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Transport processes of suspended particles in saturated porous media by
column seepage tests

BAI Bing, ZHANG Peng-yuan, SONG Xiao-ming, GUO Zhi-guang, CHEN Xing-xin
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The penetration processes of a typical silica powder in saturated porous media composed of quartz sands are studied
by column seepage tests. The tests consider 6 kinds of particle sizes (i.e., 10, 15, 20, 25, 33, 47 um), 3 particle concentrations
(ie., 0.2, 0.5, 0.8 mg/mL), 3 flow velocities (i.e., 0.087, 0.173, 0.260 cm/s), and different flow directions (i.e., downward,
horizontal, upward), etc. According to the test results, the physical mechanisms of suspended particle migration such as
hydrodynamics, dispersion and deposition are discussed. The studies show that for the same seepage velocity, the peak
concentrations of penetration process decrease generally with the increase of particles size. On the other hand, the effect of
hydrodynamic processes on particle transport is increased obviously with the increase of flow velocity while the effect of
particle size is degenerated correspondingly. Besides, there exists a critical injected concentration, and beyond this value the
relative concentration in the effluent begins to decrease, which is related to the logging of pores of porous media due to a large
number of deposited particles.

Key words: porous media; suspended particle; seepage test; transport process; relative concentration
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Fig. 1 Experimental apparatus for penetration test
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Table 1 Physical parameters of test silica powder

M BB Dyum LRI ke )

1250 10 245.17
800 15 180.85
625 20 130.78
500 25 112.93
425 33 77.26
325 47 48.94
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§12—
B
ug 8
=S
4l
0 10 20 0w 0 6

BRI um
B 2 2IiFHRIATRIIE S 7 il Lk

Fig. 2 Grain-size distributions of suspended particles
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FEART, ARIGAE 105 C A FHET 24 ho W849 10 )2
B, BEAZ 174 g, WRERTFEIALER A 45.1%.
ORI KT e TalRE T 1~2 em, R ORIFCRE AR 1K
FEN AR, [ A0 Ak J2 48 ST [ R K L PRATE 1K
RIS PE.

ALV S 2t R K P A7 A N BRRIORL, BEIK
VEAN 30 mL FURLIR A0, 1T BRGSO RREEIN
WARKE (2.5 s), ATERURBERRIGEY, RAMZHRK
WA 2B 1K, RIS IR ER 2 R ) 5
Wi o LAAETREG: o — R I R A A R 30 N e
R, HIAE—BORTA] Y BL— 58 iU 17 22 LA B AR
FRORITRL, XA AN TT AT 2 3 B AL B ™ b 2E
RIS HEIAFES B B R Asch, thT
URTEN D BBV CBP 30 mL), AHX T2 FLA AL
BUAARRAR AN, DI XIBE AR E S i m] L2

AL AE A 8 W PR B RIORE ) /R T AN i
NTARRE 25 B /K BEATARE, JEAH R M I 5 K AR FR 3k
JZ, Rl 3 2K ORI R S B SR, WK 3,
Y SEFAS W]

y=ax*+bxtc (1)
A, y AP E (mg/mL), x AHME (NTUD.
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Fig. 3 Standard curves between turbidity and concentration
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Table 2 Fitting parameters between turbidity and concentration

SR NEE

a b c R’
Dsy/um
10 -0.0002235 0.01356 —0.00387 0.997
15 -0.0002619 0.01473  —-0.00392 0.998
20 —-0.0002477 0.01521 -0.00275 0.998
25 —-0.0002783 0.01556 -0.00421 0.996
33 -0.0002694 0.01575 —0.00433 0.997
47 -0.0003042 0.01734 —-0.00573 0.998

THiH (Reynolds number) 2 —Ff FH SRR AL A
PRSI R N vy L O =7 € 5 AN R ¥ A DS B
W AR ), WA e, AR RZ
MR AR e . EEoE U

R.=pullp, (2)
X, p IR B BE, u IR E, L ORI,
M e AR EETE RS, HA

p, =0.01779/(1+0.033687 +0.0002217%) , (3)
L, TR

AR SCRE (1 5 KA 4=0.0026 nv/s, 1% FLHL
p=1000 kg/m’, L=0.01 m, 7=25°C , |3k 43 1= 0.000898
kg/(m-s), THEf38] R=29<2320, HiltAl4IA SCiRE:
KA 2

2 FRRRX BIZERLT R A2 0
R 6 BIASFERAR R R (LR 1) 76 3 Ff
ANFEFGE T (4=0.087, 0.173, 0.260 cr/s) HEATIB
FIERL, BIFWRLEANIKREE N 0.2 mg/mL. EXE
SEFFUR 5 BB 3~9 s (MANFIBIE ke ), Ak
FEJEC I H AR KA B2 30 mL BEA T IR . X
FINFLBRAR T EOR R AE BT RN 1) 5B I, FLBR A
B (PV) 2 SO Rtk S Z LA i
(LR FLBRAARFR 2 Lo I FH LB PR AR A B R) ik vy
T G H AN R 1R 22 FLA AL B AR DL A 3ok 2 S5 3 ok
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PR 1 FLBR B/, R At L e 108 ol 3 1) A A
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Fig. 4 Effect of grain size on penetration curves

t 3 Al 0, MyBiEEE N 0.087 cm/s I, 5

PAHREREAR Dso=10 pm (1807 F0RL 1) % 375 1 2 vk 155 e
AE R HeuE, IR AT RAR Dsg=10, 15, 20, 25, 33,
47 pm RV RURE IR BE VA LE 225108 1, 0.87, 0.80,
0.73, 0.53, 0.33; I 4BIEEEH 0.260 co/s B, 1
RiRifE Ds=10, 15, 20, 25, 33, 47 um [{EVF Bk
R LA LE 2> 3k 1, 0.83, 0.7, 0.59, 0.52, 0.48.
KR, BB, Rl R AR P AR
KB I RNAR G OC,  RIORE R TR A F kS, T
HH R F DA VAR (R DUt A () 386 R e TR
% 3 TEIHRCRE T #0R E IS E AR L

Table 3 Peak concentrations and ratio for various grain sizes

(mg/mL)
BiE RifE KN Dsy/um
I

J(em's) 10 15 20 25 33 47

0.087 {5 0.015 0.013 0.012 0.011 0.008 0.005
) LB 1 087 080 0.73 0.53 033
0.173 &5 0.024 0.022 0.018 0.015 0.013 0.011
) ] 1 0.92 075 063 0.54 0.46
0.260 I&{H  0.029 0.024 0.021 0.017 0.015 0.014
' ] 1 0.83 072 059 052 048

3 FRLRE X B IZ BT 5 R £ M

S HREREAR A Dsg=10 pm [FIH0RLEF T 3 PR R
J% (0.2, 0.5, 0.8 mg/mL) F 3 FiAR[RIBIEH S (0.087,
0.173, 0.260 cnvs) [iR5. HiIKl 5 ATLLEH, 8
375 TR AR RTINS, BESURLIA FE PRI K, R0k 1 R B Ve
IR, AR S AR BT X0 L P FL SRR AR ZE AN K
B, LEVBIBHIE KR 0.087 c/s [R4AF T (B 5 (a)),
LVENBRIRE R 0.2, 0.5, 0.8 mg/mL I, ¥ IEAL
43514 0.015, 0.039, 0.056mg/mL, s FLEBR 1A
FEI N 0.39.

R NIR BB BB 5, WREE 4R S35 0t
B MR M0 (WER 4). BN, 4BiEm e
h0.087 co/s B (P 5 (a)), 4RI FE 1 0.2 mg/mL
43 0.5 mg/mL, FEEGINE] 0.8 mg/mL (KN4,
0.3 mg/mL) I, ¥R JEIE(E H 0.015 mg/mL 34K #] 0.039
mg/mL Pl 0.056 mg/mL, 4354 0.024 mg/mL
F10.017 mg/mL. 1] 47BIEHE R 0.260 cr/s I (4 5

(c)), ki FE i 0.5 mg/mL 14115 0.8 mg/mL I,

IR PV EAHZEAN K, BT ER 0.082 mg/mL #9°K £ 0.089
mg/mL (3% 1% 0.007 mg/mL).

N AT 6 AN ) 8 7 SR 3 N R JEE P O AR 2 0 1
APAF G, AT SORTR R A

cv

C, = , 4
R=o ) “4)

inj" inj
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Table 4 Peak and relative values for various concentrations

BIERE &MH C, NS/ (mgrmL ")

g 0.2 0.5 0.8
Jems™)  HXHE C — __
(covs) MR G W B R
0.087 C 0.015 0.039 0.024 0.056 0.017
: Cr 123 126 003 1.12 -0.14
0.173 C 0.024 0.068 0.044 0.078 0.010
: Cr 195 218 023 1.56 -0.62
0.260 C 0.029 0.082 0.053 0.089 0.007
: Cr 233 263 030 1.77 -086
0.101
0.08
(,'."j/ (mg-mL’l)
T_“ 0.06 - - —=— 0.2
i —— 0.5
50_04_ —— 0.8
0.02F
=, :4'21351?&9;—'1?‘{3 GaR8

0 05 1.0 s 20 25
FLERARS (PV)
(a) u=0.087 cm/s

0101
0081
Cingl (mg-mL™")
T, 006} —=—02
fn ——05
\E/ 0.04 - ——0.8
3
002}
0 05 1.0 15 20 25
FLERARE (PV)
(b) u=0.173 cm/s
0101
008
_ Cingl (mg-mL™")
TJ 0.06 L —=— 02
£ ——05
5 0.04 L —e— 038
S
0.02
0 05 1.0 15 20 25
FLERARE (PV)

(e) u=0.260 cm/s
5 RREENRE TRIZPALZFIE L
Fig. 5 Penetration curves for various concentrations
HIZ 4 AT UL, EBIEIEE N 0.087 cnvs I, FEA
FIURLAE R 0.2, 0.5, 0.8 mg/mL (¥ %375 Hh & IR AR XK
JEVEAR 5y 1.23, 126, 1.12, Z35IHK 0.03 F1ys
N 0140 IXRY, BEENBROK IR, B L

FRIAEDR R L W AR SR 250y, BIAFAE— Ml S
WL Coro ZTENFUREIR L /N TAZAE I SR RIAR RS
WL Cr BHVE NUREI LRI TG, 1 243 A
RERBER TAZAEN, BT ARRIRE Cr KM
I]N o

Sebr b, BN BURIR L IR, BRI 2
AU T e RO, BT V2OE R I S (R,
WS ol e ] Ko B 2V N ORI BE R K 2 — e e
BEJG BN T TR 2 AL A IOk 2 ] (1 A f3 A
=N PN PSSR TR INE 21 IV 53 90 E (W)
I FLRREEIE, BEMAEHGSE TR, BRI
TR, Al N A] A RSB T Y Uk
RS EARLAT DRl IRTEE o

4 BIEREE N EIZEROT RSN

HE 6 ATLUEH, i N BRI AR [F] i
(B[ 0.2 mg/mL), BHIZIZEHFEMIIG N, TORL IR FE I
1B KT R FLBR AR A Bt 2 1. i 5w L,
TEWRIRIAE Dso=10 pm I, 4% E A 0.087,
0.173, 0.260 cr/s I, WRFEWEAE 5514 0.015, 0.024,
0.029 mg/mL, ) W i FLBRAARIEL A 0.33, 0.45,0.57.
SEbR b, CHBIEH RO, YRR K )
LAERR ECEOR, A1 ORI O N 9855 T
PLB R R A R 2 . (B, fEBUKIBIE I
JET,  BIRRURLL 3 AL BR R TR R AT R 3K, B
T ORE (1) H 6 5 9807 K It 18 BEAH EEAE Tk
eSS WAL NP 373t YL s SEZ I AL A 2 ENIPAINA
(R FL B AR T 14K

FHE SR I, fEENREAEA (0.2 mg/mL).
B K/AMHFEIIE LR, BEZIE R, BIEm
AT A L ERTEN D L iy NP (SRS Svicav Y581 NG | e
{ELIN S YB3 B0 TR I VE TP 2% . 9,
TEMURLRIAE Dso=10 pm [ 46444, AHR T2 HE R
0.087 cn/s I [FIUEAE, Y2IEIESE N 0.087, 0.173, 0.260
eny/s I R LA L4 3010 1, 1,58, 1.90,

R 5 BERE FRFAR R T EIEER T

Table 5 Peak and relative values for various flow velocities

(mg/mL)
N 3 , Kitd Kk /ND
VBB mﬁ;ﬁﬁ‘c 42 KN Dsy/pum
fems™hy T 10 15 20 25 33 47
%CR
C 0.015 0.013 0.012 0.011 0.008 0.005
0-087 Cr 1 1 1 1 1 1
0.173 C 0.024 0.022 0.018 0.015 0.013 0.011
) Cr 1.58 1.62 1.51 128 148 2.05
0.260 C 0.029 0.024 0.021 0.017 0.015 0.014

Ck 190 182 174 146 182 2.75
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Fig. 6 Penetration curves for various flow velocities
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Fig. 8 Penetration curves for various flow directions
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