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Study on the Influence of Bioclogging on Permeability of Saturated Porous Media

by Experiments and Models

YANG Jing, YE Shu-jun, WU Ji-chun

( Department of Hydrosciences, Nanjing University, Nanjing 210093, China)

Abstract ; This paper studied on the influence of bioclogging on permeability of saturated porous media. Laboratory hydraulic tests were
conducted in a two-dimensional C190 sand-filled cell (55 ¢m wide x45 cm high x 1. 28 cm thick) to investigate growth of the mixed
microorganisms ( KB-1) and influence of biofilm on permeability of saturated porous media under condition of rich nutrition. Biomass
distributions in the water and on the sand in the cell were measured by protein analysis. The biofilm distribution on the sand was
observed by confocal laser scanning microscopy. Permeability was measured by hydraulic tests. The biomass levels measured in water
and on the sand increased with time, and were highest at the bottom of the cell. The biofilm on the sand at the bottom of the cell was
thicker. The results of the hydraulic tests demonstrated that the permeability due to biofilm growth was estimated to be average 12% of
the initial value. To investigate the spatial distribution of permeability in the two dimensional cell, three models ( Taylor, Seki, and
Clement) were used to calculate permeability of porous media with biofilm growth. The results of Taylor’s model showed reduction in
permeability of 2-5 orders magnitude. The Clement’s model predicted 3% -98% of the initial value. Seki’s model could not be applied
in this study. Conclusively, biofilm growth could obviously decrease the permeability of two dimensional saturated porous media,
however, the reduction was much less than that estimated in one dimensional condition. Additionally, under condition of two
dimensional saturated porous media with rich nutrition, Seki’s model could not be applied, Taylor’s model predicted bigger reductions,
and the results of Clement’s model were closest to the result of hydraulic test.
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Fig. 1  Configuration of the two-dimensional cell
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Fig.2 Biomass in the water at different ports
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Fig.3 Biomass in water in the cell 90 days after inoculation
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Fig.4 Biomass on the sand in the cell 120 days after inoculation
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Table 1  Thickness of biofilm on sand 120 days after inoculation/ pm
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Fig.5 Biomass distribution on the grain of sand
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Table 2 Permeability and hydraulic conductivity
before and after inoculation

KB-1 jR& B

BEREBE R

BBEREBERE - R 120 d 5
WA B B RV I1ME b/ cm® 3.56 x10 73 4.72 x10°°
W BB RZBCEHME K/em-s ™' 34.89 4.63

3 REESRR

Wk FaR S AR T 4R AR 2 AL T
B RAR W IE ZE R R T I/ T2 88.3% . AT A
W Z 5 T —4EHR S Y AR — 4 S 56 B
FEAERAR N TR Z A W38 58 515 38 5B A Z 1) i 6
AU A K AR S AS B 5 4R 00 A S8 BT AR 15 09 A O
B 43 M R Taylor . Seki, Clement 3X 3 Fhsi AU 1
RSB0 AH AR AN 22 LA BTS00 A5 8] 0 A,
WHAE —4e2s (7] 22 R
3.1 Taylor % #l

Taylor %51 s F0URL 2 18I 4 A= ) IR 45 TR 11



1368 B2 5

B % 32 %

A A8 random cut and rejoin LB 5 Mualem
535 AR AU R AR W) RS i R Ok A AU ATE
BRI, X R A2 AT 5T i 2R FH 9 Taylor A2 1. HAK
=X (3) s,

172

b = nhsﬁL(ﬁ)
L) (Ao
Hrfr,
ol ()] e
L(u,)) —f (1+1)“ (5)

Kof b, N W T B ER, NN
B, ng . ony 530 R AR TE S 5 AR YRR e
ZAAN LIRS L AR B vy L R 530K
FLBR I e /N 1R R e KA g, R A W S R i AL
Bt e /N A LI R /IN G5 A5 8 B, T i AL
B RN — R T D A RS L (u, ), 5
(5)H iy« S HAR &

BT N Z RS XV AE ST ~ ST 3% 7 NI
FES ALY 5 5 R IEATTH . AR 525, TS R R A
N2,k 4T3 25 BORE s A DKL 3R T8 A= ) BT 1
JERENLER 1.2 3 v k) RN 120 d J5 Taylor £5 A
BERWIWE, k, AN RSB ER. G50
FBBEBRB/NTA2~5 M EH. K6 N Taylor i)
RITHEE A RP AR N A 038 35 22 25 () AR L L 104 g
75 R AR AT A AR [A] A0S R &, UKL 3R 1T A ) A
RIXHER(WE 4) B35 R E R 5 A B0E 9,
prgacty/l S A I ETE R S RAEE 7/ B R L
B IE W2 2 B K. R T TS E R
F A P A K 2 TR 2 — P i e 0 3 1 2 ) 22
S MR Taylor i8S 32 FP 120 d JG A B 8 RED

FN 2 Kriging ffi {85 AR FIE R 1.63 x 1077
#*3 Taylor #8 k, WK k,/k, Fill{&E
Table 3 Predictive value of k, and k&, /k, by Taylor’s model

KA R k) /em? ky/ ko
Sl 1.65x10°* 4.63 x10°*
S2 2.70 x10 77 7.58 x107?
S3 2.76 x10 7 7.75 x107?
S4 3.17x10°1° 8.90 x10 3
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Fig.6 Predictive value of k /k, by Taylor’s model
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Table 4  Predictive value of k,/k, by Seki’s model

P Ly/pm ky/ky
S1 200. 51 -860. 42
S2 137.79 -581.24
S3 116. 54 -502. 56
S4 287.79 -506. 13
S5 158.24 -664.32
S6 178.73 -755.16
S7 125.21 -533.73
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Table 5 Predictive value of k,/k, by Clemen’s model

AR X; ky /Ky
Tl 0.016 6 0.03
T2 0.005 3 0. 46
T3 0.0059 0.41
T4 0.0020 0.76
T5 0.001 2 0.85
T6 0.003 4 0.62
T7 0.000 1 0.98
T8 0.002 7 0. 69
T9 0.004 8 0.51

T10 0.003 8 0.58
T11 0.000 1 0.98
T12 0.013 4 0.08
T13 0.010 0.18
T14 0.007 0 0.34
T15 0.004 1 0.56
T16 0.001 6 0. 81
T17 0.001 3 0. 84
T18 0.001 4 0.83
T19 0.001 8 0.79
T20 0.0009 0. 89
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0 5 10 15 20 25 30 35 40 45 50 55
x/cm

7 Celement EH k, /k, BI= B 2%

Fig.7 Predictive value of k,/k, by Celement’s model
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