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Abstract: [Objective] The reservoirs of the fifth member of the Ordovician Majiagou Formation in the southeastern part of the Sulige
Gas Field are mainly carbonate reservoirs. During the production process, the formation water produced seriously, the gas—water
relationship was complex, and the main controlling factors were unclear. Restricting natural gas production in the area.
[Methods] Based on the analysis of the chemical characteristics of formation water, this paper uses parameters such as
chlorine—sodium coefficient, desulfurization coefficient, and sodium—calcium coefficient to analyze the formation environment of
formation water; then, it studies the formation environment of formation water through single well identification, continuous well
comparison, and plane distribution characteristics. The distribution rules of gas and water; finally, the main controlling factors of gas
and water distribution and their impact on oil and gas production were studied based on the structure, ancient landforms and reservoir
physical properties. [Results] The results show that the formation water in the Ma$, subsection in the southeastern part of the Sulige
gas field has high salinity, with an average of 148905.46 mg/L, PH shows weak to medium acidity, the water type is CaCl, type, and the
formation water overall is low chlorine The characteristics of sodium coefficient, sodium—calcium coefficient and desulfurization
coefficient, high chlorine—magnesium coefficient, metamorphism coefficient and salinization coefficient make the formation sealing
better, which is beneficial to the preservation of gas reservoirs. Vertically, the formation water is divided into structural low water,
isolated lenticular water and low permeability zone retained water based on the differences in origin and spatial distribution. Water in
structural low parts is common in the relatively low structures in the west of the study area and in the relatively high structures in the
southeast. Low nasal recess; isolated lenticular water is less developed. On the plane, water—producing wells are mainly concentrated in
five areas including G4—8 and S158. The eastern part has a larger water—bearing area and is mainly a gas—water mixing area.
[Conclusions] The distribution of formation water is controlled by three factors: structure, pre—Carboniferous paleo—geomorphology
and reservoir heterogeneity. Structural highs control the vertical gas—water differentiation, making it easier to produce water. Karst
paleo—geomorphology controls the lateral distribution heterogeneity of gas and water, making the permeability of some areas low,
affecting the development effect. Reservoir characteristics control the efficiency of gas—driven water. Reservoirs with better physical
properties are rich in natural gas, and blocks with poor physical properties retain more water, affecting production.

Key words: stratum water; distribution pattern; main control factor; Majiagou Formation; Sulige gas field; Ordos Basin; oil and gas
production

Highlights: It is proposed that structure, paleogeomorphology and reservoir heterogeneity jointly control the distribution of formation
water in the southeastern part of Sulige Gas Field.
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FHFFEIX 17 OH ST 1B 17 2 KR
k2T R G oA As i, S 1 B Z K
B LK . Na®t, Ca? 3, Hoh K'+Na' i
23.98%~53.65%, Ca* i ik 38.55%~74.22%. FHET
FE R Cl, HHiIE 97.97%~99.78%, Mg** . HCO, ",
SO, &, JLFAE CO™ (K 1),

FFE R, TEB 2000, BB 8 K3
JMRYR A Ca®'. Na'+K'. Mg®', Ca> & & — i m LA
JA#] 14697~46218 mg/L, Na™+K & 11052~
63355 mg/L, Mg & & 421~8434 mg/L, A~ Ba®*
(F D, BAEFH CIE&ETTIA 51978~160562 mg/L,
HCO, #1 SO, & i B4, KZHUMNT 1000 mg/L,

RS TR 2835, WP ISR IX B 1 B
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Fig. 1 Triangle diagrams of main negative and cation composition of Ma 5, subsection
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Table 1 Characterization of stratigraphic water chemistry in Ma 5, subsection, southeastern part of Sulige gas field
HZEKE &t/ (mg L)
H5 B (mg- L Ik pH{E
K*+Na* Ca** Mg**t Cl SO, HCO,”
G4-9 8253.8 6887.8 895.2 27190.2 0.0 562.1 206487.4 CaCl, 59
S179 11052.9 16440.8 2136.9 52067.2 313 449.0 82178.1 CaCl, 53
G3-8 11105.9 17026.0 1721.2 51978.6 52.8 410.0 82294.4 CaCl, 6.1
G0-9 17978.6 25545.5 1127.9 75785.0 229.2 404.4 121070.5 CaCl, 5.4
J51-18 28755.3 20663.2 4177.7 92701.8 0.0 612.1 146910.0 CaCl, 53
J49-14 18469.6 22765.4 2761.6 76524.1 0.0 462.4 120983.3 CaCl, 6.1
G2-8 16594.6 31127.1 2981.0 89023.8 0.0 534.1 157606.6 CaCl, 5.6
G04-6 16270.0 31393.5 1410.5 84463.2 0.0 449.7 133986.7 CaCl, 6.2
J52-25 10618.7 22091.7 2115.7 61427.8 0.0 324.8 96578.6 CaCl, 54
W26-5 20240.6 27264.4 1984.4 84980.7 0.0 401.9 134872.0 CaCl, 5.6
G4-10 13745.0 28557.2 2767.3 79574.3 9.9 328.5 124982.1 CaCl, 5.9
G2-2 25877.1 26680.5 3053.3 95800.1 0.0 320.5 155410.6 CaCl, 5.9
G1-8A 14087.3 43602.0 1057.9 101739.7 0.0 324.8 160811.7 CaCl, 52
G4-8 27686.8 43065.2 5936.5 135922.4 176.2 199.1 212986.1 CaCl, 6.3
J41-30 16648.4 40695.2 2115.7 103659.4 0.0 274.8 163393.5 CaCl, 54
G2-9 20546.2 39864.6 3643.5 112642.4 0.0 293.7 176990.3 CaCl, 5.6
S155 41618.5 46218.3 5096.9 160563.0 11.0 343.2 253851.0 CaCl, 5.1
(M4, 2021) YA S (BT IRAR, 2002; X TLTAF, 2012)
(2) 27K B b WFSE X5 1S Bt )2 K oA [ B -k B 5

WFoE R, IR pg b X 5 1 1 W B 2Kk
FEA T 86620~206720 mg/L 2 [H], -1 11 JZ K 51k
JERT 100000 mg/L, & K T IE# K4 LB 35000
mg/L(BHAA S, 2019) o X HL & B, W5 IX 2K i
TR SR BRI AR 223K, RWK B 180N, KR
W22, VIR 2 S IR A Z R A

IR FRIEA (total dissolved solids, TDS) EA —E )
IEARSEE, B o & L B S TDS A&
PESR S5 . TDS 58U b bR Ky CUA G A%
%, HRJE Na'+K il Ca®', 5 Mg 5L 555 19 IEAH ¢
KZ (8 2), W] CI A Na'+K' Je Ca %} 7 45 B 1 IX.
1 WBHHZEK TDS B4 HIVER
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Fig. 2 Correlation of ion concentration and TDS of Ma$5, subsection in the southeast of Sulige gas field
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AR, SENERBULT 0.87 HA LR KT, H
JZ K AR AT RE 5 AP AR A TR K S5 AR T Y 1B 05
Ko PRI, Na™/ClU R AR 1 ok 36om HiZ 7K 3l ) 4%
P CEF, 2017; BXKIRAE, 2022) .

WX D 1 WEHZ KNI B EZAN T 0.14~
0.31 Z[H], ¥k 0.22(F 2), BB 5R X DURUK AR
WEiRE, AF T RS . WA RO 153
A 3) AT LUE Y, B50E 4 H)Z K Na/Cl{E P
B ARAR, HARALE S 26-5 H-G04-6 J X 4k M 4B
B G3-8 Pk 155 H—G4-9 H—G4-10 H: X8k 8L
TRAB X, H8 783X 26 IR IR AR E SR AT, R
SEEAFIK (K 3).

32 MmERHE

Jii 2 %L (100* SO,*/CL) 3 FIAC PPl Uk
TR (545, 2022) . — IGO0 T, AR R %L
AR, HbJZ K 3 S A AR, 1 J2 S A PR R AT, T
SRR R EE T E . YIE RBUNT 1 B, MR

3.1

PR fi i, M JZ K Gk D R B UG >4 JBEAR &R B T
1~3 22 [a], HJZ /K30 R BN VIEE,, (EL 32 AR X Bt

*x2

55 1 EERKUFS IR

Table 2 Data sheet for chemical analysis of stratigraphic

water in Ma 5, subsection

S S MR AR B B ais
k179 0.16 0 2056 49.00 11596  0.41
G3-8 0.24 0 1051 2771 12679 081
%549-14 024 060 2562 67.19 16549  0.70
G0-9 0.14 0 4143 9618 18742  0.32
%5225 0.19 0 1215 29.86  189.15  0.53
G4-10 0.18 0 1264 3092 24221 0.2
5265 021 020 1187 3020 21147  0.65
G04-6 0.17 002 1189 2876 187.83 048
W§51-18 020 026 912 2290 15146  0.64
G2-2 0.30 0 1058 3038 29890  1.20
G2-8 026 0014 1167 31.51 16670  0.90
GI-8A 021  0.12 960 2437 31328  0.67
#541-30 0.4 0 1631 4282 37722  0.74
G2-9 0.19 0 2417  59.88 38349  0.52
G4-9 0.27 0 1145 3138 4837 097
G4-8 0.17 0 1201 29.03 68279  0.48
Bk155 031 0 7.65 2219 46791 139
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Fig. 3 Plane distribution pattern of water sodium chlorine coefficient in Ma 5, subsection of Majiagou Formation

in the southeast of Sulige gas field

P SRR R B T 3 A, M2 B P P 22 (2= & o
45,2022),
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33 SHRHERTRREY

SUBERB(Cl /M) AR 280 (Na™+Cl17/
Mg™) FT LA it b 22 7K AR AR R 5 55 AN Rl 55
M 2E R B AR (R 2o 45, 2022) o Rl Hb T 200
R P U % K A P B T A SE K, K A A 72 o
JEB W =, XM AORAF A A TERERHLZ T, B
R EAERAAEAE B nGg, Ca® . CIZ g £,
Mg® Bk, T Na B iligh Ca® BT, T8 EE
RBAL TR R B R . BEG#E AR, SR
2R SR G R B T 513, AR BT R AL

— =T (255, 2022) , BFSE X A 1 WEAA
BERBUT T 22.19~96.18 Z |, -1 38.49; 75 i 2%k
F 7.65~41.43 Z 8], SFH) 15.25(F£ 2) . HAFm
AT 5 A R EOHAL, R AR RN AR = PE IR 4
ik, = X A AR AE 5T X AR AL HB S 26-5 FH -
G04-6 JFIX I, LA M R #8 1 G3-8 JH—Bk 155 Jf—
G4-9 H—G4-10 HIXIH (& 4), LK AEHIETT R
g%, S AT
34 HURH

AL R (CI/(COF+HCO,)) 1]z el 2 K 78
U AR R R W R (JA 238, 2014) . — %
TEOLT, TR R b, ERAL R BT 150 B, CI &
T, b K IR AR R, A MR A
AL RFUNT 150 B, M2 B PP 2E (JB £ 2%,
2014),
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Fig. 4 Plane distribution pattern of magnesium chloride coefficient (a) and metamorphic coefficient (b) of formation in

Ma 5, subsection of Majiagou Formation in the southeast of Sulige gas field
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WF5E X 5 1 3 BEb 2 7K 0 AS R B0 AIR, 2
A F 0.32~1.79 Z 8], V34 0.7(5% 2), KB HLZ K
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LR ST T ML 2K () 25 AL 22 R S EOR B, 95
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Uf, A AT URRAT o
4 L1 BCUK AT AL
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HIF 5 DX 98 20 O A K ¢ 28 22 B e
SORNE, AT 1) AP A UK RZ 522, HHAUK
G E AR T R BRI AT (1] 5), AR A i
JE S IRAMURIEEGET 0B TR, D] L5 7K e 2
PR b4, B VR ) B LT i 5,
FEAF R AT HA B 9 50 53 1 Ryl 2 e AR 4
TR0, f#)2 B2 SRS, SO AR S K I A
T L&, MUK AL (51 6. [ 7).
hrm) b, BRI S 1 EBRAOK S AR, K
W0 o ORI =, SOKE B PR o AR LR A
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