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Abstract

Deep shale gas is an important strategic replacement field for shale gas exploration and develop-
ment. Designing and optimizing well spacing to obtain maximum economic benefits is of great guid-
ing significance for its exploration and development. Based on the economic benefits, the key pa-
rameters of horizontal well fracturing are optimized, which provides the design basis for the opti-
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mization design of well spacing. Through the numerical simulation method, the orthogonal test
method is used to study the hydraulic fracture parameters, determine the optimal parameter range
of single fracture parameters, and obtain the optimal design scheme of variable hydraulic fracture
parameters. The research results are as follows : (1) Combined with the economic net present value,
the horizontal well spacing parameters are optimized by numerical simulation, and the optimal
well spacing in this block is 300 meters; (2) Based on the development plan of 300 m horizontal well
spacing, the optimal fracture parameters are obtained as follows: cross-type fracture arrangement,
half-fracture length of 155 m, fracture height of 55 m, fracture conductivity of 0.2 mD-cm; (3) Based
on the simulation results of fracture parameters optimization in this block, it is inferred that for
deep shale gas blocks with thin layer thickness and wide block range, longer half-length parameters
can be obtained by appropriately sacrificing fracture height parameters, so as to obtain higher pro-
duction and economic benefits.
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2. EEHESH THEMLRIT
2.1 REMRMAEREAE

Table 1. Basic parameters of geological model

F 1 WERREMS Y

ik

ZH HfE ZH HfH
A0 5 JE (kg/m?) 2880 REE(m) 4206
K G () 4335 & /1(MPa) 54.37
RIVALL & 0.56 TR E (C) 128.6

ZH CMG Bk 37 = JZ ikt S A 2 (e 1), e B, e 352 2000 K, 25K 10 2K, MEEECA 200,
THERIRFE N 4200 K, R 3 E—3t 50 K ok % B H BT f RS Bt (n 1 1), B IERBIER |,
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Figure 1. 3D schematic diagram of geological model
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2.2. WERFESHIRIT

X I R A SR AR K TR SRR RN & . Tl CMG @57 /K ) R, Btk
FHBCK 1500 K, [RRBHIAE L3 20 267K J15R4E, REEIRIEE DY 70 K, 48K 125 K, 4% 60 K(3E 2).
BEE RIRREEM A —IL 1400 2%, LL 60 FEAMAHMEZS, 121 EDFM BEHLA: iZE% K200 30~100 K, #% 60
K, B 2 RIGFHIRIRREE(IN4E 3). BJa, MG CWTHTFRIRIRRGE 5K 8%, @RISR,

Table 2. Hydraulic fracture parameters table

=2 KNRESHE

52K (m) 4% =i(m) REETLE () G[H] 6 (m) REPHR ()
125 60 0.002 70 20

Table 3. Parameters of natural cracks
3. RARHESHE

45K (m) G¢i(m) HEEVEE(m) HEEELCRIK) HEEHE ()
30~100 60 0.002 2 1400

2.3. IKEHFEEIT

BT ICA BAKTFREEENE SR, TUARRKTFBEREE K TREBER, WA ERS
KBRS, R TR R TUE S H R AT BT H IR T 30 ALt AT BHK Oy 1500 m, HFEEAE 250
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m 2| 450 m 2 8] f) FL AP R AR T R (A4 4).

Table 4. Well spacing simulation plan

T4 FBEEUSR

H% 4 F- ¥ (m) 4K (m) K I B BE (m)
— 2 450 125 1500
- 3 400 125 1500
= 4 350 125 1500
| 5 300 125 1500
H 6 250 125 1500
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Figure 2. Schematic diagram of well spacing schemes
2. EREREREE
2.4. FEIFESH TR~ RIS

W4 5 FOEBE T BB AI A 3E EUR [0 AT a5 i (02 5): FFBRRUNENINE , B
B, BERIFEE O, B SE T FLREMIG. fJF EUR MR 450 KIFHE R BAN 1344277 . BRI
PEIE BT A IO T NPV BB 1

Table 5. Comparison of EUR and single well EUR at different well distances
#F 5 MFET EUR 583 EUR dtt

IR () FHEECK) 20 F52 EUR (1275) 20 fE 5t EUR (12.77)
2 450 2.67 1.34
3 400 3.39 1.13
4 350 4.46 1.12
5 300 6.13 1.23
6 250 6.45 1.08

JEit 5 FhHEE R 20 EA R o047 B AT WA S R ORI R PSS, B 3 T 250 KA
300 KIFEEXS M) 6 IR 5 1, HAEEsh AT ZA K H A 5 FhREE g 280 FHRE R oK Vu
350 KA1 400 KFH-BE A A7 AE B B a4 450 KRR T3
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Figure 3. Comparison of cumulative gas production at five different well spacings
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FT 0 H I mR AT SV A [8], W LA I H & BF A, EE R e
1) W4 R (IRR): ZIBFrTE T H 7E4r e i B N Fre SRS IR . 2 IRR KT I & (A
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2) WSFBUENPVY): iZA5ARRoRIUH FBUMERZ KT I H MR AL W2k NPV KT, TSR3
HAZFTEAI . NPV PRI M 55 8 R B 0w 1 2 S PR 4R AR[9]

NPV =Y (CI -CO), (1+,)" @
3) BIIWYI(Py): ZIRFR LI E P 5 IR 8] R [ AL 53 A5 57 BlUAR
R =T, 1+
Vi ®3)

Ab: CLELEWRAR; CO-BLEtiE: n-tHEW: T-IHSEWIMER T ie-FE s 2 o€ 1 4 L

s To-RIHFIUA R BLEE R EA; PV EFE R HF &R R

fE.

MIZEXE s PV 2488 1 B i B 1 4 5t

R 6 1HE 5 MHEE TR R NPV, @5 LA FFEEE T 1) NPV S UE, kSRR IR 45 5
FhIFEE A NPV 455 7), 4FFEE N 300 KN, £ NPV fok. Bk, sOufEmsteE 300 K, JFk 20

4, 5 1354 NPV N 1.06 127G

Table 6. Cost economic indicators

6. BARZFIEHR

iH % H HLA
LANE 557N 5000 JiTe
SNVl 1.275 JGINE Tk
AR 0.035 %
P 10 %
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Table 7. Comparison of NPV at different well distances

#= 7. TEFHET NPV Xjtt

HHE(A) FEEECK) NPV (fZ7t)
2 450 0.474
3 400 0.0609
4 350 0.2271
5 300 1.06
6 250 0.7975
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Figure 4. Schematic diagram of well network with different half seam lengths at a well spacing of 450 m
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Figure 5. Numerical simulation results for different half seam lengths
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MIE 5(a) AT LUE H, ZEFEESEORI A HH)E S HOR AT EE RN, BEE KRG R, 4 20 45
EUR tANBIHE K. IX 2 T REE A5 KK, Fraeia @ 2 B KRR EEIE I, AR T IUE EHF
KB, FU g KK A=, RN IR, BEE RN 2, Pa Kt
W= E IR THIEE R 58, RUAEA % B R AT = AR AR B AR SR T, KR T U i = 3

L5 NI 55 15 BB T A [F RS K SHCR X & Griias I3 THE (1] 5(b)), BEE 4K SHIMIER,
4 NPV #E ANFEFEFEM3E R HAP7E 300 KHFE 484K 155 m &4, H4LH NPV & k. Rk, &
42Ky 155 m.

3.2. EEEHUk

BRSNS A S A HEIREN T, i T ZHE SR TR, AR 4% w2
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Figure 6. Schematic diagram of wellbore network with different seam height parameters
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Figure 7. Numerical simulation results at different seam heights
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3.3. AL
EIE N R KPP HIF R A SN, ERK TR eEmE 7 N EG M AAE T, /05 N IEXt

ATEEMAZREATEE (U 1] 8) o IEXIATAEREFR /KT FH Z [ /K 128 HED 58 M s SR A% A2 /KT Z T Y
REEFA AT, PR AT 42 [11].

HUE LSS RS B PTA A 2807 30N RS o A&l 8(b) 184 8(d)Fw, SRR CHATLEMRE T
TEXS A G b J2 s v SE MBI 8« s 03 S S e B ot o ZRAE ST o A1 T LA BE i (v S A B 2 T AR R AR AR
g%, A RBAEEMEE PRI Pk, ST SO NS R A 4k

53637.74 -
5343130
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53018.41
- 52811.97
- 52605.53
- 52399.08
- 52192.64
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- 5157331
51336.87

51160.43 =

a. IEXfAngE b. IEX AT SRR LS R

53637.74 =
5343130
53224.85
53018.41
- 52811.97
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~ 52399.08
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51336.87

51160.43 !
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Figure 8. Digital simulation results of different sewing methods
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3.4. RESRENRI
FEHE—ZREE T RE I S BORAT T AT LRI TR I Ja s A R [11] . REE TR AE T 2~ 3 UA] B
TR NG Y LN BB R TE[12]. A K(4).

C, =W, xK, @
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Rk, 76X T3 — X & r= BT, 4075 FEVI R348 S it ae 1 K/ T R =B 152m [14]. A
ST S MRS SRR 15 % 0.2 mD-cm. 0.4 mD-cm. 0.6 mD-cm.
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Figure 9. Prediction of cumulative gas production under different fracture conductivity parameters
E 9. TRIRESRENSHTZR=SEMNE

RIS BUE B LE (& 9), 4% Shife /18 0.6 mD-cm I, 20 4F B/ S E i . MIMHERH . 245k
FULRE IR, BT I 2 B et iR i, SOKAEREE R s B g, AOJF s H = E
. DR IERSE SR 7179 0.6 mD-cm.

BM—RER TR AEESECN: F48K 155 m. 455 625m. 44T A /1 0.6 mD-cm. MWL SEFR
KE, Pk, 4m. HESRE = FHLERMNER R —FETHHE, FHEEFE=FZENHEE
A
4. ZENESYHTHEML
4.1. IEXEARSH

BRI — P I W i 738, T 2 AN R3O0 S B 45 SR I o X Fh 7 V5 BRI AE TR IIE LG 45
FACERMER [FI, PO 7 1% H 6 SIS 48 B2 BN B E MR R AR P4 S, IR s seie gt Rt =
HHA15],

AR R 2 7KSPIE L RS8R 48 K il e B 125 m. 137.5m. 155 m; FRE%85% /0 BN 48
m. 55.25m. 62.5m; S¥iAESIHKE N 0.2 mD-cm. 0.4 mD-cm. 0.6 mD-cm; St 8. it
MIIEAE 7 EFTH RS R L3 9.

Table 8. Level table of factors influencing the orthogonal experiment of fracturing horizontal well productivity

= 8. MEZUKFH~REERINIHE RKFER

ZHOKF 254K () HyELE R (m) 4% 3L AE 1 (mD-cm)
1 125 48 0.2
2 1375 55.25 0.4
3 155 625 0.6
4.2. RESHE

W22 3 Wi A i B AN [R R3O s e 48 SRR K /NIY ik o 1205 12480 HLA DR 200 45 SR i 2
B, BTSRRI R 45 RS E, RN O S R ME 2 ZE R 0 HE
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VERVPO bt ZEXHEBOR, BHIZ ARG 85 RS OR,  SeZ 8

R; =R max = Rimin ®)

A R-BIRBINZE: Rimax-BRIF j £ & DIKPFREE 25 RV 395800 5 RAE s Rimin-BI 3R j £ &K TR 45
TP B/ ME -
Table 9. Orthogonal design scheme and simulation results
9. EXFITHARRIELER

Yk =) F455 148K (m) s (m) e FEE JI(mD-cm)  FR4 20 4F BFFEAE (108 md)

HE1L 125 48 0.2 7.472

HE?2 125 55.25 0.6 3.998

H%3 125 62.5 0.4 5.204

EX 1375 48 0.6 4.245

TES5 1375 55.25 0.4 5.283

HE6 1375 62.5 0.2 7.850

E N 155 48 0.4 6.096

EX: 155 55.25 0.2 8.760

E S 155 625 0.6 4,528

XA RBATRZE R FARE 10, FEEACE AR E Rt & 10 P, alRERSE K Ik
FAERK . I, FATA LG EIX TR JZE TUE SUBRAE 300 KIFEET, REESHU BRI N
HEBRBVMEICH: 88K > REETHRR > stm. RIEE 9 FRERMEEXNTUER, HE 8
(K] 20 E R TERON, BT R 8 MRS, 27 RIVRES . KTV B 1500 m, &
ZEIRIFEDN 70 m, ZREEFLEK N 1565 m, 4wy 55.25 m, Jf HAREEFiRE/1 Y 0.2 mD-cm.

MR ERAC A TT SEZE R, AT DA B Al X R 2 TUA U RN R gE S 5 it ve it b, @i
HUE A LTI A BT 7 S8 IXH™ 8, i th S AT R EBOR W] SEEL N i RGeS 8L, DAL S35
Fo MTREHH. XPGEERY IHZE TR X, SRR ERAKCP T TR, 382 50 E R
R, SHFIEANFER KRB R I8, ToIFE TSR T RAZE X A4, w A5 EE
WiHESE R S ERPIRBCE R R4 R 28, DI SRR 4% 5 2 i IR E,  SRECE ™ AL 5 Ras

Table 10. Orthogonal range calculation results
= 10. EXMEHELER

AL A RgEK B 4% C 252 FUREN
K1 16.674 17.813 24.082
K2 17.378 18.041 16.583
K3 34.052 17.582 12.771
K1=K1/3 5.558 5.938 8.027
K2 = K2/3 5.793 6.014 5.528
K3 =K3/3 11.351 5.861 4.257
R 5.793 0.153 3.77
AT % A3 B1 C1
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Figure 10. Orthogonal range calculation results
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