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FI ELD 5 The present invention relates to a groundwater punping ‘
apparatus for punping groundwater to | ower the groundwater |evel..iin the
case of excavating ground at undergroupd construction sites or performng
ground inprovement. BACKGROUND ART 10 In the past, when excmmm IH| Mm
at underground construction sites or performng ground inp

groundwater is punped to lower the groundwater |evel. Thus, byspuaping
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facilitated. As a groundwater punping apparatus, a deep-well @@ ﬁﬂm,
known fromthe past For exanple, in a conventional deep-wel

shown in @EIN 40 having a water-passing portion 41 (st¥&?ner),
t hr ough QEE groun ma er cones inside, is put in a boring 43 fornmed in
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between an inner wall of the boring 43 and an outer “sur e well 40
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G oundwater is drawn fromthe water-passing portion 41 in the wel by

the aid ogroungayvadergoned donstopetina sitesrorpenforming gvmind improvement.

BACKGROUND ART
10 In the past, when excavating ground at underground construction sites or
performing ground improvement, groundwater is pumped to lower the
groundwater level. Thus, by pumping groundwater to lower the groundwater
level, it is possible to reduce a water content in soils of ground at a desired
location. As a result, the excavating operation or treatments for the excavated
15  soils can be facilitated.
As a groundwater pumping apparatus, a deep-well apparatus is known
from the past. For example, in a conventional deep-well apparatus shown in FIG.
11, a Well 40 having a water-passing portion 41 (strainer), through which
groundwater comes inside, is put in a boring 43 formed in ground 42. In addition,
20 a pump 46 is placed in the well 40. A clearance between an inner wall of the
boring 43 and an outer surface of the well 40 is filled with a filter material 45 such
as coarse sand or pea gravel. Groundwater is drawn from the water-passing
portion 41 in the well 40 by the aid of a hydraulic head drop between a water level
in the well 40 and the natural water level, and then the collected groundwater is
25 pumped by the pump 46.
However, since the hydraulic head drop between the water level in the
well 40 and the natural water level is used to collect groundwater, the groundwater

collecting capacity depends on gravity difference. For this reason, groundwater



inthe well 40 and the natural water level, and then the collected
groundwater is 25 punped by the punp 46. However, since the hydraulic head
drop between the water level in the well 40 and the natural water level is
used to collect groundwater, the groundwater collecting capacity depends
on gravity difference. For this reason, “groundwater 2 can not be collected
under a condition of effectively lowering the groundwater level. In

addi tion, a vacuum deep-wel | apparatus is known, which has the capability
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t he deep-wel |l apparatus, and reducing a pressure 1n the nown.
However, lemelhis vacuum deep-wel | apparatus, there is a problemthat when
the groundwater |evel reaches a position |ower than the top .enq of the
wat er - passi ng ordddion,adr vigiugh adeeptwglt apparafus hisgkaowayewhkichi has hdewel |
t hrough the ter- %?ssi n? orti,on, so that the vacuum effect of the vacuum
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with a strainer tube 49 attached to the |ower end of the casing “tube~47,

sand accupartianoriss oawedogethar Ivoitkergrennidwitet Ha ther aehethréwgdle thd waad an
inner tube 51 attached to the strainer tube 49 in a concentric manner wth
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On the other hand, as shown in FIG. 12, a groundwater pumping apparatus
disclosed in Japanese Patent Early Publication No. 2000-27170 has a strainer
device 48 at a lower end of a casing tube 47 buried in ground 42. This strainer

15 device 48 is formed with a strainer tube 49 attached to the lower end of the casing
tube 47, sand accumulator 50 formed at a lower end of the strainer tube 49, and an
inner tube 51 attached to the strainer tube 49 in a concentric manner with the
casing tube 47. The strainer tube 49 is attached such that an outer surface of the
casing tube 47 is substantially flush with the outer surface of the strainer tube 49.

20 A clearance 52 is made between the strainer tube 49 and the inner tube 51, and
closed at its upper end by a blockage plate 53 placed at the lower end of the casing
tube 47. A groundwater inlet 54 is formed in the inner tube 51 at a position
lower than the top end of a water-passing portion 55 of the strainer tube 49. In
addition, a pump 56 for pumping groundwater is placed in the inner tube 51. The

25  top end of the casing tube 47 is closed by a cover 58. In FIG. 12, the numeral 57
designates a vacuum unit for reducing a pressure in the casing tube 47 connecting

to the inner tube 51.

In the case of using this pumping apparatus, when the pressure in the



tube 47. A groundwater inlet 54 is formed in the inner tube 51 at a
position lower than the top end of a water-passing portion 55 of the
strainer tube 49. In addition, a punp 56 for punping groundwater is placed
in the inner tube 51. The 25 top end of gthe casing tube 47 is closed by a
cover 58. In FIG 12, the nuneral 57 designates a vacuumunit for reducing
a pressure in the casing tube 47 connecting to the inner tube 51. In the
case of using this punping apparatus, when the pressure in the 3 casing
tube 47 coamirgttiubg 4Tocdhectingeo thebianéd itk SEdsieathided Bisas@brithe wasumm
unit and the hydraulic head drop, groundwater is drawn fromthe
wat er - pasBn¥iqridother hydrashicoicadndrap, rgronedwatebds 48awn from thenemtdregamssing
ndwater inlet 54, and collected in
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i ntrusion, which occurs in the vacuum deep-wel | appar
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groundwat er punpi ng appar at us havi ng anot he tructlure becone ‘necessary.
the strainer device at the lower end of the casing tube 47. Therefore, when a

deep-well apparatus having poor groundwater collecting capability has already
existed in ground 1, the groundwater coilecting/pumping operation by use of the

15  already-existing apparatus is stopped, and the pumping apparatus of JP 2000-
27170 must be newly formed in ground 1 to restart the water collecting/pumping
operation. Thus, there is a problem that the existing deep-well apparatus comes
to naught, and constructions for a groundwater pumping apparatus having another
structure become necessary.

20 Moreover, since the groundwater pumping apparatus of JP 2000-27170
has the structure that the strainer device 48 composed of the inner tube 51, the
clearance 53 and the strainer tube 49 is placed under the casing tube 47,
groundwater can be collected only through the strainer device 48 placed under the
casing tube 47. Therefore, when groundwater is present in the vicinity of an

25 upper part of the casing tube 47 due to stratum structure, it may not be effectively
collected. In addition, in this pumping apparatus, when the groundwater level
lowers to reach the groundwater inlet 54 of the inner tube 51, air is sharply drawn

in the inner tube 51 in place of groundwater, so that the vacuum effect sharply



20 Moreover, since the groundwater punping apparatus of JP 2000-27170 has
the structure that the strainer device 48 conposed of the inner tube 51,
the clearance 53 and the strainer tube 49 is placed under the casing tube
47, groundwater can be collected only through the strainer device 48

pl aced under the casing tube 47. Theretrore, when groundwater is present in
the vicinity of an 25 upper part of the casing tube 47 due to stratum
structure, it may not be effectively <collected. In addition, in this
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groundwater inlet 54 of the inner tube 51, air is sharply drawmn in the
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obj ect of the present invention is to 10 provide a groundwater punping

apparatus having the capability of effectively perform ng a groundwater

col l ecting/ punpi ng operation with a refined configuration, and making
ef fecti vegug@%RgrpgﬁﬂEilwlﬂH@O%ll apparatus. Moreover, in the
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configuration, and making effective use of an existing deep-well apparatus.
Moreover, in the groundwater pumping apparatus of the present invention, even
when groundwater is present in the vicinity of ground surface, it is possible to
156  effectively provide the stable groundwater collecting/pumping operation. In
addition, a passage for groundwater can be maintained by effectively carrying out
a water injection in ground.
That is, the groundwater pumping apparatus of the present invention
comprises:
- 20 an outer tube 3 buried in ground 1, which has a water-passing portion 2 at its
lower part;
an inner tube 5 having substantially a same length as the outer tube and placed in
the outer tube 3 so as to be spaced from the outer tube, the inner tube 5 having a
groundwater inlet 7 at its bottom end, which is provided at a position lower than a
25  top end of the water-passing portion 2;
a shield member 6 for shielding top ends of the outer tube 3 and the inner tube 5;

a vacuum means 8 for reducing a pressure in the inner tube; and

a pump means 9 for pumping groundwater that comes in the inner tube § through



conprises: 20 an outer tube 3 buried in ground 1, which has a water-passing
portion 2 at its |lower part; an inner tube 5 having substantially a sane

|l ength as the outer tube and placed in the outer tube 3 so as to be spaced
fromthe outer tube, the inner tube 5 h%ving a groundwater inlet 7 at its
bottom end, which is provided at a position lower than a 25 top end of the
wat er - passing portion 2; a shield menber 6 for shielding top ends of the
outer tube 3 and the inner tube 5; a vacuum neans 8 for reducing a

pressure the gloandwaesr ihlged, and a punp neans 9 for punping groundwater that
cones in the inner tube 5 through 5 the groundwater inlet 7. Wen the
pressure in t heWharethet pricssibeiin the dnresrduby 5t iseredacediby nkanacum geaiygivat er
cones in the clearance 4 fromthe water-passing portion 2 of the outer
tube 3. THEWNdWater;comeavia: the eleatpnce A dramdthenwaterqabsing portiont B eofSthe
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air that thengeundwater levelaisdooer $hdrstheolopasidest e whterpRSing pReMiGM 20hirt he
clearance, but can not come in the inner tube 5. Therefore, "i't is possi bl e
to preventomegdterthgradearencoft theaughnthef Weter pasing iporiian 2um Hewsse sired

ef ficient rou d\é\%er collecti n% punpi ng operation. In
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possi bl e #gion of the clearance, but can not come in the inner tube . Therefore, it is
possible to prevent a deterioration of vacuum effects of the vacuum means 8, and
efficiently carry out the groundwater collecting/pumping operation.
In addition, even when wells having various diameters such as wells
15 formed by a deep-well method or a vacuum deep-well method, test well for
investigating ground, and a recharge well, has already existed, it is possible to
make effective use of these existing wells as the outer tube 3 because the outer
tube 3 has substantially the same length as the inner tube 5. That is, the already-
existing well can be recycled for the groundwater pumping apparatus of the
20 present invention by inserting the inner tube 5 having substantially the same
length as the outer tube 3 so as to make the clearance 4 between the inner tube and
the already-existing well as the outer tube 3, shielding the top ends of the outer
tube 3 and the inner tube 5 with the shield member 6, and placing the vacuum
means 8 and the pump means 9.
25 In the groundwater pumping apparatus described above, it is preferred that
the outer tube 3 has a plurality of water-passing portions formed in an axial
direction of the outer tube. In this case, the efficiency of collecting groundwater

can be further improved.



make effective use of these existing wells as the outer tube 3 because the
outer tube 3 has substantially the sane I ength as the inner tube 5. That
is, the already- existing well can be recycled for the groundwater punping
apparatus of the 20 present invention by inserting the inner tube 5 having
substantially the same length as the outer tube 3 so as to make the

cl earance 4 between the inner tube and the already-existing well as the
outer tube 3, shielding the top ends of the outer tube 3 and the inner

tube 5 with theAdditésmhliyeimeie Brounidev apd o Mg g Epparatus des CRBEE aova) dt {she
punp neans 9. 25 In the groundwater punping apparatus described above, it
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punped becentseliag the pumping amount by the pump means 9 in response to the pressure
change in the inner tube 5, it is possible to prevent an abrupt decrease of
groundwater, and avoid a situation that groundwater can not be pumped because a
15  large amount of air suddenly flows in the inner tube from the groundwater inlet 7.
In addition, since the air inlet 11 is provided by the elongate slit 22 extending in
the axial direction of the inner tube 5, the amount of air flowing from the slit 22
into the inner tube 5 increases as the groundwater level lowers. Therefore, it is
possible to accurately adjust the pumping amount according to the pressure
20  change in the inner tube 5.
Moreover, in the groundwater pumping apparatus described above, it is
preferred that groundwater inlet 7 is formed in a bottom end surface of the inner
tube 5 and placed at a position slightly higher than the bottom end of the outer
tube, and the inner tube 5 has an air inlet composed of a plurality of holes 23 for
25  air vent, and the holes are formed in a side surface of the bottom end of the inner
tube so as to be arranged in an axial direction of the inner tube, and the air inlet 11

is formed to extend from the groundwater inlet 7 to a position lower than the top

end of the water-passing portion 2. During the pumping operation, a small



15 large anmount of air suddenly flows in the inner tube fromthe
groundwater inlet 7. 1In addition, since the air inlet 11 is provided by
the elongate slit 22 extending in the axial direction of the inner tube 5,
the amount of air flowng fromthe slit .22 into the inner tube 5 increases
as the groundwater |evel |owers. Therefore, it is possible to accurately
adj ust the punping amount according to the pressure 20 change in the inner
tube 5. Moreover, in the groundwater punping apparatus described above, it
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In the above-described groundwater pumping apparatus, it is also
preferred that an aperture amount of a lower part of the air inlet 11 is larger than
15 the aperture amount of its upper part. In this case, as the groundwater level
lowers, the amount of air flowing into the inner tube 5 increases in a quadratic-
function manner.  Therefore, it is possible to accurately detect delicate
-fluctuations of the water level at the air inlet 11.
It is further preferred that the groundwater pumping apparatus described
20  above comprises a pressure detecting means 12 for detecting the internal pressure
of the inner tube, and a pumping-amount adjusting means 13 for adjusting a
pumping amount. It is effective to provide the stable pumping operation without
interruption.
It is also preferred that the groundwater pumping apparatus described
25 above further comprises a pressure means 14 for increasing the pressure in the
inner tube, and a water injection means 15 for carrying out a pressure injection of

water in the inner tube. In this case, it is possible to clean clogging in a filter

member 16 placed around the outer tube 3 and the water-passing portion 2, and



In the above-described groundwater punping apparatus, it is also preferred
that an aperture ampunt of a |ower part of the air inlet 11 is larger than
15 the aperture amount of its upper part. In this case, as the groundwater

| evel |owers, the anount of air flowingginto the inner tube 5 increases in
a quadratic- function manner. Therefore,” it is possible to accurately
detect delicate fluctuations of the water level at the air |n!et 11. It is
further preferred that the groundwater punping apparatus described 20

above conprovids aa@reasfiestived@bandwater ¥oHB6tiAg phfpitebpédatiog. t he internal
pressurenpié)f t he i nner tube,cgrand a punpi ng-r;gzguntp g%] usting neans 13 for

adjusting a punping anount. It is effective to provide the stable punping

operation _w thout interruption. It is also preferred that the groundwater
pErrpi ng aBﬁdﬁEtIaESEé?sl&TiI OEDRAWINGSir t her conprises a pressure means 14

for incregsing.the pressure in the inner tybe, and a water injection nmeans
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mor e ef | CIGVE (9rOeHbMRRY cfiblsRetibndl PUiPbPG aiRanalal: phiftblz RESARIRT! ON
OF DRAWNGS FIG 1 is a schematic cross-sectio fal Vi ew a’ groundwat er
punpi ng appardingsto Hsevondretnglitiena of thepregemtadi eitién;0f t he present
invention, FIG 2 is a schematic cross-sectional view of a groundwater
punpi ng aBHartss seheseati Atpsseatieral ovidweab adgrosndwatert prempires apparatus
I nvention; FI 3 is.a chgn&l I C crOﬁs-sect I onal vi ew of a groundwat er
punpi ng appEardingto athird empgdimeny qfy F(Hr%sﬁﬂbtﬂvﬁéﬁplnof “the ]E)resent et
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according to a modification of the second embodiment;
FIG. 5 is a schematic cross-sectional view of a groundwater pumping apparatus
according to another modification of the second embodiment;
FIG. 6 is a schematic cross-sectional view of a groundwater pumping apparatus
15  according to a modification of the third embodiment;
FIG. 7 is a schematic cross-sectional view of a groundwater pumping apparatus
according to another modification of the third embodiment;
FIG. 8 is a schematic cross-sectional view of a groundwater pumping apparatus
according to a further modification of the second embodiment;
20 FIG. 9 is a schematic cross-sectional view of a groundwater pumping apparatus
g pumping app
according to a fourth embodiment of the present invention;
FIG. 10 is a schematic cross-sectional view of a groundwater pumping apparatus
according to a fifth embodiment of the present invention;
FIG. 11 is a schematic cross-sectional view of a conventional groundwater
25  pumping apparatus; and
FIG. 12 is a schematic cross-sectional view of a groundwater pumping apparatus

disclosed in Japanese Patent Early Publication No. 2000-27170.



FIG 5 is a schematic cross-sectional view of a groundwater punping
apparatus according to another nodification of the second enbodi ment; FIG
6 is a schematic cross-sectional view of a groundwater punping apparatus
15 according to a nodification of the third enmbodinent; FIG 7 is a
schematic cross-sectional view of a groundwater punping apparatus
according to another nodificati-on of the third enmbodinent; FIG 8 is a
schematic cross-sectional view of a groundwater punping apparatus _
accor di ng BES BMODEhEORTCARRYENGOUT THRINVENTI@Nbodi nent; 20 FIG 9 is
a schematic cross-sectional view of a groundwater punping apparatus
accordi ng to a fbar presemboiivemtionofis t hxptaiijmhnlbelbwveimt | detail Flaﬁzdrﬂings ®
chematic cross-sectional, view of a groundwater punping apparatus
chor di ng® OalsmF‘PtlSWh@mpo@ithﬁrﬂtaﬁheq a@"jﬂﬂgé-_ent invention; FIG 11 is a
schematic cross-%efl‘,ltional d} w of a gonyentional groundwater 25 punping
FIG. d
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the attached drawi ngs. As shown in Fl G 1, a“groundwat®r punping apparatus
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The outer tube 3 has a water-passing portion 2 at its lower part at least.

For example, a steel tube 29 having a strainer tube 30 at its lower end can be used
as the outer tube 3.  The strainer tube 30 is of a cylindrical shape having the same
diameter as the steel tube 29, and has a structure that a steel wire is wound at a

15  required interval to form crevices that function as the water-passing portion 2.
Alternatively, a tube having a plurality of apertures that function as the water-
passing portion 2 may be used as the strainer tube 30. That is, the water-passing
portion 2 has a structure that groundwater can flow inside through the crevices.
In the figure, the numeral 17 designates a sand accumulator placed at the bottom

20  end of the strainer tube 30. The bottom of the sand accumulator 17 provides the
bottom end 10 of the outer tube 3.

The inner tube 5 is formed by a steel tube having substantially the same
length as the outer tube 3. The bottom end surface of the inner tube 5 is entirely
opened to function as a groundwater inlet 7. This inner tube 5 is concentrically

25  inserted in the outer tube 3 to be spaced from the outer tube 3 by the clearance 4.
The groundwater inlet 7 of the inner tube 5 is provided at a position slightly
higher than the bottom end 10 of the outer tube 3, and at the position lower than

the top end of the water-passing portion 2.



The outer tube 3 has a water-passing portion 2 at its lower part at |east.
For exanple, a steel tube 29 having a strainer tube 30 at its |ower end can
be used as the outer tube 3. The strainer tube 30 is of a cylindrical
shape having the sanme dianeter as the eel tube 29, and has a structure
that a steel wire is wound at a 15 required interval to formcrevices that
function as the water-passing portion 2. Alternatively, a tube having a
plurality of apertures that function as the water- passing portion 2 may be
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structure_that groundwater can flow inside throug he crevices. In the
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groundwater inlet 7 to a position lower than the top end of the water-passing
portion 2. The holes 23 provide the air inlet 11.

15 In addition, modifications of the pumping apparatus of the second
embodiment are shown in FIGS. 4 and 5, and modifications of the pumping
apparatus of the third embodiment are shown in FIGS. 6 and 7. In each of these
pumping apparatuses, it is shown that the air inlet 11 has a larger aperture area at
its lower part than its upper part. That is, in the groundwater pumping apparatus

20  of FIG. 4, each of the slits 22 is of a triangular shape that tapers down toward the
upper part of the inner tube. Additionally, in the groundwater pumping apparatus
of FIG. 5, each of the slits 22 is composed of an upper slit having a narrow width
and a lower slit having a wide width. On the other hand, in the groundwater
pumping apparatus of FIG. 6, a plurality of holes 23 for air vent are formed such

25  that the number of the holes 23 for air vent increases toward the bottom side of the
inner tube. In addition, in the groundwater pumping apparatus of FIG. 7, the

holes 23 for air vent are formed such that diameters of the holes 23 for air vent

increase toward the bottom side of the inner tube. In the case that the aperture



provide the air inlet 11. Mreover, in the punping apparatus of the third
10 enbodi nent shown in FIG 3, a plurality of holes 23 for air vent are
formed in the side surface of the bottomend of the inner tube, and
arranged in the axial direction of theJdnner tube. This arrangenent of the
hol es 23 has a length fromthe ground er inlet 7 to a position |ower
than the top end of the water-passing portion 2. The hol es 23 provide the
air inlet 11. 15 In addition, nodifications of the punping apparatus of the

second eafadifithaloweepahofihé firthieb114s tgethadfe BBGPtﬁﬂeC%ga %g%h@gpﬁ]éle
punpi ng apparatus of the third enbodi nent "are shown in FI GS. an . In
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pipe 27. By activating the vacuum pump 26, the internal pressure of the inner
tube 5 can be reduced. In the figure, the numeral 12 designates a pressure
16  detecting unit such as a pressure meter for detecting the pressure in the inner tube
5. |
The groundwater pumping apparatus having the above configuration is
used to lower the groundwater level by pumping groundwater in the case of
excavating ground 1 at underground construction sites, or performing ground
20 improvement. That is, a boring 18 having a larger diameter than the outer tube 3
is initially formed in ground 1 at a location intended for pumping groundwater.
Then, the outer tube 3 of the groundwater pumping apparatus is inserted into the
boring 18. At this time, a filter material 16 such as coarse sand or pea gravel is
charged in a space between an inner wall of the boring 18 and the peripheral
25  surface of the outer tube 3. In addition, a sealing material 19 such as cement
mortar or bentonite mortar is charged in a space between the inner wall of an

upper part of the boring 18 and the peripheral surface of an upper part of the outer

tube 3. In place of the sealing material 19, another sealing means may be used.



punp tube 25 connected to the punp 24 air-tightly passes through the shield
menber 6 and extends outside. At the outside ?r the shield nerb?r 6, aI

unpi ng-amount adjusting unit 13 including a flow amunt regulating valve
Psnplogplaced. A Lentilation sl ot 28 isl%orned in the shield menber 6. A
vacuum punp 26 that is the vacuumunit is connected to this ventilation
slot 28 through a joint pipe 27. By activating the vacuum punp 26, the

i nternal pressure of the inner tube 5 can be reduced. In the figure, the
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clearance 4 from the water-passing portion 2. However, since the groundwater
inlet 7 of the inner tube 5 is provided at a position lower than the top end of the
water-passing portion 2, air is accumulated in an upper part of the clearance 4, so
15  that the air can not comes in the inner tube 5. Therefore, only groundwater flows
in the inner tube 5 from the groundwater inlet 7. At this time, a small amount of
groundwater can flow in the inner tube 5 from the air inlet 11 provided at the
position lower than the top end of the water-passing portion 2. Thus, even
when the groundwater level lowers to reach the top end of the water-passing
20  portion 2, it is possible to prevent the inconvenience that vacuum effects of the
vacuum unit 8 deteriorates by a flow of air in the inner tube 5.
In addition, when the groundwater level further lowers to reach the top
end of the air inlet 11 provided at the position lower than the top end of the water-
passing portion 2, part of the air that came in the clearance -4 from the water-
25  passing portion 2 can flow in the inner tube 5 from the upper part of the air inlet
11, but not flow in the inner tube 5 from the groundwater inlet 7. In this case,
though the small amount of air flows in the inner tube 5 to slightly increase the

internal pressure of the inner tube 5, the vacuum effects of the vacuum unit 8 does



5 inner tube 5 is reduced by the vacuumunit 8, groundwater flows in the
clearance 4 through the water-passing portion 2 of the outer tube 3. In
addition, the groundwater forcedly flows in the inner tube 5 fromthe

cl earance 4 through the groundwater in £t 7 fornmed in the bottomend of
the inner tube 5. The collected groundwater in the inner tube 5 is punped
by activating the vacuum punp of the 10 vacuumunit 9. In this case, when
the groundwater level lowers to reach the top end of the water-passing

portion 2no@sharpki deferigrate, andtine fIbw efpsourntwatePth tied BfeRNGBe 4 frbRMHe
wat er - passi ng portion 2. However, since the groundwater inlet 7 of the

i nner t ubgranidsvateminleted can be gtobiyt maimthimedr tTherefobe it &P pessibkf to stably
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amount of groundwater in the inner tube 5 due to a deterioration of the vacuum

effects. In such a case, the pumping operation using the pumping unit 9 is

15  stopped, and it is necessary to wait a rise in the groundwater level. Then, the
interior of the inner tube 5 is maintained again under a reduced pressure by use of
the vacuum unit 8, and the groundwater pumping operation is restarted by the
pumping unit 9.  Thus, there is a fear of causing an interruption of the pumping
operation.

20 In the present invention, when thé groundwater level lowers, and the small
amount of air flows in the inner tube 5 from the air inlet 11 to increase the internal
pressure of the inner tube 5, the increase in the internal pressure of the inner tube
5 is detected by the pressure detecting unit 12.  When the internal pressure of the
inner tube 5 reaches a predetermined value or more, the pumping amount is

25  reduced by the flow-amount regulating valve of the pumping-amount adjusting
unit 13.  As a result, it is possible to continue the groundwater pumping operation

by the pumping unit 9 without interruption. The pumping amount may be

controlled by checking a detected value by the pressure detecting unit 12 with the



continue the groundwater punping operation by the punping unit 9. \Wen the
groundwater |evel reaches the air inlet 11, and the groundwater 5 punping
operation is continued by the punping unit 9 at a punping rate that is the
sane as the punping rate before the dec ¥ase of groundwater |evel, the
groundwat er | evel sharply lowers, so th there is a fear that the
groundwater level |owers to reach the groundwater inlet 7 that is the
bott om opening of the inner tube 5. Wen the groundwater |evel reaches the
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becomes stable, while detecting the pressure change in the inner tube 5 caused by
this air flow by the pressure detecting unit 12. When the internal pressure of the
15 inner tube 5 becomes stable, it is regarded that the groundwater level reaches a
stable state, and the adjustment of the pumping amount is stopped to continue the
groundwater pumping operation at a stable pumping rate. That is, it is possible
to avoid a situation that the adjustment of the pumping amount by the pumping-
amount control unit 13 is not sufficient, and the groundwater level continuously
20  lowers to reach the groundwater inlet 7, and perform the groundwater pumping
operation at the stable pumping rate without interruption.
In addition, in the case of pumping a large amount of groundwater by the
pumping unit 9 having high functions, the internal pressure of the inner tube 5
changes by a small amount of air flowing in the inner tube 5 when the
25  groundwater level lowers to reach the air inlet 11, as in the case described above.
The pressure change in the inner tube 5 is detected by the pressure detecting unit
12, and the pumping-amount adjusting unit 13 controls the pumping amount

according to the output from the pressure detecting unit 12. As the amount of



naked eye, and adjusting the flow anount regulating valve by nenual
operation. Alternatively, as shown in the groundwater punping apparatus
shown in FIG 8, a signal detected by the pressure detecting unit 12 is
output to a control unit 20, and the thMFanDunt regul ating valve may be
controll ed according to a control signaf™ 5 fromthe control unit 20 to
adj ust the punping amount. As described above, when the punping amount is
controlled by the punping-anmount adjusting unit 13 according to the

pressure ghaunghvater doerdanes fluctuiifons ¢fethecdretndyatede qe\FHleﬁ&Wr% fiileﬁth%citrl.hgg or
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the pressure detecting unit 12, and the punping-anount I'ng" uni
control s wed mathopdg testowells for ground investigation, or recharge wells, for the
groundwater pumping apparatus of the present invention.

15 For example, as explained below, an already-existing well constructed by
the deep-well method can be used for the pumping apparatus of the present
invention. That is, in this case, the already-existing well is used as the outer tube
3 of the present invention. First, mortar or the like is injected into soils
recharged in a space between the boring and the peripheral surface of an upper

20 part of the existing well to seal the surrounding of the upper part of the existing
well. Next, a pumping tube is pull out, and an inner tube 5 having a diameter
smaller than the existing well and substantially the same length as the outer tube 3
is inserted in the outer tube 3.  Subsequently, a pump is placed in the inner tube 5,
and the top ends of the outer tube 5 and the inner tube 3 are shielded by the shield

25 member 6. Finally, a vacuum unit 8 is set. Thus, the already-existing well can
be used as the outer tube 3 of the groundwater pumping apparatus of the present

invention.

FIG. 9 shows a groundwater pumping apparatus according to a fourth



according to the output fromthe pressure detecting unit 12. As the anmount
of 15 groundwater decreases, fluctuations of the groundwater |evel flow ng
in the inner tube fromthe air inlet 11 beconme large. For this reason, the
amount of air that cones in the inner %gbe fromthe air inlet 11 often
becones unstable. In such a case, as shown in FIGS. 4 to 7, it is _
preferred to formthe air inlet 11 having the 5 |arger aperture area at its
| ower part than its upper part. Since the inflow anobunt of air increases
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the al reaﬁ'%’ -fﬁl)'(tihgrt l:grgr]lp\r,\gnlg 2(1: ?)?essure unit 14 of increasing the internal pressure of the
inner tube 5, and a water injection unit 15 for carrying out a pressure injection of
15  water in the inner tube 5. In this embodiment, a vacuum pump 26 used as the
vacuum unit 8 is connected to a connection tube 27, and a compressor used as the
pressure unit 14 is connected to the connection tube 27 through a switch valve 21.
The water injection unit 15 composed of a pressure pump is connected to the
inner tube 5. The pressure unit 14 and the water injection unit can be used, as
20  described below. The operation of the vacuum unit 8 is stopped, and then the
switch valve 21 is switched to increase the internal pressure of the inner tube 5 by
the pressure unit 14. In addition, the operation of the pump unit 9 is stopped, and
the pressure injection of water in the inner tube 5 is carried out by the water
injection unit 15. Thereby, it is possible to clean clogging in filter members 16
25  around the outer tube 3 and at the water-passing portion 2. Thus, when the
cleaning operation for the filter members is finished, and then the switch valve is

switched to perform the groundwater pumping operation, as described above, it is

possible to smoothly collect groundwater and efficiently pump groundwater.



be used as the outer tube 3 of the groundwater punping apparatus of the
present invention. FIG 9 shows a groundwater punping apparatus according
to a fourth 16 enbodi nent of the present invention. This punping apparatus
is characterized in that a plurality of water-passing portions 2 are
formed in the axial direction of the olfer tube 3. In this case, since
groundwat er can be collected at plural sites in the axial direction of the
outer tube 3, it is possible to nore efficiently performthe 5 groundwat er
col I ecti nghe ¥ I i Lo LA ' hi s._punpi n
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a larger aperture area at its lower 10 part than its upper part. FPG. 10
shows a gRPRATaMsER P ampihey cahodiments desctibed ajoveo a fifth enbodi ment of

t he pQ§sent i nvention. This punping apparatus is characterized by further
conprising a pressure unit 14 of increasing the internal pressure of the
inner tube 5, and a water injection unit 15 for carrying out a pressure
injection of 15 water in the inner tube 5. In this enbodi nent, a vacuum
punp 26 used as the vacuumunit 8 is connected to a connection tube 27,
and a conpressor used as the pressure unit 14 is connected to the
connection tube 27 through a switch valve 21. The water injection unit 15
conposed of a pressure punp is connected to the inner tube 5. The pressure
unit 14 and the water injection unit can be used, as 20 described bel ow
The operation of the vacuumunit 8 is stopped, and then the switch valve 21
is swtched to increase the internal pressure of the inner tube 5 by the
pressure unit 14. In addition, the operation of the punp unit 9 is stopped,
and the pressure injection of water in the inner tube 5 is carried out by
t he wat er



injection unit 15. Thereby, it is possible to clean clogging in filter
menbers 16 25 around the outer tube 3 and at the water-passing portion 2.
Thus, when the cleaning operation for the filter nenbers is finished, and
then the switch valve is switched to pﬁiforn1the gr oundwat er punpi ng
operation, as described above, it is pOssible to .snoothly coll ect
groundwater and efficiently punp groundwater. 17 Therefore, it is preferred
to alternately repeat the punping operation and the cleaning operation.
The press@ig\liviSt 14 and the water injection unit 15 explained in this
enbodi mrent are avail able for the groundwater punping apparatuses of the

ot her enbodi nents descri bed above. 5 18 CLAIMS 1. A groundwater punping
apparatus _conprising: an outer tube buried in ground, which has a

wat er - pas$i A@rpvRdWaisr umning apperatyreeampsising: i nner t ube having a

substanti al | sgnﬁpken h as sajd ou %é tube and placed in said outer tube
so as to B%Oﬁﬁ’é Hbe PRORM 4B Btowid avhich has agxater-passing poriomabtslpveer part;
groun ter i ty 0k Q n which i rovided at a position | ower
Phan &t 5 i et AXUbSEEax 48 gt B SEid St b BRd plgced in
shi el di nggdi f ' t . sal g, rt: , vacuum
roans 1 or S R och 84 o B! actd Mprt Wi By (0B ol Winer bl A
punpi ng ggmundwaitar inlétedt i€0BBRoIMNeHE WhichN8proviRdt A}r@gaﬁtioﬁ%@ve? rtﬁh'ﬁ'%wat er
inlet. 15 2. The groundwater punping apparatus as set forth in claimlI,
wher ei n stopdersbielsaid tvaser-hassing podia;i ty of wat er - passi ng portions forned

in an axial, direction of sai outer tube. 20 3. The groundwater punping
appar at us? gleltifnep%lpqrhf%r ﬁﬁ@ﬂ‘ﬁp&tﬁp efe pEp#idguiter tube and said inner tube;

10  avacuum means for reducing a pressure in said inner tube; and

a pump means for pumping groundwater that comes in said inner tube through

said groundwater inlet.

156 2. The groundwater pumping apparatus as set forth in claim 1, wherein said outer

tube has a plurality of water-passing portions formed in an axial direction of said

outer tube.

20 3. The groundwater pumping apparatus as set forth in claim 1, wherein said
groundwater inlet is formed in a bottom end surface of said inner tube and placed
at a position slightly higher than the bottom end of said outer tube, and said inner
tube has an air inlet composed of at least one slit for air vent having an elongate
shape, and said slit is formed in a side surface of the bottom end of said inner tube

25  so as to extend in an axial direction of said inner tube, and said air inlet is formed
to extend from said groundwater inlet to a position lower than the top end of said

water-passing portion.



groundwater inlet is formed in a bottomend surface of said inner tube and
pl aced at a position slightly higher than the bottomend of said outer
tube, and said inner tube has an air inlet conposed of at |east one slit
for air vent having an el ongate shape,lﬁnd said slit is formed in a side
surface of the bottomend of said inner“tfube 25 so as to extend in an axi al
direction of said inner tube, and said air inlet is formed to extend from
said groundwater inlet to a position |lower than the top end of said

wat er - passing portion. 19 4. The groundwater punping apparatus as set forth
inclaiml, wherein said groundwater inlet is fornmed in a bottom end

surface oft. sihied grourglwatebuansing| amedatust ag spoFoithoi slaightl] Ywhéghiesaidan
the bottom end of said outer tube, and said inner 5 tube has an air inlet

conposed 8&foundyyateninletyisdormet ds aﬂmtt(anremleswfacamf siad dintiay| tabe aadeplacedred
in a side urfaeof ndg of said inner tube so as to be
arranged PheRASHgnli tﬁ’e@té’@ﬁr?%ﬁn &"& Bpt Iemendrafiiaid ghterdube, and saidlioner s
op ert oMUEbE M aOMEN b TN R sitiraly BF ifes” g&%ﬁhfﬁr&ﬁ{‘éﬂ%ﬁ%%@é‘ the
appar at usags f&rdted SH thside ﬁlr@éc’@ 3f tl‘{@%ro?t'oﬁl %ﬂdagfe"sﬁlldr ﬁme?r@ﬂ@ soogs S%J)O\r’\er

part of said air inlet is larger than the aperture anoun i'ts

part. 15 frrafgel (n aunskiak dfre@lﬁmldfgoa@@ﬁie%tt‘&%eaﬁné%falcf Qfrt ﬁllétnlscfo‘i‘{r{@'d
wherein an aperture anount of a |lower part of said air inlet is larger

than the ependremasaidrgrovhdwater infgteto D aositiod0loiver Tthanghe togveidesf RaPi Ng
apparatus as set forth in claimb, further conprising a pressure detecting
means f or WAERTRASSIE RHEOPr essure in said i nner tube, and a

10

5. The groundwater pumping apparatus as set forth in claim 3, wherein an aperture

amount of a lower part of said air inlet is larger than the aperture amount of its
upper part.
15

6. The groundwater pumping apparatus as set forth in claim 4, wherein an aperture

amount of a lower part of said air inlet is larger than the aperture amount of its
upper part.
20

7. The groundwater pumping apparatus as set forth in claim 5, further comprising
a pressure detecting means for detecting the pressure in said inner tube, and a
pumping-amount adjusting means for adjusting a pumping amount.

25

8. The groundwater pumping apparatus as set forth in claim 6, further comprising

a pressure detecting means for detecting the pressure in said inner tube, and a



punpi ng- anount adj usting neans for adjusting a punping amount. 25 8. The
groundwat er punpi ng apparatus as set forth in claim®6, further conprising
a pressure detecting neans for detecting the pressure in said inner tube,
and a 20 punpi ng-anount adjusting neans 6or adj usting a punping anount. 9.
The groundwat er punpi ng apparatus as se? forth in claim7, conprising a 5
pressure nmeans for increasing the pressure in said inner tube, and a water
injection mneans for carrying out a pressure injection of water in said

i nner t ubgunibing-Eheownt adicitiaieane My Tr R IARRG AhuBpATE SRbuher th in claim 8,
conprising a 10 pressure neans for increasing the pressure in said inner
tube, and a water injection neans for carrying out a pressure injection of
water in said inner tube.

9. The groundwater pumping apparatus as set forth in claim 7, comprising a

5  pressure means for increasing the pressure in said inner tube, and a water injection

means for carrying out a pressure injection of water in said inner tube.

10. The groundwater pumping apparatus as set forth in claim 8, comprising a
10 pressure means for increasing the pressure in said inner tube, and a water injection

means for carrying out a pressure injection of water in said inner tube.



