H 41K B 5H % i 4 3w #H R Vol. 47 No.5
2019 % 9 A PETROLEUM DRILLING TECHNIQUES Sep., 2019
<«ERRE»> doi:10.11911/syztjs.2019076

NalHERAFRMATHARERARREZRETTE

THE, KHE, KEXR

(B A A TR AR TSR, db st 100101)

i ERFRERAOAES T ZLABK, AEHEFTHBARALIA R - BHGFERFHE, HTLRK
REDSHHEFARBAEFELE, SHTEAS A EBOHEFTLAAKARBT EARNEHEZFHHTL
PR R R4 TR AR, O EH S 3NS5 HA R RRFBEKFHABR HEESBELER SR
Fi-TR—GUE R KBS E TRRUMBERF, A LA B WL F AT LB IEHIEZRE R E b
HTFAAAKR BB TELRB A BB ESATAGEFZFRABEAREZLRT @, AR FRE R BN EFS
BIE, RIEE RERZ 4,

KR W, 4, WA, #ERA; KPH; SEEEL

FE 525 TE21 X EkFREARD: A XEHS:1001-0890(2019)05-0001-10

Key Drilling/Completion Technologies and Development
Trends in the Efficient Development of Shale Oil

WANG Minsheng, GUANG Xinjun, GENG Lidong
(Sinopec Research Institute of Petroleum Engineering, Beijing, 100101, China)

Abstract: In recent years, shale oil production in the United States has increased dramatically, in large part due to
new features and trends in shale oil drilling/completion. In order to provide references and experiences for the efficient
E & P of shale oil in China, this paper analyzes the current status of shale oil E & P at home and abroad, and introduces
the key drilling/completion technologies used to boost the economical and efficient development of shale oil. The new
trends include significant improvements in reservoir sweet spot evaluation and identification, the ability to extend long
lateral horizontal well development, increases in high-density staged fracturing, an analytics-led geophysical-geolo-
gical-reservoir-engineering integration, and engineering optimization using big data analysis. According to the challen-
ges in the economical and efficient development of shale oil, as well as the current status of shale oil E & P in China,
this paper also proposes the development directions of key shale oil drilling/completion technologies. This study sugg-
ests that the proposal of those key technologies and development directions suitable for domestic shale oil reservoirs is

of great significance for the economic and efficient development of shale oil in China, and for national energy security.
Key words: shale oil; drilling & completion technology; sweet spot evaluation; sweet spot identification; horizontal
well; high-density hydraulic fracturing
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Table 4 Well construction costs for each block in the Bakken

shale oil area
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shale oil area from 2012 to 2016

34 TAEHRBERE, EREFEIRDE

— T T, T AR R ) — YRR T R
YA 20%, SR F 7K BK B2 R SR AR R 1 2R
R 30%~40%, K H A AR 9K 45 = YR I YR
R K 45%~ 65%, T4 35%~55% K FR AT 52
AR BRI TR o & 1 DU = RS, (A
FWCRATYIR IR, BEASTE 10%~ 15%., T w5 % %%
BRATIO, A 5 47, 8 AR B A R T TR

U T R MCR B B & 20% A4 .l R iR
15 LA T R R B i 5 A A TR R B B, A ROk
10 4] geE A Tl fb By B, Eagle Ford T i 7= [X
BARIBAL T — R B B, (HE & JF R 1T KRR IK
BRI, P RSB BT 2 AR 3
PE2E B2, 75 S8 A mAR A S 7 B Ab 4 s T
7= &, ExxonMobil., Shell F1 Chevron 2\ &) 1E 78 FF & 171
AR A AR BOR BT, W5 WA R IR A L
BT A L I AR AR, R %R R AT DR I T AR A
25 6T FL B B RS 37 A I S e AR

4 FHE DUA B SR AR 5 1]

e [ i A1 05 i RO R, 2 B A A BT
F M RN IL F b | SR 22 M 4k b R o e R S 4 R
TIGURR s, LARG AR 5O o 2, T B XT8N, A
LR B i ARG, A rh 00 BT S A T
A BB B R RS, TR A T EAE
[l Sh S itk 22 0 i RE At L, o g Al o 52 B Al LI A
R AR B AU AR B, I R 5 S 50, B i3k 1=
Wli A B i SO R SRR R

41 EHBPHHR

D) VU Ak 2 Bl R SR RIS . SUAE
B R BT e 1) G R T 82 B R U S A
s LA X H bR XA )2 T Bk AL 7 | b BT ) oA
PVT FRPEOFFE, 7 B i s A A i 5 1 i
SRS PR R T i

2) N T 2448 5 AR AEAE FIPLERAT ST . SRR A
TAREEAE ST IR MU ) 25 PF T IR R R R fef L
LUK SO0 R AR RLEE ML 55, TE U kA -
BT 3T J T 240 T T LS T RS

3) K SAE R EARHIPLEL . BE5E s i =
MR A e SR ML B R R iy TR 2K, DA B s 2R R %
Tk T2 A B

42 KAKFEERKFEHFBUEHFEAR

1) “HTT” ZEFIFEEAR, SUAINEZ
JE R R (R L oK) i, SR 2 AP AT R
HARREA BOT RBEARE, W B AL S I
IFa) e (W) P R S [ B A%, i g X B ) S RO
2) KK BOKFHBE AR . IFJ#3E N 3 000 m
L VA EARIK-BORFH A Sh ik nf B2 sh AL L v 2l



F 47k H 54

IHAEE T B HEIF LA T KRR B LT 6 9.

B Sk LKAV BOK ST I BE S8 A 10 By B 4 i A
AR LA il B R A 7K P BRI T R 45
Jr i BB TE, B v KKF BUKF 4l RE 1 ARk

3 FIET R Ik R S et T
0 R ) TR An B R S TR R A R A
T T 1 R G, ALK BOKCE I B IR B

4) Z0r SOFHR . IF R IR FIEIE 2 73 SO
P ROTT BB, FEARER G A

43 KEHBHGEESRERKA

1) JE RS EARA BT o 38 3 3l 5808 (A S
FE, o3 AT He 2 S JO0k 7™ 8 ek 19 SO, O PEAG T
PR W EFFRCR, LUK P I B RS HL

2) B IESE M R BEOR o JT AR IR 42 1]
TR DA BT I 5% 1) R | [ A T R Rk S A
BR300 1 SRR N3 A KK BOK P IR Bl ZE R R Y
BRI, 388 KoK BOKOP I e AR 9 A 35k
R ARG 0 2585 A o

3) IRZREE N EAR o e 240 T4 LA 2R s
PR T B (A 4 T 20 B3 0] LS4 R0 7 B Ao
2 M I R 2 A DL A2 W 2 ), LA S TR IR AE
o= P e A E, O F R DX TR R T A T
TR A Bt 225

4) TR IR . R Ak 2= EAEK Y
JRRR AR K R 2R, AR KO D i 2 09 4 3

14 RERBEZA

1) 7K B Fi v SRR o RS 3 TG 15 45 0 i
JE B FHBLEE B AR A, 08 5 B e A T i
IKIRACR

2) THRER R R . BT R, AR ALK
KARARE NS 35 4 w5 0 il A SRR, (H G 2808 1
BB AN 2 NI T Bt — PP R 22 5
ERy R AT

3) BUA I AL TP R B A o B3 A IR B BT
T A AL B R 25 B SR MR AE S TR
FEL IR O A AR B R R A o, 4 v
PR

4.5 HEEe—EwUEEAR

D) A S LR BEAL B S R R EOAR o St
BT SR PATE O, TR N TR BES I A MBI [,
S N R T O O S ) b B 1) AR, O A

A

B ABIE L IEAR, AR T S A R S  RE E IR B
B, Sy 5T i P EAE A PR

2) BT REAE B s AT A . FEE AL
P 3 o B 2 58 MO A9 B I 58 1 R
DU B H S8 H SR DAL TR A, WL B 58
JRURSE , 0 S AR 2B I i, B 7 | A L R

3) PR - B - TR — AR BR o o S R
B2 ARG | SELE b T ) 24 R e A Ak 3
A7 — M A BT, of T B A8, A K R B il
IV I

5 ZhE

A T A Of R Y S R BT IR —,
(ELFCTT e ¥ B R, A 3 e e AR o 20 DR e A
A | AR R R, ARSI A T A RO K
5 1A T i IO U, O IE AR R 2 52 ) T
FHREVEAS Ja, T [ I il ik A TR R R R T
TR B o 55 5 [ I A DU il A B, 3 Bl AR OO
THE HH J5 A% 0 R M TR 4 1 A7 AR R 22 5, o BT
i 2 [ AP STt 22 30 ) BE Al L, i B T 2 I R Al B
T A I OB 58 I HOR BOG, IR 87 5 5k
5, JE R [ Bl A O i R A T R R SIS B R,
o B [ A I RUASAE T e e ROR 503

& % x M

References

(1] &%, iR, mik, 5. P EMR U< Ea T (1. A
5 RIRTHT, 2019, 40(3): 451-458.

JIN Zhijun, BAI Zhenrui, GAO Bo, et al. Has China ushered in the
shale oil and gas revolution?[J]. Oil & Gas Geology, 2019, 40(3):
451-458.

(2] k&N, IS, 255, 5. TUE M2 5PN (1] H2mik,
2012, 19(5): 322-331.

ZHANG Jinchuan, LIN Lamei, LT Yuxi, et al. Classification and
evaluation of shale oil[J]. Earth Science Frontiers, 2012, 19(5):
322-331.

[3] United States Energy Information Administration. Technically
recoverable shale oil and shale gas resources: an assessment of 137
shale formations in 41 countries outside the United States[R]. Wa-
shington: U. S. Department of Energy, 2013.

(4]  ZBBEEE, Hate, Shpise. JUSEBUE I E AR IR Kot 3 E s
A ). AERR T Z, 2014, 36(4): 1-5.

GUO Xiaoxia, YANG Jinhua, ZHONG Xinrong. The status of tight
oil drilling technique in North America and its enlightenment to
China[J]. Oil Drilling & Production Technology, 2014, 36(4): 1-5.

[5] BT, &%, SHPILMAN A, et al. %' #7 00 Al Hb B R4 2%

PRI KRR (7). A9 5 KRR T, 2019, 40(3): 478490,


http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190304
http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190301
http://dx.doi.org/10.11743/ogg20190304

<10 - % IS S - SR N 2019 %9 A
503. of automation applications on different drive systems in
LIANG Xinping, JIN Zhijun, SHPILMAN A, et al. Geological unconventional well development[R]. SPE 173159, 2015.
characteristics and latest progress in exploration and development of [ 18] LEVEILLE G. Barclays shale oil technical teach in[R/OL].[2019-
Russian shale oil[J]. Oil & Gas Geology, 2019, 40(3): 478 -490, 06-23]. http://static.conocophillips.com/files/reports/conocophillips-
503. greg-leveille-barclays-shale-oil-te.pdf.

[6] SINGERB, SYED W, SAMA V 8, et al. Shale innovation: brawn to [19] MILLER G, LINDSAY G, BAIHLY J, et al. Parent well
brains to bytes[R/OL].[2017-06-23]. http://www.altiragroup.com/ refracturing: economic safety nets in an uneconomic market[R].SPE
sites/default/files/resourcesShaleInnovation.pdf. 180200, 2016.

[7] GLASER K S, MILLer C K, JOHNSON G M, et al. Seeking the [20] GOMAA A M, NINO-PENALOZA A, MCCARTNEY E, et al.
sweet spot:reservoir and completion quality in organic shales[J]. Engineering solid particulate diverter to control fracture complexity:
Oilfield Review, 2013, 25(4): 16-29. experimental study[R]. SPE 179144, 2016.

[8] TINNIN B, MCCHESNEY M D, BELLO H. Multi-source data [21] ORUGANTIY, MITTAL R, MCBURNEY C J, et al. Re-fracturing
integration: Eagle Ford shale sweet spot mapping[R].SPE 178592, in Eagle Ford and Bakken to increase reserves and generate
2015. incremental NPV: field study[R].SPE173340, 2015.

[9] KHALIL R, FENG G. Geomechanical sweet spot identification in [22] GREEN J, DEWENDT A, TERRACINA J, et al. First proppant
unconventional resources development[R].SPE 182247, 2016. designed to decrease water production[R].SPE 191394, 2018.

[10] CHEN B, KUMAR D, UERLING A, et al. Integrated petrophysical [23 ] PANKAJP, PHATAK A, VERMA S. Application of natural gas for
and geophysical analysis on identifying Eagle Ford sweet foamed fracturing fluid in unconventional reservoirs[R].SPE
spots[R].URTeC 2154677, 2015. 191863, 2018.

[11] ANAND V, ALI M R, AL-ADANI N, et al. New generation NMR [24] ZBOROWSKI M. How ConocoPhillips solved its big data
tool for robust, continuous T1 and T2 measurements[R]. SPWLA- problem([J].Journal of Petroleum Technology, 2018, 70(7): 21-26.
2015-CC, 2015. [25] Petroleum Technology Alliance Canada. Tight oil and shale gas

[12] PetroShale. High-quality, stacked oil pay in the sweet spot of the innovation roadmap[R/OL]. (2017-05-08)[2019-06-23]. https://www.
north Dakota Bakken[R/OL].[2019-06-23].http://www.petroshaleinc. ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-
com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation- 05May2017.pdf.

FINAL2.pdf. [26] United States Energy Information Administration. Trends in U.S. oil

[13] ROBINSON K A, MAZEROV K. Land drillers usher in era of and natural gas upstream costs[R/OL].[2019-06-23].http://www.eia.
super-sprc rigs[J]. Drilling Contractor, 2018, 74(5): 16-26. gov/analysis/studies/drilling/pdf/upstream.pdf.

[ 14 ] MACPHERSON J, KNIGHT S, WARDT J D. Automation of [27 ] BERMAN A. Putting the Permian Basin in perspective: tight oil &
directional drilling system with remote supervisory control allows the long-term debt cycle[R]. Midland, Texas: West Texas
mile-a-day wells to be achieved in Appalachian Basin[J]. Drilling Geological Society 2017 Fall Symposium, 2017.
contractor, 2018, 74(5): 32-37. [28] PANKAJ P, MUKISA H, SOLOVYEVA 1, et al. Boosting oil

[15] W%, Tk, JeBZE. PDC &3k ik e & Je i 2% (3], Aihal recovery in naturally fractured shale using CO, huff-n-puff[R]. SPE
¥, 2016, 44(11): 5-13. 191823, 2018.

PAN Jun, WANG Minsheng, GUANG Xinjun. New progress and [29] PANKAJ P, PHATAK A, VERMA S. Evaluating natural gas-based
future development of PDC bit[J]. China Petroleum Machinery, foamed fracturing fluid application in unconventional reservoirs[R].
2016, 44(11): 5-13. SPE 192042, 2018.

[16] FMUE, EH%, Bk, 4. MM T £l TR AR GRS R [30] A5, o BUA IR TT & IR PR AT 5 (). AR T,
RIETTIA) (7). AR, 2018, 46(6): 1-8. 2015,37(4): 58-62.
WANG Minsheng, GUANG Xinjun, PI Guanglin, et al. The FU Qian. The status, challenge and prospect of shale oil exploration
characteristics of petroleum engineering technology design and and development in China[J]. Oil Drilling & Production Techno-
innovation in a low oil price environment[J]. Petroleum Drilling logy, 2015, 37(4): 58-62.
Techniques, 2018, 46(6): 1-8.

[17] PINK T, COIT A, SMITH J, et al. Testing the performance impact [ %3 4XF]


http://dx.doi.org/10.11743/ogg20190304
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf
http://dx.doi.org/10.11743/ogg20190304
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf
http://dx.doi.org/10.11743/ogg20190304
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.altiragroup.com/sites/default/files/resourcesShaleInnovation.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://www.petroshaleinc.com/wp-content/uploads/2019/01/PSH-January-Inv-Presentation-FINAL2.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
http://static.conocophillips.com/files/reports/conocophillips-greg-leveille-barclays-shale-oil-te.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
https://www.ptac.org/wp-content/uploads/2017/05/TOGIN-Roadmap-Report-05May2017.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf
http://www.eia.gov/analysis/studies/drilling/pdf/upstream.pdf

