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(College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract: [ Objective ] It is of great scientific significance to study physical, chemical and biological processes of the migration
of colloidal particles in saturated porous media. Therefore, it is essential to determine factors affecting the migration and
deposition of colloidal particles in saturated porous media. [ Method ] An in-lab quartz sand column experiment was conducted
to study migration behavior of colloidal particles in the sand column. The colloidal particles, were poured into saturated porous
media with water solution of a set water head. The experiment was designed to have three levels of particle size of the colloidal

particles, three levels of concentration of the colloidal solution and three levels of particle size of the quartz sand in the column.
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[ Result] Results show that K/K, of the media was reduced to an extent that was positively related to concentration and particle
size of the colloidal particles in columns treated with colloidal particles the same in particle size. The smaller the size of the
colloidal particles with the same concentration, the larger the K/K| of the overall column and the AB segment (surface layer) at the
end of the experiment, and the smaller the K/K, of the lower EG segment (bottom layer) , indicating that large particles were more
likely to deposit in the surface layer, while small particles were to move to the bottom. As a whole, the particle size effect was not
as noticeable as the effect of change in particle concentration. When the colloidal particles migrated through the porous media
different in particle size, K/K, of each segment of the porous media large in particle size was significantly lower, while it was only
low in the surface layer of the column of sands small in particle size. Regression analysis of temporal variation of the overall
relative permeability coefficient with other factors shows a quadratic relationship between the two with R? being greater than 0.92
except in a few cases, which indicates good correlations. However, the correlation was not significant when the porous media
were small in particle size. Analysis of velocity variation indicates that the higher the colloidal particles in concentration and
particle size and the porous medium in particle size, the faster the decline of flow rate. Comparison between columns treated with
colloidal particles different in concentration and in different particle, separately shows that large particles concentrated mostly in
the upper part of the sand column, while small particles did in the lower part, which corresponded to the change of the medium in
permeability. Qualitative characterization of the columns with a scanning electron microscope displays significant deposition of
colloidal particles on the surface of the porous media after the experiment, which further demonstrates that colloidal particles
could clog pores of the porous media, thus affecting their permeability. Secondly, the deposition of colloidal particles in the
porous media increased K/K, under certain conditions, which was related to concentration C, of the input and diameter ratio d,/D,
(d,, stands for colloidal particle size, and D,, for arithmetic average particle size of the quartz sand) of the particles. Phenomena of
rising local permeability coefficient would appear when d,/D, was higher than 0.018 and C, was lower than 0.5 gL,
[ Conclusion ] Generally speaking, the colloidal particles migrating in porous media may clog the pores of the media physically,
and hence reduce their permeability. Particle size and concentration of the colloidal particles tested and particle size of the porous
media are main factors affecting migration and deposition of the colloidal particles in saturated porous media.

Key words: Colloid; Porous media; Permeability coefficient; Deposition; Migration
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Table 1 Experiment conditions
JEAR SR AR A2 W 2 AR A E
SEHRAL B AT YR A WE HMAARDERE
d, Diameter of C Initial fLER & Bulk density of
Experiment Particle size of Density / Weight of quartz
colloidal concentration Porosity  quartz sand column /
treatment Quartz /pm (gem™) sand packed /g
particles /um /(gL™) (gem?)

180~300

1 6.5 0.2 2.65 1060 0.410 1.564
(D,=240)

2 2.6 0.2 2.65 1056 0.412 1.558

3 6.5 0.1 2.65 1058 0.411 1.560
300~425

4 6.5 0.2 2.65 1056 0.412 1.558
(D,=362)

5 6.5 0.5 2.65 1053 0.414 1.553

6 13 0.2 2.65 1054 0.414 1.554
425~600

7 6.5 0.2 2.65 1052 0.414 1.552
(D,=513)

H: D, WAEWHHARTERAZE Note: D, stands for arithmetic mean particle size of the quartz sand tested

A BORAR M R, Feit 7 s . BRI
BE A WL . ATk 24 h, FEHZEEKBEE i,
FE 105 °CRHETPY @ JR B R £ B b oy 2 5
AR, EESEH 2 cm AP, Z 553 om BE—
WEE, 4> 8 WIS, WPHEAELA N 1.55 gem.
S B B2 /K AL 24 h, HEBREDA: A A AR BE 23 <
Z I FIRIEK R LTI KL 224 10 em,
TR R K S R I B IR B 8 R Koo ZJ5H
KFEK ML 0.5~6 L-h' Wi sE N FZE R A
RE R, ORI B TR N SR U i 5 4l e i
FEF 2. 5. 8, 11, 14, 18, 22, 26. 30, 34, 38,
42, 46, 50, 54 F1 59 h BRI A0 R A A K Sk AE
h A SR O, HILTF R R R - BB 1B R K
D HE B 3 R A R AP AE 2.5, 14 1 22 cm
A B FL A 7K T A BORE 000 502 S 970 908 ) VR B
1.4 BHEEEUTUNRIERE

KM B35 2B KIK, e A 1A Bk i i
oM B BN, Hh K fl KRR
PO A A TG

Oy - Ax
@:g
e - Ah

Q- Ax

(1)
- Ah

X, Ky ANTRVEBERE (md'); K N4
ZBEZB (md!'); Qo MWIAEHE (m*d"); 0

R 2 A (md s A AT RE PN A 2 J)
BIEEE (m)s AR 9B A9 K K2 (m); r
NAPBIGAEANTE (m),

[, SR AT vive (vo HUITERIB T
v ARSI ZIBRE ) T s B O,
ARG AN [ s TR0 A ) 8 0 B 35008 i T i 22 4L
PRGNSR

,-2_9 (2)
F

A, v A ZBRRE (md ' ); F KW
A (m®); O AERZIT A (m*d); r AAHL
PEEFENAE (m ),

JH sk AR AN [a] A7 5 2R 4 9 e iy 2 47 3ok 52 30
T, PRI R A R R JH R JEE A A X (A
KLAE Z AL B Mt T oot S 1t — 2P
ZAN B BRI, SEER S AU X SR L
PR EE, b LA BB JE N L

2 Z5R518
2.1 ARREZEISEMREN

20,1 JRAARISORD A BE XS 3 M 1 5 &l 2 Rk
BN 6.5 um, WM 0.1, 0.2 F10.5 gL' AY%E

http://pedologica.issas.ac.cn



340

+ B

e 57 %

HIXHE B RBKIK,
Relative permeability coefficient

JEAA e Concentration
of the colloidal particles
—a—C=0.1gL"

—_
(=]

<
)

——C=02¢gL"

o
)
T

——C=05gL"

WL, WHERAXTE B RBCT R, & 3 04
HBUWBI K/K-t XFEML, hEAT AT, AR
WL BRI AXE B R IR T s, A
R BE R, 2% BB AR MO, B0 TR
o, LB AR A RIURE A s B R s (R A
220, EABPIRD BT BRI, ZJ5 T Rl
s X T UE AR B E R B, AB Bl
WOHERIZ B AXNE 1B R BT R, ol

BC. CE. EG £,

0.7+
0.6
0.5+
04 1 1 1 1 1 1
0 10 20 30 40 50 60
I} /8] Time/h

TE: Ko NUHRE BREL, K 45218 15 R T A Note:
K, stands for initial permeability coefficient, and K for permeability
coefficient at each moment. The same as below

T AR B2 DA S A AR Xoh 5 3 22 KU BB I (1]
AL
Fig. 2 Temporal variation of overall relative permeability

coefficient of the sand column relative to concentration of the
colloidal particles

& 2

TR BT AE D, Ry 362 pm A7 SRb A TR A B I3
ANEVEEAAXIE B R AR, BAORE, BARORL

XF AB BE, 0.1, 0.2 F10.5 gL' AR I BE A
B K/Ko 152 50%PT Rl 23- 5120k 25, 13 FiI
10 h, WEPRETEEHRE; SRS R K/K,
Iy R AR 17.2%, 11.7%F1 10.2%, X Ui
PRISOR Tk B R, B S 5) 7E R B DU A5 R 2 KUK,
RSN, XTT BC B, K/KoFEZE 50%1 FH
B 43250 59, 29 F1 26 h, SLERZEHE; K/K, 535
R R IR Y 56.5% . 26.2%F1 30.6%, 3% 76 W A 5
KBIBR THERIZDIR, @B A FHERIFIR. X
CE Ml EG Bt &, K/Ko B4R BEA K, BEHITTARTE
X B AR R AN 2

a)C,=0.1 g'L"! b)C=0.2 g-L" ¢)C,=0.5 gL
—a—AB —-BC—+-CG —~GE —a—AB-—e-BC—-CE —~+EG —s— AB—e—BC - CG—~GE
510 M 1.0 m 1.0
o=
jdam) %
§ g 08r 0.8} 0.8 M\\_/\\/
ﬁ? 061 0.6¢ 0.6
%EOA— 0.4} 04l
= &
Zo02f 0.2}
= 021
<
S 0.0 ‘ s , . s 10.0 . s s . . . : : : : !
~ 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
i [#] Time/h F (8] Time/h fif ] Time/h

e MM BFERB B AB (0~3 cm). BC (3~6cm).

CE (6~15cm), EG (15~24 cm) [ K/K, MR [ 97484k, F

[d], Note: The four curves represent temporal variation of K/K, in the seepage section AB (0~3 ¢m ), BC (3~6cm), CE (6~15cm)

and EG ( 15~24 ¢m ) . The same as below.

K 3

N [ JEE AR 4 JBE b BT 4492 Y BUAR X 15 125 28 S Pk 1) ) 22 1

Fig. 3 Temporal variation of relative permeability ratio of each seepage section relative to concentration of the colloidal particles

WE T, PR FZ I 128 2R B R 2
., NB R ABURL IR BB 5, B0k RECT R,
X 2 AL BRI IR ) A8 dmr 1 in e U, {H
3ALIAEH, 0.1 102 gL' ABHEER AB Hil BC
Bl K/Ky FIEREE 22 40K, 11 0.2 F1 0.5 gL' B
AB l BC Bt K/Ky 2573 AK, {H CE Ml EG Bt 4 744
K, XU — e 2RE)E, T fLBE b

AT B e B Al B ZEFLBR P B TR B R LA R R
A% A B B ORI A LR A% SRl

212 ARSRDRARXB BRI AR
BUT kAR d, 43500 13.6.5 F1 2.6 pm R 0.2 gL
BRSO A D, A 362 pm A SR HEA 705G . h A
4 WAL, WP RE BRI XE i R KK, 25 RAEAUT N,
IREINOL RN TR IR UTA O O Y i SR N N

http://pedologica.issas.ac.cn



2 3

B AR IARBORLXT AN [RDRAR AR AN AL A BT 3 P A 52 )

341

2 DR S TR A48 8 B R 0 S ) o7 B LA S 3 2
N TR BB E RN R A, HER 4
PRAEE AN, (A EAREIE R AR 2
AR BB K AR IR 2 2 B AR % &
B sg iR, (A SRR 17 2R KR e ) AR ki 2%
KA, HORARRON I A Ik BE RN AL, Xt
A RE S th RIS /NI R ) A R B e R,
EEPNIIZI P 37 N GG % G IAC LR /S iy L1F TARS

/& 5a) A%, AB. BC. CE Fll EG BAESLH
SEHR, K/Ko 5 IR EAR R 11.7%. 26.2% . 81%.
95.2%, AB Bt FREsZEM, 78 10 h 2247 RIFE A W)
IRBIE RN 50%, X 3R BPRLAE K 1A Uk 5 78
R AU, HEEESLB, W/hABE, B 5b)
S BRI A T K/Ky 53 BB A JE R 19.1%
33.8%. 80.4%f1 94.6%, A[LLFEH CE. EG Bt FF#
P, A AB, BC By T REER I R 5a) 1.
Bl Sc) & BAESIIR A R K/Ko 3 50 R A 1)
19.5%. 35.9%. 61.3%Fl1 80.1%, AB #l BC B K/K,

BT R T 5a) AL 5b). X2 X T AR
PO RGONEIE L VAN <R o RITRAuR Eal A & e )
YERT, ¥t B 27 UKL 0 1 8 e /) FL e T B P ) B
B o MORLAREL/ N B A TIURE 55 BE 7 It 21 1% B TR AR
B, RZVIRERD, SEBBERTRILEN R,

JEAR R R4 Particle size
of the colloidal particles
—=—d=13um
—— dp= 6.5 um

4 d26pm

=
=)

I
o

I
o

BB RB KK,

Relative permeability coefficient

0.7
0.6
0.5
04 1 1 1 1 1 1
0 10 20 30 40 50 60
i [E Time/h
K4 TF AR RORDRL AR AL B AR BAAH XS 15 2 U bE
IR [a] ) A2 1

Fig. 4 Temporal variation of overall relative permeability
coefficient of the sand column relative to particle size of the colloidal

TR R BAKFE 5a) FlE 5b), {H CE Ml EG Bt particles
a)d, =13 pm b)d =6.5 um ¢)d =2.6 um
= + AB + BC + CE v EG « AB « BC « CE v EG = AB « BC + CE +EG
(3 v v
S 1.0 by v e, 1.0t e T AN B S
:% "X‘¢XXAA,ZAAXAXXV i%‘V‘A>IXA R Av" M \!:,.A:A AT T
X508 08, 7 e L S S
M ZP . * o . .,: *e, - . .
ﬁe 0.6 0.6 . 0.6} . s
v S P . u ., . . .
‘0\ < . . .- «* e
B 204t 041 . 0.4} .
% g e " . ot . e -
E 5027 Tt |02f 02t ..
—va L ]
=00 S S X ) R [(X L
2 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
I fa] Time/h I 1E] Time/h 5 fE] Time/h

P 5 ANTA] B A SIURE R A Ak BT 4538 U B AR X 15 328 2% BB I 11 ) A

Fig. 5 Temporal variation of relative permeability ratio in each seepage section relative to particle size of the colloidal particles

2.1.3  ZANFORARIM XN BEER W SR
EHET 3 MR A 9wy, D, s nilh 240, 362 Fi
513 um, WARPRIRAE N 6.5 um, WEEHN 02 gL',
M & 6 S ARAHXT 225 22 BBl A a] AR A mT 1, e 1A
KLAERAR R Z LA Bh B 5 ) A iER Ui, &
BB K/Ko B AREEK s iR TR /N Z LA i,
JE AR SBURE By its BRAE R 2, R K/K AU K . A WF
RGP T4 ) kARG IE, DAY L
A RS- A B JE , AT S 3R ZE R R RN
HREIPY, 2 Bk, FLE A, HAfE
TERURL I RE ) BIG, B PR ORL 2y R HOh T RS 5 Tk

AN, FLBRECN, WORIMELLE L, B TERI
PO, RPN 6 rpto ] LR B H Ok .
Wi 7 AUER, B 7a) hEEEB KK,
WA TR, 258459 AB. BC. CE Ml EG
B K/Ko 5 IR AR 16.5% ., 28.5%. 43.9%FI1
68.5%. & 7b) th AB il BC Bt M i i A
K/Ko VR IE R4 11.7% . 26.2%, i CE Fl EG B4y
TR NER T 81%F1 95.2%, AFfbAK, XIEHT
A BALAR /NG BORHS 4r BUoR AR R Z DO, & 7e)
1 AB Bt fil BC Bt K/Ko B2 UBRA%,  K/Ko &R IR 1)
93.1%71 99.4%, CE #l EG B K/K, Y945 I B 48 K fy

http://pedologica.issas.ac.cn



342

+ B

e 57 %

2,
¥

PR, 185 2

THEHRXE

75 Z RO KR

% 1.0 A AA A A
= LUK A A A A—A—A
= P T Lan R sParticle size
- O
-t \ of the porous media
S Coosfe e | "4 D,=240 um
= F S . —=— D, =362um
S . _
) g 06 \ N \+Dp 513 um
N5 00 - RN
z s . a
X o AN N
= 2 \./,;
5 .
§ 0.4+ \o‘ . \',,,,,q/‘\\
L]
0 10 20 30 40 50 60
I R] Time/h
Kl 6 AR ZALA BrRiR b BN EbAE S AR X5 35 R EbE

R[] 9 22 £k

Fig. 6 Temporal variation of overall relative permeability coefficient
of the sand column relative to particle size of the porous media

214 EHEEAAR XIS I 2RO AR AR

fE, K EIRARRIZM T ERE AR S RS (FH y
FoR) SR (H x R ) #ETRIET, S50 0%
2. FFRAEEFFEA RPAIA, BRACHE 1 4, HAE

ISR EARAHXNS I Ry SR x Z A2 RO A
KXKFR, R>0.92, HJHABIFMMNE: . b3 1 3EH
AT JERPAH L A0 31 4 F1 7 T 5 B0 DERb e an, Ak
AT 8% R A0S I ) 22 () A A S A AR OGP, R
kit /INGE, 1Bk RERE RS ] PR AR A LA 3
AL 4 F1 7 AHECACEE 4 09 R A5, XU A7 RiA
WOk B SR A AR AR, D, A 362 pm AYATHERPAE R
SAAXTB 3 R BCS B R AHSCHERAT; 3. 4.5 &b
AL, AbEE S Y R fe, RIITEA SRR R (4
WORDRL AR AR RIS , ¥ B A A e AR T T AL BT DR A A
TRAXB 3 R ECS I E AH DGR T; AbFE 2. 4. 6
HHEG, AbFE 4 () R fef, ULITE S RiAR R A v
WA BEARTRIR , d, N 6.5 pm (RSP TIURE A B 1) A

H TSR TR R 1 s ke TSR BRI
a)D =513 ym b)D,=362 pm ¢)D =240 um
g ~+ AB-+ BC-+ CE + EG ~+ AB-+ BC+ CE-+EG 4 " AB « BC « CE » EG
510 , 1.0 P t:‘ B v
M:§ 0.8 \\ Y '/ ‘%""'*’I'x a A A\r' T 13 / Y\\ )
~ . ®a Yo . v »‘.\ / AT A A a . a, N, \
gz \f;,'A' GRS R PO 12 ot
W £ 061" \': 067 e, ALY T
8E o, VAN Tlreal L Tt L1y < ‘a,g/‘
@ g 41 N LA 04 " e 1()."7 A [RAY.] :/‘ \‘
< & e, T e e - . [1.0 y 3
E 502; el |02 e O;}iii:" Yelr NADES
ool o Jg e
Z 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
B8] Time/h B} ) Time/h B8] Time/h
Bl 7 AR Z AL FORAR b BE R 435 LB 02 7 2 BB N 8] (42 1k

Fig. 7 Temporal variation of relative permeability ratio in each seepage section relative to particle size of the porous media
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Table 2 Regression analysis of overall relative permeability

coefficient of the sand column with time

Ab 3 [l 75 S
Treatment Regression equation R?
1 y =—0.0001x>+0.0044x+0.961 0.270
2 ¥ =-0.0001x*-0.023x+0.9731 0.941
3 ¥ =-0.0004x’-0.0096x+0.9462 0.924
4 ¥ =6E-05x"-0.027x+0.9713 0.983
5 ¥ =0.0012x*-0.0527x+1.0241 0.988
6 ¥ =0.0007x*-0.0387x+1.016 0.979
7 ¥ =0.0023x*-0.0761x+0.9511 0.935
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Fig. 9 Temporal variation of concentration of colloidal particles relative to position in the sand column
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A YEfPQuartz sand

AR LR

Colloidal particle silicon powder

0

{1 9eRbQuartz sand

TM3000_1708

NL D74 x500 200 um TM3000_1709

— A1 P Quartz sand

oY

AR E O

Colloidal particle silicon powder

NL D74 x200 500 um

B sesn Z AL B gk R

Fig. 11 Scanning electron microscopic images of the porous media porous media after the experiment

ARSI TR T AR AR d,/D, 55 A5 A
54, S IREUE PR BAR iR, 2] T AR S

ARECHE B X EL I, B d,/D,>0.018 HYkE/NTF
05gL" B, & WM KK, ¥ E, i

http://pedologica.issas.ac.cn



2 3

B ARAE s RARBURIN AN AR

WHZ AL BB &R R 345

d,/D,<0.018 Iif, F B K/K ML . S s
R AL I E P R R 22, AT AR BT BT 2
BRI ES, HREERT 05 gL' A

?9 2.0F o

=

S

£ 15} o

f=]

5

g

= 1.0F 2 A ] A A
.‘E

&i;(: 0.5F om n n

é o] (e} :. [ ] [ ] "

,R 00 1 1 1
s 0.02 0.04 0.06

FAXT EL4% Ed /D, Relative diameter ratio

BRI R BT, HIARRURLAE 2 AL R A U0
RIPLIE 2, 5 Jn SR SL AT SE IR PR AR X
B R RGN, SRR X LI LR 12,

Sl ATKIK SIS
Solid points: representing increase in K/K |
250 JCKIK SIS
Hollow points: representing no increase in K/K|
= HfZILSEQ2016)
Dai C S, et al (2016)
o AICHUE
Data in this paper
A EF012)
Wang Z J (2012)

e d, A ERBURRL AR, D, N A ERP R4 4% . Note: d, stands for colloidal particle size, and D, for arithmetic average particle

size of quartz sand.

& 12

AN [ SCHR B A 1

Fig. 12 Comparison of the different data in the literature

3 45 i

AWFTERAT 3 RS . 3 ik B Y A
VEWROR 3 FhoRLAR YR i A gemd, PR T e Ak Sk SR A
T AN [R] e JEE R AR 198 J8 A AR 7 AN [ AR A% 1 il )
MEFLA TP B BAT NS . fHH I ZS58: (1)
JEAR FURLAE Z2 LA I B B 23 1 iU B K, 23K
BB, (2) BARBURTE 2 LA B i A% 00
U AR ORI B | e A IBURLRL AR B 22 LA kL AR
AIRZIR R UL B | AR URLAR A2 i 22 AL A St
AR BRI, BB, (3) A BB
T AP AN [ A 8 e A AT i 45 A, sz e S e
TR A A 2E (4 2S5 AVREE Co /N T 0.5 gL
H d,/D,>0.018 A, 2xHIMLZFLAFJRES K/Ky Ak
A .

£ 3CHk ( References )

[ 1] MoghadasiJ, Miller-Steinhagen H, Jamialahmadi M,
et al. Theoretical and experimental study of particle
movement and deposition in porous media during water
injection. Journal of Petroleum Science and Engineering,
2004, 43 (3/4): 163—181.

Zheng X L, Shan B B, Cui H, et al. Test and numerical
simulation on physical clogging during aquifer artificial
recharge. Journal of China University of Geosciences
( Earth Science ), 2013, 38 (6): 1321—1326. [FBPk,

PLEERE, AMH, SF. SUKZ AL EY IS S S
BOERL. RO A (kB2 ), 2013, 38
(6): 1321—1326.]

Yousif O, Karakouzian M, Rahim N, et al. Physical
clogging of uniformly graded porous media under
constant flow rates. Transport in Porous Media, 2017,
120 (3): 643—659.

[ 4] Zeinijahromi A, Vaz A, Bedrikovetsky P. Well impairment
by fines migration in gas fields. Journal of Petroleum
Science and Engineering, 2012, 88/89 (2): 125—135.
LiuQL, XuSH, LiuJ L. Comparison between kaolinite
and SiO; colloid in transport behavior in saturated porous
media. Acta Pedologica Sinica, 2008, 45( 3 ): 445—451.
[XURFS, RAAWE, XV@Sr. A2 LA BT e i 1 i
PR SiO, R REAT o L. BRI, 2008, 45(3):
445—451.]

LiuQL, XuSH, LiulJ L. Effects of ionic-strength and
pH on kaolinite transport in saturated porous media. Acta
Pedologica Sinica, 2007, 44 (3). 425—429. [XIK¥,
REANE, XEESL. BT om BRI pH X &5 e 1 L RIE 78 5%
WAL SE. LIRS, 2007, 44 (3): 425—429.]

Yao L. Experimental study on remainer during muddy

[6]

water infiltrating. Beijing: Tsinghua University,2004. [#k
VKA BRI LR WA, 2004]
Khilar K C. Migrations of fines in porous media.
Media , B.Y :

[8]
Springer-Science+Business Kluwer
Academic, 1998.

[ 9] Alem A, Elkawafi A, Ahfir N D, et al. Filtration of

kaolinite particles in a saturated porous medium :

Hydrodynamic effects. Hydrogeology Journal, 2013, 21

(3): 573—586.

http://pedologica.issas.ac.cn



346

+ i

e 57 %

[ 10 ]

[12 ]

[ 14 ]

[ 20 ]

Pavelic P, Dillon P J, Mucha M, et al. Laboratory
assessment of factors affecting soil clogging of soil
aquifer treatment systems. Water Research, 2011, 45
(10): 3153—3163.

Sun H M, Gao B, Tian Y, et al. Kaolinite and lead in

saturated porous media: Facilitated and impeded transport.

Journal of Environmental Engineering, 2010, 136 ( 11):
1305—1308.

Zhai Z Q. Laboratory test on the effect of the suspended
particle on the seepage migration of heavy metal irons.
Beijing: Beijing Jiaotong University, 2017. [ k5. &
7 WURL X 43 R W 118 U AT RS A R R Y SRR AT R
b dbsgim R, 2017.]

Shao Z Z, Lin Q, Xu S H. Effect of silica colloids on
adsorption and migration of sulfadiazine in soil relative
to ionic intensity. Acta Pedologica Sinica, 2018, 55(2):
411—421. [HEE, MR, IRGE. AFEFRET
Si0, JBE A4 X flf e 155 WE - SR BEF ST RS AT I s L
24, 2018, 55 (2): 411—421.]

Reddi L N, Xiao M, Hajra M G, et al. Physical clogging
of soil filters under constant flow rate versus constant
head. Canadian Geotechnical Journal, 2005, 42 (3):
804—S8I11.

Ahfir N D, Hammadi A, Alem A, et al. Porous media
grain size distribution and hydrodynamic forces effects
on transport and deposition of suspended particles.
Journal of Environmental Sciences, 2017, 53 (3 ):
161—172.

Bennacer L, Ahfir N D, Bouanani A, et al. Suspended
particles transport and deposition in saturated granular
porous medium: Particle size effects. Transport in Porous
Media, 2013, 100 (3): 377—392.

Tong M P, Johnson W P. Excess colloid retention in
porous media as a function of colloid size, fluid velocity,
and grain Environmental Science &
Technology, 2006, 40 (24). 7725—7731.

Reddi L N, Ming X, Hajra M G, et al. Permeability

reduction of soil filters due to physical clogging. Journal

angularity.

of Geotechnical and Geoenvironmental Engineering,
2000, 126 (3): 236—246

Xie Q, Saeedi A, Delle Piane C, et al. Fines migration
during CO, injection: Experimental results interpreted
using surface forces. International Journal of Greenhouse
Gas Control, 2017, 65: 32—39.

Dikinya O, Hinz C,

re-deposition of fine particles and their effects on

Aylmore G. Dispersion and

saturated hydraulic conductivity. Australian Journal of
Soil Research, 2006, 44 (1). 47—56.

Wang Z J. Laboratory research on the law of suspended
solids clogging during urban stormwater groundwater
recharge. Changchun: Jilin University, 2012. [FF4E.

[ 22 ]

[ 23]

[ 24 ]

[ 25]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

ST R P K T [ e R v kTR ) b R AL A Y S
K. KE: HERR¥, 2012]

DaiCS, QiYZ, Lei HY, et al. Deposition effect of
suspended microparticle on the local permeability in
porous media. Hydrogeology & Engineering Geology,
2016, 43 (6): 1—o6. [WfLIL, #R=x2, M, 55 &
TER/NBURLX Z2 AL A BB TR RS2 R i SE IR AT T . UK
SO T AR T, 2016, 43 (6): 1—6.]

Siriwardene N R, Deletic A, Fletcher T D. Clogging of
stormwater gravel infiltration systems and filters :
Insights from a laboratory study. Water Research, 2007,
41 (7): 1433—1440

Cai L, Tong M P, Wang X T, et al. Influence of clay
particles on the transport and retention of titanium
dioxide nanoparticles in quartz sand. Environmental
Science & Technology, 2014, 48 (13 ). 7323—7332.
Xiao Z H, Wan H F. Effect of irrigation water quality on
soil hydraulic and physical properties. Acta Pedologica
Sinica, 1998, 35(3): 359—366. [H k4, Hiftm. W
/K S5 X - 387K g 1 SSORI A B BT A SR AR,
1998, 35 (3): 359—366.]

Swartzendruber D. Darcy's law//Encyclopedia of soils in
the environment. Oxford: Elsevier, 2005: 363—369.
Chen X X. Study on the particle transport and deposition
in saturated porous media. Beijing: Beijing Jiaotong
University, 2013. [FRERK. 1 Z LA 5 b Bok E 55
RV ST. deat: dbmiscim ks, 2013.]

Chen X X, Bai B, YuT, et al. Coupled effects of particle
size and flow rate on characteristics of particle
transportation and deposition in porous media. Chinese
Journal of Rock Mechanics and Engineering, 2013, 32
(S1): 2840—2845. [BRAENK, FIvk, T, 55 KM
15 Ui X 22 LA BT T A8 TR UL L B RO AR 2 1 A
BRW. HA %S TRYM, 2013, 32 (S1):
2840—2845.]

Lu Y, Du X Q, Chi B M, et al. The porous media
clogging due to suspended solid during the artificial
recharge of groundwater. Journal of Jilin University
( Earth Science Edition ), 2011, 41 (2): 448—454. [
L, M, BEW], & R KATRRESRDZAL
I BUS IR YR ZESLTG . T MROR 24l CHUBRBLEARR ),
2011, 41 (2): 448—454.]

Tian Y. The construction of management and assessment
system in groundwater over-exploited regions. Beijing:
China University of Geosciences, 2012. [H%%. Jbatwi
S I B R T K [T 98 3 ZE S B IR B VDA SE . b
o PEMTRY, 2012.]

Bin G, Cao X, Dong Y, et al. Colloid deposition and
release in soils and their association with heavy metals.
Environmental Science and

Critical Reviews in

Technology, 2011, 41 (4): 336—372.

(RERE: AAH)

http://pedologica.issas.ac.cn



