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Abstract: With the application of close-spaced volume fracturing technology in Qingcheng oilfield in Ordos Basin, the
proportion of fracture-driven interactions wells in shale oil reservoirs has increased, and thus, optimization of horizontal well spacing
in shale oil has become a major concern. In order to develop Chang 7 shale oil reservoir in Qingcheng oilfield in Ordos Basin as

expected, under the guidance of indoor theoretical calculations and numerical simulation studies, the field development practice with
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various well spacings was carried out, and its 3-year production data were statistically analyzed. Using such parameters as ultimate
recoverable reserves of single well and 100 m layer oil production capacity of single well, the optimal well spacing for reasonable
development of the shale oil horizontal well is determined. Based on the research results with combination of bottom hole micro-
seismic method, rate transient analysis method, and well test interpretation method, it is determined that the effective fracture half-
length after fracturing should be no more than 150 m, and the effective matrix seepage range is 45 m. Therefore, the reasonable well
spacing is finalized to be 400 m according to the fracture network matching theory. On the basis of numerical simulation of the
reservoir, and taking the oil production of a single well and the cumulative oil production of the block into consideration, the well
spacing of the studied block is preferred to be 400~500 m. Based on the actual production data analysis of horizontal wells with
varying well spacings on site, the assessed ultimate recoverable reserves of a single well with 400 m well spacing is 9.6% higher than
that with 300 m spacing, and the block recovery rate is 20.8% higher than that with 500 m spacing. Thus, it is considered that 400 m
spacing is more suitable for the development of horizontal wells of interbedding shale oil in Qingcheng Oilfield.

Key words: interbedding shale oil; horizontal wells; well spacing optimization; field experiment; fracture network matching;

numerical simulation; Ordos Basin
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fracturing processes



320

Lmsb R T Y 2024 %5 H (%46 %) %34

3 B 2T R 53 K TR 4 B R 24 5 T
VA ER IRE AN 53 ) VAR FUE 24, X 43 H A HiL 3 2 A
W 5A MR RK Z AR KSR 2, b
% LB MR RN AD B 3, A5 R SR K S
KGR, M B A M & 1 100 m3, Jn#b & 150
m3 B, AR A K e, A4 K 2 135 m;
ATV ER R A o DI EVAR R 24 s L K S B A
i BB i R G R AN, A AR K
RHTE 75~108 m Z[A], *F34 92 m, H %L 90 m. Xf
F H AR 400 D) BUA R 24 R v A%
TR 5 A b o 4 K R R0

Q) P EATRE S . T REARRE S HTE
(Rate Transient Analysis, RTA) == B8 i 434177 =
JE F1 2 AR 3R BUAG T2 . 24 4 O i T vk R ) %
D20 X A K OF S 35 R H Blasingame
B 2R A0 A T i D24 R MR R AT A
e, 12 i Blasingame 7775 T XU B 2 518 R By
BEEA TR, DI sh M BB R R
LGSR Ok S X S SR T 5 By BORRAE #h £
PG ROFE AU A L Bk i AU A LA KR 7= 1
SEHRILE, TR E W B AR LA i 5 ik
IR RMES% | M ERIE, RS 3585%
oo SEPREFIAE L TSI L SRR IR A
WA S8R . PRI AR, I T
FERF AR 21 TR H2E1T RTA 404, 458
IR, K IS 4y B R AT sk de o K R B A T A
73~152 m, V34 99 m; 415 VI EIMARF R 240 2 34 4
PR FFPAGLE 55~131 m, P 94 m. RTA i B
ZE R 5T R W 25 AR —FL

Q) IR . AT R 48 R i sl A&
T R ROk, a5 A TSR AR B A A
S0 RS R, B 2 W BB i i B L
g [l B BeRa s 0 A 7= sh 2%, o LR il 28 1 A7 2k M40
E RS T To s (250 sl il 45 3
Ff R AT 2 s BOR . LB RHIEE S

Lh GP41-68 H- M, iZIF Hi 2K 7, /KB
K 1529 m, FHE 1250 m, R 7K Sy miab /3 B 2L,
MeiE 15 B 30 7%, 2014 4 7 1 16 HE ™. Xz df
HEAT T EREFIIE, R 1 48672 S 4. 7 - 8 AR5 1Y
IR RRLE T U, 872 5 4. 7 M 8 1A
WG KAN 38.7 m, 27.3 m A1 21.2 m. FEE %
FEAEFR BTN, T T K A 3 244 K 2 2
FEE

R 1 GP41-68 HiXHMBLER

Table 1 Well test interpretation results of Well GP 41-68
Ex 4 20194 20214F 20224F

B £ 4/(1073um?- m) 6.56 658  6.21

A A4/(103um2 - m-(mPa-s)™) 573 567  5.36

FF A 4R A #/(m3-MPa™) 038 140  0.65
P EA S EFRN0CumE 032 0321 0.303
BROR B -530 540 —5.83

H G F K /m 387 273 212

1.1.1.2 RRAEERIER
EN A LB B SLELSRER, FERSBR
BT, SRR 2401 7 Hb TUA Hh AR B i AR AR 1R Fnis
it Y FE s i L i 125 28 LA SR P et e i G DR R
) HEAE D200 AT LU A I SR R R A ARk
PO OSBRIk 127 HRSRR 2
DB SR, 256 T2 B ER 5[ 3E T
FREER R INMER (WK 2 FIR), SAFGEZ B SR,
FE25 F KB mEEE Mg (i 3 i),
0351
—‘; 0.30
§ 0.25F
g"(o.zo o

= 05t
‘-HOS

0.0
Fiixd

0.05 : : >
0.05 0.10 0.15 0.20 0.25 0.30

it ZBIEHR/107 pm?
B2 #ELERERBHEABENXZ
Fig. 2 Relationship between reservoir permeability and
initiation pressure gradient

< 20

& —0—0.10x1073 pm?

S | —m-0.15%10° pm?

WA e 020%107 pm?

R ——0.25x107 pm?

12 ——030x107 um?

24

=

RIS

=

Ho4r

Ik

ﬁ O 1 11 1 1 1 J
0 20 40 60 80 100 120

RRBRIEE/m
B3 RRGAIEESHEEANFGLUE ) ZAE0G % Z
Fig. 3 Relationship of the maximum seepage distance with the
formation pressure and fracture pressure at different
differential pressures

HEiK 70 A M g =28 E R EEE
0.1x1073 pm? [fli, & 2 A& Y, TP 7K 22 W 8 ot



LERE FHAREREMLER T

&K AT BE 321

FARS EE SIBLEE 2R 0.15 MPa/m. ARHESZIN K -
FEGERE, 2R S 16 MPa, 2488 1% 1 AR 35 3h ik
TP AA R (9 MPa), #BJZ TR 1 55448 % )
Z{H 7 MPa, XN i KARCGB R B AE 45 m 245 .

FET I bRz | 501 . RTA o Hrsg 2 Fp
TR, 25 A7 3388 2 KR #E S 150 m, Jf-fifl
FE AR I ] E KA S MG KA A e S TR
TIRREETRAIE, 2448 2 AT ol JL T B8 45 m, AR 35
HEWUCECEEE, R3S B3 AR AR 200 m,
A PRIFHE R A 400 m 24
1.1.2  HAAKE DTy k50 2 72 FFIE

PIK 7 U0 A i 58 X 42, HR i DR 3ak T FH T
THEL R 2400 A S8 B AR [ T AR, 2 LR
JE L BER . SR IMZEE . R R

AL MRS L KK BOK RS | B B

FSRAH I T ARSI EE AR [R], SR FHAE A2 S 48 A A
(UMF) G 7KF- 4 o3 R R R AR A, A i AR AL
SR, B A A Ry T AR G AR 1 A% 1 Vit e 4 (5
AL, Ay %R E N 150 m. 300 m. 400 m. 600
m Al 1200 m ARERY, 25 8 N TREEA R K. 1l 5)
FHE BT B 5 05 20 R B s, SR ) A SR e
FE & 095 kA5 AR 7, [R) A AR i T 2 P A 7R 2 T 5
ZABE PP TRHE, 25 A K AR A X RB B R, 2R
FH 25 5 AR XS 15 30 i 2V R i 8 (RS A A 0

B R TRFIJHE T s 5 % 15 0 Ak
fiE, 255 B, HHE /N 5 B R i A, 2
JE 77T Bl b, 2h AR s o AH R0 B (100
m/t) NI AN 2R T B ARk
ULIE 4, v LA H, BEE IR 3E G, PR B i b
hn, H 27 b A SR AR 400 m - FEAL, 7E 600
m R 5 B A K AR/

4~

=

Lor

=

gﬁl_ T MEEREAm — R R m

’ —JHEEESm  ——HZEEI0m

——JHEEE12 m

0 1 1 1 1 1 J
100 300 500 700 900 1100 1300

JFEE/m
B4 REFE. RE@EFEFMETEFRZ

Fig. 4 Cumulative oil production from a single well under
different well spacings and reservoir thickness

AL EL 100 m/t, JHZ R 10 m &4 F,
ANFEIFEEE I 2705 1000 m HHHE 8 277
(PRI B9 L fE) . AR X e 22779 5 200
m - X B BP9 A (X B R P= 9 FUAE), anlEl s
FER

1.0
0.9 |
m 0.8
é 0.7

A
Bk 0.6

—o— R R R

0.5 - —— X R Tl

().4 1 1 1 1 1 1 1 )
200 300 400 500 600 700 800 900 1000
FF#E/m

B 5 IR A K3k R = b e T4
Fig. 5 Trends in change of cumulative oil production ratio of
single wells and cumulative oil production ratio of blocks

ML S tha] LR th, BEE IEEE R3S m, Bt R
THECAELR TR A, T DX B2 v B 2 R R
P, AT R, — 7, HERE NSl R T

L, 52 M DX P B8 B P il o, o) — 7 T, 3 2 3
TR AT A3 O B ) 42 ) T AR R B e, {2y
o AT DX R 118 SR Yol B30 T 4% 0K 940 78 174 R 1
B o P I ARCR SR, 25575 TR R
AN e Z =, PRk oT X - 400~500 m,
1.2 ¥R

2018 4F DR AE PRIk I FH 4 B8 W) )2 AT A I M
S A ASSEIEAT RS AR A B B AR TR
FJEREIMITIE 513 H o JETF LR A, X Sy I (1)
A BRI TS, IR R A6 AR I
RO B, W R AR 433 11, 432 7 252150
m YR 8 1, 200 m JFFEVR I 12 17, 300 m I
PRIl 156 1, 350 m H-EEH I 45 11, 400 m H-HE
TMIF 144 13 450 m I 27 10, 500 m F i 3
41 1o R EBRIKE B X ™= RERRZ IR, LA K
H™ W A K H P BRI A e dn e A A 3
FE A= REIEA T 3BT R L

[, A T 28 A R 8 45 5, 1 UE [ S5 A
BT, AR T RIE4R, 75 M XFEA
A BE K, AR BB AN E 6 FT7R, 200 m,
300 m. 400 m. 500 m 1 600 m F 5 iz % 19 A7 H- %
BRI 6T 410 310, 2 A2 0, HEER
PR, YT AR b T B B, 4% B R T A, DA
15 4F N EBIS £ R A A B B A8 AR, X AR [F] X B



322

LRI YE 2024 F5 0 (%465 ) %34

AFIFRET I X BB SR 5 IR, Tk s
IF KA B

1200 m

1 800 m

FEFE 200 m(6 1) FFEE 300 m(4 F1HF) - HE 400 m(3 1)

FEEE 500 m(2119F)  FFEE 600 m(2 13F)
H6 MR¥pX 7 hBERRFEHRH*

Fig. 6 Schematic diagram of well array with various well
spacing in Chang 7 reservoir in Block M

PLHH6 V-5 8, iZF- 53638 7 H R 200
m RS R T & ARmER 2 FER A 200 m [A])Z25F
K, KB B 1548 m. 2l 20.6 B, HHiZE
77 46.4 A, Bl 9 645 6 TUREEEE 3 1R 400
m BRI &, KB B 1855 m. elid
253 B, HAETA= 48.6 ™ H, 277 13 820 t.,

1% HH6 4 200 m & 400 m H- B3 H
FEIHEAT AT, 200 m HBE KOS 1 AR 8 R
42.8%, H1.HF EUR 2.14x10* t, SRR 15.9%, Kili
FE 1.1%, WA K™ 5w, (P08 0 400 m -
FEK 4 1 AR5 0K 25.7%, B3 EUR 2.37x10%
t, R 8.7%, KM 0.6%, W] = T8, 1)
IF/NN, RERC B TRl o

2 #FR5itE

2.1 BHREWREE

AR FE AKX B A 2 1 22 R, 1
FLBRIE 8.8%, MR A 55.6%, HHEA A HFE K-
T3 BARRZ IR AP B . JHIESE 54, R
FARFURH AR B R K- I 456 1, 4558
wmE 7 B, 7T LA 9% X B8 4 1l £ = 7F
10.66x10%~26.1x10* t Z [], -4 20.57x10% t, 4}
FE/NF 400 m B, B EROR, B4 il it o K,
FEFERTF 400 m BRI F il figs d AR IG

30

0 I 1 I 1 | 1 | 1 | 1 | 1 l
150 200 450 500

300 350 400
FE#i/m

B 7 REFERFFFIEEE

Fig. 7 Well control reserves of horizontal wells with

t
3]
3

Hilfik /100
o 8

£
—
o

LSSk

various well spacings

ZEATIIR I T A2 M I A & B IE LAk . B0l
BT VR U B S B 5 b, 78 MO GRS A
[ 17 11, W 0E T 18] S AR 2 14 7, R
[ JFRE T F & 48 br. e T3 5 R $0 9% 3300 77
JC. BB (85 ET0/Am) THAL, DA 15 AR N ERIR 2R
RAE N AT AR R, AT HOAH R X B 6] R
X PR R bR 5 R bR, 259 W3R 2.

F2 MHAXREHEEFM TIEIRXTLL

Table 2 Comparison of indicators under different well spacing conditions in M well zone

3B/ AHH/  BIFEUR/ RE3 R Fw/ Rk R3RkE/  MBEES AHE, AKR AIL
m o t t % % 7 A 7 % 7
200 6 21124 126742 0.73 14.7 6261.97 528129 5.85 659.03
300 4 24394 97576 0.56 113 7061.93  5871.52 8.16 1853.85
400 3 26731 80193 0.53 9.3 670021  5536.99 10.49 1979.28
500 2 27831 66794 0.51 7.7 7380.76  6080.81 11.48 2279.83
600 2 30215 60429 0.35 7.0 542627  4514.76 12.23 2073.53

MF 2 v LUE S, B RS K, 1 EUR H
200 m A4 21 124 t 3401 %= 600 m B (930 215 t, H
FREE R, BAJE EUR K ; PRI 5 Rt i 200 m i

Y 5.85% HE I E 600 m B Ay 12.23%, R, A
HRU 25 R
H5Z MR, KPCRICES X He B 7= 5 i



55 RE, FHASCERACE K ER R

&K AT BE 323

TSR K R, 200 m FH B Y X B R R 5 2=l
Sr BN 14.7% F 126 742 t, 11 600 m FHE R i) X Bk
KR 7.0%, X HZE 7 60 429 t, HFEBOK, X
HURIBER 5 X He 87N

K, 7675 JEHLJF EUR KT 2.4x10% t, NEBIK
fn FRT 6.0%. K RILFE KT 9.1% MAMHT,
400 m PR A FE, 400 m HHE T, A BUR 4%
300 m HEERTR R T 9.6%, X H R4 500 m I
FEAFHE T T 20.8%.
22 BABFEXKBHEFSE

XF 423 A P B R e T i1, AR K
SEFH R A KRR 8 B, W LAE ), A2
#1391, 450 m. 500 m F-HE A E K H =0 e i,
390 3.1 m3, 3.3 m?, 300 m. 350 m F:FEYR 2, 200
m. 400 m B A9 30 I B9 EOK H PR R, YR
2.3 m% 477 12 4 HJE, 500 m HBE A - E K B
P2 R IR 57.6%:; A5 7 AR R, 200 m, 300
m, 350 m A1 400 m F:HE 70 FH 19 EOK B =W
A 0.8 m3, 0.9 m3, 0.8 m® Fl 1.0 m3, 4 FpH-HE p
400 m BB /N, K 57.5%; Bl Az P ) i R 2
FER:, 400 m FHFEIIHAY EOK H PR R ROR

4 -

150 mH-Ff (811)

= —=—200 mFHH (1211)
e 3 ——300 mJ-EE (156 1)
£ ——350 mJF#H (4511)
&, | ——400 mF#i (14411)
i ——450 mIFHE (2711)
m ——500 mIEE (41711)
Xk

g

(=}

0 5 10 15 20 25 30 35 40
A Tl H

B8 ARREHFIEAFHFHERD FiksH
Fig. 8 Statistics of average 100 metres fluid production per day
of horizontal wells with various well spacings
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