Caspian Sea. We also
analyzed the associated sediment for radiochemical components. Our study was intended to
investigate how radium fractionates between the pond water and sediments.

2. Study site and experimental
We have chosen a study location that represents one of the original sites for oil
production in Azerbaijan (operated by Surachany PGOM, Petroleum Gas Obtaining
Management). This site is located in the southeast portion of the Absheron Peninsula, near the
capital city of Baku (Fig. 1).

Caspian Sea

Caspian Sea

E== oi Fileas

Fig.1. Map of Absheron peninsula showing site of oil field lake. (This site is located in the southeast
portion of the Absheron Peninsula, near the capital city of Azerbaijan Republic -Baku. The petroleum
began to be extracted at this site from the beginning of the last century -1907, with other sites in this area
developing since 1912).

The petroleum began to be extracted at this site from the beginning of the last century

(1907 with other sites in this area developing since 1912) (Alizadeh AA, Akhmedov GA,
1966)[9].
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In recent years, the level of the deposits has been falling in the Surachany region
requiring deeper drilling with lower grade deposits (higher percentage of formation water). At
this site, as well as on other areas of the Absheron Peninsula some tens of hectares of polluted
territories and lakes of petroleum origin are known to exist.

We collected samples of lake water, and formation waters from 7 different oil wells that
surround the radium lake. All water samples were analyzed for major and minor cations (Na, K,
Ca, Mg, Sr, and Ba) by atomic absorption spectrophotometry and anions (Cl, HCOs, SOg, Br,
and 1) by standard wet chemical techniques (B.Suleymanov et.al., 2008) [10]. We also measured
the pH and total dissolved solids (TDS) for each water sample. Water samples were analyzed for
2%Ra, 2®Ra, and other radionuclides via gamma-spectrometry using a Canberra intrinsic
germanium detector. All gamma spectrometric analyses were performed in silicone sealed
Marinelli beakers after aging for one month to allow for ingrowth of 222Rn and daughters. The
photopeaks from the radon daughters 2*Pb and 2*Bi at 295, 352, and 609 keV were used to
quantify 2?°Ra and the 22 Ac peaks at 338 and 911 keV were used for ?®Ra (Burnett W.C.
et.al.,2002; Landsberger S.et.al.,2013)[11,12]. Water samples were also analyzed for 2Rn using
a RAD-7 radon analyzer (Durridge Co., Inc.) with an attachment (RAD-H.O) for analyzing
radon-in-water. Uncertainties of the chemical measurements average about 5% and
approximately 10% for the radioactivity measurements.

3. Results and discussion

General Situation

There are 86 wells operating in the immediate area around the formation water lake.
These wells are pumping from an average depth of about 700 m and are recovering a very low
grade oil deposit with most pumped fluids having an oil content considerably less than 2%. After
separation of the oil the formation water is released to the “lake.” These formation waters are all
very high in total dissolved solids (> 70 to 160 g/L). While the in situ temperatures are
approximately 60° C, the water discharged to the lake is about 40° C after separation.
Approximately 3,000 m3/day accumulates in this manner. When the level of the lake become too
high, water is pumped into the Caspian Sea. Based on an estimated volume of the lake, the
average residence time of the water is on the order of only a few months.
Well and Lake Waters

The formation waters in the lake and well samples are similar in almost all respects
(Tables 1 & 2).

Table 1. Concentration of cations and anions in well (W) and lake (L) waters. All samples filtered
through a 0.45 um filter except for the carbonate analyses.

Sample Na K Ca Mg Sr Ba Cond TDS
N mol/L | mmol/L | mmol/L | mmol/L | mmol/L | mmol/L | mS/cm g/l
1w 1.2 4.7 13 9 0.4 0.07 31.0 70
2W 1.2 6.4 7 11 0.6 0.03 33.9 73
3w 2.0 5.0 126 63 15 0.30 53.4 160
AW 2.0 4.1 120 47 1.3 1.30 50.1 140
5W 1.1 4.8 9 77 0.3 0.09 30.5 70
6w 2.1 5.2 130 66 15 0.20 53.9 160
W 2.0 5.5 110 67 1.3 0.10 51.0 155
8L 1.3 4.4 25 26 0.5 0.08 34.6 80

310




Journal of Radiation Researches, vol.6, Ne2, 2018, Baku

Sample Cl S04 HCO3 B I pH Turb Tot.Org
N mol/L | mmol/L | mmol/L | umol/lL | umol/L NTU g/L
1w 1.3 1.5 28 0.001 0.001 7.09 10 1.9
2W 1.3 1.2 70 0.001 0.002 6.89 40 17.5
3W 2.5 0.8 11 0.011 0.001 6.63 47 1.6
AW 2.3 0.7 7 0.001 0.004 6.22 35 3.0
5W 1.2 0.7 31 0.002 0.001 7.07 15 2.0
6w 2.6 1.2 12 0.001 0.001 6.34 23 0.9
W 2.4 4.0 9 0.001 0.0004 6.09 54 2.2
8L 1.5 1.1 13 0.006 0.005 7.30 10.8 0.2

Table 2. Radionuclides in well (W) and lake (L) waters.

Well Ra-226 | Rn-222 | Ra-228 K-40
Sample | depth

N m Ba/l Ba/l B/l Ba/l
1w 646 1.4 16 2.5 3.8
2W 736 1.0 10.5 2.7 5.4
3w 649 2.0 45 4.5 4.3
4W 577 2.4 32 5.0 3.5
5W 737 1.4 5.3 2.0 4.9
6W 612 1.7 23 4.4 3.7
W 707 2.1 16 4.2 5.7
8L lake 2.3 6.4 3.8 115

They are all very high in TDS, mainly a sodium chloride brine with secondary calcium
bicarbonate. All are in a pH range of 6-7. The waters are also very high in radium, with ?*°Ra
activities as high as 2.4 Bg/L and ??®Ra activities up to 5 Bg/L. Since “average” groundwater
activities are typically around 0.015 Bg/L (Eisenbud and Gesell, 1997) [13], these waters are
elevated by over two orders of magnitude. In general, the radium isotopes follow each other (Fig.
2) with an average activity ratio of 2.0+0.4.
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Fig. 2. Ra-228 versus **°Ra in well waters and lake water. The open diamonds are well waters and the
closed symbol represents the lake water.
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Both ??°Ra and ??®Ra tend to be highest in the waters with the highest TDS (Fig. 3). The
lake water displays an intermediate character in this respect as it does with many of the other
characteristics. This may be a result of the relatively low residence time in the lake as this is just
temporary storage until the water is pumped into the Caspian Sea.

6.0
® Ra-228 O Ra-226
5.0 @
4.0 ..
o
d ™~ lake
o 3.0 =
0 'O/ o
2.0 o 08
@)
1.0 O
0-0 T T T
0 50 100 150
TDS (g/L)

200

Fig. 3. Radium isotopes versus total dissolved solids.

While it is not clear what is controlling the radium content in these waters, we note that
there is a relatively strong inverse relationship to bicarbonate (Fig. 4). While there is also an
inverse relationship to sulfate, the bicarbonate dependency appears stronger. There is actually a
somewhat positive relationship between radium and barium, which is surprising as barite
(BaSO0a) is often thought to control radium solubility.
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Fig. 4. Radium isotopes versus bicarbonate concentration. The outlier at 70 mmol/L HCO3z may
be a result of carbonate particles in suspension that consumed acid during the titration. Samples

for carbonate analyses were run unfiltered.

It may be that there were fine particles of suspended barite in the water samples (samples
for gamma spectrometry were filtered through a paper filter to remove oil residues, etc., but fine
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particles could have passed through). We entered the chemical data for the lake water (sample
8L) into the thermodynamic program MINEQL and it predicted that barium sulfate and calcium
carbonate would precipitate. The program calculated that 99.6% of the Ba would precipitate out
as BaSOs, and 36.6% of the Ca as CaCOs. Our chemical results show some Ba is in solution (0.4
um filtered) so it seems unlikely that such a large fraction precipitated. The radium-bicarbonate
relationship (Fig. 4), however, suggests that carbonate precipitation in these waters is significant
and may be an important control on the radium concentration.

4. Summary

The investigated water samples are very high in radium, with 226Ra activities as high as
2.4 Bg/L and 228Ra activities up to 5 Bg/L. Both 226Ra and 228Ra tend to be highest in the
waters with the highest TDS. There is actually a somewhat positive relationship between radium
and barium, which is surprising as barite (BaSO4) is often thought to control radium solubility.
There is a relatively strong inverse relationship to bicarbonate and sulfate, the bicarbonate
dependency appears stronger. The radium-bicarbonate relationship, however, suggests that
carbonate precipitation in formation waters is significant and may be an important control on the
radium concentration.

Investigation of radium isotopes (226Ra and 228Ra), and useful parameters of formation
water give important information about history and origin of NORM contamination. The radium-
bicarbonate relationship may be an important control on the radium concentration, without
expensive radionuclide analyses.
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LAY SULARI NUMUNOLORINDO RADIHOAKTIVLIYIN TOYIiNi
F.Y. Hiimboatov

Xiilasa: Hazirki maqalods, Azarbaycanda, Baki yaxinliginda yerlogson vo toxminon 700 m dorinlikden
cixarilan neftdon ayrilan lay sularinin kimyovi vo radiokimyoavi 6lgmo noticolori toqdim edilmisdir.
Noticolora homginin, neftin ayrilmasindan sonra lay sularmin miivoqqati saxlanildigi vo sonra Xozor
donizino nasosla axidildigr siini g6l ("radium go6l") molumatlar: da daxildir. Radium konsentrasiyasinin
bikarbonat vo siilfatlardan giiclii tors asililigt mévcuddur, bikarbonat asililigi daha giiclii goriiniir.
Radium-bikarbonat olaqesi, lay sularinda karbonat ¢Okmosinin ohomiyyatli oldugunu vo radium
konsentrasiyast {izerinde shomiyyatli bir nazarat ola bilacayini gostarir.

Acar sozlar: Neft sonayesi; lay suyu; Radium izotoplari;; TMRN; Azorbaycan

ONPEAEJIEHUE PAIMOAKTUBHOCTH ITPOU3BOJACTBEHHBIX BOJHBIX
OBPA3I1OB

®.10. I'ymbaroB

Pe3rome: B nacrosimelt cratbe ObUIM TPEJCTAaBIEHBI PE3yAbTaThl XMMHUYECKHX U PaJHOXHUMHYECKUX
M3MEPEHHUH IUIACTOBBIX BOJ, OTAEIEHHBIX OT HedTH, nepekaynBaeMoii ¢ nmpumepHo 700 M HIXKE TpyHTa
HaxoJsuXcs He aaneko oT baky, B AszepOaiimxane. Pe3yibpraTsl Takke BKIIOYAIOT JaHHBIE W3
BOJIOXPaHWIMUILA I1JIACTOBOM BOABI («03€pO pajus»), Ille BOABI BPEMEHHO XPAHATCS IIOCIE OTJEJICHUs
He(TH, a 3aTeM B KOHEYHOM UTOIe YAAISIOTCS IyTeM 3akauku B Kacnuiickoe mope. bpiio nomy4eHo, 4ro
CYLIECTBYET OTHOCUTEIILHO CHJIbHOE OOpaTHOE OTHOILIEHHE M30TOMOB paaus K OukapOoHaty u cynbdary,
3aBUCHMOCTDH OMKapOoHaTa nposBisieTcs: cuiabHee. OJHAKO OTHONIEHUE panuii-OMKapOOHAT yKa3blBaeT Ha
TO, YTO OCAXKJeHHE KapOOHATOB B IUIACTOBBIX BOJIAX SIBISICTCS 3HAYUTEILHBIM M MOXKET OBITH Ba)KHBIM
KOHTPOJIEM KOHLIEHTPALUHU pajausl.

Knroueswie cnosa: Hed1siHas mpOMBIIIUIEHHOCTD; TuTacToBast Boaa; M3oromsl paaus; EPH; AzepOaiimkan
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