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Study on treatment technology of aquifer water with high iron
and high CO, content
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Abstract: Aquifer water with high iron and high CO, content is used as the source of injection water
for an oilfield in Iraq. As similar water quality treatment experience is rare in projects both at home and
abroad, it is necessary to develop a practical and economical process system for water treatment. Via the
investigation for degassing treatment facilities and iron removal facilities; after process comparison and
simulation experiments, an economically viable and technically robust water treatment technology was
proposed. Through simulation experiments, it is demonstrated that the treatment process can reach the
following treatment performance indicators; Total iron content was reduced from 71 mg /L to 0.5 mg /L,
CO, from 225 mg /L to 10 mg /L, TSS from 98 mg /L to 10 mg /L, and dissolved oxygen from 1 mg /L to
0. 05 mg /L., meeting the specifications of the injection water of the oil field. The research results provide
reference for the treatment process flow selection of aquifer water with high iron and high CO,.

Keywords: Oilfield water injection; Aquifer water; Iron removal; Carbon dioxide removal;

Deoxygenation; Water treatment process
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Sy HH ATAL AR = B SR F K T 20T R DA SE
Fz1 HMTKKREFAKRIEIRR

RIS o VKK IR 322 A A B R K (2 H R
IR AL BEIR B K FEAREESR N AERFFE TG N ), b KA
RANFEKIE . MR K B Fe ik iR 5 CO, JF
R BRI AR A W S R A Fe SR UTTE RN Fe 4HTH
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FE M K FE AR IS A AR FH K o 3% H b R K Ak
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Tab.1 Index of aquifer water quality and water injection quality
T H SRR 5T HokoK e |5 H JFIKOK R 7KK BdE b
IR /°C 50 — e /(mg - L) 1.4 <20
T IERTAM L B A RRLTE  — B /(mm?® -7 1.379 —
M B PR [EA (Total Suspended 98 <10 PSS F &8 /(mg - L)
Solid, TSS) &t /(mg - L") Na* 71 800 —
BIFYRAE P E /um 10 <8 K* 1 060 —
SAVA #8145 ( Total Dissolved 266 250 — Ca* 19 200 —
Solids, TDS) & /(mg-L ") Mg?* 4 120 —
JATERE /(mg - L") 64 908 — Ba®" 2.8 —
BB /(mg - L7Y) 5.8 — Se?t 875 —
SR /(g - em ) 1. 170 — . Fe 71 <0.5
pH 4.26 = Fe’" /Fe’* 63 —
Tk erat /(mg - L) <0.05 — BT &8 /(mg- LY
I8 COo, &&/(mg - L") 225 <10 Cl- 157 030 —
WA s /(mg - L") 1 <0.05 S0;" 165 —
HCO, 7.0 —

2SS % 105 °C FARIF W EETDS S 180 “C T 4RIR I Bt s SBIE L CaCO, 3,

HH 2% 1 ATN, 20 H R K 75 22 L bR Fe TR JUiF
B CO, Misfip s, 7 Bl e K S AR BoR . [, # R
Kb TDS Era 808, Ji T itk K . B Fe & & &k
71 mg /L, A6 T R AEH A 0Lk R Fe /Fe’ SR
RE S PR Fe FhviiE ™ &, fk 2B Fe (145
Fe’" /Fe’" J Fe JFUUUHE, AR I FRER Fe) Fl BRI CO,
A 3 A A B A

2 MHEAMTKEETZE
2.1 Bk Fe HikiE#F

Tolb# FIBR Fe 7 A FAR AL b S AR
RIS R 7 N i K R A7 SRING U7/ b N e Bk (7
PR o WHIBR Fe Jrikxt LML 2.

15 2 AT, FELAL S A TR AL BRI s B8 1 S ik
KA AR S Fe ™ 28 A i S OB 3 T 3 S

)22 T, 5 000 A FRAICR T A AR T R IR AR
R X A B SR A 5 , v R K A B I v b g
YT [ Fe® /Fe 3w AL FR KUK F5 2h i
TR K22 K AR A R AR R AR AR
Fag v Bk ¥ RGE o T %0 R K Fe?T/
Fe’" Syt 5 ( >20 mg /L), B— b T2 AR Ml il A2 Ak
PRAGAR R, D, HEZE R F A R S b7 5 4 il A Ak vk
AW MR Fe SR R #H—pH X R, 7E
AAL &M T, pH > 5 Bf Fe 5 T4k -y Fe (OH) , L
Ve, ELBA pH TR Fe®' /Fe’ By AL Rk, T
JEKk pH(4.26) SEEIRIE , IR 10 Fe® A0 , il B4 Fe®”
/Fe’ P S BT pH, 45 A (RSP AR
PEATK Y, H Fe® ™ S AL BUME IR Tk 89 Fe' ™) 1y 7 Rk
Fe" /Fe’ Ly thok . MRS 09 LT K 1548 KSR AR D g
Mg,
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Tab.2  Comparison of iron removal methods
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A 5 4 A 790 B8R figp ™ A 5 SR AR 5 19 07 5K, A
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R T I A A kA SR AL A 1R, o HL R A
M REAEAE P TR Fe? ™ 1 Mn® " S04k, B IR
VE B ARHE R 25 B

M Na " 5 H " S BR Fe, iAW 58 T8
B feikshia

Fe(OH) , Y UBORL ELA2 > 100 nm, i 5 g i
(4030 nm 5 100 nm GFLIEAE) ATA7 20 B K
AIFYAAN/NE Fe(OH) 5 YTAMWYAFZ8 Bk

pH>6.0

A FK BT EER s — P i aod
if Fe** &8 <10 mg /L; Figi4h
Wid g Fe® " &4 <25 mg /L
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Tab.3 Comparison of deoxygenation (degassing) methods
AT BB AR i A B
WL UiFES CO, R E A K R, K R FES CO, BEA WRIB CO, B[R] N HE 4R BRI EEE 2
i
AR v A A FUBER LA A, AR T AR A — M A O 4R BEsR KR <50 °C ik RS H AR 55 H v H]

liF CO,  ZFR AR b A AL B S A o5 — N, i
WA REHE Y, 8 i s K SR T 43 T R
PR (R N, SO0 IRE + il

23 7 2K R U RS R

T A H A 230 45 -5 7 b i i SR AL A
TP T, LAAEI A H Y

AR K 7E HL 25 T 3k B W 6, T 128 21 i
HHK

o AETE TR RE KON B o A AR K
R 32 ARG, 7K i 4 5 B L 3 9k /)
FEAIG, S K it H
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1 9% RS A K TR R B LTSS ik
FRE R, T, SR FH R B 3 + B2 ATk AL A& b 3 5 5K
FBRAK R E R E CO,,
2.3 1EILIE

MR A K Fe mdh (& CO, MFEM 425G T K
CEA AT X RS A T SE G 4, X pH (B R T
Rl B B 2 1R A 7 S SR A9

TEHL T K BR Fe s 72, pH J2 2 BR Fe 11 5C#E [
o NERBET HABEAER CO, B Fe T2, 02
TEATRE ) BB m K RE pH I TRALER Fe T 20, #B2R
FHMCAE pH KA Fe? ™ /Mn® " B9 AL R, 3 a1k
JE 55 CO, FIfE Fe K, BEIGE B pH {H 25 Wk Fe
BRI BN E 22—,

AN X BR Fe FIBR CO, B IR BRI, 8
ISR AR BB T R R o

£ 50 CAE IR A 24 F 3T 1000 mL K #4743 40
SEH A T N e 5 .
2.3.1 pH{EIE¥HZR

WHNERR Fe " /Fe’ Bk CO, et pH, 78 UK
FEINPE R MR EE H9 0.5 mol /L 1) NaOH W 5 5K pH, i
FHEKTELER] O, ik, B BIHEAT T %% M T80 FElE %
P00 F Y NaOH iR INSE0 . SConab R %K 4 ~5,

R4 THAEKMETIAT pH 3t Fe® /Fe®  RilfE CO, %
MR
Tab.4  Effects of iron ions and free CO, by adjusting pH under

sealed conditions

NaOH Fe?' /Fe’*  ## CO, TSS

pH W&/ &'/ St/ ora/
mL (mg-L™")  (mg:L") (mg-L7")

43 0 69.5 216.4 100

5.3 13.5 56.5 122.0 125

6.5 28.0 18.0 88.0 228

7.0 33.0 15.4 33.0 242

7.2 62.5 0.2 0 252

®5 IFTHAKEHETIAT pH 3t Fe®’/Fe®” Rilf® CO, W%
masR
Tab.5 Effects of iron ions and free CO, by adjusting pH under

open conditions

NaOH Fe2*/Fe’*  lifES CO, TSS

pH  BWHE/ &%/ TR/ T/
mL (mg-L™")  (mg-L") (mg-L7")

4.3 0 69.5 216. 4 100

53 12.3 55.0 118.0 127

6.5 25.2 18.8 86. 4 228

7.0 30.5 16. 4 32.8 234

7.2 60.0 0.2 0 245

7.5 150.0 0.1 0 260

M4 ~5 L%, BB NaOH 59 AT LK Fe "/
Fe’ "SRR CO, SRR H/KE SR, H i TR K
JEK H K CO, , B Al R A inmd ks pH 427151 7. 0 LA
SRR, AR
2.3.2 BE%R

F I UEBE SN B Fe® /Fe’ " [R50 5, 76 A I 35 J5
7K pH (A LT X Ik R TR RSE g, A5 SR LR 6

*®6 BuEEy Fe® /Fe’ BMm%

Tab.6  Effects of iron ions by oxygen exposure

f%f“ﬁw / ﬁﬁ?rﬁ/a‘i / fig/fe)ai " Fe &
15 3.57 46.3 26. 5%
30 3.70 47.2 25. 1%
60 3.85 47.6 24. 4%
120 4.10 48. 1 23. 7%
240 4.43 47.6 24. 4%

N LBR Fe® " /Fe’ [ CO, MBS LL , OF
Pt NaOH #eBohn &, FH 28 O IR 20 5l #E AT AN 7)<
WECEI(L 2 1.2 0 1.4 2 1) (B, FRZEAT pH 3895 52
5, AR IET ~9,

®7 EBAEETRRE 1 BRKE, B pH 3t Fe?'/
Fe’" Riif& CO, Mm%
Tab.7  After oxygen exposure (gas-water ratio 1 : 1), effects of

iron ions and free CO, by adjusting pH under open conditions

NaOH Fe?'/Fe®*  li##5CO,  TSS
pH  WWAE/ &8/ T/ o/
mL (mg:L™")  (mg:L™') (mg-L7")
41 0 63.0 111.5 108
6.5 9.5 48.6 94.0 182
7.0 17.5 46.6 19.7 200
7.2 24.0 10. 8 48. 1 182
7.5 24.8 0.9 0.0 218

®8 FTHKMHTRMIL2 1 BSE, T pH 3 Fe®'/
Fe®" Riff B CO, W& Mm%
Tab.8  After oxygen exposure ( gas-water ratio 2 : 1), effects of

iron ions and free CO, by adjusting pH under open conditions

NaOH Fe" /Fe®" i CO, TSS

pH  WWHE/ &'/ TR o/
mL (mg:L™")  (mg:L7") (mg-L™")

42 0 67.5 55.7 88

6.5 7.4 30.5 14.2 188

7.0 13.7 13.7 0 192

7.2 16.5 4.5 0 206

7.5  20.5 0.8 0 186




£9 EFHAELBETRKES 1 BRSEF, A pH ¢ Fe?'/
Fe®" Rilf % CO, KyZ Mm%
Tab.9  After oxygen exposure ( gas-water ratio 4 : 1), effects of

iron ions and free CO, by adjusting pH under open conditions

NaOH Fe?'/Fe’"  iifE CO, TSS

pH  HEHE/ &8/ it/ o/
mL (mg-L™")  (mg-L") (mg-L™")

4.5 0 58.5 29.6 78

6.6 3.0 36.5 8.2 154

7.0 12.8 4.8 0 198

7.2 14.4 1.7 0 206

7.5 18.5 0.4 0 224

36 6 ~9 nJ 1, K [F] B A Ab B, ] A5 R H K Fe®”
£10 BATNBEIRERE

Tab. 10 Results of settlement test
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FEALRL Fe H FUBRASOR PR AL pH (1% T AR A A 1l ]
& Fe JFTUTTE , B Fe SRARAIL, HLIRS i 134 A REHE = %t
R KA BR Fe 28,80 pH A 815 2 Ab 2 OG5 5 g < RE
RO B B K iR S CO, N2> NaOH 5 W ) T #E o,
TR 41,
2.3.3 gL

H T RESOFIE Y pH S, KR Fe' T JE BLDTTE 3N T
K TSS & i, e 5 SR AL B T2 DT R [], 2E 4T A
SRUCKE S, DAAWLL 4 = 1 B /598739 pH, #E 17
30 min 1 h 2 h F14 h #&, 5FBCE R TSS & &,
5 10,

HH 3R 10 W0, FAR DRSS LIS ] R 2 by S ARART
B ERHE) , EA T 2R B 0 PP 52 56, 0 24 )5 B 41 20 min 25
W11,

NaOH ¥ Fe"/Fe’" Sk / TSS &g /

VLF% 30 min TSS

Pk 1 h TSS ViR 2 h TSS JiFE 4 h TSS

H =} - - (=) - [=) - [=) - =) =
o AiE /mL (mg-L") (mg:L™") & /(mg-L™") FE/(mg L") FE/(mg L") & /(mgL")
7.0 12.8 4.8 198 76 42 38 36
7.2 14. 4 1.7 206 82 68 38 36
1 OGRER EEAITMNIBRERR
Tab. 11 Results of coagulant and flocculant evaluation experiment

475 pH J5 TSS WEERNZGE / gEEnnzgE s AFEUURERE TSS FEk /(mge L)
pH =% -1 -1 -1

Pt /(mg-L70) (mg-L"") (mg-L.7") 20 min 30 min 45 min
7.0 198 20 2 12.7 10. 6 10. 6
7.2 206 20 2 13.6 11.1 11.0

I3 1L R, 5 T 22 68 700 R TR 5 571 I, 2R 056 I 1]
20 min I BI AT BAC A BTS2 B RCR , B0 2R 551 AT
R 246 e U RIS 8], 4R R DT RICR o

2.4 I Zm#

R KEE G AN T2 AR UL 1,

.
R N ' 'Hﬂ\
e g VR
NaOH | £ s o HRlES
TR 2L &
=T 1 4 O
=
WU e ok 21 M -
i L FEACHE

=1
Fig. 1

HH L 1 AT, B S K AR o, B e R T2
BRI CO, MThRE, BT RDRE K b o i 2
CO, WX, UiF 5 CO, &1 225 mg /L f& % 50 mg /L, [A]
I8 K P A A

MRS 5 7K i NaOH S WM pH £ 7.0 ~ 7.2,
pH FH )5 K& Fe ™ 2 AL AL Fe’ " I MUK RT3 ok

WMTKEEREIZRER

Process flow of aquifer water treatment

Krp Fe /Fe® &i i1 63 mg /LR 10 mg /LT, T
Fe’" /Fe’ " YiTE i3k, K TSS &2 ) 100 mg /L T+ &
200 mg /L Lk I, [ B i Fm A NaOH 35 ¥, 7K H Ui 25
CO, &k —REZE 20 mg /L LI,

2 BR TSS [ Fe RUULIER , 7EK R IMA SR EEH] . 1
R EEDIE MR T UIVE , VIPE NS TSS 2 50 mg /L LIF,



AARS55H
1 38 NATURAL_GlAS AND OIL 2024 ﬂz 08 H

T I B A (AT SRR D UE A%k T i R A BT U )
¥ TSS HE— P % 10 mg /L, B VR R AR T EBE 2
8 um AT,

b U R 7K G 2o D o i — 2D A AR AR R
4 Fe’ /R K h Fe’ /e’ & B E 0.5 mg/L
PLF,

e S i Ao B I AT 2 B K e A SRR R A Uit
CO, , MR ¥ TARZ 50, B2 I A0k PR K v 3 i 4 5 1t
%£0.05 mg/L LR, EE CO, & &l 20 mg/L [§ %
10 mg /L LIR o JE, 7K 5 35 3032 9 F T K 46 AR 220K I
HEA T2 AT

3 #ig

1) ARBIFGE J fftpke i Fe 55 CO, i R KA FRFRAE T 25
BRI T2, T2 RN Z 2% & CO, 1y RFRix
7L AE R

2) Xt T Fe i CO, Hb R /K A A0 B, 4 77 2R T
BT IR, A R I 4 0 1, BEREA 4L
FEAR CO, & i, SRR my /K rh i ik S0 & B, N IR 2L R Fe
AFRERHE O, , HAJ A R R AR 5 22 NaOH #2484
Rl AR

3) 3@ Y pH WA R BR Fe' T /Fe’ I RERE KT
B CO, &, pH{LE N T7.0~7.2,

4) 38 38 7 VR O ) RN 2R BE R, AT AR R K Ak

5) BRADL S0 B SE S FH A9 5 Fe i/ CO, BN KZR G
AEPET 2T RE LT AL BRAE B - 5L Fe RN 71 mg /L [
Z 0.5 mg /L, 75 CO, &M 225 mg /L [EZE 10 mg /L,
TSS Fr it 98 mg /L [ % 10 mg /L, 48 i M\ 1 mg /L
[ % 0.05 mg /L,

& Lk
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