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Soil-Water Characteristic Curve of Sandy Soils
Containing Biopolymer Solution
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ABSTRACT : Soil-water characteristic curve, which is called soil retention curve, is required to explore water flows in unsaturated
soils, relative permeability of water in multi-phase fluids flow, and change to stiffness and volume of soils. Thus, the understanding of
soil-water characteristic curves of soils help us explore the behavior of soils inclduing fluids. Biopolymers are environmental-friendly
materials, which can be completely degraded by microbes and have been believed not to affect the nature. Thus, various biopolymers
such as deacetylated power, polyethylene oxide, xanthan gum, alginic acid sodium salt, and polyacrylic acid have been studies for
the application to soil remediation, soil improvement, and enhanced oil recovery. PAA (polyacrylic acid) is one of biopolymers, which
have shown a great effect in enhanced oil recovery as well as soil remediation because of the improvement of water-flood performance
by mobility control. The study on soil-water characteristic curves of sandy soils containing PAA (polyacrylic acid) has been conducted
through experimentations and theoretical models. The results show that both capillary entry pressure and residual water saturation
dramatically increase according to the increased concentration of PAA (polyacrylic acid). Also, soil-water characteristic curves by
theoretical models are quite well consistent with the results by experimental studies. Thus, soil-water characteristic curves of sandy
soils containing biopolymers such as PAA (polyacrylic acid) can be estimated using fitting parameters for the theoretical model.
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Table 1. Concentration of polyacrylic acid solution

No. 1 2 3 4
Concentration 0 25 50 75
[g/L]

Hu |,

Fig. 1. Chemical composition structure of polyacrylic acid
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Fig. 2. Experimental setup for soil-water characteristic curve test

22 >> Soil-Water Characteristic Curve of Sandy Soils Containing Biopolymer Solution



BN & AU FEH Fo S AR Fokal
= TElE ALK Qs AREETE

A9 e ok Ak 1A, Acell)otol] AlRE He
F2 =t Yol B B EFokad XK polyacrylic acid) £
HE 15 A= 9oL, weff ARE Yett ol ARE 9

%‘
ok
N
]
rot
ol
rE
(]

Ik 511e] wheAel gl W AR o] 5
4 2Z3HE A mE FHSHER RTh AR ¥
ZE(Mn)2 03812 =HF ] All(cell)2 closed system O 2 &
ARk F, g (regulator) 9 =747 (pressure gage)
= Z8sto] A= HEE(P)S 57X o, Al
2ol EHUeE = Bz Eefotad4Kpolyacrylic acid)
|4 o] k& ZEETY(control pannel)of €013 TSt
THtube)S &-gsto] S73ith dAH 2 RAgE(P)
= 57| 2 dAOA fEEe B B EYola g4t
(polyacrylic acid) 89| ¢F 74 HHegth A9e ot

FE(P) 2 SVt ekl U ol & s EEokA
fe) _% Z
fe)

1A
o
oft
%1:
10

A Hpolyacrylic acid) &Ho] h2A] oF

(residual saturation)z} H=

3.

ER

>

3.1

—
=

m

e

Mop
Ho

Fig. 32 4719 o} & Z2|ola @ AHpolyacrylic acid) &
H F=(0, 2.5, 5, 7.5gL)olA 9] E-5& E4TA(SWCC)
& Uehiich. ARATRE 370 Fag Aele Uehim 3)
th (1) 2AIE £3+ H(capillary saturation zone)> £HA
SESHE AEjollA] B715Y Hakg2|(Po)(air entry pressure)
of P WeIIAE bt B9 BAESP)

40

o
o A0g/L
o] 025g/lL
= © o5gll
g 39 e, 075¢l
=1 [}
z o
8 o o
-
20 1 o o
& o o
= o
& ° o
9] @& oo & o -
10 | o, ©
Do
[} o o
%A A A A A A A A
0 : : : ;
0.0 02 0.4 0.6 08 10

Degree of saturation

Fig. 3. Soil-water characteristic curves at various polyacrylic
acid concentrations

Table 2. Residual saturation (S;) and capillary air entry pressure
(Po) at various polyacrylic acid concentrations

Concentration [g/L] 0 2.5 5.0 7.5

Residual saturation (S;) [%] 5 15 22 42

Capillary air-entry pressure (P,) [kPa] | 2.8 7.5 12.5 | 21.5

(air entry pressure)©l] =& wj7}R] <H|(Sw)= 100%S
Eh T, T ol efzbel gt WSk AR () B
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(coefficient of determination, R*)7} - =7 Uepgc). o
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Table 3. Fitting parameters of SWCCs

Concentration [g/L] 0 2.5 5.0 7.5
m 0.92 0.92 0.95 0.89
R’ 0.990 0.991 0.989 0.990
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Fig. 4. Comparison of experimental results with theoretical solutions for soil-water characteristic curves
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