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Abstract: The unconsolidated sandstone gas reservoirs are characterized by shallow burial depth, loose reservoir rock, and com-
plex gas-water distribution, and the formation is prone to the problems of edge and bottom water invasion, particle migration, and
mud & sand plugging during the production process, resulting in water and sand production in the wellbore, which affects the nor-
mal production of the gas field. In this study, the unconsolidated sandstone gas reservoirs of Sebei Gas Field in Qaidam Basin were
selected as the research target to study the main influencing factors of water production, sand production, and formation mud &
sand plugging based on the analysis of production engineering factors and the theoretical study of plugging mechanism. The simula-
tion experiments of the mud & sand plugging mechanism under different compaction conditions were carried out, and the plugging
mechanism of mud & sand particles and its influence degree on the flow capacity of unconsolidated sandstones were studied by
means of mercury injection capillary pressure curve, particle size test analysis, and X-ray diffraction analysis. The results reveal
that the main factors influencing sand production in gas wells are production pressure difference, formation pressure, and edge-bot-
tom water invasion. The faster decaying formation pressure and the stronger compaction result in increased formation water when

the production pressure difference increases. The permeability of the core decreases rapidly due to the effect of water invasion and
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compaction when the invasion of edge and bottom water occurs in the reservoirs, and the maximum permeability loss rate reaches

77.40%. The hydration dispersion of the core leads to the smaller size of the mud & sand particles, and the released non-expansive

particles such as quartz and feldspar will migrate in the formation. There is a bridge blinding rule of 3d; < D,< 10d, between the grain

size (D,) and pore throat diameter (d,) of the transported mud and sand particles, which causes mud & sand plugging in the reser-

voir. When the confining pressure reaches 12 MPa, there is a matching relationship of d, >1/3D, between the grain size and pore

throat diameter of the transported mud & sand particles, and the mud & sand particles are directly plugged in the pore throat. There-

fore, it is not recommended to adopt too high production pressure difference during the production process. For the reservoirs with

reduced formation pressures, it is advisable to adopt pressurized development to replenish the energy of the formation.

Key words: unconsolidated sandstone gas reservoir; particle migration; mechanism for mud & sand plugging; production pressure

difference; formation pressure; water invasion
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Fig.1 Relationship between sand surface rising velocity and
ratio of production pressure difference to formation
static pressure of typical sand-producing
gas wells in Tainan Gas Field
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Fig.2 Relationship between sand surface rising velocity and
formation pressure of typical gas wells
in Sebei No. 2 Gas Field
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Fig.3 Relationship between sand surface rising velocity and
average daily water production of typical sand producing
gas wells in Sebei No. 1 Gas Field
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Fig.4 Stress analysis of particles in pores
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Fig.5 Simulation experiment device
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Fig.6 Relationship among permeability loss rate, sand
production, and water invasion rate under
compaction of core 1
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Fig.7 Relationship among permeability loss rate,
sand production, and water invasion rate
under compaction of core 2
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Fig.8 Relationship among permeability loss rate, sand
production, and displacement pressure difference
under compaction of core 1

343 JEEAEA TIUEL Ay I F bk

VERD e e 1 FE 1) S AR oRn 5 LI 19 3 e
ORE 5 LI ) ELAR T — 2 R PSRRI B
FRAS [RE 2 36 2 AR e SEAPE R LMk 5 10kE Yy
DG C P AR 7= A AN (] R B 52 Mg 20280, X 4 2 AN [
BBl T A2 it AT e oR 1L B A4S R ) it e 52 5,
FLALBR A W& 10 iy 7, Bifi 4 PR SICPE R 3G 58, 50
FLBR AR | W AR N A FLBR AR /)N , 32 220
g3 A1 DX R] ) I T 2 AR 0N B O B L AR N

XFAKAR T I W VR 2547 0L BE A A K, 45
(P& 11) 2= B 7K A= 1 U 10 SORE R R AR 3228 0 1~ 50
mm, BLAEHE N 7.75 mm; /K AR 5 18 75 U b Sk
A /N CREAR /T 10 mm FTORE 5 80% LA 1) , fekiE
SR R 10% k42 (D) B 1.69 mm [% & 0.468
mm, fHok; B R 50% B kL% (D) Hi 7.75 mm
F% 28 3.44 mm, TR R R4 8 90% A RLAE (D) HH
162 mm [ % 28.40 mm, 156 B Je w0 75 M JZ /K o 1) 43
B, BT 5 7K G B 2R 0 i 7 B D

50
—— N JE N3 MPa
40 F —— WJEN6MPa
—e— P& N9 MPa
S oL = mEHmI2MPa
B
B
g\\:::
b 20
%)
10 |
1 1 1 ]
0 1 2 3 4
X % [k %2/ MPa
a—IR PR % HBERBRELXR
0.14 -
—— W& N3 MPa
0.12F —— PJEN6MPa
—o— 4[5 ¥9 MPa
COOF e W2 MPa
Eo.08 |
o0
g
15 0.06
=
H0.04 |-
0.02
1 1 1 J
0 1 2 3 4

5K # [k %/ MPa
b— R i % I B R
9 2SELEEXMERTEERRAR HWE
SREEENKRR

Fig.9 Relationship among permeability loss rate, sand
production, and displacement pressure difference
under compaction of core 2

il 7= AP BRLAR I BB K . 255 A IR T B
AL, 1B B PP ORI AR 5 £LIk AR 2 3d, <D, <
104 AR EE RN DR 25 5 e A L B ZE AR5 8
TR Y R F] 12 MPa Ji5 , R SAE i — 20 1
R, 18 B PERP ORIRLAR 5 FLME ELAR 5 2 d, > 1/3D, 1Y
PEREOCAR , KA JeRb foks B fE ALk AL I 28, 20
LBER R TR,
3.4.4 BARABALEH P LR,

filf 2 T 3 L W8 RO 5 I K Fs 7% I 46
ARPE R G DR XA L 38 7% Y0 ks
PEAT XRD 4 i W) 20 W5 Rl A W) 2 W He e
S5 (I 12) R TERbBORE P A1 9 A1 Ffr 88
RN, BB R 1 RS ARRZ K D8, H O 3
A A R R K T R RO ER AR
WA P AT BN . BBV SR P IR
i R AR P R, DA = AR M2 K okl T, JERD AL
R A AAREI , 2t M B3 7%, — B oMok 28 T
FLIEAL , R R 78 B M2 KA AT . B L8



-144- W W |5 R Ik % 202347 H
16 - 30
25 | 3 KRG

[ J£ N3 MPa
[l £ 6 MPa
[ J£ N9 MPa
[l £ N12 MPa

Pttt

FLBR A 53 A5/ %

10 000
LI B2/ nm
a—AL A 5 5y A

1000 000

100
_ 80
N
S~
= —— [H & 3 MP
R 60 | £ /95 MPa
ti: —e— [HJ[E 56 MPa
= 20 b —— [HJE N9 MPa
Pl —=— [ E 412 MPa
20 -
0 1 1 J
1 100 10 000 1000 000
LB B 42/nm
b—FL B 2R AR A o A
10 AEEXEATHIEERSf
Fig.10  Pore size distribution under different
compaction actions
8 5 100
6 L — KR kR E 80
. — KAZ T R A
< — kREMEBRER |6 =
o — KR 1) B A &
| 4r =
& 140 &
€ B
2 -
1 20
0 0
0.1 1 10 100 1000 10000
RifE/ um
11 BHRUHAIKER.FHHE S 2k
Fig.11  Grain size distribution curve of transported mud &

sand particles before and after water invasion

AT R, 12 e b SOk b BRI A S R,
KA HIT 1Y 50.6% 34 2 /K A7 )5 11 64% , /52 (8] |20
Yra D, KR AT 27.6% M 2K AR5 5 13%,
{EG/Z2 0] )2 LU R, B KA T 50% ¥ 27K R 5 1)
60% , UL HA7E 1 2 /K R if R ERVER T, /58] 2
WY 8 R B ok S STks s .

i WMEARNKAE TREAEG A B ELyY
e Ok 25 B
E12 KEBJEHXRDEST WAEK
St mAmttt

Fig.12 Comparison between XRD whole-rock mineral
composition and clay mineral composition
before and after water invasion

i R G Ve 35 FENL R SC 56 e B, 7E 4% i AR
FEIRZZMAAE T A D DI AN E 100K AR 3 A
HoJZ AT BT R AT RN . TR TR
B i MR AR A R KA R A IR
AR X SRR B8 38 1 7 8 K TRIORE 0 BT 8 K, R
s 73— 51, KR G A 5 BE AR, He SIS/ e
FLIEAZ /N 3R T OB A A= 3B JE I T e . 4R
FEZEERIA , R B L B3 K, ks o 4
PLEKE I3, R T OREA B T R, ANV TORE 2 2 K
PEZRAT S 2E RS ORI EL 1 ZE LI 1538 R %
%, FE A R B KAR 5 SR A A ™ s 22 5 B0
T T R

4 Sl

IIMTBR AR SRR ST A QR AL T A BT
PRI D M Z PP IS FE Y TRER A R 2N, A
Je22 )2 R TTAA IR R IR 2 EE AR . A= k22
R, 422 s g Sy e, M2 H K IR 5 24 ke Aok
)5, TERALBR R b, 3R OR3P BT 94T
B8 5 S0 b J2 ROk 3 7% 3 2 o 2 2 R R TR 9
9y, — B R AR AR, AR 8L T3 K,
JZE K A B I O RSO 3G, 25 O e 3 e i S
TIORE R B, UL i e A R 3B 2E B 4L

B SCIRAE R R R A" I 22 25T
KIRTB WG R TZ ORI FE I A5, H
JK BRI BRI T T )T B R P E 2 BA
IR . )R KR IROKAR G, KRS S
] 77.40% ; i )2 DR AL 23 BT SR I OB R A2 28



$305

o 4 3]

FEAESF AN R RS S ZEL I DT

-145-

N,

%,

e G FE I S R | 3 S TR Y . e S
i ¥ e b okDRL A2 5 FL IR ELAR N A2 3d, <D, <

10d, FRF SR, 6 110 5 S50 2 Y b 34 2 5 2 e ik
# 12 MPa ) , 15 8% Y b OB KL AR 5 FL I B4 1 2
di>1/3D, FIIC LK AR, K e RDRORE 1234 FE AL

XFHRE 7K DA BRI S S A 7 s 22 4

SRt — S AR B A D RO A R i Y
HIRFIOCHE . XF T oR & AR Y RbsR 2 10 U, a7 22
THIRBIRY 3 F B & AR PP FE /) T R M
T TN & R B AR

(1]

[2]

[3]

HemE

Ao WORLIBFE IR , m/s?;
di—WORL A, m;
D,—— L& A%, m;
D, LB ERBUR R, T ;

F—ABE 5 N

F—— ORI ML PR N
F—BE4 1 ,N;
F——f0k B 5 0 N
F—OBE I 7 N

FAAXﬁmEg%jj ,N;
F. Z A T,N;
F—5 k)7 ,N;

Fr——Rm At sk Sy 4e x 7 ) B 71, N;
Fi——BHm A sk i1 2 gy Bisr )N
My, ORI i, g5

ORI AR m;
Vw—7j(1%5$% ,mL/min;
v—UR AR, m/s 5

u—— AR  Pass,

S & 30k

FEUED] 0 (IR, 45 SRR AR TR B A S
D 5 B RPLEER T [J]. RIR R Tk, 2002, 22(1) : 52-54.
TANG Hongming, MENG Yingfeng, HE Shiming, et al. Dis-
cussion on the mechanisms of sand production and sand produc-
tion and sand control in unconsolidated sand gas reservoirs in
east Chaidamu basin [J]. Natural Gas Industry, 2002, 22 (1) :
52-54.

FE SR RARHL, Bt A VR S )2 R R B X
KRB [T]. RIRHERF,2008,19(1) : 141144,

CUI Sihua, ZHU Huayin, ZHONG Shimin. Reservoir proper-
ties variation characteristics stress sensitivity of Sebei gas field
and its influence on gas field development [J]. Natural Gas Geo-
science, 2008, 19(1): 141-144.

FANG N, A, S G A DAL DI S
FEVBEITIR[I]. FARA T, 2009,29(7) : 72-75.

WANG Xiaolu, YANG Wanping, YAN Huande, et al. The sand-

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

ing mechanism and sanding critical drawdown calculation in
loose sandstone [J]. Natural Gas Industry, 2009, 29(7): 72-75.
AT, DRI, DB, A AT i R A XU S AL S i
TEAMHTI]. v 2 A P B AR 2020, 16(11) £ 59-65.

ZHAO Bo, SU Yazhong, CONG Wei, et al. Discrete element
analysis on sand production risk and mechanism in unconsolidat-
ed sandstone oil and gas reservoir [J]. Journal of Safety Science
and Technology, 2020, 16(11): 59-65.

R, e BB ), 4 SRR BN R AR
ARIEFI]. RERZ T, 2002,22(2) : 38-40.

TANG Hongming, MENG Yingfeng, KANG Yili, et al. Discus-
sion on the protective techniques of unconsolidated sandstone
reservoirs in Chaidamu basin [J]. Natural Gas Industry, 2002,
22(2): 38-40.

RARAR WAl 42, 50 55 L B RAED S OR RD HTLEL S SE B BT S ).
FEFhH A, 2006, 13(4) :89-91.

ZHU Huayin, CHEN lJianjun, HU Yong. Study on sanding
mechanism of unconsolidated sandstone gas reservoir [J]. Spe-
cial Oil & Gas Reservoirs, 2006, 13(4): 89-91.

FET AR, R ROT , A5 LU LR PR 2R Y (8 I
ST AR A, 2010, 17(1) £ 100-104.

QI Ning, ZHOU Fujian, GAO Chengyuan, et al. Grey correla-
tion analysis of factors affecting sand production in Sebei gas
field [J]. Special Oil & Gas Reservoirs, 2010, 17(1): 100-104.
AL, AR AR, b VB, 45 3K PP AR ] I 7 30 £ 0 LA 03K
BS[I]. A AR AR, 2005,33(1) :48-51.

TIAN Hong, DENG lJingen, QU Congfeng, et al. Particle mi-
gration in loose sandstone reservoirs [J]. Petroleum Drilling
Techniques, 2005, 33(1): 48-51.

XIE Yiting, CHEN Zhaohui, SUN Fujie. Particles migrating and
plugging mechanism in loosen sandstone heavy oil reservoir and
the strategy of production with moderate sanding [C]. Internation-
al Conference on Porous-Media & Their Applications in Sci-
ence, 2014.

XA B XA, ARG AR TR HER) (Y B B 0],
RIRHARELTF,2013,7(3) :24-26.

DENG Chuangguo, ZHAO Yu, LIU Wei, et al. Low tempera-
ture foaming agent used in sebei gasfield [J]. Natural Gas Tech-
nology and Economy, 2013, 7(3): 24-26.

JAARIE Bt A, BRI, S T IEERIL ST B By A D R
WFFES NI ATl R IR ¥, 2005,27(5) : 812-814.

ZHOU Fujian, YANG Xianyou, XIONG Chunming, et al. Re-
search and application of new fine sand control technology in Se-
bei gas field of Qinghai province [J]. Journal of Oil and Gas
Technology, 2005, 27(5): 812-814.

WANG Yingchao, GENG Fan, YANG Sheng, et al. Numerical
simulation of particle migration from crushed sandstones during
groundwater inrush [J]. Journal of Hazardous Materials, 2019,
362(2): 327-335.

FEAELL, XS Ty , 55 . BRAMED A I R Lt it A - AL
BRI []. %5 £ )7, 2005, 26(82) : 207-210.

PEI Guihong, LIU Jianjun, ZENG Liufang, et al. Mechanism

analysis of fluid-particle two-phase flow in macropores of uncon-



-146-

=

WmoR M R

5

xR 202347 H

o x

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

solidated sandstone reservoir [J]. Rock and Soil Mechanics,
2005, 26(S2): 207-210.

T A B IR 5 2R e I A M AL
Aol R, 2016:95-117.

WAN Yujin, LI Jiangtao, YANG Bingxiu, et al. Development
of multilayer unconsolidated sandstone gas reservoirs [M]. Bei-
jing: Petroleum Industry Press, 2016: 95-117.

AR B B, X 0% 55 AR fl K B o i ok 2 4 LB
S HTT BRI TREREAA1, 2019, 41(6) : 719-730.

CUI Chuanzhi, WEI Zijian, LIU Lijun, et al. Mechanism of
fines migration in low salinity waterflooding and its develop-
ment effect [J]. Chinese Journal of Engineering, 2019, 41(6) :
719-730.

SO, WS, 225 AR A0 K K H AR B = AL 5 3 A0
1 PU AT IR 240 AR, 2015,37(5) £ 145-151.
WU Jian, CHANG Yuwen, LI Jia. Mechanisms of low salinity
waterflooding enhanced oil recovery and its application [J]. Jour-
nal of Southwest Petroleum University: Science & Technology
Edition, 2015, 37(5): 145-151.

LEESY, WEBB K J, COLLINS I R, et al. Low salinity oil re-
covery-increasing understanding of the underlying mechanisms
of double layer expansion [C]. Cambridge: Society of Petroleum
Engineers, 2011.

HUANG F, KANG Y, YOU L, et al. Massive fines detachment
induced by moving gas-water interfaces during early stage two-
phase flow in coalbed methane reservoirs [J]. Fuel, 2018, 222
(1): 193-206.

TR, kY, B )2 h ORISR AL B ST, SR
553, 1991,8(3) :51-64.

WANG Xin, ZHANG Daming, FAN Shizhong. Study on the
mechanism of particle migration in reservoir [J]. Drilling Fluid
& Completion Fluid, 1991, 8(3): 51-64.

BERGENDAHL J, GRASSO D. Prediction of colloid detach-
ment in a model porous media: hydrodynamics [J]. Chemical
Engineering Science, 2000, 55(9): 1 523-1 532.

BRADFORD S A, TORKZABAN 8. Colloid transport and reten-
tion in unsaturated porous media: a review of interface, collec-
tor, and pore-scale processes and models [J]. Vadose Zone Jour-
nal, 2008, 7(2): 667-681.

TR WRILAE 2R R, 55 AN D 2 ORI B AR IE A Xl T
FASIRAT]. W <1, 1996,3(6) :31-34.

LI Huiping, CHEN Xianhua, LI Liangchuan, et al. Particle mi-

(23]

[24]

[25]

[26]

[27]

(28]

[29]

gration character of unconsolidated reservoir and its influence on
oil performance [J]. Fault-Block Oil & Gas Field, 1996, 3(6) :
31-34.

VALDES J R, SANTAMARINA J C. Particle clogging in radial
flow: microscale mechanisms [J]. SPE Journal, 2006, 11(2) :
193-198.

HERZIG J P, LECLERC D M, GOFF P L. Flow of suspensions
through porous media-application to deep filtration [J]. Industrial
& Engineering Chemistry, 1970, 62(5): 8-35.

SO, H S, BB KR FS - ORI RS 38 KA H (7], o A
2£,2015,32(1):57-61.

WU Jian, CHANG Yuwen, MU Ge. Theory and function for
clay fines migration in water flooding [J]. Oilfield Chemistry,
2015, 32(1): 57-61.

MEERSS REHER SN, A AR FLMRES I S BT Y RLAR
DEEIE A [J]. il S 5 2R UH, 2009, 16(6) : 92-94.

YE Yunan, TANG Hongming, WU Xiaogang, et al. The match-
ing relation between the pore throat parameters of reservoirs and
the particle diameters of suspended particles [J]. Petroleum Geol-
ogy and Recovery Efficiency, 2009, 16(6): 92-94.

TREERE MR , 225, A L N T W TR R R FR R 5 S AL I 25
A RER [J]. it U 2R IR, 2023, 30(1) £ 49-59.

ZHANG Yuxiang, YANG Shenglai, LI Qiang, et al. Effects of
stress on pore and throat structures of ultra-deep carbonate gas
reservoirs [J]. Petroleum Geology and Recovery Efficiency,
2023, 30(1): 49-59.

A Bt I, A5 IR AOROR AR O AE 45 i
KB ARE—— U R Z R T TS R & 8 BeUE
fitt 2= R [0 AT SE T, 2023 ,45(3) :466-473.

MA Yunfeng, ZHAO Jianguo, SUN Long, et al. Microscopic
occurrence characteristics and seepage law of water bodies in
gas reservoir under stress: a case of tight reservoirs in the eighth
member of Permian Shihezi Formation, Shenmu Gas Filed, Or-
dos Basin [J]. Petroleum Geology & Experiment, 2023, 45(3):
466-473.

HRIRE A 2, W54, 45 W T Co fRiZ i K 3RS 6 )=
FERAL A L[], S lith UK, 2022, 29(5) £ 107-112.
SHAO Xiaoyan, YANG Xuewu, MENG Lingwei, et al.
Change law of reservoir characteristics after water flooding of
C6 low permeability reservoir in W oilfield [J]. Special Oil &
Gas Reservoirs, 2022, 29(5): 107-112.

MmAE GrEUR



