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Mechanism of Hydrogen Sulfide Generation During Tight Qil
Development at Mahu
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Abstract: In the development of tight oil in the Triassic Baikouquan Formation of Mahu Oilfield, hydrogen sulfide has been
detected in 62 percent of production wells. In order to find out the cause of the generation of hydrogen sulfide, qualitative
evaluation and quantitative analysis experiments have been applied to investigate the hydrogen sulfide generation by bacterial
sulfate reduction and acid-rock reaction individually at reservoir condition. The results show that sulfate-reducing bacteria
cannot multiply and produce hydrogen sulfide at 50 °C or in presence of bactericide. 4.34x107° mol hydrogen sulfide are
produced by the reaction of the 50.0 g of core powder with 15 % hydrochloric acid. The primary cause of hydrogen sulfide
generation is the reaction of hydrochloric acid and the acid volatile sulfide in the reservoir. The research results provide an
important technical support for preventing generation of hydrogen sulfide and for maintaining the safety production of Mahu
tight oil.
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e T8 M XA R R AR R N i A ——of
MR AN, HARZYN 7 300 km?, B A =% A
TG B 10.0x108 o W 2R A 6k R ik
9.5x108 t, ZiTEHE T HE 1 390x10* t, 2 4
P EPER RS . B XX S X EW IX E E ihT
KM, BT FHIF L R, 62 % B9 =
&, W FEAMGLE 1~422 mg/m? , FR Hf vk
FEIK 1670 mg/m® . GRALEEIMEE) T FEE
SRR R R It A s T ) A

B fb S — P 3 R, GBZ2.1—2019 B
fq i, TAEG = b mifb & i & S VPR E
10 mg/m3tM, AW AR R 1 g/m? (965 Ak S 7 5k
FOBh N BRI BB T 5 W] BB Ak STl i, k2
JHJE P, N B A R T S TR 24 A kAl
FrOER SR LIS R SR, R, #ifk
ABFE R AW E S ZEE TIEZ—,

AT, FRM A= 53# (TDS) | #fb
T R R 8 i (TSR) | A W it 12 1 38 I (BSR) Fl e
He R PR I HE A P R AL U A Y R R R T
PR, 85 BT A2 R AE P IR R 3 J5 AR Ak
AMEERE L, N ERR 5 i 2 A 0 T R & PR
e (AVS) I, e XX I XAk 27 A i
BRI o AFSE R B R P AT A S R A
FERE, I A m T R PR AR S

1 LIS FHE

1.1 AR

AL R A SR B (A H)D; BEEFR
FH 55 (FIB-SEM, Crossbeam550, [ ZEISS %%
) 5 T W 3R 46 (HQ45B, Rl b sl )2
ALERT) 5 BRBRER A U (SRB) i & (HX Y, b5t
HEXE TR ) 5 BAbsn (sl , T8 E Rk &
L THBRAH) ; AR (G >99%, M KESAA
BRAN D) 5 BRR (S3Hr4li, 98% , TBA51L TAFRA ) ;
R (S3HT4E, 36.0%~38.0%, JEHB T A REAL
BT 5 LFR%E (ATl iSRRG Ak T A PR
Al) 5 SFRER (sl RS A AL TABRA R ;
N, N— 30 o8 — fiedh fadh (rrall, Kiies
Ka AL THIFFEAT) 5 BICRE (T 5, BB A, B i
FH 3 XX Xt T30 5 S8R0 CTolk i, WA, Brae

T XX DXt T30 5 B ol it AR, 35
SEEH 3G XX DX T 30) 5 ARG s Ck
VAR, IS AR, BT S XX Xt T30) 5
JE LA 3 B8 0.20% AIRIKE, 0.25 % Z2BEF
0.01% WEEH , 1.3 % WARGS IR, HA K . 2R
Fic il FHK B 740 #r: 573 mg/L Ca®*, 10 mg/L Mg?*,
1 294 mg/L Na*+K™*, 26 mg/L HCO%‘, 1 268 mg/L
SO2~, 4 627 mg/L CI~, LB 7 798 mg/L, pH {H
7.005 7 W K BT 3 B B B R 30 i TR I 2
1160.40 mg/L Ca®*, 44.92 mg/L Mg?>*, 4 611.86 mg/L
Na*+K*, 1 035.28 mg/L HCO?", 8 683.26 mg/L CI,
9.86 mg/L SO2~, ™ fLJiF 15 545.58 mg/L, pH {H 7.94,
TRREL AR EECH 6 1~ /mL; LB FK . LR=E A
il s FE RO =8 2 E LR A OB Rk &
I A HLICER 0T : 86.03 % Bk, 13.57% A,
0.33% %1 0.02 % Hi %5
1.2 L HE

% 1B GB/T 16489—1996 { /K Jfi — i Ak 9y fit) il
FE— BRSO EE L) L il 2 A i it
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P HATRIFRIERIE LR
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Fig.1 Standard curve of S

hAm RN A AL R I E SR R (1) #%
Pl 2 1 o 0 2, Sl R R A U 5 (2) Tl i
BHRSIMA 20 mL LFREE- L BRENEW; (3) R E
MR 85 °Cy (4) IR A BT my BA
s (5) DL 100 mL/min 793 B 1 A A< 20 min;
(6) RMIEHWE A 170 mL ¥R EE 15% MR RV ;
(7) LA 100 mL/min (Y3 B3 AR S 60 min; (8) DA
300 mL/min FY3 B E A S 30 ming (9) VRIS
NEEZEEANA 10 mL N, N— e o8 — fi R madh
W (10) A 1 mL BRFRERER , 7850 F82T; (11) Ji
H 10 min J&, FIKFBEZE 100 mL; (12) [ 1 cm
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eI, PAZEIRKES T, RIS 665 nm Ab &
WEEE s (13) fRALAR y = 0.0086x + 0.0059, $1754
B T B my , MIBRAL SR B =mox34/32,
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Fig.2 Generation and test device of hydrogen sulfide
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RS T A XL %) 03 e P o I KRR A T 15
i L 359 L B 758 SR TR Rk i I
PP IR PR A SR PR R A R AR IR B 7 AR K
AR AR RRAR 2 TR R L &, ik L
SN RARAT I A SR R A BRAL T 42 (FeS) BT, i
PR e B AR A, IR keI
SRR . AR BRI I B R i s TR B Ak
AR PRRE T HEDUARE S PR R RS R B v,
AT E IR A U A

2 RS

2.1 3 XX RS =ENIES R

SR G ER AR IR BB B Tk &0 A B R AR G
o B E TR ICER LA 7 S v B Rk | E Ry
R EESS: , SRR HoS, HUZ /K SO2-, LKA )
R TR A R MR IR R AR, A
TR A HaS F= AR ML AT 3 XX X = A ik

A ATREME
2.1.1 EFhife APk

AL A AL E R A LB S 3R
A2 o3 i AL 2R BRI R I i

AR SIERT , S 2 W2 oy i A
H,S Wit 7 A LG & W i F b 22 o0 i . SR
SEOV B, 5740 IX B AEZEIRIR G, Bl A T ER
FHE (110~200 °C) , G KFE R A, &F
TR X PR T AR A 0] R SR R e, AR AL Ak
W& TP KRR X o, 28750 R 5 B
M, B A R R 2SR IRATAY 0.31% R IR H i
1) 0.25%, 2B JEm i S B A LIL A e bz
it R IE R T AR AL R 3D XX I IX M
85 °C, HIEH B &2y 0.02 %, K T30l [
BB & 0.26%~0.53%. [Ht, 7EJMR IR
85 °CHAF T, ¥ XX HIX I ha HLER b 5 i
I A2 R A Ha S,

B Rk 78 Ak 22 I A T 98 SR 0 1k &
() 2t A R B 2 B R R R T R AL A i R
ERIR IR Bl 7, 6 A B N A B TR RE T LY
T 1 AT ) b 2 B R R S R N A T
Machell' IAy, AL AR IR BRI A B R 1<
B LT 100~140 °Cryfig)z , (BN B, 7ERELL
THOLT, 160~180 °C &AL B IRER I J5 S 75
ATRRE 5o MR MRS AR, A A R R Ak
=P R A SRR N 5 28 05 KT 140 °C s M
Ak e 2 YNy, IR A B R 3 TR A A TR R
140~200 °C, I3 JFR TR FHIRES | 5
Tl | 43 )5 1 e S AR AR AL S SE 8 . 2
REW, IRERT 200 )CAEP AL, KK
S04 2 B WAL S 0 43 A1 B SORCRRAE | LT 3R
PR S B A1 2 B e == e U A e 22 7
FRERIAR LR o FTRE)ZIR RN, 35 XX XA
LA E P2 AR R R SR A

MH, 3 XX HXFHHH Ti0% ERIRTHR
SIMTEE SRR HoS (R 1) o S RUFI T3 XX JF
XA AL AR R S B G PIEE A

1 EXXHAREHRHRAKRSERSH

Tab.1 Natural gas composition of the exploration well in MaXX Well Block

b AL 20 JFB/m CH4/%  CyHe/% C3Hg/% i—C4Hio/% n—Cy4Hio/% i—CsHpn/%  WifkE/ %
2014-07-05 5 87.65 4.98 1.80 0.95 0.84 0.58 -
2014-07-16 107 321820-422000 o ) 4.98 1.86 0.95 0.81 0.52 -

T —— A
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2.1.2 EYIBRRR IR

T P BR RR R S5 48 B R 61 i B A P 25
AHLBT LA A AR IR SO VR 45 SUARIE S R £
MBS . BRAR R B e — L IR i fb A
TR AGERR , Hopol PR A RIS & 20~30 °C, AT LA
FERIA 50~60 °C I T AR Fik, HifRihid
JR B P A A ST BE & AR AR R 2 SO T
Go 3 XX X LR & WIS HLHZ K 8 SO3-,
AR A R R R A DR 7 A= B Ak U A A o
2.1.3 B4R MR ALY 5 R

TR R MEBAL Y (AVS) 28 TR b vl B i 1tk
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fE 30 °C'F, >R FH B R 6 i JR i 1 95 S W
A5 85 35 77 WO B R R A TR R, A5 B B R
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PRI I P AR A A 0™ A R 52

SCEREE AR (K 2), H XX FH XK=
PR Eh 1R B FE 25~40 °C Pk ZEm , 1R Ik 5 i 18
7.0x10° 4~/mL., 7E 50 °C KA FIRFE, HilRER A I
A BB = e R (B 3) . Ik, A2 IR
JE R 85 °CHYHS XX HHIX, AR Eh A JF i AN 29, th
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DL 87 P 0 R TR 0 A B AR K 1 R
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Tab.2 Growth of sulfate-reducing bacteria at
different temperatures

S WURBRERERC IR R R RS SRR SR B A/

7

F5 (<104 -mL™Y) °C AE) (x10° 4~ -mL1)
1 7.0 25 2.5
2 7.0 30 7.0
3 7.0 40 7.0
4 7.0 50 0
5 7.0 60 0
6 7.0 70 0
7 7.0 80 0

B3 AREBRETHREDREFEENLMERE

Fig. 3 Image of sulfate-reducing bacteria test bottle at different temperatures

#3040 CCHEFRILI AR, AT LA, Fifk
S AR BE S A R R I R e A G, B R TR
PIIRAT Ko BIR R 340 ST i 1K HL ke D i B
TR B T B0 K OB S0 A R N Rl

e BR3P 8 3% T 591 B AT S0CHID S i I 3 D T A
FIH. R, A2 IR R | R R s B E TR )
[k = 45 N 3R T 20 W AL S AR R F BRI
MR SR
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Tab.3 Growth of sulfate-reducing bacteria and generation of H,S in different cultures

BARER SR/ (> -mL")

LRTS e A= AL ST ug wE
1 103 108 216 T R R 1A i B b R
2 6 0 0 7= K
3 10 0 0 TR 2
231 XX #REHSHBR N =HRA S K 225 i

2.3.1 FS BRI IE AT

FEGAIG R AR rp, BRIR SR J5 B A B AR FH AN
R ER AL AR AT AAE AR, 2, S 5161k Fe?* JB
AR LY, St — 2P RN R, IR AT
DU R 207221 R b kA SRR AR A
AiE. YUY G = ZHib P i fb S, 2
PPl S kA A7

VR 5123 SR S5 AR I AN XRD 45
DR 3, IESE T SR AR — WX =& R H
TR AR 5 e A 2 A LB AL R A e B
BRI . FIB—SEM Z5R R8I, Bl i =& R [
PRI S T & ke (| 4), E— B R
Yoy Hiis 218k e A b & /T 0.1%(R4) .
A FEERE S AR, H TS BEALI 2 A1 A i 2k
AR

AT
a FAREE

B4 BEHTHERREEGINGELE

Fig. 4 FIB-SEM image and energy spectrum image of FeS,

x4 BORSHESHESRY SERIT

Tab.4 The content of FeS; in cores from Mahu Oilfield

5 R % 5 B %
13 0.001 ¥ 139 0.012
#5132 0.090 152 0.018
133 0.022 ¥ 154 0.002
¥ 134 0.011 15 0.012
136 0.005 16 0.007

2.3.2 G2 00E S R ALY A A ST ST
R REAR S T, B % o T 2L R T AR B
H15% ERFRIRALIE 5~135 m3, ¥4I 1R e FH &

x5 EXXIBaHEREREAE

Tab.5 Dosage of acidizing fluid before fracturing

H= R i /m® 5 v it /m®
3 A1297 110 #, B20025 57
¥ A1299 76 ¥ B20022 25
¥4 A1300 68 ¥4 B20023 15
¥ A1303 17 3 B20011 15
¥ A1304 90 3 B2055 25
¥ A1305 70 ¥4, B2013 5
¥ A1306 70 ¥ B2007 5
¥ A1307 90 31 B2042 27
¥ A1336 135 3, B2043 10
¥ A1342 70 ¥, B2072 42

EERE RSN R IRES, AR TR HCL
P, #2019 b e -5 3R S A s Ak Ut
FEER AL AR N I RRAE K PERRARY) , tk2 U0 XS
PR EAGEIRMERIR S G820 T B A R
(a7 Lk e W

XS + 2HCI1 = H,S T +XCl,

E R VPO ERIR -5 RRAE AR AL SN A 1Y
L AL, AR SCLA T 2R e ) 7K M S0 A X 1, 3k
B XX XBGEH =& 2 0 HRAUE SRR T
R BV S, AR IR 6.
®o6 BMERNTHRUSEE

Tab. 6 H,S from acid-rock reaction

Sy WRARE O RRERL O TRRWY 15% HhiRR/ s/
75 g HilK/g g g ug

1 50 170 0 0 0

2 50 0 170 0 0

3 50 0 0 170 147.7

YRR R, ASIMER R AE BT, Bl A K
RS 6 E A B AT R A YRR
i}, 50 g fiff) 20k 7= 147.7 g Ffb A, HE—
S R I, AR i S A ST A A DG R K
47 0.997 8, PiE HARIFIIZME X R (B 5) .

e iR RZRIE, 100 g B XX HX Gt
BRYE K PERR ALY (DA FeS 11)1X 0.308 mg. H1 T
I ELA30, BB B X B4R AR I 3D XX IR XA
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Fig.5 The relation between core powder and H,S
2.3.3 BGgmfL S I EN

MGGt kB, A XA SR S R
A K 3 XXA X IR WA &30
70.0 m?, 77 A BRAL EHR B YA 102 mg/m?, fix
AN 1670 mg/m®, ) XXB H:-X BRI i
SR 26.8 m?, 7 AL SR Y 29 mg/m?,
e 322 mg/m?,

[T & B, Rk BB AL S0 A I 5 48 R 28 e
AXo H A1336 HACE IR R 25 9 28 74040,
T Ak Sk FE AR X ARG, o8 80 mg/m? . 20194F 5
A, HFAEH I A1342 H R 3B 2448 70,
F3 A1336 5 KHEMN 43.4% FFHE 95.0%. [RIAT,
o A1342 JEm Ak R i a Ak S T () AL 2 3
A1336 I, S EOZI 7 A B AL SR R A
1670 mg/m®. BEJS, WAk S B 200 F [, J 5
ARYEFFLE 10 mg/m® IR (K 6) .

Al SR B/ (mgm )

N S

I I

NS q»b &S

H

6 T AI1336 AU EIRE

Fig.6 Concentration of H,S from Well MaA1336
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(2) TR B R B R R A S TR A 7 A
AL &R EZR A . B, S PIRR RR R A AN 2
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R MR SOV 2 30 E SR 2 T & ik
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