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The placement law of composite particle size proppant in main fracture for multi-stage
combined sanding process
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Abstract: The placement law of proppant in fractures determines the conductivity of hydraulic fractures and the stimulation effect of oil
wells. The combined sand paving experiments of 40~80 mesh proppant and 80~ 120 mesh proppant in the main fracture were conducted
with self-designed visual parallel plate fracture model at different injection positions( upper, middle and bottom) and different Injection
sequence (large particle size to small particle size and small particle size to large particle size) when the field pumping rate was
4.96 m’/min. respectively, and the effects of injection position and injection sequence on proppant placement were evaluated by four
parameters , the height of the sandbank at the fracture entrance h,, the balance height of the sandbank H, the proppant placement rate
at fracture front R, and the proppant placement rate at total fracture R,, , the contribution of each particle size proppant to the propping
effect was analyzed by their filling ratio of in the fracture front and the total fracture simultaneously. The experimental results showed
that the injection position determined sand bank shape and the placement effect of proppant at the fracture front, and the upper injection
could better connect the main fracture and wellbore. When the injection sequence was large particle size to small particle size, h, were
1. 81 and 46. 57 times that of the middle injection and bottom injection, R;, were 1. 47 and 13. 18 times that of the middle injection and
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bottom injection. And when the sequence was small particle size to large particle size, h, were 1. 56 and 33. 37 times that of the middle

injection and bottom injection, R; were 1.33 and 12.07 times that of the middle injection and bottom injection, respectively. The

injection sequence not only affected the sand bank shape emphatically, but also had a certain influence on the fracture placement

effect. A certain thickness of mixing sand layer could be produced in the main fracture when the injection of large particle size to small

particle size. From small particle size to large particle size injection, the variation of sandbank height was more uniform, and the

placement effect of main fracture front was better. In general, large size proppants were more likely to settle and contributed more to the

main fracture propping effect, while small-size proppants were more likely to migrate into the fracture depth to fill secondary fractures,

which were helped to improve the total proppant efficiency.

Keywords : composite particle size proppant; injection position; injection sequence; placement law; height of the sandbank ; proppant

placement at fracture front; mixing sand layer; main fracture

A BT AR 240 T H SR 2 9 A b
T 2R RS AN R G 8 0 H DY E T R
—SE KPS N2 Tl RUBE A S #3555, T SR [ s 42
SR SRR R A A DT IE , 42 v Al L A
TR 284 0 4% W) R 24 1) S 435 0 o R 24 4% T O Ak
Jy U RS T e S LA B R R A £
LR S A O O AR IS 32F 1 S
A =R R A B A it T R T R i R 2
SR N AR L 2 it T AR e, PR I o b 7 B i
AL B T o 2 6 A28 S 45 391 7 34 48 TN ol
FERYFEIR , Bt T LBt E TR S

FHT, CFD (TH3 AR 1 2% ) J7 1 B HOK il s
FLUENT /- DS G 7 e >R A V8 [ 79 A 1) 38 3 B0 A
KA FH T 0F 28 e A B 48 00 Al R A R )
SR A oS i 1 KR — RACR A A AR
BT b R =R 7 B S A P S 4 )
PERLA R (AR 1 m/s WP HE 20% , S FE 5
FiAE 1 mm, WK R ) , 25 R R W] ARk 1 R 4
B A A, 0 T PR T S ) )l 15 5 )
R AN 24 B 11 A7 B 4 s B e B 3 T o IG <
DX ok, [ AR 242808 5 ik A% 3 T4 & CFD-DEM
Ty BB DR AN L A S B RS
5% I (VR R B 0. 12 m/s . 32 ) A B ik
0.087 3, L #EFIRLAZ 0.5 mm, JEZ W EE 1 mPa-
s) , NI A 7 A R TS R0V A0 ook, 76 24 4% AT ity
TERL T — A KA JURL A 78 38 X, 76 58 0 v B VR A
i, 4 101 BT SR 17 3 78 MR e 3, (U h TP
Sy R T B A G v A R) A B R A D
SRR EILAS ; X RS2 R RAEN R FLU-
ENT 84 H A SR AR AU T R R FE A & T 32
BRI BETES (FEAEE 2 m/s 8P L 20% , SCHEF
KA 1 mm, JEZLREEE 1 mPa-s) , IR IRTEA
B WEE IS, HAE L3R TE AR, 247
FEIRCR BT B AR SRS R CFD 4
BRI T /73 S s NP SR AE KRB (1

A 1 m/s, L 10% , SZEEFIRAE R 0. 3 mm, R
WRE 5 mPa-s) VPN T R0 A7 B X 2448 N
IR AL A 52 ), 25 L R W] b 300 AR, 3%
R FBAE FRENDIFIS TS, 73 S8 N SCHE 4l
D R AT, AN R i B 2 R AR TR
Ak, 5oy 32 e NS SR AR B BE PR T R AT, b3
HLRK, S TE R A DB TCHP X,

() B A 7 A A4 A A 76 e g T 0 TR B9
e U R B SRRk 2588 S LR
SEGRG W T IE KRR (HEE 4 m/h, BP
3%,30/50 H L) b b T =ASERA KA [F]ER
PRI A A DI S R R, 255 2% 551y
B[R] RD RSP i B T 2 M | 4 A% I 11 i S HE R
HiERERE, A B+ TG0 8 R T
SABEIE O v S PE Bl BB B O R 5 Ak 1Y
M £ A B g A ST AT AR R R R
FLUENT 8l ab e 25 AT A28 (HERE N 4 m/h,
bkt 3%, SR AE A 0.45 mm, 24 W% % E
1 mPa-s) , DA B+l 41 & i Fl T 324
HE T R RD , S 4 0 A R, ELRD BT v
IS S

DRSS ES R YN VA RO R TR S il
TEZASE N Il B AL A R R ), Sk e 24 T 48
VR AL E e PR At TR i 4E 5 22
RIEHA A T2 A8 F DUAE B — R 2 1 K 24t
THERH K, SC R A S 4% R
S FEFRN T AN 149 5% ]| 1,22 2 JEOR [R) R AR S 7%
FZ 8] A AH BAE A, 35 3000 N RIF R A — 2 1948
S E R IC A R P AN B X T2
FEFVERTD LA AR ), R I A 0 B R AT T R 4
PERGBFZE . A A 3T 00 AT AL - 17 bR 24 4 5
piY ) O S I N7 N 1 S SN v 2 N i B2 AN [ 5 2
( Kbife— /NI F/NRLAE— ORI 2) T 40~80 H
180~ 120 HZH A Fife S ITE 358 N i 205 Bl b
S VP T AL RN AR Sl 0 Al



VRN R

A 455 AL AP T2 SR B N S P el T R 3

HERISEI , SMHT T 4% R4 30 R S PR Tk
1 SCIEERSY

IR L0 BT IS MR S50 250, BT
% N5 B I AH R DU R S5 485 SR AR AR
1.1 ZWFSH#E

AL AT A LG AAY  BE K 2.5 m, A
0.5 m,%%% 4 mm, 1 57 0.5 mx0.5 mx4 mm 5
PP IS SA4E BT, S AR R AE ATV T 2 1 0,
0.25 m 0.5 m ZFTPAEAEN 8 mm A BIFLAE 45
WA, AN AT FRELOEE A 15 mm (WE 1), B
OGN 8 m*/hy M M 3 4, e K7
0.5 m’; IRAPHE 2 A e KA 0.9 m’ ; LA T
BROOKFIELD DV- Il + g5 25 Y

8§ mm

=

4 mm

8IS |

£

0.5m

1 ARUFTRREEBTER
Fig.1 Illustration of visual parallel plate fracture model
RAEY 40~80 HHI 80~ 120 H £1 b 45,
TR IR TT W 1,
x1 BEKEREETR

Table 1 Slickwater sand-carrying fluid formula
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Table 2 Experimental schemes of proppant sand
placement at different injection positions
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Table 3 Corresponding relationship between experimental
and field pumping rate
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Fig.2 Experimental results of combined particle size
proppant placement at different injection positions
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Table 4 Evaluation parameters of combined particle size
proppant sandbank at different injection positions
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Fig.4 Evaluation parameters of combined particle size
proppant sandbank at different injection positions
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Table 5 Composition of two particle size proppants in R, and R,,

BIBE AR Ry, i L/ %

BASHER R, /%
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T Kbt —/ MRz 44.75 18. 89 5.59 47.61 10. 06 12.13
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4 INBEAE— TR AR 31.30 24.59 1.00 49.57 19. 88 0. 86
Kbide— /R 2.95 1.85 0. 45 32.35 5.39 7.49
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