SOIL-VOLUME REDUCTION METHOD

DESCRIPTION
TECHNICAL FIELD
[0001]

Thepresentinventionrelatestoasoil-volumered
methodandmorespecificallytoasoil-volumereduc
capable of significantly reducing the volume of soi
comparison to conventional methods.

BACKGROUND ART
[0002]

Inrecentyears, there has been a shortage of site
disposingsurplussoilresultingfromdredgingwork
Since it is difficult to find new disposal sites or
disposal sites, it is necessary to efficiently use
disposal sites. One way to solve this problemis s
reduction. For example, when an offshore disposal
constructed, the volume of the reclamation soil is
reduced by a vacuum consolidation method to increas
capacity of the disposal site (see Patent Document
example).

[0003]

Inthevacuumconsolidationmethod, manyvertical
areinstalledintargetsoil,andavacuumpumpis
with the ground surface covered with an airtight sh
liketotherebydischarge porewaterinthesoilto
through the vertical drains. As a result, the cons
of the target soil is promoted and its volume is ac
reduced. Inotherwords, in this method, a negativ
loadwithrespecttoatmosphericpressureisapplie

This means thatthe method only allows volume reduc
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on the generally-known relationship between pressur e and

consolidation settlement amount and therefore canno tachieve
further volume reduction. For this reason, there h as been a
demand for a different method to achieve significan t volume

reduction which has been desired today.

[0004]

As another volume reduction method, a fill surchar ge
method has been knowninwhichfillis placed onto p oftarget
soiltoreduceitsvolume. Inthismethod, however ,sincethe
soilisconsolidatedbytheloadfromthefill, it isdifficult

to significantly reduce the volume of the target so il.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0005]

Patent Document 1: Japanese patent application Koka [
publication No. 2009-167707

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006]

An object of the present invention is to provide a

soil-volumereductionmethodcapableofsignificant lyreducing
the volume of soil in comparison to conventional me thods.
MEANS FOR SOLVING THE PROBLEM

[0007]

To achieve the above object, a soil-volume reducti on
method of the present invention is characterized in that the
soil-volume reduction method includes: agitating ta rget soil
to a prescribed depth in a prescribed range to ther ebyforma
disturbedregioninthetargetsoil;andtheninsta llingadrain
inthetargetsoilanddischargingwaterinthetar getsoilout



of the target soil through the drain to thereby inc
amount of consolidation of the target soil and thus
volume thereof.
[0008]
Here,adrainmethodperformedunderatmosphericp
can be used for the discharge of the water inthe t
out of the target soil through the drain. Alternat
vacuumconsolidationmethodperformedunderanegat
canbeused. Also,adownwardloadcanbeapplied
soil after the discharge of the water in the target
ofthetargetsoilthroughthedrain. Forexample,
loadisappliedbyplacingdirtonthetargetsoil
disturbedregionis formed. To formthe disturbed
agitatingbladeofasoilimprovingapparatusisro
target soil, for example. For example, 30% to 80%
of the volume of the target soil is formed into the
region. Alternatively,50%ormoreofthevolumeo
soil is formed into the disturbed region.
EFFECTS OF THE INVENTION
[0009]
Accordingtothepresentinvention,astheinitial
the disturbed region is formed in the target soil t
artificially destructthe structure betweenclay pa
the soiland significantly reduce the durability (r
thereof against external force (load). Then, the d
installed in the target soil and the water in the t
isdischarged outofthetargetsoilthroughthedr
it is possible to achieve a higher level of volume
effect,ratherthananextensionofthevolumeredu

basedonthegenerally-knownrelationshipbetweenp
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consolidationsettlementamount. Also,inacasew
layer is present in the target soil, performing a v
consolidationmethodastheinitial stepmakesitd
ensure airtightness such that a sufficient volume r
effectmightnotbeachieved. Inthepresentinven

such a problem never occurs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

[Fig. 1] Fig. 1is an explanatory view exemplarily
anagitatingstepofthepresentinventionofagita

target soil.

[Fig. 2] Fig. 2is an explanatory view exemplarily
a step of discharging water in the target soil in w
disturbed region is formed, out of the target soil
atmospheric pressure through drains.

[Fig. 3] Fig. 3is an explanatory view exemplarily
astatewherethevolumeofthetargetsoilinFig.

[Fig. 4] Fig.4is an explanatory view exemplarily
a step of adding a downward load to the target soll
the disturbed region is formed, by placing dirton

soil.

[Fig. 5] Fig.5is an explanatory view exemplarily
anagitatingstepofthepresentinventionofagita

target soil.

[Fig. 6] Fig. 6 is an explanatory view exemplarily
astepofdischargingwaterintheseafloortarget

a disturbed region is formed, out of the target soi
drains.

[Fig. 7] Fig. 7 isan explanatory view exemplarily

a step of discharging the water in the target soil,
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the disturbed region is formed, above the ground by
consolidation method.

[Fig. 8] Fig. 8is an explanatory view exemplarily
astatewherethevolumeofthetargetsoilinFig.

[Fig. 9] Fig.9isaplanviewexemplarilyshowing

soil in which the disturbed region is formed.

[Fig. 10] Fig.10is aplanview showing another ex
the target soil in which the disturbed region is fo
[Fig. 11] Fig.1llisaplanviewshowingstillanot

of the target soil in which the disturbed region is
[Fig. 12] Fig. 12 is a side view exemplarily showin
target soil in which the disturbed region is formed
[Fig. 13] Fig. 13is aside view showing another ex
the target soil in which the disturbed region is fo
[Fig. 14] Fig.l4isagraphshowingtherelationsh
the void ratio of and the consolidation pressure on
sample specimens in a standard consolidation test.
[Fig. 15] Fig.15isagraphshowingtherelationsh
thevolume strain ofandthe consolidation pressure
the sample specimens in the standard consolidation
[Fig. 16] Fig.16isagraphshowingtherelationsh
the volume strain of and the consolidation pressure
actual soil.

[Fig. 17] Fig.17isagraphexplainingthevolume
effect by the present invention and a vacuum consol
method.

MODES FOR CARRYING OUT THE INVENTION
[0011]

A soil-volume reduction method ofthe presentinve

will be explained below based on embodiments shown
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drawings.
[0012]

As exemplarily shown in Fig. 1, in the soil-volume

reduction method of the present invention, initiall
soil 5is agitated to form a disturbed region 6 in
soil 5. The target soil 5 is mainly cohesive soil.
agitating step, the target soil 5, which has been s
advance,isagitatedtoaprescribeddepthinapre
by using a soil improving apparatus 1, for example.
[0013]
Thesoilimprovingapparatuslincludesagitating
3 mounted on a rotary shaft 2, and the rotary shaft
rotationally driven by a hydraulic motor 4. The ag
blades3aremountedattwolevelsontheupperand
of the rotary shaft 2 but the number of levels to m
agitating blades 3 can be one, three, or any other
number. The number of agitating blades 3 provided
horizontal direction at each level is two in this e
butthenumbercanbeone,three,oranyothersuit
The number of rotary shafts 2is notlimited to one
two or more.
[0014]
Byloweringthisrotaryshaft2toaprescribedpo
and rotating the agitating blades 3 in the target s
cylindrical disturbedregion 6isformed. Whenthe
blades3(rotaryshaft2)arerotatedandraisedab
theagitatingstepatonespotends. Thereafter,t
blades 3 (rotary shaft 2) are movedto a different
the plane. Atthisdifferent position, similarly,

shaft 2 is lowered and the agitating blades 3 are r
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the target soil 5 to thereby form another disturbed
Similarprocesses are sequentially repeatedtoform
regions 6 to the prescribed depth in the prescribed
the target soil 5.

[0015]

Theagitatingstepofformingthedisturbedregion
be performednotonly by means ofthe soilimprovin
1 but by means of various other apparatuses and met
example, it is possible to employ penetration and p
a rod with vibration with a sand compaction pile ap
penetrationandpullingofarodwithaPBD(plasti
apparatus, agitation with an earth auger, or rotati
agitation or drilling with a boring machine. Alter
itispossibletoemployacombinationoftheseapp
methods including the soil improving apparatus 1.
[0016]

The disturbed regions 6 are regions in which the b
between soil particles has weakened, thereby making
forporewaterto move,ascomparedtobeforethed
The degree of disturbance ofthe targetsoil 5can
by the speed of raise and lowering of the agitating
andthespeedofrotationoftheagitatingblades3
ofdisturbancemaybeincreasedbyrotatingtheagi
3whilereducingthespeedofraiseandloweringof
blades 3 or fixing the agitating blades 3 ata give
(increasingthetimeforwhichtheagitatingblades
Alternatively, the degree of disturbance may be inc
agitating the soil while increasing the speed of ro
the agitating blades 3. The degree of disturbance

reduced by performing operation opposite to the ope
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increase the degree of disturbance.

[0017]

Duringtheagitatingstep watercanbeaddedtot hetarget
soil 5to make iteasier to form the disturbed regi ons 6. For
example,ejectionportsmaybeprovidedintheagit atingblades
3andwater may be ejected throughthese ejectionh olestoadd

water to the target soil 5.

[0018]

AsexemplarilyshowninFig.2,aftertheagitatin gstep,
a water discharging step is performed by installing drains 7
inthetargetsoil5. Inthisembodiment,agenera l[drainmethod
is used in which a water discharging step is perfor med using
the drains 7 under atmospheric pressure. Knowndra ins can be
used as the drains 7 and a known installing apparat us can be
used to install the drains 7. The drains 7 are ver tically
installed atsuitable intervalsto positions neart he bottoms

of the disturbed regions 6.

[0019]

Under atmospheric pressure, water (pore water) Wi nthe
targetsoil5Sisdischargedabovethegroundthroug hthedrains
7. The discharged water W is transferred to a diff erent
locationbyusinghorizontaldrainsorthelikeand discharged
there.

[0020]

In the disturbed regions 6, the bond between clay
particleshasbeenartificiallydestructed,andthe targetsoil
5 is therefore loose as compared to before the dist urbance.
Since the drains 7 are installed in this loose targ etsoil 5,
the discharge of the pore water between clay partic les above
thegroundthroughthedrains7ispromoted,sotha ttheamount



ofconsolidationaccordinglyincreasesanddownward
occurs. Specifically, the volume of the disturbed
is reduced as exemplarily shown in Fig. 3.
[0021]

Accordingtothepresentinventioninwhichtheag
step is initially performed to form the disturbed r
itis possible to achieve a higher level of volume
effectaswillbe describedlater, ratherthanane
the volume reduction effect based on the generally-
relationship between pressure and consolidation set
amount. Hence, the present invention is capable
significantly reducing the volume of the target soi
comparison to conventional methods. Thus, in a cas
constructinganoffshoredisposalsiteorthelike,
invention is preferable for increasing its capacity
[0022]

Also,inacasewhereasandlayerispresentint
soil5,performingavacuumconsolidationmethodas
step makes it difficult to ensure airtightness such
sufficient volume reduction effect might not be ach
thepresentinvention,however,evenifasandlaye
in the target soil 5, the sand layer is disturbed w
cohesive soil by the agitating step, which is perfo
initially. For this reason, the problem of being u
achieve a sufficient volume reduction effect never

[0023]
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However,byapplyingthepresentinventiontoreduc
ofthesoll,itispossibletoavoidthetransport

of the dirt outside the site.

[0024]

AfterthewaterWinthetargetsoil5isdischarg
thegroundthroughthedrains7,adownwardloadca
to the top of this target soil 5. By doing so, the
consolidationofthetargetsoil5canbefurtheri
its volume can be accordingly reduced. Inthisloa
as exemplarily shown in Fig. 4, dirt 8 such as dirt
fromconstructionordirtresultingfromdredgingi
thetargetsoil5,inwhichthedisturbedregions6
The weight ofthe placed dirt 8 applies adownward
targetsoil 5. Alternatively, rocks, concrete mass
like caninsteadbe placed ontop ofthe targetsoi
adownwardloadthereto. Sinceadownwardloadis
applied to the target soil 5 by simply placing the
the like on top of the target soil 5, the man-hours
loading step are significantly reduced.

[0025]

Themethodofapplyingadownwardloadtothetarg

5 is not limited to the above method, and a differe
canbeusedinstead. Forexample,thetargetsoil

thedisturbedregions6 areformed, canbe subjecte

consolidation by a known vacuum consolidation metho

a downward load to the target soil 5.
[0026]

There are cases where the target soil 5 is not on-

soil but seafloor soil. In such cases, as exemplar

in Fig. 5, the target soil 5 is agitated in a simil
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usingthe soilimproving apparatus 1 mounted onaw

to form disturbed regions 6. After the agitating s
exemplarily shown in Fig. 6, a water discharging st
performed under atmospheric pressure (water pressur
added)byinstallingthedrains7inthetargetsoi
similartothewaterdischargingstepperformedon
Thesubsequentstepsare similartothose performed
soil.

[0027]

Thestrengthofthedisturbedregions6whichare
by initially performing the agitating step has been
incomparisontothatbeforethedisturbance. Ina
the decrease in strengthis large, the target soil
toounstabletoperformtheworkofinstallingthe
theworkofplacingthedirt8 onthetargetsoil5
Here,inthecasewherethetargetsoil5isseaflo
problemneveroccurssincetheworkers,theapparat
relevant elements are on the work ship.

[0028]

Thus, inthe case where the decrease in strength o
disturbedregionséislarge adifferentembodimen
Inthis differentembodiment, the agitating stepis
performed asexemplarilyshowninFig. 1toformth
regions 6inthe targetsoil 5, and thenthe target
whichthedisturbedregions6areformed,issubjec
consolidation by a known vacuum consolidation metho
exemplarilyshowninFig.7. Inthevacuumconsoli
drains 11 for vacuum consolidation are installed in
disturbedregions 6,and upperend portionsofthes

arecoupledtoawatercollectingpipe 12connected
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pump 9. The top of the target soil 5 is covered wi

layer 10 having good airtightness. As the method o

the seal layer 10, a method has been known which in
covering the upper end portions of the drains 11 fo
consolidation with caps or cover members.

[0029]

By operating the vacuum pump 9 in this state, the
W inthetarget soil 5 is discharged above the grou
the drains 11 under negative pressure. As a result
exemplarilyshowninFig.8,theamountofconsolid
targetsoil5isincreasedanditsvolumeisaccord
With the volume reduction, the strength of the targ
increases. Thus, various kinds of work can then be
safelyonthetargetsoil5. Forexample,asexemp
inFig. 4,the dirt8is placed on the target soll
the disturbed regions 6 are formed, to apply a down
tothetargetsoil5. Asaresult,theamountofc
of the target soil 5 can be further increased and i
can be accordingly reduced.

[0030]

To sufficiently reduce the volume of the target so
the proportion ofthe disturbedregions 6inthe vo
targetsoil 5is setto 30% or more and more prefer
more. Thevolumereductioncanbemaximizedifthe
of the disturbed regions 6 is 100%, but a sufficien
reductioneffectcanbeachievedandtheman-hours
the disturbed regions 6 can also be reduced as long
proportion is 30% or more and more preferably 50% o
Considering the effect of volume reduction of the t

5 and the man-hours for the work in the agitating s
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proportionofthedisturbedregions6inthevolume
soil5issetbetween30%and80%inclusiveandmor
between 50% and 80% inclusive.

[0031]

In the agitating step, the disturbed regions 6 can
formedinvariouspatternstoaccountforthepresc
proportion in the volume of the target soil 5. For
as shown in Fig. 9, the agitating step may be perfo
that cylindrical disturbed regions 6 formed by the
blades 3 of the single rotary shaft 2 are arranged
side by side in a matrix on the plane of the target
Alternatively, as exemplarily showninFig. 10, the
stepmay be performed such that cylindrical disturb
6 formed by the agitating blades 3 of the single ro
2 overlap each other, and these disturbed regions 6
overlap each other are arranged adjacently side by
matrixontheplaneofthetargetsoil5. Stillal
as exemplarily shown in Fig. 11, the agitating step
performed suchthatcylindrical disturbed regions 6
theagitatingblades3ofthesinglerotaryshaft2
inalattice patternonthe plane ofthetargetsoi
present invention, the pattern of the disturbed reg
notlimitedtotheabove-mentionedpatterns,andth
regions6canbeformedbyrandomlyagitatingthee
soil 5.

[0032]

Asforthedepthofthedisturbedregions6,asex
showninFig.12,theagitatingstepmaybeperform
allofcylindricaldisturbedregions6formedbyth

blades 3 ofthe single rotary shaft2 have the same
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depth. Alternatively, as exemplarily shown in Fig.
agitating step may be performed such that some or a
cylindricaldisturbedregions6formedbytheagita
3 of the single rotary shaft 2 have different depth
example,the proportionofthevolume ofthedistur
6inthevolumeofthetargetsoilsmaybesetto
proportion by appropriately combining any of the st
formation of the disturbed regions 6 on the plane e
shown in Figs. 9to 11 and any of the states of for
thedisturbedregions6inthedepthdirectionexem
in Figs. 12 and 13.
[0033]

Notethatthevolumeofthetargetsoil5inwhich
thedisturbedregions6issetinadvancebutmayb
as follows, for example. Inthe plane direction, t
theregionsurroundedbyalineconnectingthe oute
of disturbed regions 6 is determined as the area of
Specifically, in each of Figs. 9to 11, the area of
surrounded by the dottedlineisdetermined asthe
base. Inthedepthdirection,thedepthofthedee
ofthe entire disturbed region 6 is determined as t
Further, the volume calculated by multiplying the a
basebythe heightmentionedaboveisdeterminedas
of the target soil 5.
EXAMPLE
[0034]

Asoilspecimen(cylindricalcohesivesoilwitha
of approximately 100 mm) was collected from a field
subjected to a standard consolidation test (JIS A 1

consolidation test using incremental loading), the
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specimen being a homogeneous soil specimen in a nea
condition with minor disturbance. The properties o
specimenareshowninTablel. Threetypesofsamp
werepreparedbytakingoutacenterportionofthe

inthe heightdirectionhavingaheightof30mman
portions above and below of the center portion each
height of 30 mm. The firsttype of sample specimen
A) was prepared by inserting the taken soil specime
consolidation ring with a prescribed size without p

it. The second type of sample specimen (specimen C
prepared by agitating the entire soil specimen such
entire soil specimen was completely remoldedinto a
statewithoutthe watercontentchanged,andthenb
thesoilspecimenintotheconsolidationring. The
ofsamplespecimen(specimenB)waspreparedbyagi
of the soil specimen such that the half of the soil
wascompletelyremoldedintoadisturbedstatewith
contentchanged, while cuttingthe otherhalfinto

sizes of 3mmto 5 mm square with a cutter, and the
mixing the disturbed soil specimen and the undistur
ofthesoilspecimenandinsertingthemintotheco

ring.

[0035]

Figs.14and15showtheresultsoftheconsolidat
on the specimens A, B, and C. In the figures, the
representthespecimenA,thetrianglesrepresentt
B, and the diamonds represent the specimen C.
inthefiguresdenotesaneffectiveoverburdenpres
15isagraphpresentingthevolumestrainofthes

on the vertical axis in place of the void ratio e i

15

rin-situ
fthe soll
lespecimens
soilspecimen
dtakingout
having a
(specimen
ninto a
rocessing
) was
that the
disturbed
yinserting
thirdtype
tatingahalf
specimen
outthewater
blockswith
n by evenly
bedblocks

nsolidation

iontest
circles
hespecimen
o' vo(200 kPa)
sure. Fig.
amplespecimen

n Fig. 14.



[0036]

[Table 1]
Soil Specimen Collection Depth (G.L.—m) 13.55
Density ps (g/cm 3) 2.627
Liquid Limit (%) 97.1
Plastic Limit (%) 72.4
Shrinkage Limit (%) 36.5
Sand Fraction (% by
weight) !
Silt Fraction (% by
Composition Ratio 42
weight)
Clay Fraction (% by
weight) >
[0037]

Fromtheresultsin Figs. 14 and 15, itcanbe see nthat
thedifferenceintheproportionofthedisturbedp ortionamong
the sample specimensleadstogreatly differentcon solidation
pressure-void ratio curves (consolidation pressure- volume
straincurves). Specifically,thelargerthepropo rtionofthe
disturbedportion,thefarthertheconsolidationpr essure-void
ratiocurve(consolidationpressure-volumestrainc urve)moves
downward. It can be seen that at the same consolid ation
pressure, the void ratio e (or the volume strain) i s smaller
and the amount of consolidation is accordingly larg erforthe
disturbed specimens B and C than for the undisturbe d specimen
A, and hence the disturbed specimens B and C are mo re
advantageousforvolumereductionthantheundistur bedspecimen
A. ItcanbeseenthatthedisturbedspecimensBa ndCareeven
more advantageous for volume reduction than the und isturbed
specimenAparticularlyundertheeffectiveoverbur denpressure.
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Also,thevolumereductioneffectissmalleronlys lightlyfor
thespecimenBthanforthespecimenC,showingtha tasufficient
volume reduction effect can be achieved even for th e specimen

B (50% of the entire volume is disturbed).

[0038]

Note that the actual consolidation pressure-volume
straincurveofthisin-situsoilisasshownbyth edottedline
in Fig. 16. Specifically, eventhe undisturbed spe cimenAis
affected by the disturbance resulting from the coll ection of

the specimen (boring, release of strain, etc).

[0039]

InFig. 17, elrepresents the degree of decrease i nthe
voidratioeasaresultofsimplyusingavacuumc onsolidation
method without disturbing the soil. In the vacuum
consolidationmethod,anegative pressureofabout 70to80kPa
is generally set. Then, the degree of decrease el may be
calculated as the difference between a point atthe effective
overburden pressure o' vo(200 kPa) on the curve representing
thedataonthespecimenAandapointthereonmove dbyincreasing
the consolidation pressure by 75 kPa. In this figu re, the
degree of decrease el in the void ratio e for the s pecimen A
is about 0.07.

[0040]

On the other hand, in the case where 50% of the vo lume
is disturbed by initially performing an agitating s tep
(specimen B), the void ratio e moves downward from the point
atthepointattheeffectiveoverburdenpressure o' vo(200kPa)
onthecurverepresentingthedataonthespecimen Atothecurve
representing the data on the specimen B. Thus, the degree of
decreaseinthevoidratioeforthespecimenBrel ativetothe
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specimenAise2,whichisapproximately0.35,and

volumereductioncanbeexpected. Inthecasewher

volume is disturbed (specimen B), the void ratio e

decreasesalongthecurverepresentingthedataon

B, sothatthe degree of decrease inthe void ratio

tothespecimenAreachese3,forexample. Evengr

reductioncanbeexpectedforthesamereasonfort

100% of the volume is disturbed by initially perfor

agitatingstep(specimenC). Asdescribedabove,i

that the present invention can achieve a significan

reduction effect in comparison to the conventional

consolidation method.
EXPLANATION OF REFERENCE NUMERALS

[0041]
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soil improving apparatus
rotary shaft

agitating blade

hydraulic motor

target soil

disturbed region

drain

dirt

vacuum pump

seal layer

drain for vacuum consolidation
water collecting pipe

work ship

18

significant
e50%ofthe
thereafter
thespecimen
erelative
eatervolume
hecasewhere
ming an
tcanbeseen
t volume

vacuum



CLAIMS
[Claim 1] A soil-volume reduction method, character

that the soil-volume reduction method comprises:

agitating target soil to a prescribed depth in a

prescribed range to thereby form a disturbed region

target soil; and
theninstallingadraininthetargetsoilanddis

waterinthetargetsoiloutofthetargetsoilthr

to thereby increase an amount of consolidation of t

soil and thus reduce a volume thereof.

[Claim 2] The soil-volume reduction method accordin

claim 1, characterized in that the discharge of the

thetargetsoiloutofthetargetsoilthroughthe

by a drain method performed under atmospheric press

[Claim 3] The soil-volume reduction method accordin

claim 1, characterized in that the discharge of the

thetargetsoiloutofthetargetsoilthroughthe

by a vacuum consolidation method performed under a

pressure.

[Claim 4] Thesoil-volumereduction method accordin

one of claims 1 to 3, characterized in that the soi

reductionmethodfurthercomprisesapplyingadownw

the targetsoil after the discharge ofthe waterin

soil out of the target soil through the drain.

[Claim 5] The soil-volume reduction method accordin

claim4, characterizedinthatthe downwardloadis
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g to
water in
drainisdone

ure.

g to
water in
drainisdone

negative

gtoany
I-volume
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thetarget
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applied by



placing dirt on the target soil in which the distur

is formed.

[Claim 6] The soil-volumereduction methodaccordin
oneofclaims1to5,characterizedinthatthedis
is formed by rotating an agitating blade of a soil

apparatus in the target soil.

[Claim 7] Thesoil-volumereduction method accordin
oneofclaims1to6,characterizedinthat30%to
of the volume of the target soil is formed into the

region.
[Claim 8] Thesoil-volumereduction method accordin

one ofclaims 1to 6, characterized in that 50% or

volume ofthetargetsoilisformedintothe distur
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gtoany
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improving

gtoany
80%inclusive
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