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DESCRIPTION 

 

METHOD FOR IMPROVING GROUND 

 

TECHNICAL FIELD 

[0001] 

The present invention relates to a ground improvement 

technology that forms an underground consolidated body by 

cutting (in-situ) soil in the ground to be improved and mixing 

water and a solidification material such as cement and agitating 

a mixture thereof. 

 

BACKGROUND 

[0002] 

A technology for forming an underground consolidated body 

of a cylindrical shape by drilling a drilling hole in a ground 

to be improved, moving (pulling up or pushing down) a jet device 

in a vertical direction by rotating the same while the jet device 

is inserted into the drilling hole and a high-pressure fluid 

such as water is injected in an outward radial direction from 

the jet device to cut an in-situ soil, and by mixing the cut 

soil and a solidification material such as a cement and 

agitating a mixture thereof by injecting or delivering the 

solidification material to the soil has widely been known (e.g. 

Patent Document 1). 

In order to improve the strength (quality) of an 

underground consolidated body formed, it is preferable that the 

ratio of water to a solidification material (a cement) to be 

fed (W/C) be low, or the solidification material be so called 

“rich-mixed.” 
[0003] 

However, a lower W/C might lead to more viscosity of a 

mixture of water and a cement, thereby blocking a carrying 

passage from a cement feed source to a jet device. Thus, it is 

difficult to carry a solidification material to the jet device. 

In addition, all of a solidification material injected 
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from a jet device is not solidified underground and large 

amounts of the solidification material are discharged above the 

ground as a slurry.   In fact, such a solidification material 

must be treated as an industrial waste.   Also, if a 

solidification material is “rich-mixed” with a low W/C, large 
amounts of the solidification material will be treated as an 

industrial waste, resulting in an increase in construction 

costs accordingly. 

From the above described reasons, use of a “lean-mixed” 
solidification material with a W/C of 100% or more has been 

essential in a prior art. 

 

PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0004] 

Patent Document 1: JP-A-7-331652 

 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0005] 

The present invention was created in view of the above 

situation, and has an object to provide a a method for improving 

ground being capable for improving the strength or quality of 

an underground consolidated body formed by reducing the ratio 

of water to a “rich-mixed” solidification material (a cement) 
(W/C), assuredly carrying the solidification material from a 

feed source to a jet device, and reducing the amount of the 

solidification material treated as an industrial waste. 

 

MEANS FOR SOLVING THE PROBLEM 

[0006] 

A method for improving ground of the present invention 

comprises: a step of drilling a drilling hole (H) in a ground 

to be improved (G); a step of moving (pulling up) a jet device 

(1) in a vertical direction by rotating the same while the jet 

device (1) is inserted into the drilling hole(H) and a fluid 
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for cutting the ground(G) (a stable liquid or a partition 

forming material)is injected from the jet device (1); and a step 

of injecting a solidification material from the jet device (1), 

wherein said step of moving (pulling up) the jet device (1) in 

a vertical direction by rotating the same while the fluid (the 

stable liquid or the partition forming material) for cutting 

the ground(G) is injected from the jet device (1) comprises: 

a step of cutting the ground(G) by injecting the partition 

forming material; and a step of injecting a solidification 

material (C) while the ground(G) is cut by injecting the stable 

liquid after injecting the partition forming material. 

[0007] 

The method for improving ground of the present invention 

preferably comprises: a step of collecting a mixture of a stable 

liquid discharged above the ground and a cut soil (S: slurry) 

by a slurry collecting structure (2); and a step of carrying 

the slurry (S) collected by the slurry collecting structure (2) 

to a slurry treating structure (4) and adding an enzyme (E: a 

cellulose decomposition enzyme such as “cellulase”) from an 
enzyme feed source (5). 

[0008] 

In addition, the method for improving ground of the 

present invention can be applied to purify contaminated water, 

which comprises: a step of drilling a drilling hole (H) in a 

ground to be improved (G); and a step of moving (pulling up) 

a jet device (1) in a vertical direction by rotating or pivoting 

the same while the jet device (1) is inserted into the drilling 

hole(H) and a fluid (a stable liquid or a partition forming 

material) for cutting the ground(G) is injected from the jet 

device (1); the fluid is injected injects zeolite from the jet 

device (1) in said step of moving the jet device (1) in a vertical 

direction. 

 

EFFECT OF THE INVENTION 

[0009] 

The method for improving ground of the present invention 
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comprising the above steps can improve the strength(quality)of 

an underground consolidated body formed from a rich-mixed 

solidification material whose ratio of water to a cement (W/C) 

ranges from 26% to 40%, compared to the strength of an 

underground consolidated body formed with a conventional 

lean-mixed solidification material. 

Herein, a solidification material (a rich-mixed 

solidification material whose W/C ranges from 26% to 40%) 

contains a high fluidity, and an increase in the viscosity of 

even a rich-mixed solidification material is reduced.   Thus, 

the method for improving ground of the present invention can 

carry a rich-mixed solidification material by means of a pump 

for carrying a lean-mixed solidification material used in a 

prior art. 

[0010] 

According to the present invention, if a partition 

forming material is injected prior to a step of cutting soil 

with a stable liquid, a separation layer (LD) composed of the 

partition forming material is formed between a layer (LW) of 

a mixture of the stable liquid and a cut soil and a layer (LC) 

of a rich-mixed solidification material. 

By using the separation layer (LD: the layer composed of 

the partition forming material), the rich-mixed solidification 

material injected underground can reduce contact with the 

mixture of the stable liquid and the cut soil. 

Therefore, only the mixture of the stable liquid and the 

cut soil is discharged above the ground as a slurry (S), and 

the rich-mixed solidification material is scarcely discharged 

above the ground.   Specifically, the layer of the partition 

forming material(LD: the separation layer) can reduce discharge 

of the solidification material injected underground above the 

ground. 

Since discharge of the solidification material above the 

ground as a slurry (S) is reduced, the method for improving 

ground of the present invention can reduce the amount of a 

solidification material discharged above the ground as a slurry 
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(S) in comparison with a prior art, thereby saving construction 

costs accordingly. 

[0011] 

The method for improving ground of the present invention 

can collect a mixture of a stable liquid and a cut soil (S: 

slurry)ejected above the ground by including a step of 

collecting the slurry (S) discharged above the ground by a 

slurry collecting structure (2).Therefore, it is possible to 

prevent the slurry (S) from dispersing around a construction 

site and working conditions from deteriorating. 

In addition, by including a step of carrying the slurry 

(S) collected by the slurry collecting structure (2) to a slurry 

treating structure (4) and adding an enzyme (E: a cellulose 

decomposition enzyme such as “cellulase”) from an enzyme feed 
source (5), the slurry (S) as a mixed solution of the stable 

liquid and the cut soil will turn into a mixed solution of only 

water and soil after guar gum (a natural water-soluble polymer 

material) in the stable liquid is degraded by the cellulose 

decomposition enzyme (E). Herein, since the method for 

improving ground of the present invention is not required to 

treat a slurry as an industrial waste, if it is a mixed solution 

of only water and soil, it is not necessary to transport by land 

the slurry to a treating facility accordingly, as opposed to 

a prior art. 

[0012] 

In a step of moving (pulling up) a jet device (1) in a 

vertical direction by rotating or pivoting the same while a 

fluid for cutting the ground(G)(a stable liquid or a partition 

forming material) is injected from the jet device (1) according 

to the present invention, zeolite is injected from the jet 

device (1) to form a zeolite layer (LZ: a zeolite bottom 

slab)underground. 

When said zeolite bottom slab (LZ) is placed underground 

at an outflow (leakage)passage or a diffusion passage of a 

ground water (WG)contaminated with a radioactive material in 

an adjacent facility such as a reactor building (21),the ground 
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water (WG)contaminated with the radioactive material that flows 

out or diffuses underground from the reactor building (21) or 

others comes into said zeolite bottom slab (LZ) in the process 

of underground outflow or diffusion and passes (or 

transmits)said zeolite bottom slab (LZ). 

In the process of the ground water (WG) to pass (transmit) 

the zeolite bottom slab (LZ), most cesium mainly contained in 

the radioactive material is adsorbed by zeolite to be removed 

from the ground water.   Consequently, the concentration of the 

radioactive material in the ground water that passes 

(transmits) said zeolite bottom slab (LZ) is significantly 

reduced to a “standard value” or less.   Specifically, the 
method for improving ground of the present invention also serves 

as a method for purifying ground water contaminated with a 

radioactive material. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] 

Fig. 1 is a schematic view showing an embodiment of the present 

invention; 

Fig. 2 is a process drawing showing a first step for 

implementing an embodiment; 

Fig. 3 is a process drawing showing a step following a step 

shown in Fig. 2; 

Fig. 4 is a cross sectional view of a jet device   taken from 

line A-A of Fig. 3; 

Fig. 5 is a process drawing showing a step following a step 

shown in Fig. 3; 

Fig. 6 is process drawing showing a step following a step shown 

in Fig. 5; 

Fig. 7 is a flow chart showing the procedures shown in Figs. 

2 to 6; 

Fig. 8 is a view showing the problem to be solved by the another 

embodiment of the present invention; 

Fig. 9 is a schematic view showing another embodiment of the 

present invention; and 
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Fig. 10 is a process drawing showing a step of another 

embodiment of the present invention. 

 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] 

An embodiment of the present invention will be described 

with reference to the drawings. 

First, an apparatus required for implementing an 

embodiment for the method for improving ground will be described 

with reference to Fig. 1. 

In Fig. 1, the ground to which the method for improving 

ground of the present invention is applied is denoted by a symbol 

G. A rod-shaped jet device 1 is inserted into a drilling hole 

H drilled in a ground G. 

Herein, a installing mechanism 6 shown by dotted line in 

Fig. 1 is an apparatus for inserting (installing) the jet device 

1 into the drilling hole H. 

[0015] 

The jet device 1 is a double-pipe structure (Fig. 4, not 

shown in Fig. 1 in detail). In Fig. 4, an inner space of an inner 

pipe 15 provides a flow passage for feeding a rich-mixed 

solidification material.   An annular space between the inner 

pipe 15 and an outer pipe 16 provides a flow passage for feeding 

as table liquid or a partition forming material. 

In Fig. 1, a lower end portion of the jet device 1 is 

provided with a discharge port 11 (a jetting port) of a 

solidification material.   A portion which is vertically higher 

than the lower end portion of the jet device 1 is provided with 

a plurality of jetting ports 12such as nozzles (2 jetting ports 

in Fig. 1). 

On a horizontal cross section of the jet device 1, a 

plurality of jetting ports 12 (2 jetting ports in Fig. 1) are 

disposed so as to be symmetrical with respect to the central 

axis in a vertical direction (not shown). A plurality of jetting 

ports 12 are provided to inject the stable liquid or the 

partition forming material. 
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[0016] 

The stable liquid and the partition forming material are 

not simultaneously injected from a plurality of the jetting 

ports 12.As shown in Figs. 5 and 6 and later descriptions, the 

partition forming material is injected from the jetting ports 

12 prior to a step of cutting soil by injecting the stable liquid 

from a plurality of said jetting ports 12. 

As shown in Fig. 1, a separation layer LD composed of a 

mixture of the partition forming material and a cut soil is 

formed between a layer LW of a mixture of the stable liquid and 

the cut soil and a layer LC of a (rich-mixed) solidification 

material. 

In Fig. 1, the separation layer LD composed of the 

partition forming material is formed after a step of forming 

a separation layer LD by injecting the partition forming 

material, and soil is cut by injecting a jet flow J of the stable 

liquid from the jetting ports 12.Herein, the solidification 

material is delivered (injected)from the discharge port 11 at 

a lower end of the jet device 1 to form the layer LC of the 

solidification material. 

[0017] 

In an embodiment shown in drawings, a solution containing 

5% by weight of a viscosity improver such as guar gum of a natural 

water-soluble polymer material is injected from the jet device 

1 and a plurality of the jetting ports 12 as the stable liquid 

to drill soil. 

In an embodiment shown in drawings, the partition forming 

material is a solution containing 5% by weight of a viscosity 

improver such as guar gum of a natural water-soluble polymer 

material and 5% by weight of sodium silicate (water glass).The 

partition forming material is then injected in the soil and 

mixed with field soil to provide a separation layer LD. 

The solidification material is a mixture of water and a 

rich-mixed cement in an embodiment shown in drawings, such as 

a mixture whose W/C ranges from 26% to 40%.The theoretical value 

of W/C is determined at 26% and a lower limit.   On the other 
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hand, inventors of the present invention experimentally failed 

to obtain a desired strength (quality) on an underground 

consolidated body when W/C was over 40%. 

[0018] 

In an embodiment shown in drawings, a high plasticizer 

is added to the solidification material (W/C ranges from 26% 

to 40%).Addition of a high plasticizer can reduce an increase 

in the viscosity of a rich-mixed solidification material whose 

W/C ranges from 26% to 40%, and it is possible to carry the 

rich-mixed solidification material (W/C ranges from 26% to 40%) 

by using a conventional pump for carrying a lean-mixed 

solidification material. 

In an embodiment shown in drawings, 3to 7% by weight of 

polycarboxylic acid-based compound (e.g. Product from TAKEMOTO 

OIL&FAT Co., Ltd. “Chu-po-ru” series) is added to a cement as 
a high fluidity.  Inventors of the present invention 

experimentally added 5% by weight of a polycarboxylic 

acid-based compound to a cement, and found that it is preferable 

in carrying a solidification material of an underground 

consolidated body. 

Inventors of the present invention experimentally found 

that a mixture obtained by mixing 100parts by weight of a cement, 

25parts by weight of water and 5parts by weight of a 

polycarboxylic acid-based compound and agitating a mixture 

thereof can be carried by using a conventional pump for carrying 

a lean-mixed solidification material (W/C is 100% or more). 

[0019] 

In Fig. 1, the jet device 1 is connected to a partition 

forming material feed source 7 via an introduction portion 14 

and a feed line 17, and connected to a stable liquid feed source 

8 via the introduction portion 14 and a feed line 18. The jet 

device 1 is connected to a solidification material feed source 

9 via the introduction portion 13 and a feed line 19. 

A change-over valve 10 is placed on feed lines17, 18 and 

19.By switching the change-over valve 10, the partition forming 

material, the stable liquid and the solidification material are 
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each fed to the jet device 1 or feeding is quenched. 

[0020] 

As shown in Fig. 1, formation of a separation layer LD 

is completed. Soil is cut by injecting the stable liquid, and 

the solidification material is delivered (injected) to form a 

layer LC of the solidification material.   Thus, in Fig. 1, while 

the change-over valve 10 cuts off feeding of the partition 

forming material from a partition forming material feed source 

7 to the jet device 1, the change-over valve 10 is at a switching 

position for feeding the stable liquid from the stable liquid 

feed source 8 to the jet device 1 and the solidification material 

from the solidification material feed source 9 to the jet device 

1. 

In place of the change-over valve 10, the partition 

forming material, the stable liquid and the solidification 

material can be controlled in feed/feed-quenching by ON-OFF 

control of a pump of the partition forming material feed source 

7 (not shown), a pump of the stable liquid feed source 8 (not 

shown), a pump of the solidification material feed source 9 (not 

shown). 

[0021] 

As described above, the jet device is moved(e.g. pulled 

up)in a vertical direction by rotating the same (i.e. rotating 

a inject nozzle in a injecting direction) while high-pressure 

water and a solidification material are injected from the jet 

device.   In this case, a conventional method for improving 

ground subjects a solidification material to reverse flow above 

the ground as a slurry of a mixture of water, soil and a 

solidification material and to discharge above the ground. 

On the other hand, in an embodiment shown in Fig. 1, a 

layer LW of a mixture of the stable liquid and the cut soil and 

a layer LC of a rich-mixed solidification material are divided 

by a layer LD (a separation layer) of a mixture of the partition 

forming material and the cut soil.   Therefore, the layer LD 

of the stable liquid for cutting soil hardly mixes with the layer 

LC of the rich-mixed solidification material via the separation 
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layer LD. 

[0022] 

As the rich-mixed solidification material is injected and 

the size of the solidification material layer LC in a vertical 

direction increases (becomes thick), the layer LD (the 

separation layer) of the partition forming material will move 

upward. 

Consequently, the mixture of the stable liquid and the 

cut soil is discharged above the ground(as a slurry), and excess 

of the solidification material on the solidification material 

layer LC via the separation layer LD to be discharged above the 

ground is reduced or removed. 

Specifically, in an embodiment shown in drawings, 

discharge of the (rich-mixed) solidification material 

delivered (injected) in the soil by the layer LD (the separation 

layer) of the partition forming material above the ground is 

reduced.   Thus, in an embodiment shown in drawings, while a 

slurry discharged (subjected to reverse flow)above the ground 

contains the stable liquid and the cut soil, discharge of the 

solidification material above the ground as a slurry can be 

reduced. 

[0023] 

Herein, the thickness of the layer LD(the separation 

layer) of the partition forming material is equal to a distance 

L in a vertical direction between the discharge port 11 of the 

solidification material (the discharge port at a lower end 

portion of the jet device 1) and the jetting ports 12 for ejecting 

the stable liquid or the partition forming material (a plurality 

of jetting ports provided upward from the discharge port 11). 

The vertical distance L between said discharge port 11 

and the jetting ports 12 is defined as a thickness (the size 

in a vertical direction)required for dividing the layer LW of 

the mixture of the stable liquid and the cut soil and the layer 

LC of the rich-mixed solidification material by the separation 

layer LD composed of the partition forming material and 

preventing the rich-mixed solidification material from mixing 
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with the mixture of the stable liquid and the cut soil. 

In an embodiment shown in drawings, the thickness L (the 

distance in a vertical direction) is determined at 1m. 

[0024] 

A surface portion of the drilling hole H is provided with 

a slurry collecting structure 2. 

In Fig. 1, a slurry is ejected above the ground via a 

sectional annular space between an inner wall surface of the 

drilling hole H and the jet device 1. 

In Fig. 1, the slurry collecting structure 2 collects 

slurry discharged above the ground.   Thus, dispersion of the 

slurry around a construction site and deterioration of working 

conditions can be prevented. 

A known technology may be applied as for the slurry 

collecting structure 2. 

[0025] 

Slurry collected in the slurry collecting structure 2 is 

fed to the slurry treating structure 4 via a slurry carrying 

line 3. An enzyme (a cellulose decomposition enzyme such as 

“cellulase”) is added from an enzyme feed source 5 to the slurry 
fed to the slurry treating structure 4. 

Herein, since a prior art shows that a slurry discharged 

above the ground contains a solidification material, the slurry 

must be treated as an industrial waste.   Nevertheless, as 

described above with reference to Fig. 1, the slurry fed to the 

slurry treating structure 4 is a mixed solution of the stable 

liquid and the cut soil to prevent the solidification material 

from being contained.   Therefore, in Fig. 1, when a cellulose 

decomposition enzyme is added to the slurry fed to a slurry 

treating structure 4, guar gum (a natural water-soluble polymer 

material) in the stable liquid is degraded by the cellulose 

decomposition enzyme and the slurry will turn into a mixed 

solution of water and soil.   This type of solution does not 

correspond to an industrial waste, and it is thus not necessary 

to transport the mixed solution to an treating facility as an 

industrial waste. 
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[0026] 

Subsequently, with reference to Figs. 2 to 7, operational 

processes of the above-mentioned method for improving ground 

will be described. 

Fig. 2 shows that a drilling hole H is drilled in a ground 

G to be improved. A jet device 1 is inserted into the drilling 

hole H. 

In Fig. 2, an internal diameter DH of the drilling hole 

H is larger than an external diameter of the jet device 1to be 

inserted.   Herein, when soil of the ground G is cut with a 

stable liquid, a slurry is discharged (subjected to reverse 

flow)above the ground via a sectional annular space between an 

inner wall surface of the drilling hole H and an outer peripheral 

surface of the jet device 1.   The internal diameter DH of the 

drilling hole H is determined at a value so that the slurry is 

smoothly discharged above the ground. 

The depth of the drilling hole H (LH) is determined 

according to the depth of the soil to be improved. 

[0027] 

In Fig. 3 showing a step following a step shown in Fig. 

2, a rod-shaped jet device 1 is inserted into a drilling hole 

H. When the jet device 1 is inserted into the drilling hole H, 

a known installing mechanism 6 is employed. 

Fig. 4 is a cross sectional view showing jetting ports 

12 of the jet device 1 taken from line A-A of Fig. 3. Fig. 4 

shows only the jet device 1, not a sectional view of the drilling 

hole H. As shown in Fig. 4, the jet device 1 is a double-pipe 

structure composed of an inner pipe 15 and an outer pipe 16. 

A solidification material flows inside the inner pipe 15, and 

a stable liquid or a partition forming material flows via a space 

between the inner pipe 15 and the outer pipe 16. 

In fact, the stable liquid or the partition forming 

material is not simultaneously injected.   Either of them is 

injected according to a corresponding step.   An introduction 

portion 14 of the stable liquid or the partition forming 

material is connected to a plurality of jetting ports 12 via 
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an annular space (Fig. 4) between the inner pipe 15 and the outer 

pipe 16 of the jet device 1 and a pipe (not shown). 

[0028] 

Fig. 3 shows that the jet device 1 is inserted into the 

drilling hole H, and none of the solidification material, the 

stable liquid or the partition forming material are injected 

or delivered in the soil. 

Upon injecting of the stable liquid or the partition 

forming material, in order to pull upwardly the jet device 1 

by rotating the same on a central axis in a longitudinal 

direction, structures (a rotating structure and a lifting 

structure, not-shown in drawings) are provided in the 

installing mechanism 6. 

In Fig. 3, a slurry collecting structure 2 provided at 

a surface portion of the drilling hole H is connected to an 

annular space between an inner wall surface of the drilling hole 

H and an outer peripheral surface of the jet device 1 to collect 

a slurry ejected above the ground.   The slurry collecting 

structure 2 is operated by a drive mechanism (not shown). 

[0029] 

Fig. 5 is a process drawing showing a step following a 

step shown in Fig. 3 and shows that a partition forming material 

is injected to cut a ground G.   In Figs. 5 and 6, a installing 

mechanism 6 is not shown. 

In Fig. 5, the partition forming material is introduced 

at an introduction portion 14 to the jet device 1 from a partition 

forming material feed source 7 via a change-over valve 10 and 

a feed line 17.The partition forming material is injected 

underground from a plurality of jetting ports 12in an outward 

radial direction as a jet flow J via an annular space (Fig. 4) 

between an inner pipe 15 and an outer pipe 16. 

Thereafter, the jet device 1 injects the jet flow J of 

the partition forming material to cut the ground G, and moves 

(pulls up)in a vertical direction by rotating the same.   

Consequently, a layer LD(a separation layer) of a mixture of 

the partition forming material and a cut soil is formed. As 
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described with reference to Fig. 1, prior to a step of cutting 

the soil by injecting the stable liquid, the partition forming 

material is injected to form a separation layer LD composed of 

the partition forming material so as not to mix but separate 

an layer LW of a mixture of the stable liquid and the cut soil 

and a layer LC of a solidification material. 

[0030] 

As shown in Fig. 5, in a step of cutting a ground G by 

injecting the partition forming material, a change-over valve 

10 is opened only in a feed line 17 from a partition forming 

material feed source 7 to the jet device 1 and closed in feed 

lines18 and 19 from a stable liquid feed source 8 and a 

solidification material feed source 9 to the jet device 1.Thus, 

only the partition forming material is fed to the jet device 

1, and the stable liquid and the solidification material are 

not fed to the jet device 1. 

Herein, in a step of cutting the ground G by injecting 

the partition forming material, a slurry as a mixture of the 

partition forming material and a cut soil is generated and 

subjected to reverse flow above the ground.   Slurry subjected 

to reverse flow above the ground is collected by the slurry 

collecting structure 2. 

[0031] 

If the jet device 1 is pulled up until the thickness of 

the layer LD(the separation layer)of the partition forming 

material comes to a specific size L (the thickness required for 

dividing the layer LW of a mixture of the stable liquid and the 

cut soil and a rich-mixed layer LC of the solidification material 

and reducing mixture with a mixture of the stable liquid and 

the cut soil by the rich-mixed solidification material: 1m in 

an embodiment shown in drawings), a step shown in Fig. 5 will 

be completed and a step shown in Fig. 6 will be started. 

In a step shown in Fig. 6, the solidification material 

is injected while the ground G is cut by injecting the stable 

liquid.   In a step shown in Fig. 6, while the change-over valve 

10cuts off a feed line L17 from the partition forming material 
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feed source 7 to the jet device 1, it opens a feed line L18 from 

the stable liquid feed source 8 to the jet device 1 and a feed 

line L19 from a solidification material feed source 9 to the 

jet device 1. 

Accordingly, the stable liquid fed via the change-over 

valve 10 in the feed line 18 from the stable liquid feed source 

8 is injected in an outward radial direction in underground from 

a plurality of jetting ports 12 via an annular space (Fig. 4) 

between an inner pipe 15 and an outer pipe 16 from an upper 

introduction portion 14 of the jet device 1. The solidification 

material is introduced into the jet device 1 from an 

solidification material introduction portion 13 upward from the 

jet device 1 via a feed line 19 and the change-over valve 10 

from the solidification material feed source 9, and delivered 

underground from a discharge port 11 via an internal space of 

the inner pipe 15 (Fig. 4). 

[0032] 

The stable liquid is injected from the jet device 1 as 

a jet flow J to cut a ground G.   The jet device 1 is pulled 

up in an upward vertical direction by rotating the same. 

Meanwhile, the solidification material is delivered 

(injected) from the discharge port 11 provided at a lower end 

of the jet device 1.   Thereafter, an in-situ soil and the 

solidification material are mixed to form an underground 

consolidated body. 

[0033] 

The stable liquid is injected underground from the jet 

device 1 to cut and agitate the ground G, and the jet device 

1 is pulled up in a vertical direction by rotating the same on 

an axis of the jet device 1 to form the layer LW of a mixture 

of the stable liquid and the cut soil.   Then, the 

solidification material is delivered (injected)underground 

from the jet device 1 to form the layer LC of the solidification 

material (an underground consolidated body). 

As described above, since the separation layer LD composed 

of the partition forming material is placed between the layer 
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LW of a mixture of the stable liquid and the cut soil and the 

layer LC of the solidification material, mixture of the layer 

LW of a mixture of the stable liquid and the cut soil and the 

layer LC of the solidification material are not mixed. 

[0034] 

As the solidification material is continuously delivered 

(injected) from the jet device 1 and the size of the layer LC 

of the solidification material in a vertical direction 

increases (becomes thick), the layer of the partition forming 

material (the separation layer LD) will move upward. 

Thus, a slurry (a mixture of the stable liquid and the 

cut soil) is discharged above the ground only from an upper 

region of the separation layer LD composed of the partition 

forming material, or the layer LW of a mixture of the stable 

liquid and the cut soil.   A rich-mixed solidification material 

in the layer LC of the solidification material is scarcely 

discharged above the ground. 

[0035] 

Since the solidification material is not discharged above 

the ground in a step shown in Fig. 6, a slurry collected by a 

slurry collecting structure 2 is enzyme-degraded by the slurry 

treating structure 4, and it will turn into a mixture of soil 

and water.   Accordingly, the trouble of treating the same by 

using a dedicated treating facility can be saved as an 

industrial waste. 

The step shown in Fig. 6 is continued until the layer LC 

of the solidification material (the underground consolidated 

body) comes above the ground and a size of an underground 

consolidated body in a vertical direction reaches a 

predetermined value. 

[0036] 

Fig. 7 is a flow chart showing steps shown in Figs. 2 to 

6. 

With reference to the flow chart in Fig. 7 in particular 

and Figs. 2 to 6, construction procedures of the embodiment 

shown in drawings will be described. 
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In Fig. 7, in step S1, a change-over valve 10 is switched 

to open only a feed line 17 from a partition forming material 

feed source 7 to the jet device 1, and a feed line 18 from a 

stable liquid feed source 8 and a feed line 19 from a 

solidification material feed source 9 are closed to feed a 

partition forming material to the jet device 1.Then, while a 

partition forming material is injected underground from jetting 

ports 12, the jet device 1 is pulled up in a vertical direction 

by rotating the same, thereby forming a separation layer LD 

composed of the partition forming material.   Thereafter, the 

process proceeds to step S2. 

[0037] 

In stepS2, whether the thickness of the separation layer 

LD composed of the partition forming material reaches a required 

thickness (a size in a vertical direction L: predetermined size) 

or not is determined.   In other words, in stepS2, whether the 

amount of pulling up the jet device 1 is a predetermined size 

L or more or not is determined. 

If the amount of pulling up the jet device 1 (the thickness 

of the separation layer LD) is less than the thickness L required 

for the separation layer LD(step S2 is determined “NO”), the 
process will return to step S1 to continue a step of injecting 

the partition forming material and cutting the ground G to form 

the separation layer LD. 

On the other hand, the amount of pulling up the jet device 

1 (the thickness of the separation layer LD)is the thickness 

L required for the separation layer LD or more (step S2 is 

determined “YES”), the process will proceed to step S3. 
[0038] 

In stepS3, the change-over valve 10 is switched to close 

a feed line 17 from a partition forming material feed source 

7 to the jet device 1 and to open a feed line 18 from a stable 

liquid feed source 8 to the jet device 1 and a feed line 19 from 

a solidification material feed source 9 to the jet device 

1.Accordingly, injecting of the partition forming material is 

quenched, and the stable liquid is injected in a horizontal 
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direction to deliver a solidification material. 

Thereafter, the jet device 1 is pulled up in a vertical 

direction by rotating the same while the stable liquid is 

injected to cut the ground G.At the same time, the 

solidification material is delivered (injected) from a 

discharge port 11provided at a lower end of the jet device 1, 

and it is mixed with a cut in-situ soil to form an underground 

consolidated body. 

[0039] 

A slurry (a mixed fluid of the stable liquid and the cut 

soil) generated in step S3 is collected above the ground by using 

a collecting structure 2, carried to a slurry treating structure 

4 by using a slurry carrying line 3, and an enzyme is added from 

an enzyme feed source 5 in the slurry treating structure 4 to 

provide a mixed solution only composed of water and soil.   

Therefore, it is not necessary to transport the same to a 

treating facility as an industrial waste. 

Then, the process will proceed to step S4. 

[0040] 

In stepS4, whether a layer LC of the solidification 

material reaches above the ground so that the size of an 

underground consolidated body in a vertical direction is a 

desired size to complete the formation of an underground 

consolidated body or not is determined. 

If the layer LC of the solidification material (the 

underground consolidated body)does not reach a desired 

thickness and the formation of the underground consolidated 

body is not completed (step S4 is determined “NO”), the process 
will return to step S3 to continue a step of delivering 

(injecting) the solidification material while the stable liquid 

is injected to cut the ground G. 

If the layer LC of the solidification material reaches 

a desired size in a vertical direction and the formation of the 

underground consolidated body is completed (step S4 is 

determined “YES”), the process will proceed to step S5. 
[0041] 
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In stepS5, a change-over valve 10 is switched to close 

a feed line 18 from a stable liquid feed source 8 to the jet 

device 1 and a feed line 19 from a solidification material feed 

source 9 to the jet device 1 to quench the feeding of a stable 

liquid and a solidification material to the jet device 1. 

In addition, an operation for rotating the jet device 1 

and an operation for pulling up the same above the ground at 

a predetermined speed are quenched. 

Since a passage from the partition forming material feed 

source 7 to the jet device 1 is closed in step S3, the partition 

forming material is not fed by the jet device 1even in step S5. 

Thereafter, operations of a slurry collecting structure 

2, a slurry carrying line 3 and a slurry treating structure 4 

are quenched, and the process will proceed to step S5 to complete 

the operations. 

[0042] 

According to the embodiment shown in drawings, use of a 

rich-mixed solidification material (C) whose ratio of water to 

a cement(W/C) ranges from 26% to 40% can improve the strength 

(quality)of an underground consolidated body formed, compared 

to a solidification material of a conventional lean-mixed 

solidification material (W/C is 100% or more). 

Herein, since a solidification material (C: a rich-mixed 

solidification material whose W/C ranges from 26% to 

40%)contains a high fluidity, an increase in the viscosity of 

the solidification material (C) is reduced, and it can be 

carried by using a conventional solidification material 

carrying pump (a pump for carrying a lean-mixed solidification 

material in a prior art). 

[0043] 

In the embodiment shown in drawings, a step S1 for 

injecting the partition forming material to form a separation 

layer LD composed of the partition forming material is 

implemented prior to step S3 for cutting soil with a stable 

liquid, a layer LW of a mixture of the stable liquid and the 

cut soil and a rich-mixed layer LC of the solidification material 
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are divided by a separation layer LD. Accordingly, contact of 

a rich-mixed solidification material with a mixed fluid of the 

stable liquid and the cut soil(a mixed liquid comprising a layer 

LW) is reduced, and only a mixed fluid of the stable liquid and 

the cut soil(a mixed liquid composed of a layer LW) is discharged 

above the ground as a slurry.   Therefore, since the rich-mixed 

solidification material is scarcely discharged above the ground, 

consumption of the solidification material can be reduced 

compared to a conventional level. 

[0044] 

Furthermore, in the embodiment shown in drawings, since 

a mixture of the stable liquid and the cut soil discharged above 

the ground is collected by a slurry collecting structure 2, no 

contamination around a construction site from a slurry ejected 

above the ground is found. 

The slurry collected by the slurry collecting structure 

2 (a mixture of the stable liquid and the cut soil) is carried 

to a slurry treating structure 4 to add a cellulose 

decomposition enzyme from an enzyme feed source 5, thereby 

turning the slurry into a mixed solution of only water and soil 

as non-industrial waste.   Thus, it is not necessary to 

transport the same to a treating facility, which can save costs 

for treating a slurry. 

[0045] 

Herein, diffusion of ground water contaminated with a 

radioactive material (e.g. around a reactor building) has 

recently become a problem in society. Another embodiment as 

opposed to the ones described in Figs. 1 to 7 is capable of 

solving the problem. 

Herein, with reference to Fig. 8, the above described 

problem (diffusion of ground water contaminated with a 

radioactive material) will be described. 

[0046] 

In Fig. 8, in cases where a ground water WG1contaminated 

with a radioactive material from a reactor building 21 

(including a storage facility for a radioactive material and 
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ground water: the same as above) flows out (leaks) in the ground 

G, a continuous wall 22 (e.g. a frozen soil wall) is formed so 

as to surround the reactor building 21.Specifically, the flow 

of the ground water WG1 containing a radioactive material 

subjected to outflow and diffusion underground from the reactor 

building 21 is cut off by using the continuous wall 22. 

Accordingly, outflow and diffusion of the ground water 

WG1contaminated to the outside thereof through the frozen soil 

wall 22 is prevented. 

A symbol 23 in Fig. 8 represents a device for forming a 

frozen soil wall. 

[0047] 

However, use of only the continuous wall 22 fails to 

prevent diffusion of the contaminated ground water WG2 

subjected to outflow (leakage)underground in a direction just 

below the reactor building 21 from the same. 

As obviously shown in Fig. 8, this is because that the 

flow of the contaminated ground water WG22 running underground 

more deeply than the continuous wall 22 cannot be prevented. 

An embodiment for solving the problem will be described 

with reference to Figs. 9 and 10. 

[0048] 

As shown in Fig. 9, according to the construction method 

of an embodiment shown in Figs. 1 to 7, a layer of zeolite (LZ: 

a zeolite bottom slab) extending in a horizontal direction is 

formed in the ground G and below the reactor building 21. 

The thickness B of the zeolite bottom slab LZ, while the 

ground water WG2contaminated with the radioactive material 

passes (transmits) the zeolite bottom slab LZ, is determined 

at a value so that cesium contained in the ground water WG2 can 

sufficiently be adsorbed by zeolite of the zeolite bottom slab 

LZ. The thickness depends on the degree of contamination and 

several working conditions. 

In addition, the range of the zeolite bottom slab LZ in 

a horizontal direction is determined so that passages for 

outflow and diffusion of the ground water WG2 contaminated with 
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the radioactive material subjected to outflow (leakage) from 

the from reactor building 21 can assuredly pass the zeolite 

bottom slab LZ. 

[0049] 

When the zeolite bottom slab LZ shown in Fig. 9 is formed, 

the ground water WG2 subjected to outflow (leakage) and 

diffusion underground in a direction just beneath the reactor 

building 21 from the same passes the zeolite bottom slab LZ to 

adsorb and remove cesium. This is because zeolite has a chemical 

property of adsorbing cesium as a main component of the 

radioactive material.   Herein, since cesium is a major 

component of the radioactive material, and if cesium can be 

removed, the radioactive material concentration in the ground 

water WG2 is reduced to a safety value (or a standard value or 

less). 

The ground water WG1 running upward from the zeolite 

bottom slab LZ is cut off by a continuous wall 22, resulting 

in no diffusion. 

In order to prevent diffusion of the contaminated ground 

water WG2, the continuous wall 22 and the zeolite bottom slab 

LZ are connected to each other. 

[0050] 

According to similar procedures of embodiments shown in 

Figs. 1 to 7, Fig. 10 shows formation of the zeolite bottom slab 

LZ extending in a horizontal direction. 

As shown in Fig. 10, a step of drilling a drilling hole 

H in the ground G and a step of moving (pulling up) a jet device 

1 in a vertical direction by rotating the same while a fluid 

(a partition forming material) for cutting the ground G is 

injected from the jet device 1 are the same as those shown in 

Figs. 1 to 7. 

The jet device 1 injects a jet flow J of the partition 

forming material to cut the ground G, and pulled up in an upward 

vertical direction by rotating the same. Like in the embodiments 

in Figs. 1 to 7, a layer LD (a separation layer) of a mixture 

of the partition forming material and a cut soil is formed. 
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[0051] 

In a step shown in Fig. 10, zeolite is delivered 

underground from a discharge port 11 provided at a lower end 

of the jet device 1, in place of a solidification material 

according to embodiments shown in Figs. 1 to 7. 

Since the separation layer LD is placed in this process, 

the zeolite delivered does not mix with a stable liquid injected 

from discharge ports12 and a cut soil by a jet flow of a stable 

liquid to form a zeolite bottom slab LZ extending in a horizontal 

direction. 

[0052] 

In other words, by pulling up the jet device 1 in a vertical 

direction by rotating the same on an axis thereof while the 

stable liquid is injected underground from the jet device 1 to 

cut and agitate the ground G, like in the embodiments shown in 

Figs. 1 to 7, a layer LW of a mixture of the stable liquid and 

the cut soil and the layer LD (the separation layer) of a mixture 

of the partition forming material and the cut soil are formed.   

Thereafter, by delivering (injecting) zeolite underground from 

the jet device 1, a layer Lz of zeolite (a zeolite bottom slab) 

is formed. 

Since the separation layer LD composed of the partition 

forming material is placed between the layer LW of a mixture 

of the stable liquid and the cut soil and the layer Lzof the 

zeolite (the zeolite bottom slab), mixture of the stable liquid 

of and the cut soil in the layer LW with the layer Lz of zeolite(the 

zeolite bottom slab) is reduced, thereby maintaining a separate 

situation. 

[0053] 

A step shown in Fig. 10 is continued until the layer Lz 

of zeolite (the zeolite bottom slab) has a predetermined depth 

at a predetermined position (depth) in a vertical direction 

underground. 

A cross sectional shape of the layer Lz of zeolite (the 

zeolite bottom slab)(i.e. the range of the zeolite bottom slab 

LZ in a horizontal direction) is circular like in the embodiments 
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shown in Figs. 1 to 7.However, the shape of the zeolite bottom 

slab LZ can be non-circular (e.g. a semicircle or a sector) in 

case contaminated water is diffused. 

[0054] 

It must be stated that the present invention is not 

restricted by the description of the embodiments shown in 

drawings.   The embodiments shown in drawings are merely 

examples so that any embodiments composed of substantially the 

same technical concept as disclosed in the claims of the present 

invention and expressing a similar effect are included in the 

technical scope of the present invention. 

EXPLANATION OF LETTERS OR NUMERALS 

[0055] 

1...Jet device 

2...Slurry collecting structure 

3...Slurry carrying line 

4...Slurry treating structure 

5...Enzyme feed source 

6...Installing mechanism 

7...Partition forming material feed source 

8...Stable liquid feed source 

9...Solidification material feed source 

10...Change-over valve 

11...Discharge port 

12...Jetting port 

13...Solidification material introduction portion 

14...Stable liquid introduction portion and partition forming 

material introduction portion 

15...Inner pipe (jet device) 

16...Outer pipe (jet device) 

17...Pipe 

G...Ground 

H...Drilling hole 

LC...Layer of solidification material 

LD...Layer of partition forming material(separation layer) 

LW...Layer of mixture of stable liquid and cut soil 



26 

 

21...Reactor building 

22...Continuous wall 

WG1, WG2...Contaminated ground water 

LZ...Layer of zeolite (zeolite bottom slab) 

 

What is claimed is: 

 

1. A method for improving ground comprising: a step of drilling 

a drilling hole in a ground to be improved; a step of moving 

a jet device in a vertical direction by rotating the same 

while the jet device is inserted into the drilling hole and 

a fluid for cutting the ground is injected from the jet 

device; and a step of injecting a solidification material 

from the jet device, wherein said step of moving the jet 

device in a   vertical direction by rotating the same while 

the fluid for cutting the ground is injected from the jet 

device comprises: a step of cutting the ground by injecting 

the partition forming material; and a step of injecting a 

solidification material while the ground is cut by injecting 

the stable liquid after injecting the partition forming 

material. 

 

2. The method according to claim 1, wherein the method for 

improving ground comprising: a step of collecting a mixture 

of a stable liquid discharged above the ground and a cut soil 

by a slurry collecting structure; and a step of carrying the 

slurry collected by the slurry collecting structure to a 

slurry treating structure and adding a decomposition enzyme 

from an enzyme feed source. 

 

 

3. A method for improving ground comprising: a step of drilling 

a drilling hole in a ground to be improved; and a step of 

moving a jet device in a vertical direction by rotating the 

same while the jet device is inserted into the drilling hole 

and a fluid for cutting the ground is injected from the jet 
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What is claimed is: 

 

1. A method for improving ground comprising: a step of drilling 

a drilling hole in a ground to be improved; a step of moving 

a jet device in a vertical direction by rotating the same while 

the jet device is inserted into the drilling hole and a fluid 

for cutting the ground is injected from the jet device; and a 

step of injecting a solidification material from the jet device, 

wherein said step of moving the jet device in a   vertical 

direction by rotating the same while the fluid for cutting the 

ground is injected from the jet device comprises: a step of 

cutting the ground by injecting the partition forming material; 

and a step of injecting a solidification material while the 

ground is cut by injecting the stable liquid after injecting 

the partition forming material. 

 

2. The method according to claim 1, wherein the method for 

improving ground comprising: a step of collecting a mixture of 

a stable liquid discharged above the ground and a cut soil by 

a slurry collecting structure; and a step of carrying the slurry 

collected by the slurry collecting structure to a slurry 

treating structure and adding a decomposition enzyme from an 

enzyme feed source. 

 



Method for improving ground 

ABSTRACT 

The present invention provides a method for improving 

ground which is capable of improving the strength or quality 

of an underground consolidated body formed by reducing the ratio 

of water to a "rich-mixed" solidification material (a cement) 

(W/C), assuredly carrying the solidification material from a 

feed source to a jet device, and reducing the amount of the 

solidification material treated as an industrial waste in a 

construction process. 

The present invention was accomplished by a method for 

improving ground including: a step of drilling a drilling hole 

(H) in a ground to be improved (G) ;a step of moving (pulling 

up) a jet device (1) in a vertical direction by rotating the 

same while the jet device (1) is inserted into the drilling 

hole(H) and a fluid for cutting the ground(G)(a stable liquid 

or a partition forming material) is injected from the jet device 

(I) ; and a step of injecting a solidification material from the 

jet device (1) . 

Fig. 1 
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