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Fig. 1 Schematic diagram of particles in hydrate

decomposed unconsolidated sediment
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Fig. 2 Force diagram of particles in unconsolidated sediment of hydrate decomposed zone
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Fig. 3 Relationship between diameter and critical velocity

of sand migration in hydrate decomposed zone

O3 il DX 2 A B ORE SE 45 5 IR Bhis 7%, K& W0 0 i
7oA 1 S B A WU R S8 T [l R, DTG I IR
e W51 25 4 o XS BEORLRL AR B KB A T 4 i DX P
FR TR I 9 )3 Sz B8 U /N T L T 0 ik DX 2 19 13t
KL FE 7K G W 53 gk 7 i AR v L T 23 ik XA A L
KL 75 5 Ja shis % K G W o0 i 7 A= 19 LB 7E 3
ET WO 18] 36O 2 U A A R S R Ak
K E Wy o3 At 7 A Y s B R 8 A T AR ) kL
A AT RE S A AR 7 RSN HTR Y T A

IKE W) 57 e X W Z RS Shis B R — a8
b A R A BT AR TR T K S W O
Az B 23 S B RS BRORE B9 ife S )3 803z B8 O S I, G 8K
WALt =R sz ® . TRk kKRR Ehie# . K G
Wy o3 ity A 2 I O TG T TR ) ARORE 1 i 5 Bl
15 % it RH 3G R B B i S Bhis B U ) T
2 5 VAR RO T S S B R RO 1 RS Bl i A
1k

BT LRy BT BORA [R] 2% AT 43 il DRI 2% R4y
fiff DX P9 BB I 5 )3 23z A i S AN ) LA Sl A
PATBCITAR Y TORE 3 33 7% 1 i 5 g 22, B

u, = min(u,; U, ¢) 27

T SCK ST we BEGORLHE AT 5 2 EE R R A
SRR KE

3.2 R HES AL XY I 57 I B9 R i

A3 BB 2 BB Ok 242 1. =5.10,15,20,30,50
e, FLA S A 1) s DUAS () 0 FR 0 O e B A R
M JZ AP I Blis 7% 0 I S R A5 SR an Al 4 FoR

i A B b BT R I ORI B ) shis B TR
o B A HE AT A RE A 3G 0 i R s Y HE A A RE e )



BT S

XA+ 55 K45 90 53 A DX B TR DR RS 212 B e S S R A A 171

— E BUE B T AR . IO h TR HE A
F1 1 P B 0 2 T D AR 19 L S8 U U 3
AR /N T R ARORE B8 U 4t A T DA TR S B
.

u,/(m/s)

60 65 70 75 80 85 920
TR HEAD £ E/(°)
B4 R ARG 55 s B i 3 OC R 4
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velocity of sand migration in hydrate decomposed zone
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velocity of sand migration in hydrate decomposed zone
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CALCULATION MODEL FOR CRITICAL VELOCITY OF SAND
MOVEMENT IN DECOMPOSED HYDRATE CEMENTED SEDIMENT

LIU Haojia"?, LI Yanlong®®, LIU Changling”®, DONG Chanying',
WU Nengyou®?, SUN Jianye*"*

(1. School of Petroleum Engineering, China University of Petroleum, Qingdao 266580, China;
2. Key Laboratory of Gas Hydrate, Ministry of Land and Resources, Qingdao Institute of Marine Geology » Qingdao 266071, China;

3. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract:In the mining process of natural gas from a hydrate reservoir, sanding is one of the major factors
restricting the development of natural gas hydrate. In this paper, based on the assumption that hydrate ce-
mented sediment is composed of tightly squeezed balls in equal size, we analyzed the stress conditions of
such sand particles on the leading edge and in the decomposed zone. A critical velocity model for sand mi-
gration in decomposed hydrate-cemented sediment is built then on account of torque balance conditions.
The results indicate that critical velocity of particles on the leading edge and in the decomposed zone increa-
ses with the increase in particle diameter, arrangement angle and coefficient of friction, and the properties
of cement and the type and concentration of electrolyte in the fluid also influence the critical velocity of
sand migration. The model proposed in this paper can provide a theoretical basis for evaluation of hydrate
sanding.

Key words: natural gas hydrate; sand Production; hydrate cemented sediment; loose sediments; sand initia-

ting model; critical velocity



