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Permeability Reduction of Soils by Biomass Injection
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Abstract

When microorganism is injected into porous medium such as soils, biomass is retained in
the pore. Soil pore size and shape are varied from the initial condition as a result of biofilm
formation which makes hydraulic conductivity reduced and friction rate between soil
aggregates increased. In this research, hydraulic conductivity reduction was measured after
microorganism are inoculated and cultured with synthetic substrate and nutrient. In
addition, this research evaluated the applicability of biomass-soil mixture to the field
condition as an alternative cover material in landfill by measuring hydraulic conductivity
change after repetitive freeze-thaw cycles.

Hydraulic conductivity of silty soil decreased by approximately 1/50 after biomass
inoculation and cultivation. Biofilm attached on soil aggregates is resistant to acidic or basic
condition. After repetitive freeze-thaw cycles, however, hydraulic conductivity increase
implies that biomass clogging can be impaired.
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Table. 1 Basic Property of Poorly Graded Sand Used for the Test

Basic Property Test Method Test' Result
Ds Grain Size KS F2309 0.63 (mm)
Liquid Limit - KS F2303 30.0 (%)
Plastic Limit KS F2303 24.3 (%)
Plasticity Index KS F2303 5.8 (%)
Specific Gravity KS F2308 267
Optimum Moisture Content KS F2312 1575 (%)
Maximum Dry Unit Weight KS F2312 1.68 (t/m®)
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Table. 2 Test Program and Concentration of Bacteria Used for the Test

~ Test Program .
Test | Specimen . ; ; : S
Bacteria (((i n(ioﬁr;}r):mtraﬁon @n%itmon . Hydraulic Condutivity Test
1 Sand 3%10 _ permeated with nutrient soluFlon followed by tap water
(1 Specimen)
9 Plate |51 F~3x107 permeated with nutrient solupon followed by tap water
(4 Specimens)
. SP | Count Standard
( Poorly | Method 6 . permeated with nutrient solution followed by chemical
3 2% 10 Compaction . .
Graded Test solution (2 Specimens)
Sand )
an 6 permeated with nutrient solution followed by three
4 810 .
freeze-thaw cycles (4 Specimens)
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Before Injection of Bacteria  After Biofilm Formation  After Biofilm Formation  After Biofilm Formation
(X150) (x150) (X700) (Xx1000)

Fig. 8 Comparison of SEM Images of Pore Sand Before and After Biofilm Formation
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Fig. 12 Effects of Freeze-Thaw Cycles
on Hydraulic Conductivity vs. Void
Ratio Relationship
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Table. 3 Hydraulic Conductivity Changes of Specimens

Test- || Specimen: '
i Sand nutrient solution for 10 days followed N 43%102 2.6x107 (6%)™
by tap water
tap water only 187 2.1%x10°% 1.1x107% (52.4%)
nutrient solution for 10 days followed 149 16X 10 57%10° (3.6%)
by tap water
2 . .
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Sp ; ]
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by basic solution
4 nutrient solution for 15 days followed 126 2 4% 10 2.4%10° (10%)
by three freeze-thaw cycles
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