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Evaluation of Diffusion of Alkaline from Improved Soil by Lime or Cement
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Tomotaka Morishita
Abstract

Lime/cement-improved soil is a useful material because it exhibits self-hardening property and affords long-
term strength. However, because it is an alkaline component, its risk must be evaluated to ensure environmental
safety. The following cases are considered the major risks. (1) Owing to rainfall penetrating the embankment,
the alkaline component is advected and diffused; subsequently, it flows into the groundwater. (2) Alkaline
components elute when rainfall flows down the embankment surface and then into public water. In this study,
we devised a method to quantitatively evaluate these risks. We confirmed that the risk of (1) is small because
the diffusion is suppressed by the adsorption effect of the ground. Furthermore, the risk of (2) is small because
the neutralization effect is significant when the rainfall intensity is low, and the alkali concentration is low when
the rainfall intensity is high.
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Model for Evaluation of Risk Caused Permeation Flow
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Relationship of the Amount in Solution and Concentration
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Result of Batch Test
g W= 25 kgt W 75 kgt
B IHH B | L/S= | /S= | L/S= | L/S= | L/S= | L/S= | L/S= | L/S= | L/S= | L/S= | L/S= | L/S=
+ 2 5 20 100 200 400 2 5 20 100 200 400
pH - 12.6 12.5 12.3 11.9 11.8 11.5 12.7 12.6 12.6 12.4 12.3 12.1
Ca mg/L 750 700 400 120 69 37 800 800 780 410 220 120
£ Mg mg/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
X Na mg/L 1.7 0.9 0.2 0.1 <0.1 <0.1 2.3 1.1 0.2 0.1 <0.1 <0.1
g K mg/L 7.6 5.3 1.9 0.7 0.2 0.1 11.0 6.3 2.4 0.7 0.3 0.1
B Cl mg/L 1.0 0.8 0.8 <0.1 0.2 0.1 1.4 1.0 0.5 0.1 <0.1 <0.1
+ S04 | mg/L 1.1 1.4 1.2 3.1 1.8 1.3 2.5 2.8 3.1 3.2 1.9 1.1
CO3* | mg/L 17 15 3.2 6.4 8.3 6.4 18.0 15.0 1.8 4.0 5.9 6.5
HCO; | mg/L | 0.04 0.11 0.02 0.14 0.06 0.44 0.04 0.03 0.01 0.03 0.13 0.04
pH - 12.1 12.1 11.9 11.6 114 11.1 12.5 12.4 12.3 12.0 11.8 11.6
14 Ca mg/L 190 170 120 55 30 18 530 420 260 120 72 44
A Mg mg/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
e Na mg/L 13.0 6.2 1.8 0.5 0.2 0.1 49.0 22.0 5.6 1.4 0.6 0.3
k K mg/L 8.2 5.4 2.4 0.8 0.4 0.2 35.0 19.0 6.0 1.7 0.9 0.5
e Cl mg/L 4.3 1.8 0.3 0.1 0.1 <0.1 1.9 1.4 0.7 0.2 0.1 <0.1
B SO+ | mg/L 5.0 6.9 16.0 10.0 5.0 2.6 1.5 1.9 5.7 8.5 4.0 2.6
+ COs* | mg/L 8.3 9.9 8.1 6.4 6.2 5.5 12.0 12.0 4.2 5.4 9.7 8.5
HCO; | mg/L | 0.18 0.21 0.17 0.44 0.43 1.19 0.08 0.08 0.03 0.12 0.07 0.58
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5 = HCO3
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0 0 0 0 0 0 =Mg
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AR+ AV NKRELT
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0 200 400 600 800 0 100 200 300 400 500 600
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Fig. 4 ABTFEEML & IRIEH E Co BIfR
Relation of the Amount in Solution and Concentration
br—2 1 | 2 3 | 4
£ PREINF 25 kg/t 75 kg/t
WR 1K, 17.4 L/kg 23.2 L/kg
M; 1.5 X 10* mg/kg 5.0 X 10* mg/kg
H (LK, 0 L/kg | 10 L/kg 0 L/kg | 10 L/kg

50H 1%

100 H %

78 155 233 311 389 466 544 622 700 777 855

EEEEEE N .

BV KPR (mg/L)

196 393 589 785 981 1178 1374 1570 1766 1963 2159

Hv T KR EE(mg/L)
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Change of Concentration of Calcium in Original Layer
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Fig. 6 €T /W (FK i)
Model for Evaluation of Risk Caused Surface Flow
Table 4 5 €T VEFICHNTEET L O
Condition of Model (Surface Flow)

s HANL BfiE
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AR % 3
R m 5
LR - 0.1
i
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R m 9
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& m 0.3
e m/s 1.0
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Result of Dispersion Test

Schematic View of Test Apparatus

e I — A R — 2
B | HA | B
+ Smin | 10min | 15min | 30min | 45min | 60min | lday 2day 4day 8day | l6day
pH - 10.5 10.7 10.7 10.8 10.7 10.7 12.3 12.0 12.1 12.2 12.0
Ca mg/L 7.3 9.1 9.1 11 11 10 230 120 170 190 160
2l Mg mg/L | 0.28 0.05 0.03 0.04 0.03 0.03 0.03 0.03 0.02 0.03 0.02
X Na mg/L | 0.10 0.06 0.03 0.04 0.04 0.02 0.7 0.5 0.8 1.3 2.4
Gi'e K mg/L | 0.09 0.09 0.08 0.07 0.07 0.05 1.5 0.8 1.2 1.8 2.8
B Cl mg/L | 0.03 0.04 0.03 0.03 0.03 0.02 0.26 0.10 0.14 0.18 0.21
4+ | SO4* | mg/L | 0.06 | 0.07 0.03 0.06 0.03 0.03 0.31 0.17 0.24 0.42 0.49
COs> | mg/L 1.4 1.1 1.1 24 1.5 1.1 2.8 2.8 3.1 4.7 34
HCOs™ | mg/L 1.1 0.85 0.91 0.51 1.2 0.89 0.02 0.06 0.07 0.10 0.07
pH - 10.3 10.3 10.3 10.4 10.4 104 11.8 11.6 11.6 11.6 11.0
T Ca mg/L 4.0 4.7 4.2 5.2 5.6 54 64 36 39 31 8
A Mg mg/L | 0.28 0.06 0.04 0.05 0.04 0.04 0.04 0.06 0.06 0.07 0.05
v Na mg/L | 0.38 0.32 0.20 0.22 0.24 0.20 9.3 4.6 6.0 9.4 13
N K mg/L | 0.26 0.25 0.19 0.22 0.24 0.20 5.8 3.0 3.7 5.1 7.0
& Cl mg/L | 0.04 0.03 0.02 0.03 0.03 0.02 0.18 <0.1 0.11 0.16 0.20
B SO | mg/L | 0.08 0.05 0.03 0.04 0.03 0.05 0.67 0.74 0.98 1.3 1.8
4+ | COs* | mg/L 1.5 1.2 1.0 1.1 1.0 1.0 3.6 29 3.0 3.6 8.8
HCOs™ | mg/L 1.2 0.96 0.83 0.91 0.83 0.83 0.08 0.20 0.21 0.25 1.91
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Concentration of Calcium in case of lime improved soil
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