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Abstract: Tight oil is an important target for future oil and gas development in the
world and has become an important petroleum resource in North America. The
research and application of tight oil and gas reservoir reconstruction technology based
on horizontal well stage fracturing technology has promoted the rapid growth of tight
oil production at home and abroad, but the ultimate recovery is less than 10%. In
order to effectively develop huge tight oil resources, North America (mainly United
States and Canada) has studied oil recovery, chemical flooding, gas injection and other
technologies to improve oil recovery in tight oil producing areas. The article provides
the main research results of the application of IOR technology in tight oil reservoirs for
more than 10 years. Firstly, it introduces the typical production characteristics of tight
reservoirs, analyzes the factors affecting the productivity, and secondly summarizes the
common reservoir characteristics and fluid properties of tight oil reservoirs in North
America.Then reviewed the domestic and international indoor simulation studies and
field test results of water injection, chemical flooding, gas injection, carbon dioxide
flooding and other technologies, as well as the oil displacement mechanism and

applicable conditions of various technologies, and obtained the future research of tight
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oil development. That is, the trends and developments focus on expanding the contact
area between oil wells and target layers, increasing the relative permeability of crude
oil, reducing the viscosity of crude oil and changing the wettability. CO2 flooding, gas
flooding, surface active flooding and (low brine) water and gas alternate injection are
the main applicable technology for tight reservoirs . The above research provides some
ideas and references for the research and experiment of tight oil in China.

Key words: Tight oil; Enhanced oil recovery technology; Water injection; Gas

injection; Chemical flooding
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B3, S22 I0R J5 vk @ A 2R . M 70 R T AT EERM
BT R ORI JEOHR ORI S SCRORE, B Ab BRI 58 5 Tk LA 43 BT
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WARTEARE ST o W ISR 3207 ] DMERIBCRIE R 5-10% . Figera 55 NIAH
IR TRAR IR 2 focil T TECR I R TOR Jrik [41 ] [42] [43] [44 ],
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. ZEHRCNIE, WA KRAAEBCEMIZE I AW RE RS H, £
JE R AT RE R AE A E DU 2, TR AR WK BB AN, AR AR R G
Yyt TG A I R B JEH SRR o

WWWw.sciscanpub.com/journals/per https://doi.org/10.35534/per.0102006



i RRERENNTERARDENDHT SLLR

4 Z5ip

(1) BRI, B SR Iy R I A S v A ST
FRAFHE L KR ZLBER . AR 5 T RS HO Eos i A 7= A R AR

(2) BUBIMIT R ANCHIFE AT & 7 LK HE rh e I A0 E A2 142
FRTEIRR . 42 A XS B BRI A R A R

(3) CO, 3K, RIGHEIKFK A TEARBUR =0 EEE AR, KZ
B CO, SR EUR M H S T AT R, A G KEK . BN Co, IR CO,
ALV PE RIS R s g AR, RIS IR BOR M E PR R R, BRIERIGT
B 24 T 2 = TR BOS B , U BB al AR SABE IR, It Ehis s .
IR SERRRARIR I T AK AT AR K, Bt AR v, e aE R
AR R

&% 3

1] X8, skEL, ke, 5. SPRECRMOMES . FHE. o bagrmm (1] .
KPS 5%, 2013, 32 (4) : 168-174.

(2] X, skEH, #hiAR, & REMATOSMEUKPIFRREAR [T] .
KRAMHE 5%, 2014, 33 (6) : 160-164.

[3] YuY, LiL, Sheng J. Further discuss the roles of soaking time and pressure

depletion rate in gas huff-and—puff process in fractured liquid-rich shale
reservoirs | R ] . SPE 181471, 2016. hitps://doi.org/10.2118/181471-MS

[ 4 ] Hoffman B T, Evans J. Improved oil recovery IOR pilot projects in the Bakken
formation [ R ] . SPE 182070, 2016.

[ 5] Williams N. Why Canada is the next frontier for shale oil [ EB/OL ] .
[ 2018-01-16 ] . https:/finance.yahoo.com/news/why—canada—next—frontier—
shale—062024613.html.

[ 6] Alfarge D, Wei M, Bai B. IOR methods in unconventional reservoir of North
America, comprehensive review [R] . SPE 185640, 2017.

https://doi.org/10.35534/per.0102006 www.sciscanpub.com/journals/per



RRERENNTERARDENDHT SLLR 40

https://doi.org/10.2118/185640-MS

[ 7] Mohanty K, Prateek K. EOR in tight oil reservoirs through wettability
alternation [ R ] . SPE Annual Technical Conference and Exhigition,
2013.

[ 8 ] Manrique E. EOR: current status and opportunities [ R ] . SPE Imroved Oil
Recovery Symposium, 2010. hiips:/doi.org/10.2523/130113-MS

[ 9 ] Donaldson E C, Philip B L, Rex D T. The effects of viscosity and wettablity
on oil and water relative permeabilities [ R ] . Fall Meeting of the Society of
Petroleum Engineers of AIME. Society of Petroleum Engineers, 1966.
https://doi.org/10.2118/1562—-MS

[ 10 ] Anderson W. Wettability leterature survey—part 1: Rock/oil/brine interactions
and the effects of core handling on wettability [ J ] . Journal of Petroleum
Technology, 1986. hiips://doi.org/10.2118/13932-PA

[ 11 ] Buckley J S. Effective wettability of minerals exposed to crude oil. Current
opinion in colloid&carbonates [ R ] . SPE Journal, 2010.

[ 12 ] Al-Hadhramim H, Blunt M. Thermally induced wettability alternation
to improved oil recovery in fractured reservoiors [ J ] . SPE Reservior
Evaluation&Engineering, 2001. htips://doi.org/10.2118/59289-MS

[ 13 ] Nasralla R, Bataweel M, Nasr-EL-Din H. Investigation of wettability
alteration and oil-recovery improvement by law—saliniy water in sandstone rock

[J] . Journal of Canadian Petroleum Technology, 2013.
https://doi.org/10.2118/146322-PA

[ 14 ] Takahashi S, Kovscek A R. Spontaneous counter imbibitions and forced
displacement characteristics of low permeability, siliceous rocks [R]. SPE
121354, 2009. hiips://doi.org/10.2118/121354-MS

[ 15 ] Makhanov K, Dehghanpour H, Kuru E. S. A experimental study of
spontaneous imbibitions in Horn River Shale [R] . SPE 162650, 2012.
https://doi.org/10.2118/162650-MS

WWWw.sciscanpub.com/journals/per https://doi.org/10.35534/per.0102006



- RRERENNTERARDENDHT SLLR

[ 16 ] Twere F O, Robin N, Heim B V. Cherian numerical simulation of enhanced oil
recovery in the Middle Bakken and Upper Three Forks tight oil reservoirs of the
Williston Basin [ R ] . SPE154937, 2012.
https://doi.org/10.2118/154937-MS

[ 17 ] Fakcharoenphol P, Charoenwongsa S, Kazemi H, et al. The Effect of water
induced stress to enhance hydrocarbon recovery in shale reservoirs [ R ] . SPE
158053, 2012. hitps://doi.org/10.2118/158053-MS

[ 18 ] Samiha M. Water flooding in the Eagle Ford Shale Formation: experimental
and simulation Study [ R ] . SPE 167056, 2013.

[ 19 ] Samiha M. Sheng J J. Imbibitions characteristics off the Barnett Shale
Formation [ R | . SPE 168984, 2014.

[20 ] Kos C M, Domilee D B, MacDermott R N. Waterflood optimization of the
Buffalo Coulee Bakken heavy oil pool of Southwestern Saskatchewan [J1.
Society of Petroleum Engineers, 1995.
https://doi.org/10.2523/30285-MS

[21] Wood T, Milne B. Water flood potential could unlock billions of barrels:
Crescent Point Energy [ EB/OL ] . [2013-05-20 ] . http://www.
investorvillage.com/uploads/44821/files/CPG dundee.pdf.

[ 22 ] James S, John H. Enhanced oil recovery (EOR) in tight oil: Lessons learned
from pilot tests in the Bakken [ M ] . Tight Oil Optimization Workshop,
Calgary, Alberta, Canada, 2015.

[23] Yong C, Wu O, Bridle M K. et al. Reinjection produced water into tight oil
reservoirs | J | . Socity of Petroleum Engineers, 2012.
https://doi.org/10.2118/162863-MS

[24 ] Wang D M, Liu H. Sufactant formation study for Bakken Shale imbibitions [1].
Society of Petroleum Engineers, 2011. hitps://doi.org/10.2118/145510-MS

[ 25 ] Shelter P J, Tang H, Lu Z. Chemical process for improved oil recovery from
Bakken shale [J] . Society of Petroleum Engineers, 2011.

https://doi.org/10.35534/per.0102006 www.sciscanpub.com/journals/per



RRERENNTERARDENDHT SLLR st

[ 26 ] Morsy S, Zhou J, lant K, et al. Optimizing surfactant additives for enhanced
well stimulation in Bakken Formation [ J ] . Society of Petroleum Engineers,
2014. https://doi.org/10.2118/168180-MS

[ 27 ] Alvarez J, Neog A, Jais A. Impact of surfactant for wettability alternation in
stimulation fluids and the potential for surfactant EOR in unconventioanl liquid
reservoirs | R ] . SPE180270, 2014. htips:/doi.org/10.2118/169001-MS

[ 28] Nguyen D, Wang D, Oladapo A. et al, Evaluation of surfactant for oil
recovery potential in shale reservoirs [ R ] . SPE169085, 2014.
https://doi.org/10.2118/169085-MS

[ 29 | Dawson M, Nguyen D, Champion N, Designning an optimized surfactant flood
in the Bakken [ J ] . Society of Petroleum Engineers, 2016.
https://doi.org/10.2118/175937-MS

[30 ] Xu T, Hoffman T. Hydraulic fracture orientation for misible gas injection EOR
in unconventional oil reservoirs [ R ] . URTEC2013-189, 2013.

[31] Wang D, Zhang J, Butter R. et al. Scaling laboratory—data surfactant—
imnition rates to the field in fractured—shale formations [ R ] . SPE178489,
2016. https://doi.org/10.2118/178489-MS

[ 32 ] Alvarez ] O, Schecher D S. Altering wettability in Bakken Shale by surfactant
additives and potential of improving oil recovery during injection of completion
fluids [ R ] . SPE179688, 2016. hitps://doi.org/10.2118/179688-MS

[33 ] Tao W, James J, Sheng M Y. Evaluation EOR potential in fractured shale oil
recovery by cyclic gas injection [ R ] . SPE 168880, 2013.

[ 34 ] Arshad A. Carbon dioxide miscible flooding in tight oil reservoirs: a case study.
Kuwai [ M ] . International Petroleum Conference and Exhibition, 2009.
https://doi.org/10.2118/127616—-MS

[35 ) Bcee, AR, . SR (M), Al Tl REL, 2012 87.

[ 36 ] Ghedan S. Global Laboratory experience of CO2-EOR flooding [R]. SPE
125581, 2009. hiips://doi.org/10.2118/125581-MS

WWWw.sciscanpub.com/journals/per https://doi.org/10.35534/per.0102006



5 RRERENNTERARDENDHT SLLR

[37 ] Monger T G, Coma J M. A laboratory and filed evaluation the CO2 huff-n—puff
progress for light oil recovery [ J ] . SPE Reservoir Engineering, 1988, 3 (3):
1168-1176. hiips://doi.org/10.2118/15501-PA

[ 38 ] John HJ. The EERC's CO2 Enhanced Bakken recovery research program,
North Dakota Legislative [ M | . Council Energy Development and Transmission
Committee Meeting, 2012.

[ 39 ] Ghaderi S M. Inverstigation of ecomomic uncertainties of CO2 EOR and
sequestration in tight oil formations [ M ] . SPE Enhanced Oil Recovery
Conference, Society of Petroleum Engineers, 2013.
https://doi.org/10.2118/165301-MS

[40 ] Yang D T, Song C. Performance evaluation of CO2 Huff-n—Puff processes in
tight oil formations [ M ] . SPE Unconventional resources conference Canada.
Society of Petroleum Engineers, 2013.

[ 41 ] Song C. Optimization of CO2 flooding schemes for unlocking resources from tight
oil formations [ M ] . SPE Canadian Unconventional Resources Conference,
2012. https://doi.org/10.2118/162549-MS

[ 42 ] Wilson A. Multiscale simulation of WAG flooding in naturally fractured
reservoirs [ J | . Journal of Petroleum Technology, 2014.
https://doi.org/10.2118/0114-0073—-]JPT

[ 43 ] Christensen H R, Stenby E H, Skauge A. Review of WAG field experience [ J | .
Society of Petroleum Engineers, 2001. htips:/doi.org/10.2118/71203-PA

[ 44 ] Figera L A. Performance review and field measurements of an EOR-WAG project
in tight oil carbonate reservoir—Abu Dhabi onshore field experience [ M | . Abu
Dhabi International Petroleum Exhibition and Conference. Society of Petroleum
Engineers, 2014. hiips://doi.org/10.2118/171871-MS

[ 45 ] Penny G S. Proppant and fluid selection to optimize performance of horizontal
shale fracs [ M ] . SPE Hydraulic Fracturing Technology Conference. Society
of Petroleum Engineers, 2012. hiips://doi.org/10.2118/152119-MS

https://doi.org/10.35534/per.0102006 www.sciscanpub.com/journals/per



RRERENNTERARDENDHT SLLR -

[ 46 ] Hendraingrat L S, Shidong L. A glass micromodel experimental study of
hydrophilic nanoparticles retention for EOR Project [ M ] . SPE Rassian Oil and

Gas Exploration and Production Technical Conference and Exhibition, 2012.

https://doi.org/10.2118/159161-RU

WWWw.sciscanpub.com/journals/per https://doi.org/10.35534/per.0102006



