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Evaluation and research of brittleness on simulated reservoir volume in coal
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Abstract: The hydraulic fracturing is a major means of the coalbed methane (CBM) exploitation, and the effective channels of the
methane seepage can be formed in the coal seams by this means. The stimulated reservoir volume (SRV) can not only help the coal
seams form the seepage channels, but also increase the desorption—diffusion areas of the methane and improve the production of the
single well by formed the complicated fractures. The brittleness index is one of the key parameters for evaluating the SRV imple-
ment, therefore, based on the stress—strain curves of the coal and shale, it is analyzed with the help of the strain—energy density. The
higher the brittleness index of the shale is, the lower the strain—energy density will be. Based on the calculation method of the brittle-
ness index of the shale, the calculation method of the coal brittleness index that combines with the strain-energy density and mini-
mum energy principle is put forward, and the modified brittleness index of the coal is obtained, which can be used for the character-
ization of the coal brittle failure and evaluation of the fracture formation after fracturing. Finally, the analysis of the calculation re-
sults and data of 6 fracturing wells, indicates that the strong correlation between the coal brittleness index and stimulated volume,
which means that the higher the brittleness index is, the larger the stimulated volume of unit fracturing fluid in the coal seams will
be. This method can be applied to design the SRV of the coal seams and guide the exploitation of CBM.

Key words: stimulated reservoir volume (SRV ), mechanical property of coal, strain energy density, brittleness index, multifractures
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Fig. 1  Uniaxial compressive strength of coal (left: sample A; right: sample B)
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Fig. 2 Stress strain curve of coal under different confining pressure (left: coal sample C; right: coal sample D)

2 HaetREetE

SUBERUIE I S0P LR A B R BIR T
R IR A 17 v R B S AR B RO S5 T i
PR R A BB e S F %8s BT )
S AR o R S ML P VB4 0 Bk
0Ty A B ) TR AR O T AT B IR, B
SRR TE R UL TR £ S5 ol % —
T Tl T — A Bl . 10 RS MM,
B AL RERE D . RSO0 A 125 s
SNEBERELITE 3 WALy 3 T 402,
W=FL=E +E +E, (1)
S F BB KN LR LI 128 1 TR
mm; E IR MU R0 BPEBE LT 5 £, iR 6 2 5645
BTG IFRERHIN b, )5 U 3 20 7 RE
05 EAR/NAT 2 AR
5N AL AR LRI R 1
BRI HLA BT RARE 0/, T 2N AR, R A
(1) S R ST FE T 4 R A i
BEASTE BRI IR R B
SRR A T BRI W 4 R i, TS0 1 500
J— RS R R TR , 1
Eb=VjO'd8 (2)
S VIR, mm' s o o ZEBORE E IR )
Mmjmw%ﬁmﬁﬁﬁgﬂ@ﬁme%ﬁ%

SAZRE , my/mm® s 24 A7 K AR IR IR i I A 1 fE
g , RIS RE R BEOR , TR E 11 N 5 K e
o DI, 7E—E & F R, il NRERE AL A a1
I WIRIMES TR . RFRIER, H AR a1
KM SRR R I —E R REBE R 2% . I, TR
SN RE R R A A s s s e
FIAE R GUR 2 SR A R AT XL, X LA 2R
UE

A R AT B B P R AR BE
FAAE—E R 220, X — I AL T ARl E 22
I3 —Jr AR T R A R R AR S e . B L
R CE RN RIS 118 07 722 B 8 88 8 LG 0 I A R 2 T
%, AT WLBEATE RIS SN RE & T S A 5 R AR

458 R SUs T FE RO R A R U
PRS0, MR BT RS R E R 1 h 45
YM -YM,,

YM o = m <100
PR -PR,,,
PR =pp—pg_ 100 ”
pRi7, =t P
: 2
3rh s YML P 1 SO FR AL , 10 GPas VM. h

TUA B K AR, 10 GPa; YM.. N TUA /M7
[CHBEEE, 10 GPa; YM.uwn NI —AL 5 Y DU [ i
TCHEEN s PRI ZE [ TUETANA LU 5 PR R DU 1 B
FAARA L UE R 0.4 PR R U B S5/ INARS B L B
B4 0.15; PRuwn 9 DUA Y — ARG HOTARA LL, TCHESN 5



COAR PEHEZE, 55 A AT R M E PN IS 67
x1 NESEENZFIREIETLL

FAKE WEEES/MPa R AR b FASE /M Pa TR A5 g% B2/ (m) - mm™) s %, %
A B 99 0.002 4 47 892 0.19 0.118 8 69.07
A D 179 0.006 4 35260 0.31 0.572 8 36.04
TUAE 172 0.006 3 36 260 0.3 0.5418 38.76
A H 138 0.003 7 44195 0.27 0.2553 50.43
A A 325 0.009 3 2668.7 0.246 0.1521 48.21
A B 18.5 0.008 3 2713.3 0.473 0.076 6 16.10
AR 36.2 0.0111 36725 0.261 0.200 9 53.23
WET 25 0.009 4 2471.3 0.324 0.1178 35.65

& AL RARBOK AL e 09 3T SRR R 45 R BT 69 16 Rk AL B A A AR & S AT ST

BRIT A TUARINEEAREL, %o SEBINFIERMT, TUA Y
W 4 KR 7 , BRI U 2% 14 2R I 45 PO ARE R
Ko FMEMEFR B TR 45 2R 5 N R FE v K

EYINEIRE
80
[ ]
y=-68. 405x+76.198
- 2_,

© 60 R=0.96
&
9240 |
H
=2

20

1 1 1
0 0.20 0.40 0.60

AR B E/ (m) » mm™)

B3 BUa MR R AR AR G R
Fig. 3 Relation between shale brittleness index and

strain energy density

AR, B B RERE RE 3, L
TRBE IR E S . S5E H AN TR TR 2P
TRBI BTSRRI, MR Bobl iy , DU TR RS B8R )
R 2 388% . NI AT UGt g v Bl g, 1A
AESE BRI, DU 25 B 5 TP AE M)

MR IX — 4598, % IR A Me v 8O 507kt
B R METE TS BRI AL B BE AT AR . AR Sk
R B — o 2.38 ~ 5.6 GPa, /D ElUl X2
it 10 GPa, JH AR [ o — i 0.16 ~ 0.43, - 3 2y
0.26°", PAITIT, FTAR I 5O e PEFR KO3 07 kA5
BEa R ot AT

YM(: - YM( min
YM(-,BRIT = W X 100

PR -PR__
PRyn = g p= X 100 (4)
BR[TL - YM«:BRIT ;_ PRCBRIT

P YMREREIE BREEA7 [GBL i, GPas PROAZE
B SE A AR HE 5 YM R 2 — A0 IR (94 AR
i, B PRown A B — G BIARA L, o4
BRIT. IR it R, Yo 5 YL IR /N [RASE
i, GPa(IHLARIEL 1 GPa) 5 YM.,. M0 7K S R I At
KRt , GPa(HANBUE ] 11 GPa) ; PR.... W
VAR, AL U 4 0.5 3 PR o H/NARA L, I
REHUE R 0.15, THEAIRAER 14,

HRPE 45 A A et B 0 AR B
IR ILE 4,
TS5 SR, BE A 10 8BRS B 3G, B s
60 - °
¥ = 303.86x ~ 6.2399
R*=0.9054
S 40
gg
= 20 F
g °
0 0.050 0 0.100 0 0.150 0 0.200 0

¥ 4% fig % S/ (mJ*mm”)
K4 BEARINETERS B A RER L &

Fig. 4 Relation between coal brittleness index

and strain energy density



68 RN ST A

P B S R e, X U TR A SR AR A A
B o xR (4) TR B et R HOR [R]) T 0T
ARG B BN S IR o (HAET i/ MERE
JEUHE, BRI A B4 T (R IR BB i) e
B KA, WA TR IRGERIIE AL, it AR
P DL I REE IR, R H MU e IR SR IE A
WERERE 1, X JEUREA HE MR B 30 (4) 04T TBIE,
EIEZRANT PR .

YM - YML min
YM ppir = (1 - Mj X100
PRU - PR(' max
PRV(:BRIT:[l _HJX 100 (5)

YMN(-BRIT + PRN(-BRIT
2

s VMo AR — S5 A7 OB, O 4 5
PR A BUH S — A0 5 BITARA T8R4 s BRITx. N
e A MEPE SR, %,

WO S A ME PR 5 N AR R B Y C R L
R

I, N AR AR S B S A I e AR
FEBOR I OC R S VUR ARVC S . Wk 2
75 I % R R, A IR e R O R R 5 T K
HEM

BRIT, =

3 S

FIURI, 15 MK R SRR 23R [ = O A i £
PRI . 07K 3 R L I T A OB Y
DX Heo Z DA DU e B s 26 280 0 3 (R AL IR

AL fE &

g i I0.0298

3 360
R

-0.0398
180

- 0.049 8

! ! ! 1B 00590

0 200 400 600 800

AR/m

0.000 8
720 [
'k 0.009 8

¥i8%
100
[ ]

80
2
- 60 - °
ﬁ y = —303.86x + 106. 24
Eaad 2
ig w0 L R =0.9054 N
}_‘__‘
8 g0

| | | J
0 0.0500  0.1000  0.1500  0.2000

J¥ 4% fit % ¥/ (mJ*mm™)
K5 IR BEE RS AR RE R G R

Fig. 5 Relation between coal brittleness index and strain

energy density after correction
Y y

B o il R Y I — s IR R I X,
MR EHE = H A A BEETH R T AR B2
TFRee 2. BUERBURR R RN E S
B AE— B LA W0 MU R R Bl i A AR
Ko MEERRG, MRS IE 6. Wik, iz
IR IR R )2 G A EE 2
RIE B ERR TR RS AR (SRV)

O T AR A R AR5 0 5, AR IR TR RS 2
SENTIAE AL R AR RUR R SRV, A5

SRV = %’n’abc (6)

o R REEE WA m; b S R TKOT- I S —
MGERE , m;c R P40, m.

IR 7S T A S48 W I K ) S 5 1) e
S NI IRE AT 634 ~ 1216 m, R %
TR A 250 ~ 1000 m®, HRE 4% Wi 25 S 150
it )23 B A R, O 480 B30 B R B Y s A

Ao fig &

0.083 18
! 0.07130

 0.059 42

 0.047 53
0.035 65

r 0.02377

i 0.01188
0.000 00

YRGS

R/ m

K6 JERRERLEEILE
Fig. 6  Fracture morphology



5511 B 5 A ARRUE R EREM IF 5T 69
oy T WG, TERE NP R 2R o
: y =12 6x - 584, > ‘ o \ ‘

s E300f R =0.8541 DEARFR T SR ) i )2 A0 AR R G

‘%ézoo - . B

%i : (1] XUBOAR, RAS, 4Kk, 25 0 —40 4 EE 2R RN ik

E%IOO i o« o EEHI] R T, 2009,29(11) : 130-132.

el 2] W i B ot R e T S R A

40 45 50 55 60 65 70 75 80
e 1 £ 5, %

K7 BRI ECS SO A B ZORGE AR C R
Fig. 7 Relation between coal rock brittleness index and

stimulated reservoir volume by unit fracturing fluid

Bl BT 6 1 i SV s A B S
PSSR0 R (E17).

HELE BRI 5 TE S B A 55
B I AT (R M 2 B M4 KR, B
(T B R R R 75 eh R B, JE
YR K T 54 0 9 7K e B T B A TR
T AT 28 1 M P B0 P M2 , e
A ROT R A BRI S . M5k IETF
B S R A MO AT B 17 P 15 Tt —
B, AN FEAR i B B S04 o s 1
T % WA 7 DR 26 AL A 2 B 2 A AT
S I G B L s R R R A
HIL R 1 e
4 ZEIE

1) PR 0T MR P IR B — i B 24
90244 AT R R S BRI | B2 i
BV IRFIR ORI PERS MO T R BUE 2
A TAT IO S 28, R ELA (o [ A ol 5
VA 9 1 S G 7 LA LI A B AT
T TR R

2) GUEMEERS RO | TG 7o 2 M
5 17 5 HOE I8 7 45 Rl 2 AT, B ) 45 41 F
W P B 1 DA AT FEAR R T R A BUR . T
VSRR 5 I MRS BB , 20 TE A B
W LRSIy o 55 SR AR ) A I R 2 1
1%, FOMe MRS s

3) A AT B4 B0 2 e PR BT (Bl B
o SEORHEE AR L WG PR SO s , 26007 FE S0
T B P AR e | — 3 LA AR AR
R4 SRR T WG PE RS O s M 52 Z 5 )

(3]

[4]

(3]

6]

[7]

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

) HBEER,1999,24(2) : 118-122.
KBTI S AR 2 ST SR A2 SRR RIRR
HiERFFF,2007,18(6) : 880-884.
K FREK 1 L XK, 45 S ad B rh IR 208 18 R 3 AR
ALHFAEL)). KB 447, 2009, 34(7) :947-951.
T =] v R AR TT K B AR SE E JR1]. vh
PR HBJTE, 2003, 15(6) : 19-23.
ELE XUHEbR, BRI, 45 B2 AR R R A M. JE
ATl A, 2005.
XUGRZE , 2l . I 2 AU 2 AR BT AR R
IRE T, 2004,24(1) :68-71.
ZE5ne ], BUE, 2R/ AR L I 2 AR AR RO RN
W KISR0, 2009,29(4) :9-13.
SR, A IE W, SO JREE SRR T]. R i AR
2006,13(1):95-98.
(e S 71 i L | IR A Sl = D P W & F s B a i UES N
TERE[T]. FEFIH A0, 2005, 12(4) : 1-4.
Jeffrey R G, Vlahovic W, Doyle R P, et al. Propped fracture ge-
omelry of three hydraulic fractures in Sydney Basin coal seams
[CV/ paper SPE~50061-MS presented at the SPE Asia Pacific
0il and Gas Conference and Exhibition, 1214 October 1998,
Perth, Australia.
ZRTE L ARIB B I F IE  [M. D65 A 3 Tl S ikt 1999
2-16.
M, Z2 08, . 2 S BTE M. RN E LR
2R, 2007 :158-159.
R VT XN ERE, L E USROS BARBLR Ko
FER R AWESRT.22,2011,33(2) :1-7.
RA T o, BB, S AR R ORI R s AR —
W AR BE 5 TEBI. A iR 591 %, 2012,39(3) : 352~
358.
WAl R e T2, 45 DUR SO HMATUR MBORZE TR IE 1Y
M) RARS Tk, 2010,30(10) : 30-32.
Mayerhofer M J, Lolon E P, Warpinski N R, et al. What is stim-
ulated reservoir volume?[J]. Society of Petroleum Engineers,
2010, 25(1): 89-98.
BN B XA A BT A (M), b 5T B R
2005 15-25.
X, TR AR MR AR, A 12 5 TR
12,2005 ,24(19) : 34493453,
T AR, SO, S A WP B A S ) (1 e



70 RN ST A

F 8%

ZE. A TAE,2000,20(4) : 18-19.

[21] Jarvie D M, Hill R J, Ruble T E, et al. Unconventional shale—
gas systems: The Mississippian Barnett Shale of north—central
Texas as one model for thermogenic shale— gas assessment[J].
AAPG bulletin, 2007, 91(4) : 475-499.

[22] Xiaochun Jin, Subhash N. Shah, Jean—Claude Roegiers, et al.
Fracability evaluation in shale reservoirs: An integrated petro-
physics and geomechanics approach[C]// paper SPE-168589—
MS presented at the SPE Hydraulic Fracturing Technology Con-
ference, 4—6 February 2014, The Woodlands, Texas, USA.

[23] William Vincent Grieser, James M. Bray. Identification of pro-
duction potential in unconventional reservoirs|C]/ paper SPE~
106623—MS presented at the Production and Operations Sym-
posium, 31 March—3 April 2007, Oklahoma City, Oklahoma,
USA.

[24] Rickman R,Mullen M,Petre E et al. A practical use of shale pet-
rophysics for stimulation design optimization: All shale plays
are not clones of the Barnett Shale[C]// paper SPE-115258-MS

presented at the SPE Annual Technical Conference and Exhibi-

[25]

[26]

[27]

[28]

[29]

[30]

(31]

tion, 21-24 September 2008, Denver, Colorado, USA.

Goktan R M, Yilmaz N G. A new methodology for the analysis
of the relationship between rock brittleness index and drag pick
cutting efficiency[J]. Journal-South african institute of mining
and metallurgy, 2005, 105(10) : 727-732.

A4S R R R LB 5 (D). A - 70 R AR
2015.

I R TT A, A DU IO K B A 1 2 R R S
WFFEL]. A0 2% 5 TR, 2014, 33(S2) : 3 439-3 445,
WHRRE a4, ¥bs , 55 BRI RE R I IHRD] A
T 5 TR, 2005, 24(15) : 2 603-2 608.

SEEAR IR B0, 4 IR LB PR R X 2 e
MR, /)% 556K, 2005,27(3) : 51 - 55.

I, ST, H 0K R T SRR N TR RS
L] BEB R AR, 2011,39(3) : 100-103.

BRNL, KNI, PR, 45 i s BB A e % HE
i (R 2R BITE [ ]. AR R, 2016, 44(1) : 102-108.

(4h# FiRE)

(4% 57 7)

FUCOCERHER T H B 20, SIABRIR X
eI 7 2% DN 2R AT, S PR SRE A SR B I B LB
2) SEBPIARRUE 1A SO YA G R B A

BZ DT AR, PSR A A5 S PR i R

FRAT 12071 AT AT 806 S KA A R R =

MR B i AR IR A B8 A 2R

3) ARSCESLB T T T e DR R A
FEBIERE I B S ) IZ M, i i
POFELRE, A — 2 RHE M E

2 % 3 ik

(1] B, XURREE , XU SN, &5 R LE i T A R HICY/
rh A2 A KRBT 22 . 2005.

[2] Song Q, Sun'Y, Zhou J. Quantifying the reservoir heterogeneity: A
case study of clastic reservoirs, Bohai Bay Basin, China[C]// pa-
per SEG=2009-1760 presented at the 2009 SEG Annual Meat-
ing, 25-30 October 2009, Houston, Texas, USA.

(31 XU I G. ih it il R Ak 1 25 BOR ()], o 98 Bl < AR
1995,7(4) :50-56.

[4]

[5]

[6]

(7]

8]

9]

[10]

[11]

PR, WG, TS RS RS T R AR AR
WL AT, 2008, 28(2) :73-76.
XSPAL, sKBE, WRACHE 55 T il KO b e 2 R AL
BRI PR AR5 4R A SRBLER, 2014(5) : 148-154.
Rk, SRAE, A BRI TR RO R ). R
IRE T, 2005, 25(2) :84-86.
M, Wk A, Ba, % N TR Mgy sk R
S PEZ H A R . W U, 2005, 12(4) :42-44.
PRI, RSO, m AR A N DA DG+ K SR T 12 A T B
B SOBUE 24 B R ()], A 5 R SRR, 2008, 29
(6):797-800.
T 7E B2 T (FAHP) [ A5 240 550, 2000,
14(2) :80-88.
TG, AR, XSEAL, A TR T K TR A T
JEIERELT] AT RAR R A=, 2013, 35(8):133-138.
X SCHE L R (3R it T8RP SR R e WFSE[D]. 2R eI K
PR ARAbAimR A, 2012.

(3 FRE)





