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Visualization analysis of coal fine migration and settlement under

different types of pore-fracture
WANG Boyang', CUI Yunfei', WANG Qian’, DING Yan', LI Geng’, PAN Wujie’

(1. Institute of Unconventional Oil and Gas, Northeast Petroleum University, Daging 163318, China; 2.School of Resources and Geosciences, China Uni-
versity of Mining and Technology, Xuzhou 221008, China; 3.School of Resources and Environmental Engineering, Inner Mongolia University of Technology,
Hohhot 010051, China)

Abstract: The production of solid particles mainly composed of "coal fine" runs through the entire process of coalbed methane develop-
ment, and the resulting reservoir damage is one of the important factors leading to production capacity decline and increased production
costs. At present, the laws and mechanisms of coal fine suspension, migration, and settlement under differential fluid action and different
types of pore-fracture constraints are not yet clear, which restricts the continuous and stable discharge and efficient development of coal-
bed methane. Based on this, this paper took the Baode block, where coal fine production has significantly affected well productivity, as the
research object. The millimeter sized model samples of different pore types and their combinations was established using 3D printing tech-
nology. With the help of independently developed experimental devices for evaluating coal fine transport and settlement, the mechanism of
the influence of differential fluid action on coal fine transport under different types of pores and their combination constraints was re-
vealed. The results indicated that under the same fluid action conditions, the order of coal fine migration from easy to difficult is parallel
plate shaped pore-fracture, cylindrical pore-fracture, and thin neck bottle pore-fracture. The combination of cylindrical pore-fracture (inlet
end), thin necked bottle pore-fracture, and parallel plate shaped pore-fracture (outlet section) has a better ability to resist the deterioration

of reservoir properties caused by coal fine deposition than the combination of cylindrical pore-fracture (inlet end), parallel plate shaped
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pore-fracture, and thin necked bottle pore-fracture (outlet section). The larger the pore size, the more favorable the coal fine is for trans-

portation and production, but not for sedimentation. The higher the mineralization degree of NaHCO3 solution, the anion OH- generated

by hydrolysis increases the negative charge on the surface of coal fine particles, which can alleviate the aggregation effect and facilitate

coal fine production. The mechanical and chemical effects of fluid together determine the damage degree of coal reservoir induced by coal

fine migration.

Key words: coal fine; 3D Printing; fluid effect; reservoir damage; pore-fracture type
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Table 1 Basic experimental parameters
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0 2
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Fig.4 Physical image of the model 1-1 and its characteristics of coal fine transport and sedimentation under different fluid interactions
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Fig.5 Physical image of the model 1-2 and its characteristics of coal fine transport and sedimentation under different fluid interactions
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Fig.6 Physical image of the model 1-3 and its characteristics of coal fine transport and sedimentation under different fluid interactions

MH LN 5000 mg/L, i A 2 mL/min i, ;=
HRCE G 0T WA DURLT 3 SR T etk fLaE
Mo M ER E 4 mL/min B, 72 HR 04 i, v
D/ it VR IR AR A T ACIR FLAE PN B IR, #&
RBEERAKIR Ry 3 5>45>1 5>295 0 Ml 2
6 mL/min A, 7= H YR, AT UL BH B B e — U R s
AN TS AT MR FL G PN B G Ak S iR, & AAATS DL 358
WIEFOE R R I, Y E k2 K% 8 mL/min
55 10 mL/min, 7= H V2 3o i FEE Bt 9 448 KT B K
AL LR BB DR R (] 6¢) o

2346 B 10 000 mg/L, % 3% A 2 mL/min B,
72 BE TR, A WLER 7= s BT LR /D B TR
3 S FATHCIRFLAE N o Y HE Y 2 4 mL/min B, 7=

300

HERCRT DL D g /N B PR B R s AN [P AT BRCIRFLEE N
B SINTR, BARGERMK R 3 5>4 5>1 5>2 5, Y
T 5 6 mL/min B, 7= H SR, AT L3R4 BT
SHRS s B AAATY LA 0300 T B € J R OA o, SRR IRAK
AR 35>45>1 5>25 0 Yl ks Kz
8 mL/min 5 10 mL/min, 7 1M, A [FPEATARIR
LB AR R, R FEAS [F]F- AT AR FLAE P DT RR
D(E6d)

21k BE A 20 000 mg/L, i A 2 mL/min A,
7 R R AR s AT AR DR T 3
SATHRIRFLAE N . ST 2 4 mL/min B, 77
WAT DL AN TR s AN RS- AR LA N
G, BARGIRIRIK A 3 5>4 5>1 52 5. Hif



EHEAE . AIRZEALLAE 2T s B 5 IR AT L B

2024 4755 S2 A

I % 6 mL/min B, 7 R, AT LB 0 B —
DU s AN R4 T AR FLAE PN B I, SR %
AR R 3 >4 5>1 5>2 %5 i 8 mL/min 5
AR R —, BEE MR, YR E R
10 mL/min B, 7 HRIE L CF D a4/ NE TR,

PR TEA R AT HCRFLAE N DTS (18] 6e) o
32 ARFMEAERT & KB FLEEH GBI M 1E
321 3-1-1 #2#

3-1-1 BB RSP NS, e HAE AR AR R
RHAHE AL SIS, P 7 Fr7s .

(a) 3-1-1 BLHY ST FI L 1A

4 mL/min

2 mL/min

(c) 5000 mg/L

(d) 10 000 mg/L |

(e) 20 000 mg/L

6 mL/min

8 mL/min

b ke Lppabicd i
,;',_girl’u/;._

4

ekl
..y p

B7 3-1-1 BEA 524 B R A T 1 R T M2 3 RO A AR

Fig.7 physical image of the model 3-1-1 and its characteristics of coal fine transport and sedimentation under different fluid interactions

M AL N Omg/L 5 5 000 mg/L, i #E K
2 mL/min B, 7K 33 5EAR TEoK I 1, TCHEA i AL
AU, W R G K (] 7b, ¢) o

346 B 10 000 mg/L, % 3% A 2 mL/min B,
7= HBORAG, AC DLIEA UK (B AR L A% N A D),
A, AU ALEE N TR 3, P AT AR FLAE T
DL UORR, SR 5, b ) FLBR 2 & B AR K
THIM L, YU HERS % 4 mL/min B, 77 R0,
YN S FLEE 5 AT BCIRFLAE P AT DL R OR, (B )5
HHEAR TR, BRI AL SRR T A Bemb . Y i
% 6 mL/min B, 77 HWE L, 7T 00D b R
JEHR, Mk R K E 11 MPa, Y4 &
8 mL/min 5 10 mL/min i}, 4 /> 83500 H K, B
143 S ZE 10.8 MPa 5 9.6 MPa([&] 7d) .

2454k B 4 20 000 mg/L, i % A 2 mL/min B,
FE S RG BIAIE FLEE S 40 UM FLAE N AT WL AR A
ULAH . MW E 4 mL/min B}, 72 HRTE R 76257
FETEALEE N S5 LB AL AT WK DO . > Tt i3
% 6 mL/min [, 77 IR IR, (B FE TR AL 4% N B UL

T 22| Wk S 38K & 5.8 MPa. 24 i i 1 &
8 mL/min 5 10 mL/min i}, 7= H TR AT FLAE
B DRI 22, W R 4 i3S K & 7.8 MPa 5
6.3 MPa([] 7e) .
322 3-12 A

3-1-2 B RS FSE ), BOAEAFTARVER T
WSRO, WAl 8 iR,

MR 0 mg/L, i A 2 mL/min B, 7= H
WO G B VIR TR AL N . Y =
4 mL/min B, 77 TR BIAEE FLAE S5 40 S0 FLAE
R OB 3 22, SPAT AR FLAE P AT DLk 1T
L YR E 6 mL/min B}, 72 HRTE R ASFRIZE
RIFLEE B TR — 2P 2 0 Y i &
8 mL/min i, 7= H RO L, R UL/ /NS TR A
By, 24 2 10 mL/min B, 77 W AR I i, T
DD s SRR TR TRUIC, AS TR S B L 4% P9 IR DU RR
Bmif— L2 (B 8b) .

E AR 5 000 mg/L, 3 4 2 mL/min B, 77
W G DU AT fLAE I, B b —F
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(a) 3-1-2 B RSP RIS

6 mL/min

(¢) 5000 mg/L *E |

ni‘zé.#i

O VR T

(e) 20 000 mg/L

M8 3-1-2 A sz I R H A A Bl AR T a2 45 RO & 4R AE

Fig.8 physical image of the model 3-1-2 and its characteristics of coal fine transport and sedimentation under different fluid interactions

FEREB AR . Y 2 4 mL/min I, 72 1
T AT FLAE 5 A SO FLAE B R 700G . 24 ik
9% 6 mL/min B, 77 H RV TR, AN ) S 80 L 4% N A
MUTRECR E— P 2 . i = 8 mL/min 5
10 mL/min i, 7= H BB T, 0 0B R ORI R Al
2 (& 8c) .

B 4L A 10 000 mg/L, i~ 2 mL/min i,
72 RS TG SR TR TR R FLAE N o S el 1
% 4 mL/min B, 77 VR R BRI FLAE S5 4 50
FfLaE R DU BRI £, PATHCRFLAE P T LA
o MU E 6 mL/min B, 77 BTE R ASFIZE
RUFLGE OB TR R I — 2B 1 &2 0 Yl &
8 mL/min Hf, 77 HC R AT LA /N IR ER . Y i
H4% 10 mL/min B, 77 HORE L AN FIZEBIFLAE I
WU E— 253 £, Horp P AT OIR FLAE P9 A 9%
P ECR I (8] 8d) .

245k B A 20 000 mg/L, i 3% K 2 mL/min B,
72 HBOE T SRR T A R LA N . Y
% 4 mL/min B, 77 1800 L, BIAT R FL4E 5 40 350
L 2 N R DB B B 2 . M Y 2
6 mL/min B, 7 HRTEEL AS R 28B L A% P AR TTTRR
Bt — L2 M E 8 mL/min A, 77 H
SRV, ] UL AR /N VR, AN RIS T AL AE N B
DURECE I — 2 L . M & 10 mL/mi i, 7=
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R I, AN R AL 4 N SR DR B 1 — 25 3
Z (K 8e).
323 3-1-3 A

3-1-3 B RS RSy, OHAEAFARER T
kYR SUIRENE B, N 9 R .

YW ALEE N 0 mg/L, HiE A 2 mL/min B, 7= H
T T ANFE R AR T FLAE S AN U FLAE IS T A /D=
WEASTTAR o Y7 E I 2 4 mL/min B}, 72 H 0 M,
AL LB RBERY ; AR 28 RFLAE N DT B I 2
MBS 2 6 mL/min B, 77 R, ARG IR AK
YR AT FLAE> AN SR FLAE> AT HCIRFLAE . 2SI
S 2 8 mL/min I, 7 HY VR ML, A [A] 26 Y FL 48 TTT

HBE A 2. M 2 10 mL/min B, 7 i
TR DL, AR N B BT S, A SR HE R AT U
BUTEL(E 9b) .

MH LN 5000 mg/L, i A 2 mL/min i, ;=
HOBOBTE BT UL VR INE TR IR s R TR T B A
TEFLIN; 24U IS ZE 4 mL/min I, 7 H W26 08
[ A3 I AL 4% N A b2l BERy BRI TR TR AL
BENCHR, AT HCIRFLAE P BT 28038 o Y il 4
% 6 mL/min B, 7= W L AR 28 AR AL &% N DR
MR BN 2, AR B Y R
8 mL/min B, 7= AL, [RIAE IR FLA%E N A e ieb BT )
ToIL, ANFEZETIFLAE N TR B dh s 2 . 24
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(a) 3-1-3 A B A 1]

Wb 2 mL/min 4 mL/min

(b) 0 mg/L

6 mL/min

B9 3-1-3 BA S 4 B KA T R AR T MR E S R R AE

Fig.9 Physical image of the model 3-1-3 and its characteristics of coal fine transport and sedimentation under different fluid interactions

T 2 10 mL/min B, 7= B VL, AN [RIFLAE
Z AP BT 2 1A (] 9¢) .

4L A 10 000 mg/L, i %~ 2 mL/min i,
P2 RIE TR, AN R A FLAE RS mT UL AR TR
YIS 2 4 mL/min B, 77 R, AT OB AR
#s A RIZERLALAE IS TR 1 2, B E AL
BN AP BRI . S £ 6 mL/min B, 7=
VR N [ R AL L AR ISR R DR B &,
FIEALEE S5 AT AR FLEE N A Se b B i . 4
B 2 8 mL/min B, 77 H VRV, AR fLEE T
PRI DU B I £ 0 Y 2 10 mL/min B,
77 VR R VA, AN R fL A% 2 BB R ER 5 e I
(E9d),

84k BE Sk 20 000 mg/L, i % A 2 mL/min A,
77 R R, AR UL B R R AR T LAE . Y
UL 2 4 mL/min B, 7 R SE VRV Bl AT DL ZH /N
AR TR s A [F] S A FLAE ISR A DT 1 22,
B AE 8 L 4% N A e b B s b . Y U &
6 mL/min B, 7 HIRVAE M, AT WLk LR TG 28
IRBRAMCR R AT FL 4% > AN S FL 4> F- 1 T AR AL
S, MM R 8 mL/min I, 77 HY T M, R AU N
IE LB 2008, A A SRR R 2 k. Y
T 2 10 mL/min B, 7= BRSO T L, AN TR 28 A
FLAE IR TR B RIS 2 (18] 9¢)

3.2.4 3-2-1 A

3-2-1 BRI RS, M HAEAR RN IAVER T
SRS R SRR B, Al 10 Fis,

LWL EE N 0 mg/L, Wi R 2 mL/min B, 7= H
WG A I FLEE 5 P AT SRR AL 4% P AT WL TR A
Ky, AR LA & R WM DU . i 3 =
4 mL/min B, 77 H e 1/F 3 TO0H B A T FLAE PN T
DLIER DUAR, il BT R IR A IR L 4% ST AT R AL
SN ISR 2 . YRS 2 6 mL/min I,
FE R L, R RIS AR AL AR IR DR B e 1 2
MR I3 K2 4.6 MPa, i3 2 8 mL/min Hif,
FE R BT FLAE AL A N FEAR R R DR
L, ORI K % 10.3 MPa, 4384 % 10 mL/min
B, 77 VR B RV, AN () 2 TR L 4 G B DU RS
L, KRR KA 12.1 MPa([& 10b) .

285 LR 5000 mg/L, FiE A 2 mL/min B, 7=
VBB TR, HER BT AR IR A Y L A% SO AT MR LA
AT DLUTRREE RS o Y 2 4 mL/min B, 77 R
TR, TR T R IR AT AL 4% SOTA T AR AL 4 N TTT
UG 2, R I K2 4.7 MPa, M4 &=
6 mL/min B, ;= H BT, AS RIS FLAE IR B IEA TT
PR 2, B R R % 10 MPa, il 2
8 mL/min I, 7 HWTHTRL, BRI FLAE N A e b Ela
WD, SEATHCRALEE N TTRUE HE 2, MR R 73 K
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(@) 3-2-1 B R RIS

6 mL/min

0.5 cm

8 mL/min 10 mL/min

" "y
SRR

B 10 3-2-1 HEA 5L B R H A R 1 R T MR R 1 BT I AR AE

— e
Loa o v BT

Fig.10 Physical image of the model 3-2-1 and its characteristics of coal fine transport and sedimentation under different fluid interactions

% 10 MPa, 434 % 10 mL/min B, 7 HBTH L,
W R S % 11 MPa([#] 10¢) .

MW 4L EE S 10 000 mg/L, Ji# A 2 mL/min B,
7R, ISR LAE LA AT DL DORR, (B AR 4R
b M E 4 mL/min B, 75 RS R BT
T AN IR FLEAE A &, HOh th LA 5,
L ER AT DL AR, R R S K E 3.1 MPa. i
M 2 6 mL/min B, 7 HOBTE L, TSR AT TR FL4%
N AT LR DU, A B FLEE S5 AT BCIRFLAE N A
DLIEE R DR e 18 A b/l mT L/ Ry it
B AR FLAE LA Wb 0 se 3, Bk R &
7.5 MPa, 4% & 8 mL/min 5 10 mL/min i}, =
SRR, AR FLAEZH & AR DT B 2, ik
JEF1¥943 53K 2 10 MPa([&] 10d) .

MH LR A 20 000 mg/L, i A 2 mL/min A,
PR TR, TR AL 41 A ] DL R DR . 2
P 2 4 mL/min B, 7= HROE TG T FLAE AL A
N BERS DTRR B 3 225 G R FLAE 20 & N B B30 1
KR RE R s il FLEELH & N2 FF sk, BIAIE AL
HEN A DERDI D, IR R S K ZE 2.6 MPa, i
% 6 mL/min B, 77 WL, AR FLAE & MM
MRS 2, R R T3S K% 3.8 MPa, ik
% 8 mL/min B, 77 IRV, AR FLAEZH & N
MR Y L2, B R IR 2 5.7 MPa, 43k
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B4 10 mL/min B, 77 HRSEVFIE R, W] WLAH/NETE
JEA O, GRS T AN SO FLAE ST, HAFLAELL A T
FRER Z MM, W e I3 K 2 7.6 MPa( 4] 10e) .
3.2.5 322 A

3-2-2 B RS RISE ), BOAEAFARVER T
PRy R SRR B, Pk 11 Fs.

M AL R 0 mg/L, i #E A 2 mL/min B, 7= H
WU R, PR FLEAE T DL R DR, IR
P E 4 mL/min B, 7= ROE M, BIAEE fLAE S
AT HRCAR AL EE N AT L R DR . YR R 2
6 mL/min B, 7 IR, RFEIEFLAE 5 AT HeRAL
ENVTRE Ak 223 2, o ISR Le R AR
B4, ME 2 8 mL/min B, v WL 7F—ITMH
SR, ARFLAELL & N UTRRECR IS 2 . i
H4% 10 mL/min B, 77 HORVE D, [RIATTEFLAE P A 9
WD, ANRFLEEA & WA DU I £, BE TR
JIHRZE 20 MPa(J&] 11b) .

28 LR 5000 mg/L, i A 2 mL/min i, 7=
HOBOE TG A IEFLAE 9 v] W R TR, 2400
B % 4 mL/min B, 7 HRTE R SFATBCIRFLAE N
AT DL UORR, [RIAE TR FLAE 9 A DErbi /b o 24
B2 6 mL/min B, 7 H VBB T, AT HROBR FLAE P9 AR
By OB 2, SO DT R AT AL . Y =
8 mL/min i, W] WL/ BRIk, AN IR BIALAE N Y
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(¢) 5000 mg/L

(d) 10000 mg/L

(e) 20 000 mg/L

B 11 3-2-2 MR S B R A AT AR TR0 2% R R AE

Fig.11 Physical image of the model 3-2-2 and its characteristics of coal fine transport and sedimentation under different fluid interactions

A WA TORR, W TR I G RK %8 3.3 MPa, a4
% 10 mL/min B, ] UL/ B DT RS, A IRlHL
B A NI IR RIS 2 (B 11e).

25 AL N 10 000 mg/L, i K 2 mL/min i,
7R, AT TS ALAE S AT RCIR FLAE P ] LA
BT, YUY E 4 mL/min B, 722 OB TR A
] 2 AL 4% N 35 mT DL ORI rp TS FLAE 4 A
LU R R FLAE 4 & 10 b DO R T R b . Y g &
6 mL/min B, A WLV URLI RS TS, AN A28
RRUFL &% P 35 0] DLARERS DRI, G FL 4 41 & B DT
PR FE TR, SRR R Ty 3K 28 2.2 MPa., 470t
W 8 mL/min 5 10 mL/min B, 7] UL/ 0k 5
BLLRE IR, AN RFLBRAE & N B TR BRI 2,
R FLAE LA AR ST R Fe L, W )
3K 2 2.3 MPa 5 3.1 MPa([& 11d).,

YL EE A 20 000 mg/L, ¥ % g 2 mL/min i,
FEOE R BT FLEE P ] DL R TR .
B4 % 4 mL/min B, 7= RO BIAE FLAE 5 P47
MCTRFLAE P9 T WLAREAS TR, H v IO FLAE 41 A B
s B P, DL R D . BRI £ 6 mL/min B,
AL LD VE RN WORLTCRE TR, RAE IR FLAE 5 P17
MR AL &% o8 BB DO AR B B B R . M T Y 2
8 mL/min 5 10 mL/min B, 7] UL/ 3508 Joks T %
TR, AFEALEEA GBI RIS 2 (K 11e).

3.2.6 3-2-3 A

3-2-2 B RS RSy, BOAEAFARVER T
Wk Ia R SUIREIE DL, ik 12 Fis.

BH LR 0 mg/L, i A 2 mL/min B, 7= H
WO TR, A TRIFLBR A 4 AT DL A s R DR . 2 R
B2 4 mL/min B, 7 HROE L BAE FLAE Y A 9
WU, S FLAE AL A PN BB OB I L & T TR .
YR 2 6 mL/min B, 77 HORE ML, BT £L4%
EPATHRCIR AL A% N A b ysi /b, A N A AR IK A i
W, YE N % 8 mL/min I, 77 IR 4kSE T I,
FERYH [A]JE B % T . YIS 2 10 mL/min B,
7 VBT A, AN R 2R AL A% A S RD B kD,
SRR DU A D (] 120) .

M LEE K 5000 mg/L, JiiE A 2 mL/min B, 7%
SVRE L BRI LAE 5 P AT SRR AL A% P AT LR
DURR. Y HE 2 4 mL/min I, A] WL/ R4/ N R
S, ARV S B FLAE N BT WO DT . Y
% 6 mL/min B, 77 W VRV, A () 28 AU AL 4 P R
DUBREE IS 2, IR TR LTI 2 o Y i 4
% 8 mL/min 5 10 mL/min I, 7= M, AN R 81
FLEE N A e b Bt i /b, B R v () R G 32 3
(K 12¢),

154K 4 10 000 mg/L, i 3% & 2 mL/min F,
AN TFIFL B N 34 0] LR O, B AR AR R R A B
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Fig.12 Physical image of the model 3-2-3 and its characteristics of coal fine transport and sedimentation under different fluid interactions

FLAE > 17 MR AL AE >0 UM FLAE . 4 I HU Y 2
4 mL/min [, 7= L, w] 0K SRR TR,
AN AL N B TR R, M E 6. 8
55 10 mL/min B, 7= H &, IR K S BOR A2
RUFL 88 9 A S b Bt 0 D, R TR B R G 2
(F 12d).

MK BE S 20 000 mg/L, ¥ % & 2 mL/min i,
7R, AN RIFLAE B AT DL AR, SRR TR TR
MR AR TE FLAE> A TR FLAE> AN SO FLAE . 43
W % 4 mL/min B}, A [RIFLEE N BRI RS 2
WP E 6, 8 5 10 mL/min W, 77 HL W 4, 5
B R T BOR R A FLEE N A DERbER sk b, I8k DL
B 2 (K 12¢),

33 AABRAEREASARTERREIERA

SRR IE TS B R MR AL

77 H RGO R 8 T ) S LR 1132 A5 R
P, LA o 10 AT 110 32 A% RIS K 5 1 g T
(1) 2 S B RRE A 10 A S B S 780 S i g T AR AL I
AR R AR SR B ) PR B A
330 FLAEEAR Heatk R

XoF = 79 s A B AR T LA T 75, 4T TR /N
T 20 000 mg/mL A, FEFEH A BERE A, 7 B A
XU B = Ry 5 e A HREAS I et B 1) LR AE) 5 9
HZ AL TR, AR SR R LA, B S (B A
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(R B R . MR R AR )8 0 mg/mL,
W KT 8 mL/min £77E . T AU IT FH SR i 1A
24 NaHCO,, NaHCO; 757K H i T H A7 55 R AR, Atk
WE & A LS, SR AR K RN, AR AR BB R, K
iy A= A 9 8 O ol M3 ARG 25 1T 671 Fi i 185 00, 4
SRR TR HE R T, KR 5 T o WO AS AT T 3R P
e = AL M BE(20 000 mg/mL), i 14 K7
SRy T S v B R, HLR R AR MK, BV AE AR SR
UURE B S ERE 1 F M. 7R b B Bt
(<20 000 mg/mL ), A" 4 J32 AR ARE A7y PAT SR 20500 bk ik 225,
D] M2 7 s X 17 P4 e SR e /N, BT 5, 24 1k
B8 0 mg/mL B, FE4T s5 %6 B N 6 mL/min, HEAT
K WA HE U SO R 3 AR S N, M gk ak
HK, 7 A O R T R RE SR IR T AR S 3 R T A
. 48 1k H 5 000 mg/mL F1 10 000 mg/mL i,
Xof 7 Ife B3 38 A 8 mL/min, E TR S 37 6 7 9 R %
1%, PRELAE B R 73R 0 MPa, AR A AR E A,
PEDE, BOFEOT R FIT e AR (1] 13a,b) .

X T FORFLEE T 5, ARG BT 7™ AR
AR Ve B 5 Y R 34 S S G K /N e, LR i
& 8§ mL/min 5 10 mL/min B, YWEEKER S .
LB, A EL TR TR FLAE, AN UM FLAE 7EAH ]
I NG R AR MR R 20 E A
Ak A I S O X 7 4D 7 AT R X R R
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100
—=— 0 mg/L
s | ——5000 mg/L
= 80T 210000 mgiL
i —v—20 000 mg/L
2 60l
-QD?
=
B 40}
=®
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A020F
0 1 1
2 4 6 8 10
4/ (mL - min™")
(a) 1-1 HUBP H OB ATL A VR P B A
100
—=— 0 mg/L
80 —e— 5000 mg/L
——10 000 mg/L

—v—20 000 mg/L
60 -

40 b

7 R AR R BE /%

20

2 4 6 8 10
Yitid/(mL - min™)

() 1-2 B t RO AH X0 ¥4 P82 I It 3 AE £

100
—=— 0 mg/L
80 | —e— 5000 mg/L
——10 000 mg/L
—v—20 000 mg/L

60 |

40 b

P A IR %

20 -

2 4 6 8 10
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() 1-3 B HH RO AH X0 VA 82 I At 3 AE £

& & % 71/MPa

& 5 K J1/MPa

& JE 71/MPa

16 -
—=— 0 mg/L
—e— 5000 mg/L
12} ——10 000 mg/L
—»—20 000 mg/L
8L
4L
0 - - -
2 4 6 8 10
g /(mL - min™)
(b) 1-1 TR JT I g BT AR L
12 -
—=— 0 mg/L
—e— 5000 mg/L
—4— 10 000 mg/L
8 —v20 000 mg/L
4L
0 - ’
2 4 6 8 10
Vi#/(mL - min™")
(d) 1-2 R s e g B AR AR AL
10
—=— 0 mg/L
8} —e— 5000 mg/L
—4— 10 000 mg/L
6l —»—20 000 mg/L
4L
2L
0 N -

S8 3

4 6 8 10
Y/ (mL - min™")
(f) 1-3 HERYIE 1 g B gt s AR A

B 13 i A ER TR B IAER P dBR kR R MR R

Fig.13 Variation of coal fine concentration and holding pressure with flow velocity under the action of differential fluid in different

single pore models

K, HEFIEALEEMEAHF (F 13¢,d) .

X PATARIRFLEE T &, AR &R &
1B T 0 MPa, RWITEAR R AR SFA T, IR
ABB U A R T TR M fE/ T
20 000 mg/mL I}, FEFfA AL BESG IS, 7 H SRER A Rk
JEE T T ) 38 T 8 O, 6 W ARE A S 17 1 8 RIS
Ko M fLEHINIZE 20 000 mg/mL B}, KKz
FAEA H i g DF, 37 it # 10 mL/min, 7
AR BE AR (18] 13e, £) o

ST, BB 8 75 IR 5 BER TR S 30
SRS T BRI 22K R EATHCRFLEE . P o
FFCA R AT FLAE 5 AN S0 FLAE -

3.3.2  Lak4aaTr R AILLE K% em Ak )
MR H R FLEE A 1 )+ S L 4E 1 7

MORFLAE () OB 21 A I, 42 BEFLAR D/INEI R AR IR
y 3-1-1 AN (3 LB G ) | 3-1-2 £ (2 ZH AL
HE)H 3-1-3 HARI(1 HFLBRAA) -

X 3-1-1 BRI 5, JLT- AR b 5150
B 2, Y78 H VB L= R, e
7 I T 4 R S T R R, R SR L S B AR
WIS SN a L St M N A S| PR oy i i s
(<5000 mg/L), 7EHAR A L 3 B e g itk b 7
HETT A5 G, R EAIE TR L BT Ry A R &
SO R R EI A 1B, HEOR X LA AR R i
R R S GRS K MR T RS, R A
PERG R, TR B I O K B R 2, L
R o A TR 1A, A5 IR BB ) T B, KR R )
MK,
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#HEHMFHAK

52 %

AHEE T 3-1-1 AU, 3-1-2 AR FL PR A5 150728, {H
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Fig.14 Variation of coal fine concentration and holding pressure with flow velocity under the action of differential fluid in the models

2R IR R T FL4% CA H i) P-4 7 AR FL A% +4H
FOMFLAE (H B 1A B, He BRALAR /N8I AR IR
y 3-2-1 BEAN(3 HALBRH G ) | 3-2-2 £ (2 AL
HAE)H 3-2-3 A1 HFLERAA) -

XFF 3-2-1 BRI &, #E0fREE R 0 mg/L B, 7=
HH R U 5 R R I A TG AT R, R IR
IR ZER RERRI SR I 2R TR, M
T OR, BER A R A3, B AR EOR, A
MR L, FEAE R LE T, B DTREVE R T A
FUAE ) T REH N (K] 152, b)

AHEE T 3-2-1 AL, LA K5 Y 3-2-2 A5 AL,
ANTRTET A BE T B4 7 A e B 1 R, T e R ) A X
155, B R FLARE KSR T s 5%, B iR
SRR IR ) N PR R R (A 15¢,d)

MALARYEIGRIG, TEARAT AR ST,

308

FIBEAUA 0, 7 AR T B8 BB 55 00 3 DR T
R, KL BB T TR, It R
Wz iE L, X5 FRBRG 48— 2
([gl 158)o

4 & &

D& B 3D FTERH AN T 7 R [l FLAE 2 A K .
21 A 1 oK ROBE R &, AR FE o] A UL I 43 i
B SRR B, R T ORI 28 L A% K2
BHRT 255 RRVER (R T 5740 ) X
BB B R AL

)X TRMIEALEE F, 45 LBk 20 000 mg/L
B, S 5 7 R U B S TE A 5606 B s X T A AU
FLEEN T, AR R 77 B v B 5 3 il 34 12
SR RGN, BN I # ) 18 AL 4 B B



EHEAE . AIRZEALLAE 2T s B 5 IR AT L B 2024 4725 S2 1]

—=— 0 mg/L
—e— 5000 mg/L
< 20| —* 10000 mg/L
ﬁ( —v—20 000 mg/L
= 15
=
& 10
H
£ost
0 Y Y
2 4 6 8 10
itig/(mL - min™")
(a) 3-2- VLAY H RO A FEE AT A2 Ak
20 = 0mg/L 30 —=— 0 mg/L
—e— 5000 mg/L —e— 5000 mg/L
16 L —— 10000 mg/L 2 251 —4-10000 mg/L
} —v—20 000 mg/L = —v—20 000 mg/L
s} 2200
s =
5 =15}
= 8r =
% 210t
= H
4+ Lost A/:%Z:
0 L L L 0 L L
2 4 6 8 10 8 10
JE/(mL - min ") JiE/(mL - min ")
(b) 3-2- A6 Y 6 s Js 3 o ik A A (c) 3-2- 248 LB AR AR T B 22 4k
[ —=—0mg/L 80 —=— 0 mg/L
20 - o 5000 mg/L —e—5 000 mg/L
——10 000 mg/L N ——10 000 mg/L
< 16} —v20000 mg/L @ 60 - —+—20 000 mg/L
= 2
> =
-]E 12 + EE 40 |
M gl ?:E
%(,j =<
- H o0}
a4l A
0 - / 0 L L L
2 4 6 8 10 2 4 6 8 10

Jit#/(mL - min")
(d) 3-2-2HE Y e e e g B 1 AR AL,

A 15

P34 /(mL - min™")
(€) 3-2-3A5E T 7= HH JHOM) AR Xof 34 JE o it e A2 A

ZFMAEA T AHAF BRI R R R ) R

Fig.15 Variation of coal fine concentration and holding pressure with flow velocity under the action of differential fluid in the models

HERRBETIT B Z 053 X TP BCIRALEETT =, 45
Forim A% MRS 5 U 5L TE AR O &R, 5 AP L A
L, ZEAR R AAE IS AN D) A e 205

3) TCIRALMIALAEAL & 55 1F T, ALK, 1R
BRI T 18 B 7 AN ) T U0, A6 53 AR ) B it
IR R, 285 g Wi T m] 455 B o S
PR SC . R OREISLAE A, BIAEEALAE (A
1 3 ) +2 STURLFL 48 AT AR ALEE (1 1 B 4 &
ORI FLEE CA 1) AT AR FLAE+20 S0 £L4%
(H A B BB A A AT R TR R B 2 9
AR ZERIBE T, T EAR AR AR 26 4F T, i
JEJE IR HAR

4) M HTBEST AR RERAULIL T FLEE A 5 261 T AR
iz B 5 ULRE NG DL, (ESE PRt )2 AL B 2 K AR 2

PEE R, FEAEAE DR ], AR 3D 4TEIHAR
KERERY B 5, A B RBEX — AR

2% 3 ik (References):

[1] ZOUYS,ZHANG S C, ZHANG J. Experimental method to simu-
late coal fines migration and coal fines aggregation prevention in
the hydraulic fracture[J]. Transport in Porous Media, 2014,
101(1): 17-34.

GUO Z H, HUSSAIN F, CINAR Y. Permeability variation associ-
ated with fines production from anthracite coal during water injec-
tion[J]. International Journal of Coal Geology, 2015, 147: 46—57.
YANG S Y, RUSSELL T, BADALYAN A, et al. Characterisation
of fines migration system using laboratory pressure
measurements [J]. Journal of Natural Gas Science and Engineering,
2019, 65: 108—124.

5 M, A, X T, B = e B A 2 4005 B TR 43

309

[4]


https://doi.org/10.1007/s11242-013-0228-9
https://doi.org/10.1016/j.jngse.2019.02.005

2024 4F57 S2 1]

#HEHMFHAK

52 %

[10]

[11]

[12]

[13]

[14]

[15]

Hr (3], BEl )k, 2018, 20(4): 47-51.
GAO Zhansheng, YANG Bo, LIU Jisheng. CBM reservoir dam-
age and reasons of Dafosi well field [J]. Resources Industries, 2018,
20(4): 47-51.
MAGILL D, RAMURTHY M, JORDAN R, et al. Controlling coal-
fines production in massively cavitated open hole coalbed-meth-
ane wells[C]. SPE Asia Pacific Oil & Gas Conference and Exhibi-
tion, Queensland, Australia, 2010. SPE 134031.
MASSAROTTO P, IYER R S, ELMA M, et al. An experimental
study on characterizing coal bed methane (CBM) fines production
and migration of mineral matter in coal beds[J]. Energy & Fuels,
2014, 28(2): 766-773.
GUO Z H, PHUNG N H V, HUSSAIN F. A laboratory study of the
effect of creep and fines migration on coal permeability during
single-phase flow [J]. International Journal of Coal Geology, 2018,
200: 61-76.
AWAN F U R, KESHAVARZ A, AKHONDZADEH H, et al. Op-
timizing the dispersion of coal fines using sodium dodecyl ben-
zene sulfonate[C]. Asia Pacific Unconventional Resources Techno-
logy Conference, Brisbane, Australia, 2019. URTEC-198250-MS.
WAE, HACH, SR, 55 B2 ST PR DA G LE & 0T
5T (7], BESRABHEHR, 2015, 43(8): 124-128, 162.
YAO Zheng, CAO Daiyong, WEI Yingchun, et al. Comprehensive
analysis of prevention and control measures forcoal fines in coal-
bed methane production[J]. Coal Science and Technology, 2015,
43(8): 124-128, 162.
TAO S, GAO L J, PAN Z J. Swelling of clay minerals and its ef-
fect on coal permeability and gas production: A case study of
southern Qinshui Basin, China[J]. Energy Science & Engineering,
2019, 7(2): 515-528.
R, AR, BRER, 45, B2 SN AAE T A RURLAR A
A S-BR A L] B BEAER, 2020, 48(5): 188-196.
MU Tian, MA Dongmin, CHEN Yue, et al. Start -migration law
of coal powder with different particle multi-phase flow condi-
tions in coalbed methane wells[J]. Coal Science and Technology,
2020, 48(5): 188—196.
ZEINIJAHROMI A, VAZ A, BEDRIKOVETSKY P. Productiv-
ity impairment of gas wells due to fines migration[C]. SPE Inter-
national Symposium and Exhibition on Formation Damage Con-
trol, Louisiana, USA, 2012. SPE 151774.
YANG Y, YOU Z, SIQUEIRA F D, et al. Modelling of slow fines
migration and formation damage during rate alteration[C]. SPE
Asia Pacific Oil & Gas Conference and Exhibition, Perth, Aus-
tralia, 2016. SPE-182320-MS.
LA, B R R AR ST R S S B E LTS [D].
JRAR: PYRIA1IMRE, 2016: 52-79.
WANG Mingwei. Development experiment and numerical simu-
lation of coal bed methane considering the effect of coal
powder[D]. Chengdu: Southwest Petroleum University, 2016.
52-79.
PREMPEH K, CHEQUER L, BADALYAN A, et al. Effects of
kaolinite on fines migration and formation damage[C]. SPE Inter-

national Conference and Exhibition on Formation Damage Con-

310

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

trol, Louisiana, USA, 2020. SPE-199293-MS.

U, TR, BREUN, 5. Ba QR LR A E T Bl
i 5 B 42 56 G (7). v B R 2 A (B SRR D) L 2021,
45(4):100-107.

HUANG Fansheng, DONG Changyin, KANG Yili , et al. Mech-
anisms and control measures of incipient motion of coalfines in-
duced by moving gas bubbles in coalbed fractures[J]. Journal of
China University of Petroleum Edition of Natural Science, 2021,
45(4): 100-107.

SRR, SIREDT, A, 5. R R AT SO REE S BRI B2
SRR (1], B, 2024, 49(5): 2338-2346.

ZHANG Xitu, HU Shengyong, WU Xi, et al. Dynamic influence
of coal fine intrusion on propped fracture permeability [J]. Journ-
al of China Coal Society, 2024, 49(5): 2338-2346.

BAIT H, CHEN Z W, AMINOSSADATI S M, et al. Experiment-
al investigation on the impact of coal fines generation and migra-
tion on coal permeability[J]. Journal of Petroleum Science and
Engineering, 2017, 159: 257-266.

HUANG F S, KANG Y L, YOU Z J, et al. Critical conditions for
massive fines detachment induced by single-phase flow in coal-
bed methane reservoirs: modeling and experiments[J]. Energy &
Fuels, 2017, 31(7): 6782—6793.

TR, F5 B, PRESE. S)Z - HER i v s 2458 R
JI0 % SEE []. s, 2014, 39(1): 124-128.

ZHANG Shuangbin, SU Xianbo, LIN Xiaoying. Controlling the
damage of conductivity of hydraulic factures during the process of
drainage in coalbed methane well[J]. Journal of China Coal Soci-
ety, 2014,39(1): 124-128.

XIFRAE, XUHAR, JEA. B2 HER S R PR i B AT
(0], S BT S 4R, 2015, 43(5): 23-26.

LIU Chunhua, LIU Xinfu, ZHOU Chao. Migration patterns of
coal powder in coal reservoirs during the well drainage[J]. Coal
Geology Exploration, 2015, 43(5): 23-26.

AR PR SR ARGE P R s R 3 E ML R R S B F 5T
[D]. V% PHZ2 A1k, 2021: 29-42.

ZHAO Shuai. Experimental study on the influence of pore struc-
ture on seepagecharacteristics in tight sandstone reservoir[D].
Xi'an: Xi'an Shiyou University, 2021: 29-42.

X, R, TRIRZE. SOH T SO REE SR AR T RS R RHIE
o 1], BEDe4, 2017, 42(3): 687-693.

LIU Yan, SU Xuefeng, ZHANG Suian. Influencing characterist-
ics and control of coal powder fracture
conductivity[J]. Journal of China Coal Society, 2017, 42( 3) :
687-693.

WINED, BB 2, MR, 55 M iZ R S TN SO RUE B F
YA A V] BEBAA, 2021, 46(4): 1288-1296.

HU Shengyong, HAO Yongxin, CHEN Yunbo, et al. Dynamic in-

to proppant

fluence law of coal powder migration and deposition on propped
fracture permeability [J]. Journal of China Coal Society, 2021,
46(4): 1288-1296.

A, SR, XA, 45 TSR0 b B S 3 204 K 4B
PERHE R RN L], R, 2023, 48(4): 1622-1633.
HUANG Fansheng, SANG Shuxun, LIU Shiqi, et al. Impact of


https://doi.org/10.1016/j.coal.2018.10.009
https://doi.org/10.1016/j.petrol.2017.09.035
https://doi.org/10.1016/j.petrol.2017.09.035

EHEAE . AIRZEALLAE 2T s B 5 IR AT L B

2024 4755 S2 A

[26]

[27]

[28]

salinity of fracturing fluid on the migration of coal fines in-
propped fractures and cleats[J]. Journal of China Coal Society,
2023, 48(4): 1622-1633.

LIU Y F, LI S, TANG D Z, et al. Mechanical behavior of low-
rank bituminous coal under compression: An experimental and
numerical study [J]. Journal of Natural Gas Science and Engineer-
ing, 2019, 66: 77-85.

CHEN H, TIAN W G, CHEN Z H, et al. Genesis of coalbed
methane and its storage and seepage space in Baode block, east-
ern Ordos basin [J]. Energies, 2022, 15(1): 81.

IRRVR, 1E8R, 2080, 45 SRS AR SR (U2 RS
BT A S BORME 15 0 5 (7], 48 FH 3 5T 5 B 4R, 2023,
51(1): 115-130.

XU Fengyin, YAN Xia, LI Shuguang, et al. Theoretical and tech-
nological difficulties and countermeasures of deep CBM explora-
tion and development in the eastern edge of Ordos Basin[J]. Coal
Geology & Exploration, 2023, 51(1): 115-130.

[29]

[30]

ZHANG W, HE Y X, ZHANG Q F, et al. Study on the effect of
salinity and water content on CBM adsorption/desorption charac-
teristics of coal reservoir in Baode block[J]. Geofluids, 2022,
2022: 1-9.

X5, BLDAE, B, 5. KA PR B0 SO A PR B 75
SRR PSR (1], A1, 2023, 48(9): 3483-3493
LIU Ziliang, WEI Yingchun, ZHANG Qi, et al. Physical simula-
tion experiment of the effect of hydrochemical properties on
themigration of coal fines in propped fractures[J]. Journal of
China Coal Society, 2023, 48(9): 3483-3493

ZR/NI, B, REARAE, 45, SCHEE RSN S8 R DU AT MiAk
BRI TE V], BRI, 2022, 50(8): 151-158.

LI Xiaogang, CHEN Hao, XIONG Junya, et al. Experimental
study on visualization simulation of coal powder dynamic migra-
tion and deposition in propped fractures[J]. Coal Science and

Technology, 2022, 50(8): 151-158.

311


https://doi.org/10.1016/j.jngse.2019.03.012
https://doi.org/10.1016/j.jngse.2019.03.012
https://doi.org/10.1016/j.jngse.2019.03.012
https://doi.org/10.12363/issn.1001-1986.22.06.0503
https://doi.org/10.12363/issn.1001-1986.22.06.0503
https://doi.org/10.12363/issn.1001-1986.22.06.0503

	0 引　　言
	1 研究区地质背景
	2 模型建立与方法
	2.1 3D打印模型建立
	2.2 煤粉驱替试验

	3 结果与讨论
	3.1 不同流体作用下单类型孔缝组合模型响应特征
	3.1.1 1-1模型
	3.1.2 1-2模型
	3.1.3 1-3模型

	3.2 不同流体作用下多类型孔缝组合模型响应特征
	3.2.1 3-1-1模型
	3.2.2 3-1-2模型
	3.2.3 3-1-3模型
	3.2.4 3-2-1模型
	3.2.5 3-2-2模型
	3.2.6 3-2-3模型

	3.3 不同形状孔缝及其组合约束下差异流体作用对煤粉运移的影响机制
	3.3.1 孔缝类型影响作用
	3.3.2 孔缝组合方式及孔缝大小影响作用


	4 结　　论
	参考文献

