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Experiments and numerical simulations of gravel packed
layer damage due to sand migration
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Abstract: As a sand control method, the gravel packing technique has been extensively applied in oil
fields because of its merits, such as effective sand control effort and high well production. Naturally,
reasonable explanation of its sand control mechanism and accurate prediction of well production are vi-

tal for this technique. Among many factors, sand migration is the main factor that influences the pro-

ductivity of a gravel-packed well and the technique design. In order to have a better understanding on
the mechanism of gravel packed layer damage caused from sand migration and plugging and to provide
a theoretical basis for well productivity prediction, the damage of gravel layer permeability, which was
due to sand migration, was simulated experimentally in laboratory under different gravel-sand diameter
ratios that were decided according to the reservoir characteristics of sanding in an oil field and the spe-
cific sand control technique. The results show that the migration, invasion, and bridge plug of sand
particles can lead to a significant change in the permeability of gravel layer; especially the damage near

the interface between formation sand and gravel layer is the most serious. According to gravel-sand di-
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ameter ratio and sand intrusion degree, there are five types of mechanism for gravel blocking sand. A

dynamic mathematics model is established by linear regression to predict the plug amount of formation

sand per unit volume of gravel layer, and a numerical simulation is launched to simulate the experi-

ment. The simulated results are in agreement with experimental data, suggesting the model has signifi-

cance in quantitative evaluation of the damage on gravel layer caused from the migration of formation

sand particles and well productivity prediction.
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Fig.1 Flow chart of experimental device
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Fig.2  Gravel layer permeability curves under different
gravel — sand diameter ratios
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Fig.3 Schematic of formation sand blocking experiment
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Fig.4 Relation between plug amount of formation
sand per unit volume and time

NS o /p, SHASHEY K RE {5 FAR AR
F X LL B BR A 28 A AT BUE L. 2 A
BRE R 27T em, A 2B K E R 93 om, F 42 H
1.25 em, HiZWBERH 1,02 pm’ , B2V 1HE
BN 78.60 wm® , EFRETEA, i RN 10 mL/min,
FLIR) = 2 AR BTN & 5 .

Bl 6 Sy 2 0b BRI AR A e 32 B 1 e A
MR LLE Y TRk A T2 BB B R K,
PR FRIE SRR /IN, SR e ) B 2 B2 43 A A 1l )2
B B 7 Nk A 2 BERAE. BT e LA




FEZE,F PDRNEEXNHRARERRERESHERN | 59 |-

W BEE AT, R A1 28 05 R S BOR I, B
ERERIHREN S ER SR RLILT — 3%, R
SRR RRR AT E N HZ AR ZE R o /p, B [ 1] mar B4R, e, A S R

52 3Lk ( References)

SHREE L aIAT, BN RRA 25 15 5 A8 10 ik PIBLIIR IR BTSE ()] #1124, 2005,26(4) -85 - 88.
A FEIE P K- P e T S A B S K 1. Tian Hong, Deng Jin'gen, Meng Yanshan, et al. Labo-

ratory simulation on sand production of heavy oil reser-
voir in Bohai area[ J]. Acta Petrolei Sinica, 2005, 26
(4):85-88. (in Chinese)

(2] PMEE, ZJRM, RAL S, 55 AR sl &5 b i
HERLT]. BT 5 R R, 2007,14(4)
62 - 64.

+ Sun Hui, Li Zhaomin, Wu Shigui, et al. Dynamic and
B 5 BB B = 2 A% & quantitative sand production prediction method in uncon-
Fig.5 Mesh in 3D numerical simulation model solidated sandstone reservoirs [ J ]. Petroleum Geology
3 ) and Recovery Efficiency, 2007,14 (4) .62 —64. (in
30 y Chinese)

: / (3] kAR, B TR KT
= y T3 FH o VB HROT B N S5  1. oh 5

10 R AARFEERR,2009,33(5) :80 - 88.
(5) . Dong Changyin, Wu Long, Wang Aiping,et al. Predic-

tion and experiment for wave equilibrium sand bed

K6 8 ESE height in horizontal well gravel-packing based on equi-
Fig.6  Calculated pressure distribution librium velocity[ J]. Journal of China University of Pe-
troleum ; Natural Science Edition, 2009, 33 (5):80 -
88. (in Chinese)
(4] R, e, E2MH, 5. ACFF LRI 58
ThReRs BUTFRREE (], P A kA AR IR,
2010,34(2) :74 - 82.
Dong Changyin, Wu Long, Wang Aiping,et al. Experi-

80

60

<40

y

20

0 20 40 60 80 100 120

t/min mental simulation of gravel-packing in horizontal and
B 7 B4R BBRELE highly deviated well[ J]. Journal of China University of
Fig.7 Permeability variation curve of gravel layer Petroleum ; Natural Science Edition, 2010,34(2) :74 -

82. (in Chinese)
[5] 2%, WKZE K. Bka s PiabH = Re w0 75 v

4 & (17 FmE 595 % ,2004 ,31(1) ;103 - 105.
Li Aifen, Yao Jun, Kou Yonggiang. A method of calcu-
1) WR¥aka 52k U kA )2 lating productivity for gravel packed well[ J]. Petroleum
I ENLIRA 5 FARE 2R HE R A ERE Exploration and Development, 2004, 31(1) ;103 - 105.
SRENEE, FLBR se A R b o2 A i, T (in Chinese)
RN R (ARG R E R ke [0 PUIR SEEL B, %IRRT i)
Eﬁ;ﬁ”{‘ﬂﬁ,ﬁﬁ%i&)%‘@'@ﬁ%ﬁ)%%ﬁﬂﬁﬁﬁ&?ﬁ% FIRR A TSR R = BR T [T ). o [ A 3 K 22
W R 2 A ARBEEERR, 2011, 35(3) : 89 -93.
2) AL B B AR 2 P Li Mingzhong, Li Yanchao, Wang Weiyang, et al. Re-
T ’ N search on productivity prediction for horizontal gravel
JED B OAFE L S TR A5 SR RO SR packed well considering variable mass flow in well bore
3) = V‘]ﬁ%@({ﬁﬁfﬁ%%l—ﬁ = V‘] 5 R L [J]. Journal of China University of Petroleum; Natural
BB TN T BR A E BB R S AL, X Science Edition, 2011, 35(3) : 89 -93. (in Chinese)

X HER N R A1 SE O e S5 A L Z 8 L (TF4#% 79 1)



