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Proppant Embedment Model of High Rank Coal
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Abstract The successful development of coalbed methane in China is essential to national energy security, coal mining safety and
the environment. Creating high conductivity fracture within coal matrix using hydrofracture has been regarded as one of the most
effective technologies for coalbed methane development. As a complicated procedure, however, the ability to create fractures with high
conductivity is significantly influenced by flowing back, smashing and embedding of the proppant, which can be well represented by
the operations in the study area Qinshui basin. The proppant is easily embedded into the surface around the fracture during
hydrofracture in highly matured soft coal in Qinshui basin. Hence, conductivity of the generated fracture is dramatically reduced as a
result of narrow fracture with embedded proppant. Currently, studies on proppant embedding are mainly conducted in physical
experiments, lacking the corresponding numerical models. To analyze the influence of closure pressure and Protodyakonov coefficient
on proppant embedding in a numerical method, width formulas and embedded pressure formulas for coal were deduced based on
Langmuir law. Experiments for examining the model have been conducted as well. The results show that there is a critical pressure
during insertion of the proppant into the coal surface. The smaller the protodyakonov coefficient is, the lower the critical pressure
becomes, and the easier the insertion of the proppant is. When the closure pressure was lower than 30 MPa, and only half or even
less of the proppant was inserted into the coal, relatively high similarity was obtained between the calculated results from the
numerical model and the experimental results. Thereby, the deduced width formulas and embedded pressure formulas are valuable in
the hydrofracture design for the high rank coal in Qinshui Basin.

Keywords high rank coal; protodyakonov coefficient; proppant embedment; slit width model; pressure embedded model

NS B #1:2014-01-13 ;1459 B #1:2014-03-11

A AR B B EZAR T XK F 5 (20112X05034-003,20117X05061,2011ZX05062,2011ZX05063)

VEF A~ TR %, 3%, FF R 7 @ AN B AT Z 32 5 R, 8 F 12 48 1 sazhang@263 met; & 8 (LR % —AE# ) , Al 4 50 A&, BF 50 77 161 A Bk & AL 9K
HIEZL, B -F 424 : cupbelh@163.com.,

LA RiEE, § 58, BHE, F. UHEIIEASAAEA]]. FHLFIR, 2014, 32(14): 54-58.

Il 54



—t

B SR 2014,32(14)

www.kjdb.org

LRI, K e 7 e R R RE ) SRR U
B TRBOT A0 B2 T RHOR BT ™ A i (14 50
SR O SR B (R R AR S R
IR R S v AT L D A R R B>, 52
FEFNA Dy i N AR RE | I/ INREER SERE , AT 0 T 1 4% 1Y
TFUAEST o [ B X SR AT T — 2 SR At
I — 2647 25 Y DAIR (R0 SCHGR R A B BB LA S
B SRR ARG 5 W HUA A 22 7B iR AR 52 5]
P& e 0 e W T R AR 80 SO R Pk BE A Bl D e JEE 25 T 3R 1Y
SN X T T R JEA 1) W 8] P R RO T )
HRTE SRR ARERE A T EE RS [ A7 X0 S350 i
AARABIGE T T R4 TE A R AR E SHUE R
JE O 2 A, Tl SR SRR TR A SR ke (B

E1 LD-1ASiaE it
Fig. 1 LD-1A conductivity meter

1.2 LIntFm
121 ZHEFIHSR

R A 50 I 0 A A I 5T SR, B L S PR B 2
IRAIEZS . IR ER 16~30 H P 3243500/ R 5256 1) S
I, A5 16~30 H Bk SCHEFIMERES R KAz 0.09 em, [
0.9, BRFE 0.9, Y% i 2.67 gfem’, RFLHE 1.53 g/em’, 52 MPa
VA6 R JTRBRE . 2.02% , MLEE 49.36 , BRIF AR 2.71
122 EEESR

Bl A O T I TR iR SRR — A, R
1.5 em 545 RIS V8, T WD REZEA T 17, R
T E RGE RO ORI T O TR AR 7K
FTEE R THE . &1 3 B B L S5

E3 HEHAEIY
Fig. 3 Finished product of coal samples

SCIENCE & TECHNOLOGY REVIEW

DOV BRI SR TRV E B0 v 1 G AT %
I3, i ELAE S R v, DA REE R U — 2SS T
iAo it AT AT SCFR I A B S0 — 4k 2
JESCHEFIR A LE 5823 SO st 223X, T ST A TSI
LR OO /A Wi T8 /8

1 ZEFSGANESTR
1.1 ZiEH
SCEE FH LD- 1A S0 RE 1S, ¥ BB APT AR ME 1,

T 1 S R B 150°C i KA 6 R 7 200 MPa, fin 2% 2% & {1
WHY-800 FU & J33 5L, &1 LD-1A S5 68 133 5

Yy, 1§12 0 APLSCHE R i 2 i

A—XEFH TR
17.78 cmx3.81 cmx Wr(cm);
B—&ER;
C—SmELk;
D—T{A%;
E— k52,
F—yliksk/ thO;
G—EZHmn;
H—ZL.E&RIEM;
=AY,
J—J7 R 41

"oy,
dl T‘%%ﬂ%

2 APIXEFISRETEE

Fig. 2 API proppant diversion chamber schematic diagram

TEHGIO /K ZE AT | fih 5 i CQEAE AT X0 L S 3, A5
3 AR I i R A3 1) 0.71,0.63.,0.50,
1.3 #MAREITE

S i AR AR
h=W,=W,)-W -W,) (1)

W ORI A A TRIE , cm; W, oh BB 0146
ZEGE L mm; W, o AU AT 2 2 2445 96 %, mm;
R OB A iR 2445 TE R mm s W, o e DAL AT B
12445 55 % mm.
4 LHHR
1) HAHTIR - AR B0 e e e B BOSETGHR A , AS []
A T 45 .

2) MEREIINR  MERERD S e A B | S P AR, I
ANFEHA I 4TS .

3) MR AR Ak S AR =X () TR TR A
BRI F R ATRIE
1.5 RO

S B A 11X 8] K 5~60 MPa, AV 5 ke/m?,
TR A R SR AR AGREE h, i 4 1R

=

oM = R

55



—t

www.kjdb.org

## S 2014,32(14)

0.051

0.04 —_—— ﬂ%)[::j’
53| WK
S
<
= 0.02

0.01

0

10 20 30 20 50 60
P ) /MPa
B4 AEAGENTHZEFRNRE
Fig. 4 Proppant embedment depth under different
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Table 1 Impression diameters of the proppant under different

N IR EHAR/em

MG Hs J1/MPa G o e
5 0.006 0.019 0.048
10 0.013 0.024 0.051
15 0.019 0.025 0.054
20 0.023 0.032 0.057
25 0.027 0.037 0.061
30 0.030 0.048 0.067
35 0.032 0.057 0.072
40 0.041 0.067 0.080
50 0.065 0.082 0.087
60 0.080 0.088 0.090
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