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v' Tsunami deposits, or
“recovered soils” obtained from

disaster debris at 2011 East
Japan earthquake
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v’ Excavated soils with natural
contamination generated from

construction works
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2011 East Japan disaster and waste generation

v’ Earthquake at March 11, 2011, Mw = 9.0 at Tohoku coast
v Tsunami of ~40 m max. runup & 561 km?2 inundated area

v’ Disaster waste with large amount (~30,000,000 ton), mixture of the
various materials, and significant soil fractions (> 1/3 in weight)
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Disaster wastes at temporary storage sites



Entrance of advanced treatment site; Manual separation
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Weight and type of transported Separation with operation vehicl
disaster wastes were checked at FHERIDRRTF
the entrance (Kessennuma city).
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Separation machines HEHUER DR F =1 srpzzsss

Uni-axial crushing machine — Z A fZk4s
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Rotating screen (Otsuchi town)
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Treatment of concrete debris and soil-dominant stockpiles
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Crushing of concrete debris (Otsuchi town)
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. stockpiles (Yamada town)
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Basic flow of disaster waste treatment

Collection & =

transportation
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Rough separation
at temporary
storage sites

kﬂiﬁ%%'@@*ﬂ%%lu

—

Advanced separation at
secondary temporary

storage sites
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completed in 3 years
in most places.

etc

Separated fractions (% 5/#))
- Metals (£/8)
- Wood chips (K<3)
- Crushed concretes (a>4')—k)
- Hazardous materials (HZ#)
- Recovered soils (%71 t)

Recycle (BB #IA)

Utilization (B%1#IR)

Use in cement (A FEH)
Incineration (E40)

Landfill (E3L504%)




“Recovered Soils” separated from disaster wastes

Utilization of the “recovered soils” to re-construction works was expected.
However, no technical background had existed.

* Properties of the RSs were anticipated, due to the varieties in treatment measures,
target quality, original soil properties, etc.

The Japanese Geotechnical Society (JGS) has contributed to the
characterization, standardization, and strategic utilization of RSs.
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Basic idea of disaster recovery

Before the disaster

mim) "

‘ Plan for the recovery

77 22 M

Embankment

Re-construction works to create elevated residential, commercial,
and green areas require construction materials such as soils

(estimated 126 million m3 for recovery from 2011 disaster).
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Characterization & standardization of recovered soils

Number: burnable fraction in %
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/ “Technical Manual for the Use of Recovered Materials” was

~ ¥+ established in Iwate prefecture in 2012.
v’ Classification was designated.

v’ Evaluation of engineering properties & environmental suitability was required.

JGS-TC accumulated the experimental data prior to practice, &
provided technical advises on the guideline.
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Leaching of toxic elements from recovered soils

Regulatory limit

Most of RSs were subjected to o 500
the evaluation of S 400
environmental suitability. 2 300
Some RSs exceeded the g 200
.. . £
regulatory limits for leaching of 3 100
As, F, B, & Pb, based on 0

Japanese Leaching Test No.46.
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As concentration (mg/L)
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~20% RS in Kesennuma city exceeded

regulatory limit for As (Ohta et al. 2016).

Countermeasures

Landfill %y
Mixing with chemical agent to immobilize toxic elements A;a{EALIE
Use in embankment for public facilities (road, sea dyke etc.)
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Percentile
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Use of soils in recovery works

Recovered soils were expected to be used,

but there were barriers to use them.

v’ Cost for storage & transportation

v Conservativeness for recovered materials,
compared to virgin materials

v' Competition with excavated soils

v’ Various institutions/companies

Cutting mountains for relocation
of residential area

Soil subol Recovered Recovered Excavated
Pply soil A soil B soil A

Excavated Industrial
soil B by-product

Soil demand Road Seaside forest
embankment

Landfill?

Residential Other
lands applications 12




Use of soils in recovery works

Recovered soils were expected to be used,

but there were barriers to use them. Cutting mountains for relocation
of residential area

v’ Cost for storage & transportation

v Conservativeness for recovered materials,
compared to virgin materials

v' Competition with excavated soils

v’ Various institutions/companies

Based on the technical investigations, JGS-TC
presented “recommendation,” to tie different
governmental & private institutions/sections

to achieve the optimized allocation of soils.
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Soil suopl Recovered Recovered Excavated Excavated Industrial
pp y soil A soil B soil A soil B by_product
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Optimizing the allocation of materials
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Use of recovered soils in Iwate prefecture

v RS Class A (= 880,000 m3) used for farmland (24%), coastal forest
(21%), residential area (14%), green space (14%) etc.

v" RS Class B (= 260,000 m3) used for residential area (37%), coastal
forest (23%), road embankment (16%), backfill (12%), etc.

FIoK

g recovered soils, &
to monitor mechanical and environmental behaviors.




Topics
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Excavated soils with natural
contamination generated from
construction works
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History of national regulations and guidelines

v’ Reduction of excavation GEHITEDIER)
v' Use of soils at the site of excavation (+H&EERBETCOFE)

v’ Use of soils at different construction sites (R4HELUSNTOFIFA)
v’ Standards of the Soils for Utilization
(proposed 1994, fixed 2008, A T D T+ B X 5 H %)
v’ Construction Material Recycling Act
(2000, EERV YAV ILE)
v" Action Plan for Use of Excavated Surplus Soils
(MLIT, 2003, 2008, & 2014, &) YAV )L HEEET1E)
v" Soil Contamination Countermeasures Law
(2002, revised 2010 & 2017, T 1E5 &5 5 %)

. Soil transportation
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Construction site A Construction site B
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Status of surplus soils

v’ Use of soils at the site of excavation
v’ Use of soils at different construction site without/with treatment
v" Reclamation and landfill

Soil excavation

Reuse at the New soil
same site 26.3 x 106 m3
146.2 x 10° m* Reuse of soil Bl
T |
i 43.3 x 106 m3 l
TEM[EFIA Total use
T f
rar’:ﬁgosriierom 224 .6 x 106 m3
140.8 x 105 m3 Improvement BT F A=
12 o\ 7.1 x 106 m3 1
TEHR

Recovered wastes
1.7 x 105 m3

Reclamation etc HAR-BNERERET

90.4 x 106 m?
RfER At

Status of excavated soil in 2012 (MLIT, 2014) 17



Several big projects in Japan

Route Route Completion Total Tunnel
scheduled length
Chuo Shinkansen (Maglev) | Shinagawa - Nagoya 2027 285.6 km | 86% (246.6 km)
H R ETEF AR mll~&2HE
Hokkaido Shinkansen Hakodate - Sapporo 2031 211.5km | 76% (160.2 km)
LB E IR gL 2F ~ FL0R
Hokuriku Shinkansen Kanazawa — Tsuruga 2023 113 km 13 TNs incl. Shin-
AEREFEFIR FIR~HE hokuriku TN (19.7 km)
Tokyo Outer Ring Road HAJCT~KRJICT 20207 16 km | Entire route
RN BRI E R

http://kenplatz.nikkeibp.co.jp/article/const/news/20081022/527324/

Route for Chuo Shinkansen

Construction site for Tokyo Outer Ring Road




Natural contamination

v" Soils and rocks containing arsenic, lead, etc. are widely

distributed in Japan.
v' Marine clay and silt layers, mud stone...
v Hydrothermally altered geology, metallic ore deposit or lode...
v" Old embankments, reclamation using dredged soils...

v' Some soils generated through excavation works exceed

regulatory standards for leaching of As, Pb, F, B, Se, etc.
v Most of them only exceed slightly or 2-3 times higher than the standards.
However, it will cost because entire layer will be a concern.
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Embankment construction using soils with natural contamination

Mixed with immobilization agent

v Disposal of the soils at landfill sites is (FBIEAES
ConSiderEd an Option y Soils with natural contamination
(M5BT D L ERS) . _

v’ Use of the soils in embankments with
countermeasures is recommended.

(BExkRtTELTELTFEA) Immobilization method (F~&1t)
Clay layer
At (515 —)
M Soils with natural contaminatio&
B - R _

Embankment with containment system (£tCiA®H 1)

Minimization of infiltration by compaction

(#FE I K DMKRER L) Sorption layer
. . o Soils with natural contamination /
Soils with natural contamination
= = T2 S
Sufficient compaction (g E (=& B REK;2E ) Sorption layer (75 B Li%)
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Issues to be considered for excavated soils with natural contamination

v' How should the environmental v’ Do the temporary storage sites have
suitability be evaluated? sufficient capacity in terms of air

v What sampling method? apace and logistics, to store them

v What testing method? during the test and then transport?

Temporary storage of excavated soils

A

Soils satisfying the
environmental

Tunnel excavation

L1

Soils not satisfying the
environmental suitabilit

suitability
Use of the excavated soils in Use of the excavated soils in
embankment under control embankment

/-\< Geomembrane e

Do the anticipated embankments have sufficient space to accept excavated soils?
How much soils will not satisfy the environmental suitability?
How should these embankments be managed technically and institutionally?

A NEANERN
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Factors affecting leaching of metals & metalloids from soils/rocks

Particle size and
surface area

Soil density

Duration

Infiltration and
permeation

Exposed or
covered

Groundwater
level

Saturation
degree and dry-
wetting cycles

Chemical properties and their change
(ORP, pH, etc.)

Effect on leaching on metals and metaloids
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Concluding remarks

e Contributions of environmental geotechnics to the recovery from 2011 East

Japan disaster have been conducted, particularly for characterization,
standardization, and utilization of recovered soils. Use of RS contributed to
disaster waste treatment completed in 3 years in Iwate and Miyagi
prefectures. These achievements may be utilized for the recovery from future
catastrophic disaster as well as the management of nuclide contaminated
soils caused by Fukushima nuclear disaster.

W CIREL G EDEEICKY .. REREYH DL A TDOFIEMN
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Natural contamination has been (and will be) a great concern. Appropriate
method to evaluate environmental suitability of the soils/rocks to be used in
embankments are required. Environmentally-safe and cost-effective
countermeasures against the soils with natural contamination are also
important considerations.
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