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Abstract: The engineering effectiveness of volume fracturing can be influenced by several factors including the stimulated
reservoir volume (SRV) and the density and conductivity of the fractures. The SRV derived from the microseismic data can-
not be used as the only parameter to characterize the engineering effectiveness of a hydraulic fracturing process. In this study,
based on the principles of energy conservation and material balance, a model was established to calculate the average fracture
length and number in the SRV by means of a variation method, which can provide key parameters to describe the fracture
density and conductivity in the SRV. For a case study of tight reservoirs, an evaluation model was established in terms of an
evaluation parameter, in which the SRV, the fracture density and fracture conductivity were considered to evaluate the engi-
neering effectiveness of the volume fracturing. The field application analysis shows that the evaluation parameter has a posi-
tive relationship with the real field productivity whether there are seismic monitoring data or not, and the method can realize

the accurate evaluation of the engineering effectiveness of volume fracturing, and provide an effective means for distinguishing
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the influence factors of well production.

Keywords : volume fracturing; engineering effectiveness of fracturing; fracture density; fracture length; stimulated reservoir

volume

PRARUT 2R R REHE T 02 2= ) B4 A I 2%
KR RS E R R TR s
ARACREE R Pl R M I B A 3 i 2 e AR R
(stimulated reservoir volume, SRV ) PE41'°* | Fisher
Maxwell %(9,111 15 AF Barnett LA S 3% SRV 5y~
RERA RIFAYAHSCHE (HRAESCE I P X —KERIFA
A i L1 ; Guang Zhao''* . Guang Yu'® . &5 Ryte] .
Nassir' " 23T T it |2 Bo A B3R RL | Cipolla'®
P20 R FH 2448 52 2 PEF5 21 (fracture complexity index,
FCI) SRAEAFEZLNRCR  (H3k 2677 25 AN R S ek
U I N 2R R R DL e S e ). B E IR A
YRR STV i 3 5 7 i T G AR AR
SSEAL SN IR Ve S5 QAR S e s AT
PR T RESOE RCR M GE R AR 388 % 5 LA S
TRESIX 3 RAIER  $2 A (ot A JC ot i
W AR 2 T AR O SOR PPN SR | S IR
JER T ARUGERCR UHER AN, R 2481k Tl
S RE TN AU ] BE 22 S o BT HERE A A

1 FRERIEHENRZMEER

B LR O B X PR 34 4% | HI ok SR 1EH:
JE 2T ARG ORI SHGE & R4 LK AR
AT . IRFUR RS TE iU 2% 1 ST AR R B I 2 | 5
AR K RE T OO BE A H S e 2 TR
TR . PRFRUER 2450 S 9 7 BE 2 B H T 0 A
TR A0 3%, P TR R AU 32 22 37 i
JE RS R FR A R S L A5 5005 3 258 1Y) 25 T A 4% %
JER SRR SIS, RO K A6 2
T AR L R PR S A v ) 4% %5 T 59 i T RE RS L
FRAFGT RS 14 7= B, 3% Ffiss 0 T IR R R 24 1) TR
RO B
1.1 fEEMEERAF N

it 2 e AR 5 ot R T T 7 AR
SRV /R, — LT SRV il =B Z Al fE 1
IEMIEE AR SRV A A i R0 R by, (H 2
SRV 5 FE 24 TR el ORI A 7= RE 22 [A] 1) 56
FEA AT (), FE R L SRV Al G5 il A=
REZ (B AFAE SAH DG, TOk e & BRI T R 28 TR
HOERCRPEAN LA SRR AN X i SR = RE 22 551
JR R BRI G . R EAET . @ bR

AR SRV AL 1 IR RE b P A i e o i
F DR (HR AR IR o = R R
BEMRAEYR, AU EF RN T RATER
BEM LS MR BT OIS S U XA IR O R 7 A
LEETFOR S T RAE I, BB R4 AR S R4
SHAE H TR ) A Y R e 28RN S R 0T R EA
Horh AEBA SCHEFN I Z AT 3870 o AR B
S RERY TTRREL /D, D G AR 5 =R 8 S B Y SRV
SRR R 32 DTk 1) L 2 U AR
A—FEHEOUT MO R AR 2 SRV #REE R
FEL SR B AR ER O R M R
H B BRI LA S b B S5 A S 2 T R =R A5 3
[ SRV 5 A2 UEE AT Z (8] /Y 56 & H FiTd Jo i
P30 @il T 77 RE I A AL T SRV (1 K/,
SRV PN 258155 B L K-S0 RE 0 6 il = 7 e ] A
BAREZEMEN ., BEARMHFREURE B8 0% S Wufif 2 2l
1 X KA AR AL (A RS B s (AR AR
PR (1) T 20 25 0 LA S S PR o At iR
SRV N 2LEE %5 BE L) K T Ui BE 1 AN e I8 1 T 7= 4K
i S e | PRI A RR 22 TR G SR AN RE AU SE SRV
W,
1.2 ZENANREZFENZMN

PARRR S 228 T3t A R P 2 % %8 T B R (2% Bl
2[RI R/ )N ) 150 ] 2R 4 ) 24 18 A 2 | 5 It o ) ot A
[1] SLEE 1) P5 U R BB, T AU RE AT R A SRR
WL ,E%,T%E'E&ﬁ%(%?ﬁﬂﬁ%u&%] o Mayerhofer
SRR FE S R T S E T, A B
— M EEFE/N T 30 m,
1.3 HENKZSREE SR

R 2 H AR TR )2 TR s AR
(R B 5 T DB T 92 AL JE DA T A AR Tl A<M
R I IR B Sy, B A rh A S R Y 3
PERIE D)2 A SLEE AL it )2 A5 1% T 9 VR FH R AT
REPRIFER 73 TR ST R AL A m 1 U RE ), 4%
YR T B ) B e 4 R TR SGE RCR D
L= R R . 7ESCEE T RFRSE RiAE iR A
B2 MR P N SRR O SE MY T
Ui RE 7 28 52 SCPE AR B 1) 52 0, B 4% THT N
21 SCHE AR 25 10 2 i e B N 110 S i BB ), 7 () 55
FRAFTT A HZ v ) S ) 2 T 2R et s ol <O



43K %14

LAgF 5 R TR ARE R TR SCRIFN R B S A - 83 -

PR 7 Fl Al 7 ) AR 2 % TR R e SR
U, DR RT AP S 3 551 B0 e B SR S 48 1 3 3
J1, Fredd %5 JEAT T VEAN B9 AS [a] S #5700 Mk 3 464
T RAE T AR S MR S, W] DAYE R R S A
I 9 B8 0 At o Y A AR i
2 MEGRAEHREKEMEUR

HEEHITEER

R TRBGERCR Z 8 SRV S H R 544E
RS AR p SRRl s2 e Forp SRV ] L i 1
Hi R MBI AR AT s MG AR N 2 4 1 2% 3 mT LAY
BEMARBER s ZABE M 24 T RR 1 ] LA ph 2448 PN S 4%
TR B oA RAE e R o i ACHB 2 i S 7 741
TRFREL g, OGS AR I SRV N 2L 4% 1 ST 3 K
PR I AR BB A% TR A b A T AR R 28 TR s RIUR T
B, 2001 S AR P 1) B4 K B DL e R4 T 2%
B, R R AE MO (AR P i e 2% B N I RE

PRFRE 2 R e A T 2888 1 S 36 T i Kok
SEHN )7 R ALY RS R TR SRR A
VRN ST A 12 R R R 2 7 A A G4 S
S A R AR R L DY R R S4B A A S 4 )
LA RESR TR AU A S I, FR T b 5T 244
OYATINAE Pk JOTEAS X S AR I 258 4 E BT
BUKE, REWFE NS T 250 2 41 3
Y PR 4 S e I 245 A R0 000 (L S0 AR AR A 7
BAT— 5 WBR ] . — 0 o A B 5 2 N iR RLBE 1)
FA R A | &SRB 2 A B AT 8 E A , AR A
S R S 2 R H 7 7 g R TR 2% ) s o )
D 265 (1) 52 2 R RN B R AIE 5 o — 0 4155 750 B AR i
S AALL AN KU 8 2 IR AR, (F R 75 B2 ) R R A 4
(1) 43 A A HEASR A TAIRL T 3K S AL T P 114) R SR 4 4
W28 (ELAGALE ) RST A ) BRI R E H O R
FE W, 5 IR KSR ML R S A A BR A 22 31, R 2
PR SO AR FRU 1 284 il i A B PN 28 0 1) SR B0 o A A
HRAME, K S R R A R R AR b 2
FATRITE AR R X — BRI ST AR ST
FE ) o DR, AT AR 7K 7 e 2 5 A v A
F14) 3 B JEUBE S AT 24 4% T 245 1N 22 4% S4B 1S 244 B AN
SERMBESRB T BE I N RN A2 oA SO AR A%
(R 45 DR AL A T AR, SR R 4l s A A P 4%
IR 2 35 AR B ) SRR 3R

TENTZ 80, R 1K [ B A T Ak, Bk i )2
A ROIAS ][R A A AR Y T AR e (A%
JEIAPEASIE ) 5 45 AR SLBE W R A ET AR (4%

FEETIRHIR] ) 5 4% ) 45 N 25 2% L 4% FLAG AH TR) 1) 4%
1o 5 B — SR LA I O LA W 25 TN 2 R LB T
PR 1 284 (K 5 5 R0 R 8% S U e AR 24
AR N 28R B K,

2.1 HRERIEHHIEETIERE

K 1 BERLEERYIE e — S RE e i p0 i 7
X — i R E R RE R

RBU R 2 R i A 2 T A e R

Einj =Pini il (1)
KB AEAMZ RGeS, ) ;p,, AEE HEATR
71, Pasq, AWIEAHEE m*/s;0 HTEARSE], s,

PR 2 AR i A2 v 1 B RE dE A R LA
LI ZEBE N TR Y 5D RE LA N IR 1) Bl RE
FLEERIVIE A A R IR BE s A A sk T iy
FIMRE ; ZLEE N TRV ST FE Y BE 45 RE ; 2L8E N T A
URRVHFERY ST RE , Horh R4E R B Y g
H

E, =pV=pnwhx. (2)
Kb E, NRAERARRAESIRE, ) ;p RN
I Pas V R RAERY SRR m® s n R AR R 4E
FHGw HEETD, myh HEER, myx S RLER)T K
J&,m,

%
Ek

inS2

& N A B BBl RE R
1 5, 1 dx)?
=5 m =7pnwhx a) . (3)
Kb E, AN AR A 306, J;m HREEN
TARR BT kg ;v A REE N TAKRYHEEE ,m/s;p AL
R kg/m’

SL4E R ITIE LA A i AR IR B R

A\l

I ©of

1 1 1
Ee—Tna'er—jn(O',th)w—jnwhx(p—crh). (4)

L E, WS IERE, J;0 NI T, Pase FINAL
V. HEABIE BRI, m’ 5o, 288 AR I 1
71, Paso, A/ NKFHUY ST, Pa,
FASKITE R R T HE
E =2e nhx. (5)
X B, HRIRE, e, N ILRTRE,)/m?,
SRR MR B T AR BE S AE

2fnp(dxj2x
2 2
Ef:2f715}1} Y= ujh hwx:anphxz(%) . (6)

AP E, NIRRT S FE R BESERE, 5/ 3 7 FERH
FREGA NREER BB, m’
HEE TR MADE R THAERY T ST RE



FI(BARAFER)

2019 52 A

- 84 - ¥ E Bk
E,=pV,. (7)
Horb e 28 A U8 R AR FR R IR AN
=n dedx. 8
fft_7< t (8)
Kb B, R AR IE R THAE M R JI6E, TV, HIER W

WART, m* s c HMIELE B UER R, m/fs 57
(x) N ¢ WFZNRAARTR  Ab s A Ta] s
I 2 R rh A e RS AE DT R T LR
Einj _Ep +E, +E +E +E+E,.
2.2 RNEEEBRENESERE
R A1 7 28 0 AR e B R b A A B H
PRI RT LA TR
L=(E,+E,)-(E +E+E+E)). (10)
2L4% N 1Y 15 ) RE AR Sl BE ) A A1 Y S IE
AE (T AE LA B i 1A it 2l B 458 R 1) e 1L 01 B /) g
i o Rt e L I BRI RV S N S WS @ A VAT B
(- 5 R N

oL d (L
7_7(396’)_0'

(9)

Jox dt (11)

1 1
TWC_PW ( qinjt_Vl ) +7pinjqinj tw

B (2) ~(HRAK(10) T 50 L Xk T3
HES R E x AL GE I KR xR B, 5 [a] ¢ G

%ﬁﬁhmﬁwﬁunmugﬁ

L—x

a,c (12)

S, C MR HRL, T R A R A

2.3 THREKERENEEEHITEET
5 (2) ~ (7) B (10) fRAS (12) 395

ECEI

—0o nwhx+2e nhx+V,

(dsz C- ;pnwhx
dr 2fnphx’ —%npwhx

(13)
SON =l 0L/ N & Ty o)
nhy =T ;}V (14)

B (13) F(14) AR (), i IR T &
Bh ZI PP 2485 1 i 3 ik xR

x= : (15)
8e f(q,:t-V,
2pinjqinj 1=2pf( qinjt_Vl ) +20,f( qinjt_Vl) _%_2]%:_4[’](‘/1
Hrp 280 s A AN WGBS FL AR PR A S AR U 8 e Ay
1-v .
w="0 (), (16) =t (18)

v ARG E SR PERLRE Pa,
e 5 A AR A R G I 244 P A
AT BNIE L e R 2R W AR I 2] (0= 0 ) | ZRAE B

A, N AEFFLFLIRANE r A FLIR2EAE  m
FRYEATI LA I 2] 4 2% 1 B Foe ok 158 45 1 e A FL AR
TRAA AL B3 B X — i A4, X (17) Fn(18) mf

PR B A T FLIR N AR TR S R B s s s C Rkl
FAAERIASR AR ¢ IR, st (15) AT LS i de,
1) B 5 28 0 B o C“MW@V%W”“WJ
. = 7 . (19)
de _%w@w@mﬂﬁwj (17 B (15) RA(14) | 7T LAAS 1 Bl s A i phy 25
di | afc ' SR A RIE RN
(=10 | 200t 20f V) 20 ) L) o |
n= I I . (20)
hw® l:?c_}’( Qm't_vl ) +7pinjqiujt:|
TEE SRR T— B 2, IO R 0T %8 B RIEal e 4 ﬁm%%%VHW@iﬁﬁ%

AR AR A AT LB (15) L (20) BRST

X (16) . (19) K7,

2.4 BUSERAFHRERKBEMERRELHK
ﬁgﬁifﬂllll.$E

HEC(15) F1(20) AT LA i el AR py SF- 35 24

SRR S AR BUE Y SN R Ve
BT AR IR AR R A 7 1

(1) B Yok BN W IR 18] ¢, R BEAE 1%
[ BENUER iV, =0,

(2) WRIRUEIAR V, THEZI 2 )P B 2 K



43K %14

LAgF 5 R TR ARE R TR SCRIFN R B S A -85 -

x FIAFRUCREE SR n,

(3) Bt B AT Y LK B « SRR 5E
ZA n ARATE R UG I ALY TR AR L [ Be A 1Y
TRV,

() # |V =V, |<e ,WEHEZIE V=V, s 25 R
2,V =V, EHE(2).(3),

(5) BN A MRIEIER o V, T 1+Ar
Aoy 220 () - Y BB K B 0 FNAERCMAE S n,

(6)FEE (3) ~ (5) 15 it T-45 B e it
TR N -2 R4 K« PR A 558 n

TS R FR N -3 48 K B R A U 4 580 R
WMEEME 1 PR,

BTV B K AR A ARG I S A
SR, AT L SR SRAE 2o 2 1A FH PN 24 4% N 2% 11 2 Uik

R JI RN LAE %
[ s g ekmn e |

| wemsae, vi-o
| R VSN 2 TSR KB s R A B |

! .
[ wixminitgagkiy, | ﬁg,
B HE
v i
V=V, s
vy fea
=
V=V, t=tAt
E1 HEGERATHREREMEHRE
FHITERRE

Fig.1 Flow chart for calculating average crack length

and number of equivalent cracks in reconstructed volume

3 FRERIEBHESHRIFMEE

3.1 BRBENRGERELLREEXRTH

e

B TR R S B, 25
44 S 0 BB S 15 £ B, T BLE XL F L
R TR ECRIT I SHOIE 3 4 SRITR,
NS e E e ey S e
B BT (O T L e

VP

B =V (21)
Aof KRR 2T R S5 N, K
FEARGEC N, 2 N, LR BT A 4 R
SRS KA V, I A R SR i
Bl s ot 4 05 4 S 0 B B
B A 2L 2 10 5 R Tk R IE
AR IR SRR s 24

SLHE 2 1 TR BE ) AT AE AE , X3k F A ) S 4%
FIH Rl — Xk {EATHCR 1,
3.2 EREHENGERERIEXESRTEN

ki

F Tt 2 A T s A B ) 1 2 380 LI Ao
EVE P BARSE SR R AN 2 D AR RE g
AT R A% W % JC b 72 000 5 1y A R
JEBUWENY, Jer R BUH: SRV {H 0] LU HoAt g i 2 fiF
SRV 1 Z B AR &, B FE 2002 4F Fisher, Maxwell
ZEIOT R I AE Barnett TUE R0 i AR rp | RS4RI
HEE R A R 2 8 Y AR A B 5 2 2 o) 245 ol s AR AR 22 [l
FEAE AP IEARSCE  FE R 450 T T A2 A
PRBE, St R W I 2] ) SRV SE AR, PR X 6
b A WSt P 9 S, P AR P 3 A 2 R A
RO FAESGE R FRAY /N I T i 52 W) 45 4
R FR 24 TR G ORI ] LU

E =VnN k Y, (22)
o = nhxN_

o, v, eI R A AR A B TR K TR
LR AN TR ) AR m®
4 FRERIEBHESHIRITEMIRE N

At

AT 8 32 B2 it 5 il = B S b BT 2% AR
JEZ T AR ROCR R, A T 5 Sk R S e A%
R TR GEROR 5 S - e Z B R, 75
B U 2 b T 45 1 — B T ST E R B X 42
AT 530 5 X6T 7 B 19 52 1], B Lk 7 i 25 7 5% Wi R 3R
BRFNING I &R AT B Ry 052 1l S AR R R 24 T
FEUGERCR 5 ReZ MG R o IR L BUR ik
2= T A5 — R A AR 4 T KSEFEAE R A B 6 42
Horp Well 1 fll Well 2 1 FF5 1 1, Well 3 Fil Well
4T E 2 E(E2) &K RIS 300 m, K

well 4

well 3 / a
300 m

well 2

well 1 e

B2 4 OKFEHHALIBE
Fig.2 Four horizontal wells location map
SPSEAR T 1] 24 A R/ K N T, K1 g4 1
e FEASE, NS 1 TR 4 A B Ak
AHKH R B B 5 SRR R AT S b



.- 86 -

T E G HKFFIR(ERAFR)

2019 52 A

TAREEEE FLBREE 8 15 5508 )2 M T 45 1 — B, 1
b R W R A 0 CR A L Y B 45 I 2 A A AR
Al RIS B RS I Z M A E T, Btk
ALK 4 TKSEFF 7= BE Y 22 S AN 2 Hh b B 255 i
(4, T2 ph e 28 T A R A )3 1

2 Wiz 4 HKRFI R E2E T 240,4 DIHAE
PR A . TR S AT L -3

TEAHEE LR —E R 25 U RS2 T 28
TJouxbik 4 AR T RESESCRIE T

HRAEA SCHHE S RTINS IX 4 KRR
SV AR A 1 28 S 1 B R 5k S8 e 2 e A T
THRL, SR LA A 5 (A R 284 T i 28R
PPN S8, 32 3 D AR L A 53 45 51 R Bt 7% i
Bl 255 1 ARR BB 8,

x1 ZHEFXSYH

Table 1 Basic well completion parameters
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2 - Bt Wi

L/m #HE D, /m T D/m BHE D, /m TR D/m
Well 1 1285 3184 2980 4480 3057 RRNR =} 2%
Well 2 1267 3124 3002 4484 3067 RRIR B 2%
Well 3 1277 3155 3029 4541 3100 RRIR &} B 7%
Well 4 1276 3189 3053 4554 3125 RRAR 3f F 2

F2 EREISH
Table 2 Fracture construction parameters

A 2BV R PEERTI QLN ERARFL -1 AHEE
R ( J‘j‘ff ﬂi/f* f/ AR e
Well 1 15 11.8 16955 1368 5.00 B 7+ 41 B
Well 2 17 10.9 12129 887 5.25 B 7+ 41 HERD
Well 3 20 10.7 12280 968 5.30 R s+ A ERD
Well 4 17 11.7 10307 760 5.20 R s+ A
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Table 3 Calculation results of evaluation parameters of fracturing effect and cumulative

production after the first year of fracturing

Jpm ffETGER R $l’32\%%% %ﬂz%ﬁ% Ey Ey EH lf%ﬂ
B/m? h/m K x/m B (7 SRV) (JC SRV) PR Q,/t
Well 1 1849 62.3 54.3 12.1 746.6 6846. 10 2263.0
Well 2 1756 59. 4 39.6 16.4 661.7 4570.70 2463.7
Well 3 2078 58.4 33.8 18.4 1019.1 6022. 39 2598. 8
Well 4 2017 65.9 51.2 9.1 453.9 2319. 60 744.6
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Fig.3 Relationship between evaluation parameters of volume fracturing effect and cumulative production
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