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Abstract

Shale gas was rich in China and its development was of great significance of energy strategy in
China. At present, the technologies in shale development was mainly hydraulic fracturing, which
was harmful to the shale reservoirs and in turn affected production after fracturing. Meanwhile,
the shale gas reservoirs in China were widely distributed in remote west China where lacked wa-
ter. Therefore, the waterless fracturing technology was urgently needed. In this paper, the four
waterless fracturing technologies, including high energy gas fracturing, liquefied CO: fracturing,
foam fracturing and liquefied petroleum gas fracturing, were studied. Besides, the advantages,
disadvantages, and the application status of the above 4 technologies were compared. By combin-
ing the existing waterless fracturing technology with the actual geology and engineering situation,
the waterless fracturing technology suitable for shale gas production in China is explored, which
speeds up the commercial and efficient exploitation process of shale gas.
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Figure 1. The fracture morphology of high energy gas fracturing
E 1. SRESAEERRERS

AT IESE R T KBRS, HarCoth] 7 20 =AUER, JFse e, SFERELIREIL 2000
F R AR RE TR B TS 1R A2 v e UM R R BRI ARG P R — BRI R & IR . 1E
BORTT A B RIR B e Rt ie, mae USR] AR S FLECR MG 5, 931 — TR B M E A R
SHLEAR . ESTHLHR R ST 25, Wi S TRRERD AR S FLAR e i, Se 2 — kbl 5
3, TRMMEBIT Vet UK R R SEEAE s AR SR AR b, R KRR R R
i SARAR FLA A P PRI IE T o U880 B A e 2R A S FLBORAHE ) — A FE 7]

3.2. REZSHHRERAR

TEAEZ R ZE SRR, FIH 100% A A ABRIE N HERE8], HEAT =R, BR T Refig A2
HEHh,  AEAHRIE AT DU S R ORI o FEREMEL S, RS AR NG E T, RRAE
SRR R, TARARBRTE L ZR B A AR R R AR DR YR, 7 b I AR, AT DA B A S T A

TARARRIA AL Z i, AT ARV 2 R K R R AE RIS AR Rk B e R, pH (A T3
4.5 UL b, FTLLVARRIR - F L s, HEim ok 2 rvsi@E v ee, EL AT DURBR LS 2 RN S ZE R . b
JEH I AR S Ak sl B, AR MRIAR B, AT DU AR AN R AN A A R e i A S S R A
WA, KRR IR HEK A H B

RS AR A T BRI, =R B LR, e TR iR R 24, AR )
FEEVEHEITE 0.02~0.06 mPa's, SEUHTIRISHL P IHE RO IR 0T SR B2 T e, E I PR 1 2521 SR RE
JIMNTSE ARG 7= 2R, DR VS A S B P TR R BT B sz — (9]

IS K AR AR S BB B 2R [10] [117. 23R 2 — S0 B I 2L RENS B AR 5 240 0 5 D et
HJE SR TG R . BRE 1987 4, A ZE A IRIE REREME K 16-10-27-8W4M )it
SR EEE P RN . BEE LR TR, E M 459 K. 30 2ANAFRMGEEAT T A
B IR 2L, Hoh 95% 25, 5% mMFE. & 2003 R, il AL B EILSE . ’R
MELTER T 1100 kL b BT Al A AR RS R rERe 2. R, R CHFE B R,
i &S ok, TR, AT IREMRICEM ZIERRE T, H 1994 £k, AR TRESMA
A AR TP RS B BRI R B AR . 2R R SR RGN TR, JRYERE T A E
Rtk B 2006 Fild, M EIFE T Aim A A BIG RE R R L2 HEORA T, T 1R LA
A, 3RS T T EFARR BRI RUF R 208 . 2013 48 8 H 12 H, JIRESE TFEA PR A 745 % TR

DOI: 10.12677/jogt.2018.403080 170 A RN


https://doi.org/10.12677/jogt.2018.403080

P/ GRS 5 % N T e 3

AW T BT A AR TV IR T 2RI AE KRS I3 AR 44-22 FHTh e U2 E . X [ 25—
WH EWF R AR TN IR 2R o 1% IR E 20 TAR VI EANFEE N 2.0~4.0 m*/min, ZiHEANMK
R EAER 254 m®, bR 2.8 m®, PP H 3.48%, HmBENRPEL 9%, i T.E /) 28~46 MPa.

3.3. RERBAR

HHRER T ZHEARRMEE . KB KEUERZ 35 370 DU SE 7= I B2 H A R . YRR
ZEM IR bt PRI AR M — PR B SRR, = — A K& S BE D B TP (3 50 43 Bli

R BRI EA TR bR 0. MR RO HER & i EE N2, (HEH
IR = /T =7= I 7 O I a7 N = 1 T~ W Ao O 2 5 P 1 2 P 1 1 e 0= 1 1 S T T
UYL RN A SRR R e P, DAE— 205 i Y R T 2R A5 e O R 2 VL K R R 0 K R I 2 7 1) o

AR A R R AR E R EE, &SP IEAXMNHT 1970 4, BEEH 10 4, R EREEAZ
B RIESERE . 70 AT, BRI R R o KRR 4 A EZRKF, HAEREHE B =K E N 120~140
kg/m’ BB RN B4 T . RS IERD A8 DA 08 R SR M BRI 4F, (H2 O3 3] 1 B RIBE™ k
o WHERIEH B PRABCR, KRB TR, KRS TR IR HESIR . 1973~1976
e, RIERIEREUR IV, 280 T2 /NI BE, 6 R R 24 A8 A AR Ak T IR B
1977~1978 4, FFUA 75 b8 37 7k i 249000 M 2 3 il i 19 55 I 46 4 FH /K B8 FR IR sk 2 b 245 55
1979~1983 4= [A] /2 ¥ i 24 VR T 20K FE 1T R EABIY B o VLA 1 2490 32 B2 11 R R I Bt 20 14 80 AR H 1,
o H AR AR P S T 2L ) A B R R, 240 90% A _E S R SR B IR IR IR R R . &
20 FFI R RABEAL, WK ERBOE BT R, FERIEEEREREMER D T/, it T e
J e &7 REVEAN 7 THI -

3R R R s 24V T 7T 46 T 20 120 80 £EAX IR 3« 1998 448 I IAT i FH & YR HEAT 1 WA IB 24 A it T
A IR e TR R R 21 I, S5 E AT AR, SRR TR R 2R R B 2 B 12]
[13], WA BRI — SRRV R It AR PR AT T BRI 78, AR AN RS it & R R R A 2
H, BT TSR B A H TR R B S SOOI A R, W A L IR R R
SURGE, SCHEFE R 2L IR 2 s 2003 4F £ B RIEE[ 14 0 AN Rl T 260 R 130 oK R 2400347 7 5840,
T FEIA T R it T ok R P IR PR RS s 2006 SRR JRAREE[ 1 50T 75 LS BE [H] P VR M 2 ) LA T
BUEHAT TORAL, RS HTEME RS, IR R R R BN 7 ROZ R R B TR RAT R R X
R TEINAER . AF ARSI IAR F RORAE P B BR TR WL A 5T, IR BRI . RV ACH AL
B0 e 2 5 A L A B 0 T T R AE 2 B B FH R A5 21 T LU R AR

3.4. BUBHSERKR

AT TR R BRSNS K GasFrac 2~ ml#R M IR R Tk — DRI fE. LPG KARWGE LK
NEZRI A (LPG), RSN T ROk Wi T HEAHAA AN, %R RN
R BT E .

WAL i TR R BORAE M Z IR BLFK )R RANA . SRR RS, LPG MRS ZILES T
Rk, BAERASCEEN; MR AR SO e, iR R KA, LPG X EIUARIRHE; LPG
SHLR A RAR T A E TR HE A M, 2R M 0 R R W DRI, AN B AT
PAEEGENBEA L. LPG I REARF UK R B LA AT ZOK, AT ZRE 9 Bt G Ab 2
T97K, B TR SR BRI Ay, BRI T XE R RIS, O ERBR R RIS .

LPG Z it ARERE o T 53¢, E 22l H BATE IR AR AR R, X2 LPG AT DL R i S04

DOI: 10.12677/jogt.2018.403080 171 A RN


https://doi.org/10.12677/jogt.2018.403080

i 55

A H R ZE R ook, 5iE/KAE, LPG fERARMZ G, WAARMEK IR, FERN %5 >
HHFT LA THUZ AR . RIETK S KRR OGS IR 4 M BRIV R EERE . /R Ih#E: P AR S, i&H
RN BE S, AR TRFRS . 4, LPG K. WKL SRR EE N 270:1), LPG HI#E:
AR IR BE R 0.234 psi/ft, EARSEILCFHPIRES, IRHESCR B IRTE 4T

{H LPG FEZE AR H A oKy, FEAS T4 5 /K ) R0 T 3% A IS4 LPG B3, LPG
R — s BRI, AR E, WA s ER G ™ = E R . 24 LPG & Rk 3] —%
R, E— iR N R AR L, X et ER 2 IR LPG IR 2 e i 5L K]

4. &g

TR B RBARAEAREE M RS P RA R TRE. EIER. B RER RIS, AR
KEKFERT S AR IUE U BT, TRERBEAR B KRR . SR I0K SR BRI R
BUEXT RS R BRI A RE, Eo, SCHEEANFRISEE, s fe Ui i 5 2 252 [ R Y
PR, WA MRS R L ERED R IAL, WIREREZZIRT mEA, WA USSR EZERT
VR RIR ] 1 ) 2 ). AT IUA SUTRBORGE AN, Ea & O iR SRR, 8518
BRI RTTIRAARER R, GEIE G P E A S TR R B ETE R

E&WE

rh LAy R 2 A R TH (201015120220) .

S E 3wk

[1]  FRfh, Bt B4, & TURTHAEZOT RN 5H0R 1], AMETRER, 2015, 43(5): 7-14.
[2] Bt F/NEE, 5K KIRERRTUS SO R RARE AR BZ[T]. AR, 2013, 41(6): 1-5.

[3] PhIKIE, REG. TUASTFRP KRS TR R REAR]. B BRI, 2014, 34(5): 51-55.

[4] PR, RROHE)E R E BRI R T]. B B, 1995, 12(5): 36-43.

[5] wHAX, BN, LIEL @t ERE AR SR, WA, 2003, 23(3): 69-71.

[6] FsRie, ek MR R ARMR AT, T2 ARSI (E BB EIR), 2000, 15(5): 17-20.

[71 EZt, REE. HIL - @ EEREGEARMRI]. WAl K2 MEREER), 1997, 12(4): 12-18.
[8] ikfe, fRoK, I Al AR RE AR R LER[T]. SEFRH, 2014, 43(4): 200-203.

[9] |Lillies, A.T. (1982) Sand Fracturing with Liquid Carbon Dioxide. Annual Technical Meeting, Calgary, 6-9 June 1982.

[10] Bullen, R.S. and Lillies, A.T. (1983) Carbon Dioxide Fracturing Process and Apparatus: US. US4374545.

[11] Yang, S.Y., Zhang, S.G. and Yang, Y.Z. (2017) Simulation of CO, Storage Capacity of Liquid CO, Fracturing in Low
Permeability Reservoir: A Case Study.

[12] ®EISC, M5, sKAMW, & WER BRI RD]. 45K 12, 2008, 31(5): 129-132.
[13] VP, ZEH, &K, & FVEHRERREKROTI RS R, TR A K= IR(EBBERR), 2002, 24(3):

64-67.

[14] EENI, T, HERE, & BIGR CO/MURIAKEZRMARH DA, AimS RKARS4LT, 2003, 32(1):
42-45.

[15] Z=EJkf, PMREE, fFocdie. WRIERMARENKZRBANI. T K ZEEWR(EREB2ER), 2006, 31(3):
212-215.

[GR] I

DOI: 10.12677/jogt.2018.403080 172 A RN


https://doi.org/10.12677/jogt.2018.403080

Hans Xh
PR RN R

1. FTJF5AM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
N FIRHERRE: [ISSN], FAMIT] ISSN: 2471-7185, RIA[& i
2. FTHFHIM B T http:/cnki.net/
Ao« BRSCHEREE” BEN, BIANSCEbRE, BRI

hEE S http://www.hanspub.org/Submission.aspx

HATIMEFE: jogt@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:jogt@hanspub.org

	The Advancement of Waterless Fracturing Technology
	Abstract
	Keywords
	无水压裂技术研究进展 
	摘  要
	关键词
	1. 引言
	2. 水力压裂产生的问题
	3. 无水压裂技术
	3.1. 高能气体压裂技术
	3.2. 液态二氧化碳压裂技术
	3.3. 泡沫压裂技术
	3.4. 液化石油气压裂技术

	4. 结论
	基金项目
	参考文献

