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ABSTRACT

Waste rocks generated during tunnel construction contain naturally occurring heavy
metals, sometimes in amounts incompatible with the soil elution standards. Insolubilization
is a common measure to reduce future elution by adding materials that chemically
immobilize the heavy metals. However, it has been reported that crushing or slaking
occurring after the construction can change the elution characteristics of the heavy metals.

In this study, sedimentary rock and igneous rock samples which were obtained from
excavation and found incompatible with the soil elution standards were examined by the
short-term elution test, which was a laboratory test commonly used for evaluation, and the
rainwater exposure test by the method of the Public Works Research Institute of Japan.

The effectiveness and duration of the insolubilization using DENITE were investigated,
and the changes in elution characteristics of heavy metals associated with crushing and
slaking were measured. It was found that the addition of DENITE at 15 kg/m3 or more
could reduce leaching concentrations of heavy metals for a long term, even with waste rocks
liable to fragmentation by slaking or crushing.

Keywords : Insolubilizing material, Insolubilization method, DENITE®, MgO,

DENITE®SE, Waste rocks
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Image of Insolubilization treatment, Crushing and Slaking
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Table 1 Physical properties and Elution properties
(Bt & B H RS

Wet density Water content Slaking rate Amount of elution (mg/L)*®
Sample name pH
(g/cm3)* (%) (%)*? As F B
Sedimentary rocks() 1.343 29 35.7 0.026 0.9 — 111
Sedimentary rocks® 1.315 41 429 — — 13 8.5
Igneous rocks 1.308 <0.5% 0.2 0.023 — — 9.8
Soil elution standards 0.01 0.8 1.0 —

%1 JIS A 1104 (Particle size:<2mm). 32 NEXCO test method 110, 3 Notification No.18 of the Ministry of the Environment

Table 2 Content by Sequential extraction
(BERBHIZLLSEFE)

Sequential extraction Sedimentary rocks( Sedimentary rocks® Igneous rocks
fraction (mg/kg) As F B As
Water solubility fraction 0.14 6.3 12.6 0.24
Acid solubility fraction <0. 05 1.1 5.0 0.46
Reducing fraction 0.29 0.6 1.0 0.27
Oxidizing fraction 0.16 1.2 2.7 0.56
Residue 5.8 540 110 5.4
Total content 6. 36 550. 4 134.0 6.94
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Table 3 Mineral composition

€870 19)

Sample name Quartz | Albite | Muscovite | Biotite | K-feldspar | Anorthite | Chlorite | Pyrite | Magnetite
Sedimentary rocksD © A e O - —
Sedimentary rocks®@ | © A A o) — —

Igneous rocks © A + + O A
O : Extremely large O : large A : Medium + : Small — : Trace

2.2 AERAE

(1) R

KB 7o —% Fig. 2 177, AEROWHITY &
Va—2r Iy vy —IZLVuEL, HBIX 37.5mm
& 9. 5mm fiV AW GRB L, RifEE 9. 5~37. 5mm
WA L7 9 2 THa 24TV, S fEfE BRI L
7z

(2) FOHER AR

A EER TIE, 9. 5~37. 5mm [ZFHEL L - HR
TVE2Ya—rTviy—buo—NrTvyiy—IT
XU 2mm U ICHE: LB C 10%&EZ KL, T

FHTRA L. BABOBEHIT Y Z25E{EE LT,
20°CEREE FCT7 HREIEAE L%, R 18 FihlchE
WL CHHEESESEOREEZHTE L.

(3) EBIG I H R

9. 5~37. 5 mmOHEHIF Y (2% L T 20L/m® & Z kK
L, 7754 h% 15, 503 LN 100kg/m* FINL CTA

=IFVTIRA Lz, IREBROIHIT Y 255 L
T20CERETCT1 HMEA L%, 2m OF T A
E— X & EE D 20mm FREIZHEFEO 2 ¢ 252X
300mm DV 7 F LR > M JIS A 1104 2 5E |2 FHE
L7z, #EIT 2 FRELZU 720Ny h & THE

FA b%& 15, 50 BELV100kg/m’ IRIIL TY AV ERTOERMIEEL, U7 FAKRy FOTHBIZE
‘ Waste rocks (Non-treated) ‘
N
=By using jaw crusher
37.5mm Sieve
‘ Waste rocks (>37.5mm) }7
‘ Waste rocks (=9.5mm) }7
‘ Waste rocks (9.5~ 37.5mm) ‘
[owee |
U g i Elution test simulating instllation ..
___________________________________ *By using jaw crusher H H
S Shortterm T androll crusher___________. Denite | | Waste rocks(9.5~37.5mm)
if,, Slutiontest \ \

‘ ‘ Waste rocks({2mm) ‘
[

* Addition amount of immobilization material : 15, 50, IOOkg/rq
= Addition amount of water: 10wt%
(Okg/m?3sample is not added water)

*Mixing method: Soil mixer «Curing conditions: Sealed curing
-Curing temperature: 20°C-Period: 1 day

Notification No. 18 of the Ministry of the Environment

*As, B, Se:JIS K 0102-2019
=F: Notification No. 59 of the Ministry of the Environment

Measure
ment

2

* Addition amount of insolubilizing material: 15, 50, 100kg/m3
* Addition amount of water:

20L/m? (Okg/m3sample is not added water)
*Mixing method: Omni mixer -Curing conditions : Sealed curing
*Curing temperature: 20°C -Period: 1 day

Filling
Elution test

Measure
ment

*Method:Based on JIS A 1104-2019

+Soil Research Institute rainwater exposure tests®
* Analysis : Once/month (0~ 6months),
Once/2month (6~ 12months)
As, B, Se:JIS K 0102-2019
*F: Notification No. 59 of the Ministry of the Environment
*pH, EC

Fig.2 Test flow

(B 0—)
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TEY, KEAEIZHOWTHEMM LS ORI
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Fig.3 Result of Short-term elution test
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Fig.5 Result of elution test during outdoor exposure (Sedimentary rocks®)
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Fig.6 Result of elution test during outdoor exposure (Sedimentary rocks)
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Fig.7 Result of elution test during outdoor exposure (Igneous rocks)
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Table 4 Elution content

(BHE)
Element/ Denite addition Cumulative elution rate Elution content

Sanple nare Water solubility fraction (kg/m) (mg/kg) (%)
0 0. 051 36.4

As/ 15 0. 003 2.3

0. 14 (mg/kg) 50 0. 001 0.8

Sedimentary 100 0. 001 0.8
rocks® 0 2.85 37.0
F/ 15 0.38 5.0

6. 3 (mg/ke) 50 0.17 2.2

100 0.15 1.9

0 4.75 371.7

Sedimentary B/ 15 2.39 19.0
rocks@ 12. 6 (mg/kg) 50 1.68 13.3
100 1.10 8.7

0 0.036 15.1

As/ 15 0. 002 0.8

Igneous rocks

0. 24 (mg/ke) 50 <0. 001 0.1

100 <0. 001 0.1
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