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Abstract The development of tight oil reservoirs in the Mahu conglomerate formation poses formidable challenges, marked
by pronounced reservoir heterogeneity, significant horizontal bidirectional stress difference, the absence of natural fractures, and
poor reservoir physical properties. In pursuit of a more economically efficient development strategy, a field trial involving tight
well spacing and stereoscopic development was initiated for the first time in the Mal31 well area. Despite achieving a relatively
high overall recovery rate in the trial area, the economic benefits fell short of expectations, prompting an urgent need for well
spacing optimization.This study adopts an integrated approach that combines geological and engineering principles to establish
a comprehensive method and process for optimizing the well spacing of stereoscopic well networks. Additionally, a method for
rapidly fitting the hydraulic fracture network model under conditions involving multiple wells and fracturing stages is proposed,
combining fracturing parameters and treatment pressure response characteristics. The key steps involve a systematic reservoir en-
gineering analysis, utilizing unconventional fracture models based on detailed geological and geomechanical models to simulate
complex fracture networks and match the history treatment pressure. The process further includes coupled reservoir numerical
simulation for historical production matching. Well spacing optimization in the Mal31 stereoscopic development demonstration
area was achieved through an integrated simulation of hydraulic fracturing and production, with validation conducted through a
large scale well spacing field trial. The research results show that the analytical fracture length and the simulated fracture length
can be mutually verified. The fractures in horizontal wells of the Bai3 section are relatively long, with an average propped half
fracture length of 70.1 m and an average hydraulic fracture height of 24.6 m. In the Bai2 section, horizontal well fractures are
relatively short and exhibit layer-penetrating effects, with an average propped half fracture length of 61.1 m and an average
hydraulic fracture height of 28.3 m. Under conditions of certain permeability in the formation, the well spacing for both devel-
opment layers can be appropriately expanded to a range of 200~300 m, ensuring an increase in individual well productivity and
economic benefits while maintaining a high recovery rate.The proposed optimized well spacing range can be extended to similar
development layers within the same well area, based on the well spacing field trial validation results. And the well spacing
optimization method and process proposed in this study, utilizing a stereoscopic well network, can serve as a valuable reference
for other unconventional oil and gas reservoir types.

Keywords tight conglomerate; stereoscopic well pattern; geological engineering integration; multistage hydraulic fracture; well

spacing optimization
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Table 1 Statistical table of construction engineering parameters of each well in Mal31 dense spacing stereoscopic development

demonstration area

i = DA AOFBR /m IMEENEER /% B AR /Mt SRR /M P SRR /(m¥/min)
MaHWI1241  E 2B 1788 94.6 72 371129 2125.0 11.5
MaHWI1242  EH 2B 1802 98.7 136 51057.3 3275.0 12.0
MaHW1243  H 2B 1802 96.0 168 590159 3330.0 11.0
MaHWI1244 H 2B 1782 99.5 162 54929.1 3203.7 10.0
MaHWI1245 H 2B 1800 96.2 78 39 130.6 2196.0 11.0
MaHWI1246  H 3B 1802 99.9 95 28 938.6 1900.0 10.0
MaHWI1247  F 3B 1803 95.6 61 27 110.2 1889.0 10.0
MaHW1248 [ 3 Bt 1489 100.0 51 24019.6 1770.0 11.0
MaHW1249  H 3B 1702 98.3 77 23 985.6 1670.0 10.5
MaHW1250 A 3B 1600 97.6 77 30 410.1 2510.0 10.5
MaHWI251 H 3B 1622 100.0 75 33 164.2 2653.0 10.0
MaHWI1252  H 3B 1690 99.7 80 24 081.9 1677.0 11.0
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Fig.2 Flow chart of well spacing optimization for geological engineering integration
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Fig. 9 Complex fracture network morphology map of stereoscopic development demonstration area
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Table 2 High pressure physical property parameters of reservoir in Mal31 stereoscopic development Demonstration area

SR 2 B2 3 Befig)z
A 4R 2 80/(1/MPa) 8.41x 107 8.41x10°
M FNE 77 /MPa 24.12 33.93
M EE /(m¥/m?) 240 335

HiZ S /(g/em’) 0.657 0.621

HZ RS /mPa- s 0.58 0.35
ERTITEN ey 1.45 1.58

HUZ K A0 /(mg/L) 20512.34 20512.34
M2 /°C 76.16 75.13

JF G )2 ) /MPa 34.66 38.78

B 11 H2EHESRH 600, 300, 200, 150 1 100 m F=EE TN Z E 51 B
Fig. 11 Bai2 formation pressure maps for 600, 300, 200, 150, and 100 m well spacing
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Fig. 14 Comparison of normalized production of demonstration area horizontal well P50 and 200~300 m spacing horizontal

well P50

6 SHEHIELR

(DAETH TR BE, #7T—&
AL T AR AT | 2R R ADL A R AU Y
RGeS R R 4RI T —FF 5
ZIFZBURZERAT T R A REER A 71k, KR
JEAER T -5 R T 2 R RGeS A ] s 3%

REFNTTEE R AR AL O A BRI 7 TAE R A
—E RS R

(2) 7B 13 B Ap AT AR B UL 575 38 10 P 32 A R
SRR 61.4 m, REERHIUILIGIG B2 SO s
FR 2 66.3m, KU LB T T INE AaE Ry
B RIEA RN ; (AT E—E B BRI T
— RGN o 248 S R TR BTl R IR I A
Jede g HAR,  BER I /N AR R B - 5



U ES Gapli i AT S N i B R R 115

e SERLF AW S B GR, A] R [R] X Bl AH 418 X B i
() I 131 HXFEE ARG TR—IARE SRR S %,
R AL 5 75 3 AY e A3 B VS BBl 200~300 mo, Ak

RPN

(1 IRz, FLIR, BN, 5. dhERAHSeE S SR R HIT R CHEBORTTIEER [7]. KARTHERFRL, 2019, 30(8): 1083~
1093. [HU S Y, TAO S Z, YAN W P, et al. Advances on continental tight oil accumulation and key technologies for exploration and
development in China[J]. Natural Gas Geoscience, 2019, 30(8): 1083—1093.]

21  BURE, 484hE, R, L PEEEIITE IR . BRI FRRHIE R RIRAT S (1] MR, 2012, 33(3): 343-350. [JIA
CZ,ZOU CN, LIJ Z, et al. Assessment criteria, main types, basic features and resource prospects of the tight oil in China[J]. Acta
Petrolei Sinica, 2012, 33(3): 343—-350.]

3] ANl 484 RE, SR, &5 PIEECEM TR BRHES 71 (7] AR 5T 4, 2019, 46(6): 1015-1026. [SUN L D, ZOU C N,
JIA A L, et al. Development characteristics and orientation of tight oil and gas in China[J]. Petroleum Exploration and Development,
2019, 46(6): 1015-1026.]

[4] B, 4pAfe. CHEURERIMT AR S TR V] AR ST &, 2019, 46(1): 173—184. [YANG Z, ZOU C N. “Exploring
petroleum inside source kitchen” : Connotation and prospects of source rock oil and gas[J]. Petroleum Exploration and Development,
2019, 46(1): 173—184.]

[5] A8ARE, HE L Rl 5F . P EAEE I RIS B EORSE R [1]. BT, 2015, 89(6): 979-1007. [ZOU C N, YANG
Z, ZHU R K, et al. Progress in China’s unconventional oil & gas exploration and development and theoretical technologies[J]. Acta
Geologica Sinica, 2015, 89(6): 979-1007.]

[6]  5KAR, ZEAR/E, SRR . ARG A TEEUR INAR)E R R AR A 5P R SCIAIE [J]. AR 2E R, 2016, 1(3): 353-362.
[ZHANG R, LI G S, GUO J C. Experimental research into fracture propagation of complex lithologies in fractured tight oil reservoirs[J].
Petroleum Science Bulletin, 2016, 1(3): 353-362.]

[7]  BkZE, PNERCF, SREIL, SF . JEE LI AR TR 0 TR BRI 8 R R (], AR R, 2016, 1(1): 128—142. [YAO
J, SUN Z X, ZHANG K, et al. Scientific engineering problems and development trends in unconventional oil and gas reservoirs[J].
Petroleum Science Bulletin, 2016, 1(1): 128—142.]

[8] ALIMAHOMED F, MALPANI R, JOSE R, et al. Development of the stacked pay in the Delaware Basin, Permian Basin[C]. SPE/
AAPG/SEG Unconventional Resources Technology Conference, 2018.

[9] ALIMAHOMED F, MALPANI R, JOSE R, et al. Stacked pay pad development in the Midland Basin[C]. SPE Liquids-Rich Basins
Conference — North America, 2017.

[10]  AJISAFE F O, SOLOVYEVA I, MORALES A, et al. Impact of well spacing and interference on production performance in unconven—
tional reservoirs, Permian Basin[C]. SPE/AAPG/SEG Unconventional Resources Technology Conference, 2017.

[11] DEFEU C, WILLIAMS R, SHAN D, et al. Case study of a landing location optimization within a depleted stacked reservoir in the
Midland Basin[C]. SPE Hydraulic Fracturing Technology Conference and Exhibition, 2019.

[12]  FOWLER G, MCCLURE M, ALLEN J. RTA assisted history matching with a combined hydraulic fracturing and reservoir simulator[C].
SPE Latin American and Caribbean Petroleum Engineering Conference, 2020.

[13] XIONG H, WU W, GAO S. Optimizing well completion design and well spacing with integration of advanced multi-stage fracture
modeling & reservoir simulation-A Permian Basin case study[C]. SPE Hydraulic Fracturing Technology Conference and Exhibition,
2018.

[14] BOMMER, P, MARCUS B. The effects of down-spacing in the Delaware Basin Wolfcamp play: A case history[C]. SPE Hydraulic
Fracturing Technology Conference and Exhibition, 2020.

[15] ZHANG K, ZHUANG X, TANG M, et al. Integrated optimisation of fracturing design to fully unlock the Chang 7 tight oil production
potential in Ordos Basin[C]. SPE/AAPG/SEG Asia Pacific Unconventional Resources Technology Conference, 2019.

[16] ARk, S, SN, 55 . SUETREIN B S RUT R ISR | JCHEEOR 5 52 B —— DAY 08 JR A b 3 97 FH S 49 (7] At deh
W5 JF &, 2020(6): 1-13. [LI G X, QIN J H, XIAN C G, et al. Theoretical understandings, key technologies and practices of tight
conglomerate oilfield efficient development: A case study of the Mahu oilfield, Junggar Basin, NW China[J]. Petroleum Exploration and
Development, 2020(6): 1-13.]

(171  finid, T4, SFUAR, & U MR ] R TL, 2018, 38(4): 129-137. [WEL'Y S, WANG J L, QI Y D, et al.
Optimization of shale gas well pattern and spacing[J]. Natural Gas Industry, 2018, 38(4): 129—137.]



116

FIMBLEER  20244F2 H 9B 1)

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

AR, ST, AT, A5 AR AR E AL A S S A S AR TT SRR S e—— DA R 2 A A 20 7 Bl ().
1 9 22 i), 2021, 42(6): 736—750. [LI G X, WU Z Y, LI Z, et al. Optimal selection of unconventional petroleum sweet spots inside
continental source kitchens and actual application of three-dimensional development technology in horizontal wells: A case study of the
Member 7 of Yanchang Formation in Ordos Basin[J]. Acta Petrolei Sinica, 2021, 42(6): 736—750.]

Ao, SEAAN, SCHE, 45 IE E R GUR I X R )2 TUA TSL AT R IR R —— LA I R R 3 YS203H1 -5 A il [1]. HuBsRARk
1-15. [YU K, XIAN C G, WENG H, et al. Stereoscopic development exploration of shallow shale gas in Zhaotong National Shale Gas
Demonstration Area —Case study of YS203H1 Pad of Haiba Anticline Southern Limb[J]. Earth Science: 1—15.]

JEBL, WAL, KBRS M TRE—ZU ML TS SO IHHIEI (b —— AR R TUA ST LR TE X T 209 1 X A4 0]
FARF T, 2020, 40(7): 42—48. [YONG R, CHANG C, ZHANG D L, et al. Optimization of shale-gas horizontal well spacing based
on geology—engineering—economy integration: A case study of well block Ning 209 in the National Shale Gas Development Demon—
stration Area[J]. Natural Gas Industry, 2020, 40(7): 42—48.]

WIEAR, R, B2, A5 BT OREIE S BT R )2 TUE SR BRI AR BT AR —— LA DO 1 22 pig 3 3 P XHR B 101 JF X
AEII]. RARR T, 2022, 42(8): 202—211. [HU H R, WU J F, YANG X F, et al. Spacing optimation technology for deep shale gas
horizontal wells based on big data analysis: A case study of Well Block Yang 101 in the Luzhou Region, South Sichuan Basin[J]. Natural
Gas Industry, 2022, 42(8): 202—211.]

SKICTG, B, SO . EE R A P A2k A LR A AT (7). AimBleAai R, 2021, 6(3): 333-343. [ZHANG Y Y, ZENG
Y K, TANG W B. Permian attributes and tectonic evolution of the west Junggar Basin[J]. Petroleum Science Bulletin, 2021, 6(3): 333—
343.]

TRIESC, e, 2R, A EDI MR R 2RISR T ORGSR PR B R SRR (0], BT il LT, 2015, 36(6): 642
647. [LEID W, QU J H, AN Z'Y, et al. Hydrocarbon accumulation conditions and enrichment regularity of low-permeability glutenite

reservoirs of baikouquan formation in Mahu Sag, Junggar Basin[J]. Xinjiang Petroleum Geology, 2015, 36(6): 642—647.]

VRILSC, AR, BRCH | 45 BIBCHER A IHOK P A TR 2 ARG 5 I 0], shEA M, 2019, 24(2): 241-249. [XU
JW,LIJM, WU YY, et al. Exploration and practice of volume fracturing technology in horizontal well of Mahu tight conglomerate
reservoirs[J]. China Petroleum Exploration, 2019, 24(2): 241-249.]

AR, SRS YR, S IIRRCA BOE M R A A B TR (0], P B, 2020, 25(2): 110—-119. [QIN T
H, ZHANG J, JIANG Q P, et al. Sweet spot classification evaluation of tight conglomerate reservoir in Mahu sag and its engineering
application[J]. China Petroleum Exploration, 2020, 25(2): 110—119.]

B, B, ST, A BIBUE IR AT AR B A ST R RETIN ——LAED 131 NIRRT ARIT RS- B S D). R
FimHb T, 2022, 43(4): 440—449. [CAO W, XIAN C G, WU B C, et al. Production performance analysis and productivity prediction of
horizontal wells in Mahu Tight Conglomerate Reservoirs: A case of Ma 131 Dense-Spacing 3D development Pad[J]. Xinjiang Petroleum
Geology, 2022, 43(4): 440—449.]

W, BN, SR, L RT R R TUE Ui KB AR — A e AL OB B 3R Sk A [J]. AR , 2019, 24(2):
174—185. [XIE J, XIAN C G, WU J F, et al. Optimal key elements of geoengineering integration in Changning National Shale Gas
Demonstration Zone[J]. China Petroleum Exploration, 2019, 24(2): 174—185.]

SEE R . U B R A AR R BN PR . BRERAIMLIE (0], AR I8, 2018, 37(5): 24-34. [XIAN C G. Shale
gas geological engineering integrated modeling and numerical simulation: Present conditions, challenges and opportunities[J]. Oil
Forum, 2018, 37(5): 24—34.]

SRS, BRI, BRI, 45 MBSO 2 7est it T AR — b B (0], P AR, 2017, 22(1): 75-88. [XIAN C G, ZHANG J H,
CHEN X, et al. Application of geomechanics in geology-engineering integration[J]. China Petroleum Exploration, 2017, 22(1): 75—88.]
AT, GG BN, A M T— TR SO R E R AR A ). T AR, 2015, 20(4): 1-23. [WU Q, LIANG
X, XIAN C G, et al. Geoscience-to-production integration ensures effective and efficient South China marine shale gas development[J].
China Petroleum Exploration, 2015, 20(4): 1-23.]

(%% LAEER)



