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Element | Unit DL Method Element Unit DL Method

F mg/L 0.1 Env-01 Mn mg/L 0.1 Me-05-Water
CI mg/L 0.1 Env-01 Mo mg/L | 0.05 | Me-05-Water
Br mg/L 0.1 Env-01 Na mg/L 0.1 Me-05-Water

I mg/L 0.1 Env-02-Out Ni mg/L | 0.05 | Me-05-Water
Ag mg/L | 0.05 | Me-05-Water P mg/L | 0.05 | Me-05-Water
Al mg/L 0.1 Me-05-Water Pb mg/L | 0.05 | Me-05-Water
As mg/L | 0.05 | Me-05-Water Rb mg/L | 0.05 | Me-05-Water
Ba mg/L | 0.05 | Me-05-Water S mg/L | 0.05 | Me-05-Water
Be mg/L | 0.05 | Me-05-Water Sb mg/L | 0.05 | Me-05-Water
Bi mg/L | 0.05 | Me-05-Water Sc mg/L | 0.05 | Me-05-Water
Ca mg/L 0.1 Me-05-Water Si mg/L 0.1 Me-05-Water
Cd mg/L | 0.05 | Me-05-Water Sn mg/L | 0.05 | Me-05-Water
Ce mg/L | 0.05 | Me-05-Water Sr mg/L | 0.05 | Me-05-Water
Co mg/L | 0.05 | Me-05-Water Th mg/L | 0.05 | Me-05-Water
Cr mg/L | 0.05 | Me-05-Water Ti mg/L | 0.05 | Me-05-Water
Cu mg/L | 0.05 | Me-05-Water U mg/L | 0.05 | Me-05-Water
Fe mg/L 0.1 Me-05-Water \ mg/L | 0.05 | Me-05-Water
K mg/L 0.1 Me-05-Water w mg/L | 0.05 | Me-05-Water
La mg/L | 0.05 | Me-05-Water Y mg/L | 0.05 | Me-05-Water
Li mg/L | 0.05 | Me-05-Water Zn mg/L | 0.05 | Me-05-Water
Mg mg/L 0.1 Me-05-Water
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15 anlllas 3,90 i slalos 5l yed T diges Vo 4o Si02 il 5 EC TDS PH (slo jal )l ysolie

Sample

AZ1-01

AZ2-02
AZ3-03
AJ1-04
AJ2-05
MN1-06
MN2-07

MN3-08

MS1-09

MS2-10

Average

Element

Oilfield

Slgal (i lase
Sleal syl

SheliGaillie

O9le (5 (lae
O9le (8 (lae

O9sle (i (e

Ls“‘“ QL).:‘O
@i JY

G,JU QL).,,A

pH

6.45
6.46

6.35

skl c& e 7,08

Gkl ow e 721

6.28

7.10

6.10

6.47

7.08

6.66

AN

TDS (mg/l)

179260

191580

210960

52500

146800

202060

6360

180600

8000

132420

131054

Ll 00 00)5] (\—f) Jsd..‘>

aslllae 9,50 (5 (ol Slasl, 0l sladigas jo Loyl )y 5l (B polie N-F Jsoxr

EC (uS/cm) SiO2 (mg/l)

275784.60

294738.50

324553.80

80769.23

225846.20

310861.50

9784.62

277846.20

12307.69

203723.10

201621.50

6.61

9.05

8.15

7.83

9.97

12.39

5.03

12.09

2.95

2.05

7.61
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Element

Sample Br Cl F HCOs I SO«
D. L. 0.1 0.1 0.1 B 0.1 _
AZ1-01 485.1 102616 0.40 164.7 0.08  500.90
AZ2-02 667.6 145339 0.30 170.8 1.26 458.07
AZ3-03 716.3 146638 0.10 170.8 0.29 440.94
AJ1-04 131.1 30839 0.50 61.0 0.08 579.07
AJ2-05 375.5 97080 0.90 231.8 12.69  809.29
MN1-06 752.8 141928 0.30 140.3 1.69 384.18
MN2-07 71.2 5200 0.08 61.0 13.96 621.90
MN3-08 582.4 113290 0.50 244.0 211 475.20
MS1-09 34.7 7200 0.30 24.4 0.08 177.52
MS2-10 144.2 89056 0.08 170.8 0.08 793.22
Average 396.1 87918.6 0.35 143.9 3.23 524.01
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Element
Sample Al Ba Ca Fe

D. L.

AZ1-01

AZ2-02

AZ3-03

AJ1-04

AJ2-05

MN1-06

MN2-07

MN3-08

MS1-09

MS2-10

Average

0.1

1.06

1.03

1.29

0.92

111

1.52

1.20

1.17

0.89

0.66

1.08

0.05

0.59

0.71

1.16

0.24

0.52

2.36

0.13

1.40

0.21

0.04

0.74

0.1

5955

8314

9023

1390

2843

9320

471

8554

461

1559

4789

0.1

5.76

8.69

8.55

0.38

0.78

13.29

1.50

1211

2.16

0.08

5.33

OES

0.1

602.6

930.4

853.7

233.1

346.8

874.2

27.9

877.9

45.3

223.8

501.6

Li

0.05

10.35

16.81

15.18

2.01

7.09

13.91

0.27

12.29

0.22

4.97

8.31

Mg

0.1

805

1053

1195

214

581

1058

59

1059

73

807

690

0.1

0.40

0.51

0.49

0.08

0.08

0.76

0.08

0.56

0.08

0.08

0.31

Na

0.1

27528

40194

40076

9141

27905

37013

1357

34450

1648

27064

24637

Si

0.1

3.09

4.23

3.81

3.66

4.66

5.79

2.35

5.65

1.38

0.96

3.56

Sr

0.05

297.9

405.1

417.2

71.2

172.4

593.5

17.6

507.7

21.9

35.2

254.0

oozl b anlllas 5,90 (85 sloglone slul 9 slaaiges s 880 48D Jlub ogign! locuws polis

S i ,0 LGR Juwe (High-Precision Laser Spectroscopy) YU cés b (g5 (o%wg iSenl o9,

T Sl diges s o3l ol 55 el ou ) (F-F) Jsoz 15 gl 5 el 00 56T (65,1 s
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Addllas 0,90 S ool slal el ladigad jo %0) 5180 9 oD Sl slacsisn! polie F-F Jouo

Sample code Oilfield D/H 1BO/10
AZ1-01 Sleal (S5 ol -15.40 2.51
AZ2-02 sleal (S ol -11.30 5.90
AZ3-03 sleal (S ol -11.10 4.91
AJ1-04 Gl (8 Gl -20.70 -2.83
AJ2-05 Gl (8 Gl -15.00 2.44
MN1-06 Onle S Ol -12.00 4.27
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Location* Age of subsurface Concentration (ppm)

strata lithium sodium potassi magnesi leium strontium boron sulfur chloride bromide iodide
1 Mississippian 10 28,000 40 10,000 60,000 3,000 40 400 179,000 3,200 40
2 Permian 30 100 1,000 26,000 100 5 ND 20,000 9,000 ND ND
3 Permian 40 56,000 2,500 9,000 30,000 ND 90 400 166,000 1,200 25
4 Devonian 100 66,000 10,000 5,000 40,000 2,000 ND 100 198,000 700 20
5 Cambro-Ordovician ND 8,000 ND 11,000 20,000 ND ND 350 79,000 ND ND
6 Pennsylvanian 5 51,000 100 600 10,000 1,000 10 30 98,000 600 1,000
7 Jurassic 100 68,000 4,000 5,000 30,000 ND ND 60 175,000 5,000 10
8 Miocene 15 73,000 600 6,000 30,000 ND 60 60 184,000 200 20
9 Devonian 25 74,000 T00 5,000 30,000 900 ND 600 182,000 2,000 40
10 Devonian 60 14,000 8,000 15,000 70,000 1,500 300 400 200,000 2,500 40
11 Mississippian * 16,000 9,000 11,000 14,000 800 ND 20 90,000 1,500 40
12 Devonian 10 58,000 3,000 5,000 20,000 1,000 ND 60 143,000 1,300 30
13 Devonian 90 72,000 2,000 4,000 35,000 ND ND 4 186,000 1,800 20

* Seearrows in Fig. 13.4. ND = not determined.

o by Jsb 3o 55 5 o e sy O (goed IS jsban aiily (oo Sl a4 b &35S jlas S g0
(oMb Saeglgd) Sl g S STy wiile a5l SCaisho slo STy g s slaanl B alewg 4 wilgs

A4



Sl slo Sl S gy @Wldlsw sla S Pl b gy ceiSoml ol kil M 930 o o]
9290 polic 5| (B laie anylic (Sanders, 1991) sgd s )l 55 5 O o STy b g (0b o jute
chale jolie a5 amo o (ylis o yslS ple S8 laal ol ;oo b asdllae 090 slalone (St laal 9l 5o
b YU ol sloalysd jo of alin jolie b anglic j0 ol> oy 0 @ sloal,ed o ol
JLad jblay) sk slaal ol canlis (20 i adgs slaol sl ool Jods 4y ol jam 4y Ls poe 4y 4z g
lio 4 (So35 53k 9550 655 b 4 oLl jlous ooyt (S ol jon 4 yod Ol 29,5 5 35 SV
S0yt 85wl s Jladsay (llie aloz Sl ailats 10 35z ge sandiy iy S5 Sl I atile 0uiiS By
dgli 03l oo Ghomaal oan ] Gl (b 1) adlllas 0550 (ol (Z& sloalysds 5l polie Jlasel ¢
-F) Jgaz 0 Jlaz bla (5 )0 6510 50 40 9590 sloasl 0l Koo b anlllas 9550 sloasljols o0 39290 yolic

Sl ool ools Lias (YY-F) S 9 (A

S0 50 10 0550 sl ol oo b adlllas 0,90 S8 ol ol ol 10 39250 mg/l golie cdalé anglin A Jous
(Rostron et al., 2002) o> bls &, ;0

Gwos sai il slaalye Ca Cl Na K

oo g 5 ailg, ag,F 70000 210000 22500 -
SIS T sl Slod il 34000 170000 67000 2800
bys o 400 1900 10500 380

25 - bl ad LSile
O SR e 16300 137925 66725 1600
Cra g yg b

9t ;,fu; Wort o 4189 87019 24638 502

Sleal g lase laalyel 52l 7764 131531 35933 796
el s gl glaal sl Sl 2117 63960 18523 290
o9k B ol sleasl el il 6115 86806 24273 593

S Ol slaal el ke
Oleadwastus

1010 48128 14356 135



200000

160000
Y
& 120000
80000 'I-L ‘I-L
40000
0 I l _— - - --I_L - _-I-L
X 3 R S ES 9 -3
R B 30 LR g
2 % a3 3 - R <
it 4 ERTE TSN N S N
- - 737 T 3 N % 3
33 2 b od 302
) - 9 ’3 ~ \%
J Z? j’ j .7‘_‘3; =
5 0

Hca Ecl mna Bk

3l golaidl gree suile 9,0 ol gl b adlllas 550 Sai (ol slaasl gl jo polic an cdald annlis YY-F SO
.9.,Birkle.et al.,2009, Bagheri.et al.,2013, Worden.et al.,2006)» 525 = »

ol ysd 5 Ly Of 3 seep Sjpo s el gle (b LlS 0 a5 ol (318 8 pate e
YL 5o 0 6, adgs gl g se S8l (2l ys Slacga, gL yo f slaaul 0d j0 0.0 s S92 g ol
o 25k ol Jlasal Llshawsy o Freeport ol> 4l g 5l as” 8 )3 plxil 1800 ans Lawlgl )0 cusie
bug pol> Jo j0 BN pr ool el (Botee 6350 i3u 0 B lacly slaalisd 5l ey
5 (Schnebele, 2018) s4i o ! ,5eiwl WIS ,1 j0 5995l ai5le ;I Lanxess 4 Albemarle slacs i
S0 slaaslygl 5l s as Jl> o (Jayroe, 2018) el 005 VADY Jlo 5l aisle cpl 5l p 0 Jlaseuwl g4,
sl od o p o aig lade (Brandt et al., 1997) coul ouss oo zly5uiw]l YA dns 3l oasie YL 5o
Collins, ) ol oo (5,135 i o p 5 o Fov e Lulls,T Ul o (Catesville) s gloaS ologe s
Sl 5o (s laad, 0l 5l cnlSol g QiS5 iz 50 (Sein) Sloalyed I eiren 0 (1975
Cosl & yais o (SChNEbElR, 2018) 555 o Jlamiinl HhiwiaS 5 5 il eyliwsas 1o bys T 5l 5055, s
@ o bl el an S Jee Sl Jolore ;5 001y balyed 51 bk lr (Koo wnl g glls oS

SYLL 5o e ads 5l 6t 5 09d o0 o ol jlIse Lawgi e 5 09l o0 haS 6 paie D>
2



Syl slaols 5l jeiS pl oy (JB3 o adgi as )0 B0 5l s ooS ] Jlas slaol> slaal ol sl susie
Collins, ) 09 oo (el (Sos laazl o 5 i slaol> slaal,gd 51 ko g by Ol 5l a0 YO wul
Qe (S Glawe j0 id 5 e S YV ) addllas 0,50 i (pole slaal el o 0 clale lade (1975
Y8e Siaghy adhie 5 )0 ol Clale lagie a8 08 (oo s g5l Gl )0 5 2 )8 e YOY U (Lol
750 laS g (28 yolie plo b anslio 1o T Vb o & Clile @ a2 g5 b oS woesl 1) 5 0 e
Jgaz tyid )8 e VYo o) lez (i slaal o 50 ol lawgio b oy Javgie dunlin g daal 5 cpl o

3,5 18 axg5 5,90 goladl olFaus 5 cianl g el o lus 4 owlio clale (V4 -F

Slo s sloal 55) slalypd wlis oz 8 il Sl 5 glsl pge (e e 3l J o
iloy Jed §) G258T SlaSinslS (Ko SlaiS 5 Wl s S b ay (g, (slatdg (S25
sty ~ T e K b ot (sl sl ol s et LS 5 ot sl
Sykes, « Al VF-F JS2) wies wilysl 51 (8 slags; 5 «B) Hg 3l (28 o, e ) 26 slesw,
b ,Lsls” 5 (Geothermal bring) ol )5 v sloasl i o (Oilfield bring) o ol slaal,sl (2019
(Sykes, 2019 «all YF-F S.5) wsd o gmine puid Jlgons pé Sins aslis g
Jlasul (Brine) lal,gs aolio 5 (Hard rock) Sloead o )31 slocKwils 5,60, 51 a5 puitd paie
az 0 b aeid 6 5 0(99.5% LizCO3) auid liy,S «(56.5% LIOH) i) donnS 5,000 & y90 4 55 oo
5 oSl gilwdind mlio o ed alSgue SloS 5 0sd oo Ladis (99.9% Li) YL pels
5 Egrlae 4505 29,0 daaiiS g certingll do ey (g5lus bl mlio ;0 meid Sl S 5 g3lus bl
5 aeid SLaS 5 eoliiul woys e (SyKeS, 2019 s F-YF USE) .5 o L5 eoliiul 5y50 olion
G5 o SLLS 5 see sy Sl (asiiie 4S5 sb 4y el sas 00,51 (o YE-F) U o calise mlio

VE) oS Gl s )5 (do )0 V0) Sl 9 (gilwainds (oo, TY) ilus, bl mlbo o

ay



Iy peid Sl S e Ol sy (o YF-F) Ko (Sykes, 2019) cowl 009 (2o )0 YO) mubio pl g (auo)o
] LBl 3929 ] Slo,S Cad jo (e0b; Sllwg g s o las Hlez ,0 YAVA B YRAY s )

VO« v+ lawgio B VAOY Jlo ;0 I sl oasxie SYLI Yo YV e oo sg0s prd Ol S e Cod
o dennS g 000 LS 5 el L (Sykes, 2019) cnl oo 5,155 Yo VA Jlo 10 15 0l ousie SYLI Yo
5o (Sykes, 2019) col jaie pl Sl S OS5 Cand aiols o g0l pid Olo 5L ol Solas jus
b o el samio VLI Yo YVevr S0 0 td OloS 5 0 Ccwld VoYY L

38wl (https://www.fastmarkets.com/commodities/industrial-minerals/lithium-price-spotlight)

50 1S5 0] samtie SYLT Yo VEO o+ B YVA Jlo yo Vo \Veevr 5lao,0 39/ ogls ax 0 b et

(U.S. Geological Survey, 2020; https://tradingeconomics.com/commodity/lithium) ool esgs \lwss

Both hard rock and brine operations can produce (<) The ‘MinEx’ geological framework for lithium deposits(_u|)
carbonate and hydroxide 5 e e
wrce figuees ore
= y pry— = e s S
,,I.M..u“ml-( S — i / 70,6 MY U (103.4 Mt Li 0] \\
X Wi T A
\ Brine isma"{___Carbaonate pr 1 Batteries IGNEOUS oo BRINE (SALAR / SALT LAXE) ™.,
{ = l:uam 14 s l:uml: """"
{I: l\lfﬂiﬂ,{ll’m.‘ \homsasasal.) 201 ML S70Me L )
{__oten J { A ) .._.;.._.:\
{_pharmacesticats ]
{ cremicas |

« Carbonates: Hard rock or brine?
.+ Myon d rock or brine?

CARDIT SAN DARVES: © Mint Conmotting 2659

The recent lithium prices are a historical anomaly (&) Lithium demand is in flux: switching to batteries (%)

Historic lithlum earbonate prices from the USGS & SNU
e China (2015)
VAC, e 2088 U Mlﬂ“‘d Bl
\/\\ — thium demand currontly eriemng e
om0 H oy L) LIS EUCERRES
H ;
3 1w acr
s W .

Consumer sppheations
account for mostlithium-ion
batzery coosumption (68%)

Demand for lithium-on battories
has tramstormed the lithium
market in less than a decade

finEx Consulting

o] Al g sdee mlie 5l 1,31 Gl SlilS 5 slo,l8 slaal ol a5 (o )0 it aliBie Sore molie (I LYE-F IS
S8 055U mlio jo g oad Ladss potd aS g j00m 5 Sl S O g0 4 bial el § LA 3l ol il pod (o s
Sykes, F e dSe) Sl o)l o pad Cwd (O 5wt mloo [0 puid eolatwl ws )0 (e (G ol oo 43,5
(2019

ay


https://www.fastmarkets.com/commodities/industrial-minerals/lithium-price-spotlight
https://tradingeconomics.com/commodity/lithium

oacxie ST e et o bl sl 0zl )T slystS a4y bogy po o] oo Slozr (Some 55 5 oy

i (Some golie epglae BlzasT s 45 (U.S. Geological Survey, 2020 4-F Jgox) sl Lo ¢ S !
O Ogebee Ar 099> & ggemma po g el Al Il g BB Olie 4 Gl peliw 0 0k olulil
s sl ol o ol )T ey slaasl el (slo B slaasl e 5l lS,{J.oT odztie OYLI 5o i molio .l 00w
U, lo,giS )0 puid Some molie .Conl 00l 00 uadd o (yaadan FIA Sgu> 10 5 sl beileX
(05 Ogekee V) cssese 5l 0 le (53 i 4 doyptS e (Some ilie sl 0uls 5T (8 (gelee VY
Osebee T (Lolein®) 958 405 ygeben FI0 oz PV LIl 105 Ggmken 3 (e 105 Giguken VY el
(Ol y2 5 g 108 Ot WY oSz (6300 08 Ooseden WY (S 50 oS80 5 LIS Y0 Lol ¢
N R L AR Lolol 1o Foee e (hin 8 Ol e womlo 15 Gaakee V oS 2
U.S. Geological ) ol o5 Qe v e ool g o3 Oe /e v e plaS jo o )lindls o D8 o o 51 eVY e /e e e g
OF coip a0 ;500 oS g eom o ol ] YVYA B Y10 slaJlo b o (Survey, 2020

.(U.S. Geological Survey, 2020) wlasls |, ez pid Same Sl g as,0 F g oo 0 Vs ,0 Frowas)o

US. ) Y12 g YA Glo b ;0 00isS 0dgi mpe 51,948 gy ouid Slox (Some 33 5 odgs oliae 4-F Jou
.(Geological Survey, 2020

Mine production Reserves®
2018 2019¢

United States w w 630,000
Argentina 6,400 6,400 1,700,000
Australia 58,800 42,000 62,800,000
Brazil 300 300 95,000
Canada 2,400 200 370,000
Chile 17,000 18,000 8,600,000
China 7,100 7,500 1,000,000
Namibia 500 — NA
Portugal 800 1,200 60,000
Zimbabwe 1,600 1,600 230,000
Other? — — 1,100,000
World total (rounded) 895,000 877,000 17,000,000
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Abstract

Gas and petroleum production in petroleum fields can be accompanied by brine production. with
its huge hydrocarbon resources,Iran has a great potential of economic exploitation to produce
brines. There is a hope to use the brines in near future because of advancement of technology.To
survey and evaluate the potential of valuable mineral elements in brines produced from oil wells,
to determine the probable origin of brines, and the salinity of water produced by oil wells in Full
of oil areas of the south, Ahvaz, Aghajari, Maroon, Masjed Soleiman, Lali and Zeilai oil fields
were chosen.10 samples of produced saline water have been extracted from the mentioned oil
fields. In this study, Advanced Instrumental analysis methods such as induced coupling-optical
emission plasma spectroscopy (ICP-OES), ion exchange spectrometry and Leipzro's
spectroscopy Arrangements for measuring major, minor, and trace elements, fluorine anions,
chlorine, bromine and iodine, total soluble solids (TDS), acidity (pH), electrical conductivity
(EC), sulfate anions (SO4%) and bicarbonate (HCO3"), as well as determination of isotopic
oxygen and deuterium ratios ,were used to evaluate feasibility study of valuable mineral
elements and determine the salinity source of water produced by oil reservoirs, saline water
samples. The EC value varies from a minimum of 9785 uS /cm in Maroon oil field (MN2-07) to
a maximum of 324554 uS /cm in Ahvaz oil field (AZ3-03) with an average of 201621 uS / cm.
The values of TDS concentration in the brackets of the studied oil fields in Dezful depression fall
from minimum 6360 mg /I in Maroon field (MN2-07) to maximum 210960 mg/I in Ahvaz field
(AZ3-03) and their average is 131054 mg /I.

The average amount of TDS in the studied oil brines is very similar to some of the oil brines in
the world. The primary source of brine can be evaporated Old Sea or present-day seawater, salt
dissolution, or atmospheric water. The primary origin of the brines produced from the studied

reservoirs was most likely the old sea water evaporated in lagoon environments.

The water type of the studied samples is from chloride-sodium to chloride-sodium-calcium. The
concentration of elemental brine produced by reservoirs can also vary over time due to
evaporation and the water-rock reaction. The elements Li, Sr, Br and I, which are very important
for the extraction of oil brines, these elements, especially I in the studied samples are less
concentrated in the studied samples compared to the brines produced from the world's oil fields.
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However, the concentration of Br, Li, Sr and other major elements in the saline waters produced
by the studied oil fields are high compared to seawater, in case of construction of extraction units
and extraction of important mineral elements from oil brines, in addition to part It is supplied
from the water required by the industrial units of the nearby areas. It is possible to provide an
important part of the maintenance and use costs by extracting and selling the mineral products

obtained from these units.

Keywords: Oilfield waters, Chemical composition, Feasibility study of valuable elements,

Source of brines, Stable isotopes, Dezful depression
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