DESCRI PTI ON

TI TLE OF THE | NVENTI ON:
SO L | MPROVEMENT METHOD

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a nmethod of inproving

soft ground by vacuum evaporation facilitation.

BACKGROUND ART
[ 0002]

The applicant has proposed a soil inprovenent nmethod in
Patent docunent 1.

This nmethod uses the SWP (super well point) to punp up
saturated groundwater by negative pressure propagation, and
thereby locally lowers water level in a specific target area
to generate an unsaturated zone. Thereafter, the method
fascilitates vacuumevaporation in a range of the unsaturated
zone by usi ng an SWP vacuumpunp or avortex punpto renove wat er
and volatile conmponents such as VOCs (volatile organic
conpounds) and oil content from the ground, and thereby

facilitates the ground inprovenent and soil purification

PRI OR ART DOCUMENTS
PATENT DOCUMENTS



[ 0003]
[ Pat ent docunment 1]
Japanese Patent Application Laid Qpen Publication No.

2007- 303095 (Japanese Patent No. 4114944)

DI SCLOSURE OF THE | NVENTI ON
PRCBLEMS TO BE SCOLVED BY THE | NVENTI ON
[ 0004]

An obj ect of the present inventionis to provide a nethod
which is used for assisting a soft ground i nprovenent nethod
and a soil purification method by vacuum evaporation
facilitation, the nmethod being an assistant method for
facilitating even and rapid i nprovenent and purification of an
entire target area to be inproved.

Al so, another object of the present invention is to
i mprove apparent hydraul i c conductivity andtoreduce well | oss
(difference in water | evel between a well and the ground) by
usi ng, as supplenentary to |arge-scale wells associated with
t he SWP met hod, smal |l well s having di aneters of approxi mately

40 to 50 mmto pneunatically provi de water passages.

MEANS FOR SCLVI NG THE PROBLEM
[ 0005]

In order to achieve the above objects, the invention
described in claimlis a soil inprovenment nethod, including:

providing two wells at a predetermined interval in a ground;



f eedi ng wat er and ai r under pressure fromone of the wells into
t he ground through a strainer at a | ower position of the one
wel | ; and sucking water and air in the ground fromthe other
wel | through a strainer at alower position of the other well.
[ 0006]

The i nventiondescribedinclaim2isthesoil i nprovenent
nmet hod accordi ngtoclai ml, wherei nawater punpfeeds the water
and a conpressor feeds theair intothe onewell, andalifting
punp punps up the water and a vacuum punp sucks the air from
t he other well.

[ 0007]

The i nventiondescribedinclaim3isthesoil i nprovenent
nmet hod according to claiml, wherein the feedi ng of the water
and the air under pressure fromthe one well into the ground
and t he sucki ng of the water and the air in the ground fromthe
other well are repeatedly perforned.

[ 0008]

The invention describedinclaim4is a soil inprovenent
nmet hod, including: providing a large well in a ground and a
plurality of small wells at predeterm ned interval s around t he
| arge wel | inthe ground; feeding air under pressure froml ower
portions of the small wells into the ground; and sucki ng wat er
and air in the ground fromthe |large well through a strainer
at a lower position of the large well.

[ 0009]

The i nventiondescribedinclaimbisthesoil i nprovenent



nmet hod accordi ng to clai m4, wherein a conpressor or a pl unger
punp feeds the air to each of the small wells, and a lifting
punp punps up the water and a vacuum punp sucks the air from
the large well.

[ 0010]

The i nventiondescribedinclaiméisthesoil i nprovenent
nmet hod according to cl ai m4, wherein, whilethe small wells are
st epwi se noved up, the feeding of the air under pressure from
the | ower portions of the snall wells into the ground and the
sucking of the water and the air in the ground fromthe | arge
wel | are repeatedly perforned.

[ 0011]

The i nventiondescribedinclaim7isthesoil i nprovenent
met hod accordi ngto cl ai m4, wherei naboring machi ne boreswth
a bore channel by a predeterm ned depth to establish each of
the small wells.

[0012]

The i nventiondescribedinclaim8isthesoil i nprovenent
met hod according to claimb5, further including: providing air
feed hol es at predeterm ned depthintervalsinthesmall wells;
installing air feed channels in the small wells; and feeding
t he air under pressureintothegroundthroughtheair feedhol es
whil e stepwi se noving up the air feed channels.

[0013]
The invention describedinclaim9is a soil inprovenent

nmet hod, i ncl udi ng: providingtwo small wel | s at a predet erm ned



interval in a ground; feeding air under pressure fromone of
the small wells into the ground; and sucking air in the ground
fromthe other small well.

[ 0014]

The invention described in claim 10 is the soil
i mprovenent met hod according to claim9, wherein air suction
hol es are provi ded at predet erm neddepthinterval sintheother
smal | well, and a vortex punp sucks the air into the other snmal |
wel | .

[ 0015]

The i nvention describedinclaimllis asoil inprovenent
met hod, including: providing alarge well and a small well at
a predetermned interval in a ground; sucking water and air in
the ground fromthe large well through a strainer at a | ower
position of the large well and sucking air froma peri phery of
the strainer; and sucking air in the ground through a | ower
portion of the small well.

[ 0016]

The invention described in claim 12 is the soil
i mprovenent met hod accordingtoclaimll, whereinaliftingpunp
punps up t he wat er and a vacuumpunp sucks the air fromthe | arge
well, and a vortex bl ower sucks the air fromthe periphery of
the strainer and fromthe small well.

[0017]
The invention described in claim 13 is the soil

i mprovenent net hod according to claiml2, wherein agas-|iquid



separation apparatus is provided in an air suction path from
the small well to the vortex bl ower.
[ 0018]

The invention described in claim 14 is the soil
i nprovenent nethod according to claim 13, wherein water
separated by the gas-liquid separation apparatus is fed into

awater lifting path fromthe large well to the lifting punp.

EFFECTS OF THE | NVENTI ON
[ 0019]

The nethod according to the present invention can
facilitate even and rapid i nprovenent and purification of an
entire target area to be i nproved as assistant in soft ground
i nprovenent and soil purification by vacuum evaporation
facilitation.

Furthernmore, the present invention can inprove the
apparent hydraulic conductivity and reduce well |o0ss by using
smal | wel I s havi ng di aneters of about 40 to 50 mmand provi di ng
pneunati cal | y wat er passages as suppl enentary to al arge-scal e

well associated with the SWP net hod.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0020]

FIG 1 is a cross-sectional viewillustrating a nethod
according to a first enbodi ment of the present invention.

FIG 2Ais aplan viewillustrating a nethod accordi ng



to a second enbodi ment of the present invention.
FIG 2Bis across-sectional viewillustratingthe nethod
according to the second enbodi ment of the present invention.
FIG 3 is a cross-sectional viewillustrating a nethod
according to a third enbodi ment of the present invention
FIG 4 is a cross-sectional viewillustrating a nethod
according to a fourth enbodi mrent of the present invention.
FIG 5 is a cross-sectional viewillustrating a nethod
according to a fifth enbodi ment of the present invention
FIG 6 is a cross-sectional viewillustrating a nethod
according to a sixth enbodi ment of the present invention.
FIG 7isanenlargedviewillustratinggroundfacilities

in FIG 6

EMBODI MENTS FOR CARRYI NG OQUT THE | NVENTI ON
[ 0021]

Herei nafter, enbodinments for carrying out the present
invention will be described in detail with reference to the
acconpanyi ng dr aw ngs.
<First Aspect>

Afirst aspect of the present i nvention provi des a net hod
which is used for assisting soft ground inprovenent and soi
purification by vacuum evaporation facilitation, the nethod
facilitating even and rapid inprovenent and purification of an
entire target area to be inproved.

[ 0022]



“Cleaning by Interactive Pressure Feeding and Sucti on”

By using two | arge-scal e wells associated with the SW
nmet hod, one of whichis for vacuumsucti on and t he ot her of whi ch
is for purification and providi ng wat er passages by pressure
feeding with a | arge conpressor, inprovenent in the hydraulic
conductivity K and purification are facilitated.

[ 0023]
(First Enbodi ment)

FIG 1 illustrates a nmethod according to a first
enbodi rent of the present invention. Reference nuneral 1
denotes a wel | for feedi ng water and conpressed air, 10 denotes
a strainer, 11 denotes a water tank, 12 denotes a water punp,
13 denotes a water pipe, 15 denotes a |arge conpressor, 16
denotes an air feed channel, 2 denotes awell for water lifting
and air suction, 20 denotes a strainer, 21 denotes a lifting
punp, 22 denotes an i nner channel, 23 denotes a lifting pipe,
25 denotes a vacuum punp, and 26 denotes a suction channel
[ 0024]

As illustrated in the drawing, the two SWP wells 1 and
2 are installed at a predetermined interval in a target area
of the ground.

[ 0025]

The well 1 for feeding water and conpressed air is
connected to the wat er pi pe 13 which is connected to the water
punmp 12 installed in the water tank 11 on the ground, and t he

well 1 is also connected to the air feed channel 16 which is



connected to the | arge conpressor 15 on the ground.

Water and air are fedto the well 1 by the water punp 12
andthel arge conpressor 15respectively, andfed under pressure
into the ground through the strainer 10 at a | ower position of
the well.

[ 0026]

As for the well 2 for water lifting and air suction, the
lifting pipe 23 is connected to the inner channel 22 connected
tothe lifting punp 21 provided at the bottomof the well 2,
andthewell 2is al soconnectedto the suction channel 26 which
is connected to the vacuum punp 25 on the ground.

Water and air in the ground are sucked into the well 2
t hrough the strai ner 20 at al ower position by thelifting punp
21 and the vacuum punp 25
[0027]

The above-descri bed pressure feeding of water and air
i nto the ground t hrough the well 1 and suction of water and air
in the ground through the well 2 are repeatedly perforned.

[ 0028]

By repeatedly performng the pressure feeding and the
suction respectively through the interactive wells 1 and 2 in
t hi s manner, negative pressure suction is enhanced, hydraulic
conductivity between the SWP wells 1 and 2 is substantially
i nproved, water |level loweringis enhanced, and a well lossis
substantially reduced.

[ 0029]
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<Second Aspect >

A second aspect of the present invention provides
i mprovenent in apparent hydraulic conductivity and reduction
inwell lossw thsmall wells having di aneters of approxi mately
40 to 50 mmto pneumatical ly provi de water passages, w thout
providing many |arge-scale wells associated with the SWP
nmet hod.

[ 0030]
"Cleaning by Ring Type Pressure Feeding and Suction”

One of the wells associated with the SWP nmethod still
adopts vacuum suction, while a boring nmachine bores by a
predet erm ned depth and then a | arge conpressor continuously
sends conpressed ai r t her et hrough i n a back st ep manner by about
0.5 meach step, to facilitate inprovenent in the hydraulic
conductivity, reduction in well loss, and purification.

[ 0031]
(Second Enbodi nent)

FIGS. 2Aand 2Billustrate a method according to a second
enbodi ment of the present invention. The reference nuneral 3
denotesalargewel |, 30 denotes astrainer, 31denotesalifting
punp, 32 denotes an i nner channel, 4 denotes a small well, 45
denotes a | arge conpressor, 46 denotes an air feed channel, and
5 denotes a bori ng nachi ne.

[ 0032]
Asillustratedinthedraw ng, onel argewell 3 associ at ed

withthe SWPnethodisinstalledinatarget area of the ground,
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and multiple (four, inthe illustrated exanple) snmall wells 4
are circularly provided at predeterm ned regular intervals
around the large well 3.

[ 0033]

Alifting pi pe (not shown in the draw ngs) on t he ground
is connected to the i nner channel 32 which is connected to the
[ifting punp 31 provided at the bottomof the large well 3, and
a suction pipe connected to a vacuum punp (not shown in the
drawi ngs) on the ground i s al so connected to the | arge wel | 3.

Water and air i nthe ground are suckedintothel arge well
3bytheliftingpunp3landthevacuumpunpthroughthestrainers
30 which are respectively provided at a | ower and a mddle
position of the well.

[ 0034]

Each of the small wells 4 is connected to the air feed
channel 46 connected to the | arge conpressor 45 on t he ground.

Air is fed into each of the small wells 4 by the |arge
conpressor 45andtheair isfedunder pressurethroughthel ower
end into the ground.

[ 0035]

The small well 4 is, specifically, a bore channel held
by t he bori ng machi ne 5, and bor es down by a predet erm ned dept h
by t he bori ng machine 5 and then conti nuousl y f eeds conpressed
air by the | arge conpressor 45.

Thereafter, as indicated by an arrow, t he boring machi ne

5slides up the small well 4 by approxi mately 0.5 meach step,
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whil e the conpressor continuously feeds air in a back step
manner .
[ 0036]

The above described pressure feeding of air into the
ground throughthe nultiple (four, intheillustrated exanple)
small wells 4 circularly provided at predetermned regul ar
i nterval s and t he sucti on of water and air i nthe groundthrough
thelargewell 3locatedinthecenter arerepeatedly perforned,
andthe smal|l wel |l s 4 are noved upward i n a st epwi se manner whil e

feeding air into the ground.

[ 0037]

Inthis manner, the small wells 4 for conpressed air can
achi eve reductioninwell oss L and | oweri ng of a water | evel
as illustrated in the draw ng.

[ 0038]

<Third Aspect >

Athird aspect of the present i nvention uses air pressure
generated by a conpressor for the conpacti on of soft ground.

Furthernore, the above wel | i s al sousedas anair suction
channel for assistingthe process described in Patent docunent
1, to produce the sanme effects as those brought about by nany
large wells such as SWP wells, leading to effects such as
facilitation of uniformvacuumevaporationin anentiretarget
ar ea.

Mor eover, since ef fects can be expected w t hout providi ng

many | arge wel I s such as wel I s associ ated wi th the SWP net hod,
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substantial cost reduction can be expect ed.

In this nethod, with a single small well, both of air
f eeding and suction can be perforned.

[ 0039]
"Installation of Small Wells"

A small well is typically a rod used to dig to a
predeterm ned depth, that is, theroditself is used as a snall
wel | after digging.

The material s of the well include aboringrodand a st eel
pi pe such as a gas tube having a sim/lar shape and processed
into a single purpose rod.

The tip of the well is provided with a cenented carbide
bit, which leads to boring with the nearly same diameter (¢ is
approximately equal to 40 to 50 nmm).

As a result, in pressure feeding and suction of air, a
packer (blow preventing material) and such like are not
necessary since thereis no cl earance between the well and the
natural ground, leading to easy installnment and high cost
per f or mance.

Furthernore, after boring, theroditself can be used as
a channel for pressure feeding and air suction, and thus tine
and cost can be reduced.

[ 0040]
"Installation of Mobile Small Wlls"
(Third Enbodi nment)

FIG 3 illustrates a method according to a third



14

enbodi mrent of the present invention. Reference nuneral 6
denotes asnall well (boringrod), 61 denotes a cenent ed car bi de
bit, 65 denotes a plunger punp, 66 denotes an air/water feed
channel, and 7 denotes a boring nachi ne.

[ 0041]

As illustrated in the drawing, nmultiple (two, in the
il lustratedexanple) small wel | s are provi ded by t he bori ngrods
6 in place of the small wells 4 of the second enbodi nent.

That is, each of the boring rods 6 is holl ow and has a
cenented carbide bit 61 at its lower end (tip). Therod 6 is
hel d by the boring machine 7 and i s extended by screw joints,
dependi ng on the progress of boring.

[ 0042]

The nul tiple boring rods 6 are respectively connected to
the air/water feed channel s 66 connected to the pl unger punp
65 on the ground.

Air and wat er are fed by the pl unger punp 65intothe snall
well's 6 consisting of the nultiple boring rods, and sent under
pressure into the ground through the | ower ends of the wells.
[ 0043]

As descri bed above, simlarly to the second enbodi nent,
t he bori ng machine 7 bores by a predeterm ned depth with the
multiplesmall wells (boringrods) 6, and then the pl unger punp
65 conti nuously feeds conpressed air and water. Thereafter,
t he boring machine 7 slides up the small wells (boring rods)

6 by approximately 0.5 meach step, while air and water are
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continuously fed in a back step nanner
[ 0044]
"Installation of Stationary Small Wlls"

A stationary small well described below, which is
installed in the sane manner as in the above nmobile well, can
al so provi de stepw se pressure feedi ng using inner channels
after the install nent.

[ 0045]
(Fourth Enmbodi nent)

FIG 4 illustrates a nethod according to a fourth
enbodi mrent of the present invention. Reference nuneral 8
denotes asnmall well, 81 denotes an air vent, 85 denotes al arge
conpressor, and 86 denotes an air feed channel
[ 0046]

As illustrated in the drawing, the small well 8 is
installedinplaceof thesmall wells 4 of thesecondenbodi nent.

The small well 8 has nultiple air vents 81 provided at
each depth stage and i ncludes multiple (two, intheillustrated
exanpl e) air feed channels 86 therein connected to the | arge
conpressor 85 on the ground.

Air is fed under pressureinto the ground throughthe air
vents 81 whi ch are | ocat ed under the | ower end of the air feed
channel s 86.

[0047]
As descri bed above, simlarly to the second enbodi nent,

the multipleair feed channels 86 inthe small well 8 are noved
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upward i n astepw se nanner, whileair iscontinuouslyfedunder
pressureintothegroundthroughtheair vents 81 under t he |l ower
end of the air feed channels 86.

[ 0048]

"Air Suction with Stationary Small Well"

The wel | perforns air suctionas awholeinanair suction
node.

[ 0049]
(Fifth Enbodi ment)

FIG 5 illustrates a nmethod according to a fifth
enbodi rent of the present invention. Reference nuneral 9
denotes a snmall well, 90 denotes a filter, 91 denotes an air
vent, 95 denot es avortex punp, 96 denot es an ai r sucti on channel ,
and 97 denotes a cover.

[ 0050]

As illustrated in the drawing, the small well 9 is
installedinplace of thelargewell 3 of the second enbodi nent.

The small well 9 includes the 3D (three-di nmensional)
filter 90 at abottomapertureandnul ti pleair vents 91 provi ded
at each depth stage, and the upper end of the small well 9 is
cl osedwi ththetopcover 97 whichis connectedtotheair suction
channel s 96 connected to the vortex punp 95 on the ground.

[ 0051]

The three-dinmensional filter 90 at the bottomaperture

of the small well 9 allows for water feedi ng during the boring

and for prevention of inflowof earth and sand even during the
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suction.

Each of the air vents 91 has a pore size of approxi mately
1.5to 3.5 nmin dianeter for the prevention of sand infl ow
[ 0052]

As descri bed above, simlarly to the second enbodi nent,
with the small well 9, water and air in the ground are
conti nuously sucked t hrough t he t hree-di nensi onal filter 90 at
t he bottomaperture and the nultiple air vents 91 provi ded at
each depth stage.

[ 0053]

The functional effects by the small well will now be

descri bed.
[ 0054]
"Use of Small Well for Suction Evaporation”

Wthout wusing a large well for vacuum evaporation
facilitation, the small well allows sufficient air to be sucked
to create a vacuum resulting in substantial cost reduction

Furt hernore, al arge nunber of suchsmall wellsinstalled
inanentire area can prevent unevenness of vacuumdryi ng and
purification.

[ 0055]
"Use of Conpressed Air as Prel oad"

By t he pressure feeding of air fromthe conpressor into
cohesi ve soil and a sand stratumunder the soil, the residual
pressurerenmai nsintheground, though sone air bl owwoul d reach

t he ground surface.
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The residual pressure Pis as much as 3.0 to 7.0 kg/ cn¥,
conpar abl e t o an enbanknent | oadi ng WP of 30 to 70 t/ nf and al so
to an enbanknment height H of a |oaded enbanknent which is
approximately 18 to 41 m resulting in considerable and
ef fective conpression stress.

The pore water pressure of vacuum evaporated soil is
slight, which |leads to ready conpacti on.

Furthernore, the stepw se conpression can | ead to tight
conpacti on.

Al t hough an enbanknent gener at es great | oadi ng stress at
t he ground surface, the stress decreases with an increasing
di stance fromthe surface due to a di spersed | oad.

In addition, direct air blow can be nade at the area,
achi eving rapid and even purification.

[ 0056]

"Effective for Liquefaction Prevention”

1) At the sand stratum vacuum evaporation and the foll ow ng
conpressed air feeding generates trapped air occupyi ng 5% or
nore of the interstices, which is effective for |iquefaction
preventi on.

2) According to the above operations, the rel ative density of
sand i s increased by cleaning effect, which is effective for
i quefaction prevention

The cohesive soil is al so strengthened for the effect by
the process in Patent docunent 1, which is effective for

i quefaction prevention
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[ 0057]
"Di sadvant age"

The unsat ur at ed ground caused by t he SWP et hod | ower i ng
a water |evel includes pore water and attached water; hence,
t he suction by a vortex bl ower, an oi | vacuumpunp and such | i ke
t hrough suction holes (underground suction pipes) causes
cavitation in the vortex blower and such like by the water
evaporated to be sucked, resulting in failure of the vortex
bl ower and vacuum punp due to a heated punp and a swel | ed and
| ocked rotary fan. Thereafter, suction cannot be perf ornmed.
[ 0058]

(Si xth Enbodi ment)

FIG 6 illustrates a method according to a sixth
enbodi nent of t he present i nvention, whileFIG 7is anenl arged
view of ground facilities in FIG 6. Reference nunmeral 101
denotes a large well, 102 denotes a strainer, 103 denotes a
[ifting punp, 104 denotes an i nner channel, 105 denotes an air
suction channel, 106 denotes a vacuum punp, 107 denotes a
sucti on channel , 108 denot es an ai r sucti on channel , 109 denot es
avortex blower, 111 denotes asnall well, 112 denotes a sucti on
channel, 113 denotes a gas-liquid separation apparatus, 114
denotes a gas-liquid separation filter, 115 denotes an air
suction channel, and 116 denotes a water feed channel .

[ 0059]
As illustrated in the drawing, one large well 101

associated with the SWP nethod and one small well 111 are
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installed at a predeterm ned distance in a target area of the
gr ound.
[ 0060]

The | arge well 101 includes an i nner channel 104 which
has strai ners 102 respecti vely provi ded at al ower and a nm ddl e
positions and a lifting punp 103 at a bottom position and a
suction channel 107 along the inner channel 104.

The inner channel 104 is connected to a water lifting
channel (not shown in the drawi ngs) on the ground and to the
vacuum punp 106 via the air suction channel 105.

Water and air i nthe ground are sucked into thel arge wel
3bytheliftingpunp 103 and t he vacuumpunp 106, respectively,
t hrough the Iower and m ddle strainers 102.

[ 0061]

The suction channel 107 i s connected to the vortex bl ower
109 via the air suction channel 108 on the ground. The vortex
bl ower 109 sucks only air.

[ 0062]

The small well 111 is connected to the gas-liquid
separation apparatus 113 via the suction channel 112 on the
ground. The gas-Iliquid separation apparatus 113 i ncl udes the
gas-liquid separation filter 114 therein.

In addition, the top of the gas-liquid separation
apparatus 113 is connectedto the vortex bl ower 109 viathe air
suction channel 115, while the bottomis connected to the inner

channel 104 via the water feed channel 116.
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[ 0063]
"Suction from Peri phery of Large Well (SwW,) 101"

The sucti on channel 107, whichis prelimnarily provided
along the large well (SWP) 101 for gas-liquid separation, puts
the inside of well filters (strainers 102) under negative
pressure; hence, air suction through the filters (strainers
102) by the vortex blower 109 can facilitate the vacuum
evaporation of an unsaturated zone of the ground.

The vacuum degree in the SW well is as high as
approximately Pv =-0.04to -0.085 MPa, so that water i s sucked
t hrough the well, while the vacuumdegree in the vortex i s as
lowas Pv =-0.02to -0.035 MPa. This difference in pressure
al l ows the vortex bl ower 109tosuckmainlyair inlargeanounts,
facilitating vacuum evaporati on.

[ 0064]
"Suction Systemof Small Well 111"

Di rect suctionfromanunsaturatedzoneinthegroundwth
t he sucti on channel 107 and the snall well 111 woul d suck wat er
vapor as described above, resulting in failure of the vortex
bl ower 109 and such |ike.

For thi s reason, the gas-1iquid separation apparatus 113
i s provided between the snmall well 111 and the vortex bl ower
109 soastoallowfor continuous suctionof air intothe vortex
bl ower 109 and water into the SWPwell and i nto t he vacuumpunp
106.

[ 0065]
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An ordinary gas-liquid separation apparatus directly
sucks water with a punp when the water | evel rises inthe tank.

Incontrast, inthe gas-1iquid separation apparatus 113,
despitethesuction of water through pi nhol es wi t h hi ghnegative
pressure on the bottomof the tank, the negative pressure has
no i nfl uence on t he negative pressure of the vortex bl ower 109
because the anmount of water suction is small.
[ 0066]

As descri bed above, according to the sixth enbodi nent,
t he vortex bl ower 109 appl i es vacuum(negati ve pressure) tothe
t op of a sand strat umand cohesi ve soil withthe sucti on channel
107 and the small well 111

This | owers the boiling point of water, resultinginthe
expansi on of the pore water into water vapor, which is then
sucked to be emitted to the ground surface t hrough the suction
channel 107 andthe small wel | 111, | eadi ngto dry of the ground.

The porewater pressureat thistinmeisnegative pressure
hence, excess pore pressure is prevented in the event of

eart hquake, which can contribute to |iquefaction prevention.

| NDUSTRI AL APPLI CABI LI TY
[ 0067]

The present invention can be used for assisting soft
ground i nprovenent and soi | purification by vacuumevaporati on
facilitation and can be utilized to facilitate even and rapid

i nprovenent and purification of an entire target area to be
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i mproved.

EXPLANATI ON OF REFERENCE NUMERALS

[ 0068]

1 well for feeding water and conpressed air
10 strainer

11 wat er tank

12 wat er punp

13 wat er pi pe

15 | arge conpressor

16 air feed channel

2 well for water lifting and air suction
20 strainer

21 [ifting punp

22 i nner channe

23 lifting pipe

25 vacuum punp

26 suction channe
3 | arge wel |

30 strainer

31 [ifting punp

32 i nner channe

4 smal | wel |

45 | arge conpressor
46 air feed channel

5 bori ng machi ne



6 smal | well (boring rod)
61 cenent ed carbi de bit

65 pl unger punp

66 air/water feed channe
7 bori ng machi ne

8 smal | wel |

81 air vent

85 | arge conpressor

86 air feed channel

9 smal | wel |

90 filter

91 air vent

95 vortex punp

96 air suction channel
97 cover
101 large well

102 strainer

103 lifting punp

104 inner channe

105 air suction channel
106  vacuum punp

107 suction channe

108 air suction channel
109 vortex bl ower

111 small well

112 sucti on channe
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114
115
116
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gas-liquid separation apparatus
gas-liquid separation filter
ai r suction channel

wat er feed channel
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CLAI M5

1. A soil inprovenent nethod, conprising:

providing two wells at a predetermined interval in a
ground;

f eedi ng wat er and ai r under pressure fromone of thewells
into the ground t hrough a strainer at a | ower position of the
one well; and

sucking water and air in the ground fromthe other well

through a strainer at a lower position of the other well.

2. The soil inprovenent nethod according to claim1,
wher ei n

a wat er punp feeds the water and a conpressor feeds the
air into the one well, and

alifting punp punps up the water and a vacuumpunp sucks

the air fromthe other well

3. The soil inprovenent nethod according to claim1,
wher ei n t he feedi ng of the wat er and t he ai r under pressure from
the one well into the ground and the sucking of the water and
the air in the ground from the other well are repeatedly

per f or ned.

4. A soil inprovenment nethod, conpri sing:

providingalargewell inagroundandaplurality of small
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wel |l s at predeterm ned intervals around the | arge well in the
ground;

feeding air under pressure fromlower portions of the
small wells into the ground; and

sucking water and air in the ground fromthe | arge wel |

through a strainer at a lower position of the |arge well.

5. The soil inprovenent nethod according to claim4,
wher ei n

a conpressor or a plunger punp feeds the air to each of
the small wells, and

alifting punp punps up the water and a vacuumpunp sucks

the air fromthe | arge well

6. The soil inprovenent nethod according to claim4,
wherein, while the small wells are stepw se noved up, the
feeding of the air under pressure fromthe | ower portions of
the small wells into the ground and the sucki ng of the water
and the air inthe ground fromthe large well are repeatedly

per f or ned.
7. The soil inprovenment nethod according to claim4,
wherein a boring machine bores with a bore channel by a

predeterm ned depth to establish each of the small wells.

8. The soil inprovenent nethod according to claimb5,
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further conprising:

providingair feed hol es at predeterm neddepthinterval s
in the small wells;

installing air feed channels in the small wells; and

feeding the air under pressure into the ground through
the air feed holes while stepwise noving up the air feed

channel s.

9. A soil inprovenent nethod, conprising:

providing two smal |l wells at a predeterm nedinterval in
a ground;

feeding air under pressure fromone of the small wells
into the ground; and

sucking air in the ground fromthe other small well.

10. The soil inprovenent nethod according to claim9,
wher ei n

air suction holes are provided at predeterm ned depth
intervals in the other small well, and

a vortex punp sucks the air into the other small well.

11. A soil inprovenent nethod, conprising:

providingalargewell andasnall well at a predeterm ned
interval in a ground,

sucking water and air in the ground fromthe | arge wel |

t hrough a strainer at a | ower position of the Iarge well and
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sucking air froma periphery of the strainer; and

sucking air in the ground through a | ower portion of the

smal | well.
12. The soil inprovenent nethod according to claima1ll,
wher ei n

alifting punp punps up the water and a vacuumpunp sucks
the air fromthe large well, and
a vortex bl ower sucks the air fromthe periphery of the

strainer and fromthe small well.

13. The soil inprovenent nethod according to claim1l2,
wherei nagas-liquidseparati onapparatusis providedinanair

suction path fromthe small well to the vortex bl ower.

14. The soil inprovenent nethod according to clai m13,
wher ei n wat er separat ed by t he gas-|iqui d separati on appar at us

is fed into a water lifting path fromthe large well to the

[ifting punp.



