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Method and system for freezing a portion of ground

A system for freezing a portion of ground com-

prises at least one probe having at least one end insert-
able in the ground to be frozen and having at least one
lateral wall, and means for supplying a cryogenic lique-
fied gas connected to the probe so as to supply the cry-

ogenic liquefied gas to the same probe, said supply
means comprising a device for dispensing said cryogenic
liquefied gas placed on the inside of the probe, the dis-
pensing device being spaced from said end insertable in
the ground in such a manner as to spray said gas directly
onto said lateral wall of said probe.
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Description

[0001] The present invention relates to a method and
a system for freezing a portion of ground according to
the accompanying claims.

[0002] Conventional systems for freezing a portion of
ground are known, said systems allowing freezing of the
water present in the ground so as to compact the latter,
increasing its overall strength and rendering it imperme-
able.

[0003] Usually freezing is temporary and allows the
programmed works to be carried out under safe condi-
tions. Said works consist, for example, in the construction
of wells, tunnels, underground structures and imperme-
able diaphragm walls.

[0004] To this end, probes have been developed such
as to allow, by means of the evaporation of a cryogenic
liquefied gas contained inside them, for example nitro-
gen, freezing of the portion of ground inside which they
are buried.

[0005] The probes (also called freezing probes) usu-
ally have a sleeve inside which the cryogenic liquefied
gas is introduced via first pipes. Said cryogenic liquefied
gas, after evaporating and absorbing heat from the
ground surrounding the probe, is then extracted from the
sleeve by means of second pipes.

[0006] The first pipes introduce the cryogenic liquefied
gas in a bottom zone of the sleeve (and therefore of the
probe).

[0007] In this way, the cryogenic liquefied gas is pro-

pelled from the bottom of the sleeve towards an upper
portion of the said bottom, filling it. In order to define the
maximum filling level of the sleeve, a second pipe is pro-
vided so as to allow evacuation of the cryogenic gas
which, after releasing cold, passes from the liquid state
to the gaseous state.

[0008] Inorderto allow the introduction of the cryogen-
ic gas inside the probe, the first pipes allow connection
of a cryogenic storage tank to the sleeve. Advantageous-
ly, said pipes have atleast one valve for allowing variation
of the flow rate of the cryogenic liquefied gas flowing
along the pipe.

[0009] The cryogenic gas extracted in the gaseous
state from the probe may be conveyed by the second
pipe to an apparatus for dispersion, into the atmosphere,
of the cryogenic gas in the gaseous state. The second
pipe, similar to the first pipe, has at least one valve in-
tended, for example, to vary the flow rate of the nitrogen
flowing along the second pipe.

[0010] The solution of the type mentioned above has,
however, various drawbacks associated with an ineffi-
cient configuration of the first and second pipes and
therefore an inefficient heat exchange between the cry-
ogenic liquefied gas and the ground surrounding the
probe.

[0011] The object of the present invention is therefore
to provide a system for freezing a portion of ground which
is able to solve the said problems.
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[0012] In other words, the object of the present inven-
tion is to provide a system able to improve the heat ex-
change between the cryogenic liquefied gas and the
ground surrounding the probe.

[0013] These and other objects which will be clear to
the person skilled in the art are achieved by a system for
freezing a portion of ground, provided in accordance with
the accompanying claims.

[0014] The present invention will be understood more
clearly with reference to the accompanying figures pro-
vided purely by way of a non-limiting example. In said
figures:

Figure 1 shows a schematic view of a system for
freezing ground according to the present invention;

Figure 2 shows a cross-sectional view of a detail of
the system according to Figure 1;

Figure 3 shows a perspective view of a further detail
of the system according to Figure 1.

[0015] With reference to the said figures, the reference
number 1 denotes a system for freezing a portion of
ground 15.

[0016] The system 1 generally has at least one probe
3 which is buried inside the ground 15 surrounding the
aforementioned probe 3 via an insertable end 3a thereof,
said probe 3 being connected to supply means 5 for sup-
plying a cryogenic liquefied gas to the probe 3. In partic-
ular said supply means 5 are able to deliver said cryo-
genic liquefied gas inside the probe 3.

[0017] According to the embodiment shown in Figure
1, the system 1 comprises two probes 3 and 3'. In a further
embodiment, the system 1 may have a plurality of probes,
the number of which is defined depending on the prede-
fined purpose.

[0018] The aforementioned supply means 5 comprise
a tank 9 of suitable dimensions for ensuring that the sys-
tem 1 is kept constantly supplied. To this end, the tank
9 may have means for detecting and/or calculating and/or
indicating to other devices the instantaneous and/or av-
erage delivery flow rate.

[0019] Alternatively, said supply means 5 may com-
prise any cryogenic liquefied gas source suitable for the
purpose.

[0020] The supply means 5 also comprise a delivery
pipe 6 having a first end 6a connected to the tank 9.
[0021] Said delivery pipe 6 is also connected to the
probe 3 by means of a second end 6b (in order to fill it
with cryogenic gas in liquid form).

[0022] Each probe (Fig. 2) usually comprises a sleeve
13 inside which the cryogenic liquefied gas, for example
nitrogen, is introduced. The sleeve 13 allows the cryo-
genic liquefied gas to be kept separate from the ground
15 into which the probe 3 is inserted.

[0023] With the cryogenic liquefied gas itis possible to
reduce the temperature of the ground down to, for exam-
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ple, a temperature in the region of -10 °C (temperature
detected in the ground 15 surrounding the probe 3). With
this temperature it is possible to obtain substantially a
wall of frozen ground which allows the works to be carried
out at depth without the presence of water infiltration.
Said works consist, for example, in the construction of
wells, tunnels, underground structures and impermeable
diaphragm walls. The freezing operation is based on the
principle that the cryogenic liquefied gas introduced in-
side the probe 3 absorbs heat from the ground 15, evap-
orating and at the same time reducing the temperature
of the ground 15.

[0024] The cryogenic gas in the gaseous state present
inside the probe 3 is evacuated by means of a suction
pipe 7.

[0025] The sleeve 13 generally has a tubular form
closed at at least one first end 13a corresponding to the
insertable end 3a of the probe 3, in order to contain the
cryogenic liquefied gas. The sleeve 13 has preferably a
round-shaped cross-section. The tubular form of the
sleeve 13 is such as to define at least one lateral wall 14
of the probe.

[0026] The sleeve 13 at a second end 13b opposite to
the first end 13a has a cover 17 which hermetically closes
the sleeve 13 of the probe 3. In accordance with that
shown, the second end 13b of the sleeve 13 is not buried
in the ground 15, but is placed outside of the aforemen-
tioned ground 15.

[0027] The probe 3 extends along a longitudinal axis
X defined by the tubular form of the same probe 3.
[0028] The probe 3 can be inserted into the ground 15
in such a way that, during use, the longitudinal axis X is
arranged vertically.

[0029] In the region of the cover 17, preferably on the
cover 17 itself, a first opening 21 is provided for housing
and hermetically securing the delivery pipe 6 to the probe
3.

[0030] In the same way as for the first opening 21, in
the region of the cover 17, preferably on the cover 17
itself, a second opening 23 is provided for housing and
hermetically securing the suction pipe 7.

[0031] The delivery pipe 6 is housed inside the first
opening 21 and extends at least partly inside the probe
3. The portion of the delivery pipe 6 placed inside the
probe 3 is referred to as "dispensing pipe 33". Said dis-
pensing pipe 33 extends at least partly parallel to the axis
X.

[0032] The cryogenicliquefied gas is introduced inside
the sleeve 13 by means of gravity via a dispensing device
31 placed at a second end 6b of the delivery pipe 6 of
the probe 3. The second end 6b of the delivery pipe 6
corresponds to afree and facing the end 3a of the probe 3.
[0033] In particular, the dispensing device 31 has a
dispensing mouth 35 via which the cryogenic liquefied
gas may be sprayed onto the lateral wall 14 of the probe
3, above a liquid head generated by the cryogenic lique-
fied gas present inside the probe 3 at the first end 13a.
Moreover, said dispensing device 31 allows spraying of

10

15

20

25

30

35

40

45

50

55

the cryogenic liquefied gas towards the end 3a of the
probe 3.

[0034] Advantageously,inorderto spraythe cryogenic
liquefied gas, the dispensing mouth 35 may be, for ex-
ample, divided up into a plurality of openings (not shown
in the figures) defined by means of a perforated plate or
sheet (not shown in the figures). Alternatively it may have
a nozzle with a form such as to allow spraying of the
cryogenic liquefied gas or also other means suitable for
the purpose.

[0035] By modifying the flow rate of the cryogenic lig-
uefied gas supplied to the probe 3 it is therefore possible
to limitthe heat exchange at the firstend 13a of the sleeve
13, favouring instead heat exchange in an intermediate
portion 18 of the sleeve 13 situated between said first
end 13a and said second end 13b.

[0036] The probe 3 comprises a layer of insulating ma-
terial 36 placed externally to the sleeve 13 and adhering
to the sleeve 13 itself.

[0037] In particular, the layer of insulating material 36
lines an upper part of the probe 3. In other words, the
layer of insulating material 36 has a first end 36a placed
between the dispensing mouth 35 and a suction mouth
47 positioned along a first end portion 7a of the suction
pipe 7 and a second end 36b of the layer of insulating
material 36 placed at the end 3b of the probe 3.

[0038] With this solution it is possible to initiate a main-
tenance phase (the meaning of which will be clarified
below) at the first end 13a of the sleeve 13 and at the
same time continue freezing of the ground 15 surround-
ing an intermediate portion of the sleeve 13.

[0039] Saiddispensing mouth 35 is positioned at a dis-
tance H1 from the first end 13a of the sleeve 13. This
distance H1 defines the height of the cold front edge
which is to be obtained in the ground surrounding the
probe 3. The value of the distance H1 is also determined
so as to generate the front cold edge which is to be ob-
tained in the ground surrounding the probe 3.

[0040] Moreover, the dispensing mouth 35 is posi-
tioned at a distance H2 from the suction mouth 47. This
distance H2 is, for example, equal to about 1 metre and
is measured in the direction defined by the longitudinal
axis X.

[0041] Abovetheliquid head, andin particular between
the dispensing mouth 35 and the suction mouth 47, a
mixed liquid/gas phase consisting of the cryogenic gas
in the gaseous state and a suspension of cryogenic gas
droplets in the liquid state is produced. In particular, a
substantially gaseous phase is present in the proximity
of the suction mouth 47.

[0042] This suction mouth 47 defines an upperfreezing
limit of the ground 15. Said upper freezing limit of the
ground 15 in turn defines a height h above which, inside
the sleeve 13, there is no cryogenic gas in the liquid state.
This heightis determined a prioridepending on the height
at which the ground 15 is to be frozen.

[0043] The delivery pipe 6 has a first valve 37 placed
at the end 13b of the probe 3, in particular upstream of
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the first opening 21. The first valve 37 enables or inter-
rupts dispensing of the cryogenic liquefied gas inside the
aforementioned delivery pipe 6.

[0044] Advantageously, a first branch 39 may be
present along a portion 38 of the delivery pipe 6 situated
between the first opening 21 and the first valve 37. The
branch 39 connects the aforementioned portion 38 to the
suction pipe 7 connected to a probe 3’ adjacent to the
probe 3.

[0045] The delivery pipe 6 has at least one valve 75
for interrupting the flow of the cryogenic liquefied gas
should the atmospheric emissions of said system 1 not
comply with the oxygenation limits stipulated by the en-
vironmental safety regulations.

[0046] Saiddelivery pipe 6 alsohas atleastone second
branch 46. Said second branch 46 allows all the probes
forming part of the system 1 to be supplied simultane-
ously.

[0047] The suction pipe 7 allows the sleeve 13 to be
connected to at least one apparatus 11 for dispersion,
into the atmosphere, of the cryogenic gas in gaseous
form.

[0048] A first end portion 7a of the suction pipe 7 is
housed and hermetically secured inside the second
opening 23 present at the second end 13b of the sleeve
13.

[0049] In a similar way to the dispensing pipe 33, the
first end portion 7a of the suction pipe 7 extends at least
partly inside the sleeve 13. This first end portion 7a sit-
uated inside the sleeve 13 is commonly referred to as
"dip pipe 45". The dip pipe 45 corresponds to the first
end portion 7a.

[0050] The dip pipe 45, in a similar manner to the dis-
pensing pipe 33, extends at least partly parallel to the
longitudinal axis X.

[0051] One end 45a of the dip pipe 45 inside the probe
is provided with the suction mouth 47 via which the cry-
ogenic gas is removed from the sleeve 13. This suction
mouth 47 is placed at a distance h defined between the
suction mouth 47 and the end 3a of the probe 3. In par-
ticular, the suction mouth 47 is placed at a height above
the dispensing mouth 35 (when the axis X of the probe
is arranged vertically). In this way, the evaporated cryo-
genic gas present inside the sleeve 13, in particular
above the free surface of the cryogenic liquefied gas,
may be extracted from the sleeve 13 itself in order to be
dispersed into the atmosphere.

[0052] To this end, the suction pipe 7 allows transfer
of the cryogenic gas in the gaseous state from the probe
3 to the apparatus 11. The transfer of the cryogenic gas
in the gaseous state from the probe 3 to the apparatus
11takes place as aresult ofthe reduced pressure present
between the tank 9 (inside which the cryogenic gas is
usually kept it a pressure of at least 2 bar) and the at-
mospheric pressure. This apparatus 11 has at least one
discharge flue 49 suitably connected to at least one fan
51.Thefans 51introduce air ata base 53 of the discharge
flues 49. The fans 51 therefore allow the cryogenic gas
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to be mixed with air in order to reduce the concentration
and increase the temperature thereof, before said cryo-
genic gas is dispersed in the atmosphere. This mixing
operation allows the cryogenic gas to be dispersed in the
atmosphere in keeping with the parameters laid down by
the environmental protection regulations.

[0053] The flues 49, along a portion passed over by an
air flow generated by the fans 51, have an opening (not
shown in the figures) for housing and hermetically secur-
ing a second end 7b of the suction pipe 7. Via said open-
ing, when the fans 51 are activated, it is possible to gen-
erate inside the suction pipe 7 a vacuum such as to draw
off the cryogenic gas present inside the sleeve 13.
[0054] Advantageously, a discharge flue 49 may have
two fans 51 with a different air flow rate. With this solution
itis possible to regulate the flow rate of the air introduced
into a single flue 49 depending on the value of the flow
rate of the cryogenic gas flowing along the second pipe 7.
[0055] The discharge flues 49, in the proximity of their
upper portion, may have probes for detecting the tem-
perature of the vapours emitted from the aforementioned
discharge flues 49.

[0056] Advantageously, at least one environmental
low-oxygenation sensor (not shown in the figures) may
be provided in the proximity of said apparatus 11. In the
case where the air in the proximity of the discharge flues
49 has a concentration beyond a predetermined thresh-
old, said environmental sensor activates an alarm signal,
for example an acoustic and/or visual signal. Moreover,
when said predetermined threshold is exceeded, said
sensor is able to send a signal for closing the valve 75,
therefore interrupting the supply of cryogenic liquefied
gas to the probes.

[0057] The suction pipe 7 has a first valve 57 placed
at the end 3a of the probe 3, in particular downstream of
the second opening 23. Said first valve 57 allows or in-
terrupts the flow of cryogenic gas inside the aforemen-
tioned suction pipe 7, in particular the transfer of a cryo-
genic gas from the sleeve 13 to the apparatus 11.
[0058] A third branch 61 is generally placed along a
first portion 59 of the suction pipe 7 situated between the
second opening 23 and the first valve 57. Said third
branch 61 is able to house at least one sensor for detect-
ing the temperature 63 of the cryogenic gas present in
the sleeve 13.

[0059] A fourth branch 67 is present along a second
portion 65 of the suction pipe 7, between the first valve
57 and the temperature detection sensor 63, said branch
allowing division of a cryogenic gas flow directed from
the sleeve 13 to the apparatus 11. The portion of cryo-
genic gas which passes through the fourth branch 67
may thus be transferred to a second probe 3’ adjacent
to the probe 3, in order to recycle the aforementioned
cryogenic gas to said second probe 3'. In particular, the
gas is transferred to the second probe 3’ by means of
the fifth branch 39’ along which there is a fifth valve 73
for enabling or interrupting the flow of the cryogenic gas.
This solution is used should be cryogenic gas leaving the
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sleeve 13 still be able to absorb heat from the ground 15.
In this way it is possible to perform recycling of the cry-
ogenic gas.

[0060] By means of the fourth branch 67 it is thus pos-
sible to connect the probe 3 to the second following probe
3’ so as to define, as mentioned above, recycling the
cryogenic gas. This configuration allows a plurality of
probes to be connected together.

[0061] Advantageously the sleeve 13 at the end 13b,
may have a further opening or branch 69. Said further
opening or branch 69 allows, for example, connection of
an instrument (not shown in the figures) for measuring
the pressure present inside the sleeve 13 of the probe
3. By means of said measurement it is possible to define
apressure gradient and perform an estimation of the cold
power exchanged between the cryogenic liquefied gas
and the ground 15.

[0062] Moreover, a safety valve 71 (commonly called
PSV) for protecting the mechanical integrity of the sleeve
13 and the suction pipe 7 against the risk of overpressure
is present in the region of the dip pipe 45 or the end 13b
of the sleeve 13.

[0063] Additional sensors (not shown in the figures)
are also provided for detecting the temperature of the
ground 15. Said additional sensors allow continuous de-
tection of the temperature of the ground 15 and at the
same time provide indications as to the actual condition
of the ground 15 which is to be frozen. In this way it is
possible to have an indication of the efficiency of opera-
tion of the freezing system 1.

[0064] Advantageously, a plurality of temperature de-
tection sensors (not shown in the figures) which can be
inserted in the ground 15 are arranged vertically aligned
with one other in the aforementioned ground 15 sur-
rounding the probe 3 and in direct contact with the probe
itself. In this way it is possible to obtain an indication of
the level of the cryogenic liquefied gas present inside the
sleeve 13.

[0065] A method for freezing the ground 15 also forms
part of the present invention.

[0066] Said method forfreezing the ground 15 consists
in providing the system 1 in accordance with the arrange-
ment shown in Figure 1, burying at least one probe 3 in
the aforementioned ground 15.

[0067] The cryogenic gas, by means of the supply
means 5, is introduced inside the probe 3 in order to
acquire heat from the ground 15 surrounding the afore-
mentioned probe 3, evaporating.

[0068] In particular, when the cryogenic liquefied gas
is emitted from the dispensing mouth 35, said cryogenic
liquid gas is sprayed onto at least one lateral wall 14 of
the probe 3 and/or towards a buried end 3a of the probe 3.
[0069] The cryogenic gas is then evacuated from the
probe 3 by means of the suction pipe 7 which transfers
the aforementioned cryogenic gas to the system for dis-
persion of the gases into the atmosphere 11.

[0070] Thisis followed by a maintenance phase during
which the temperature reached during freezing is main-
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tained. The aforementioned temperature is maintained
by means of suitable cycles for injection of the cryogenic
liquefied gas into the probe 3. These injection cycles are
performed using flow rates of the cryogenic liquefied gas
which are lower (than that used during freezing) or by
supplying cryogenic liquefied gas discontinuously.
[0071] Finally, once the works have been completed,
a thawing step is performed. This step envisages inter-
rupting the injection of cryogenic liquefied gas to the
probe 3. This step consists in merely monitoring the tem-
perature of the ground 15 in order to check when said
temperatures have returned to a level above zero de-
grees.

[0072] The presentinvention achieves the object indi-
cated since the cryogenic liquefied gas, which is sprayed
at least onto a lateral wall of the probe and/or towards
the insertable end of the probe itself, allows improved
heat exchange with the ground surrounding the probe to
be obtained, compared to the prior art.

Claims

1. A system (1) for freezing a portion of ground (15)
comprising at least one probe (3) having at leastone
end (3a) insertable in the ground (15) to be frozen
and having at least one lateral wall (14), supply
means (5) of a cryogenic liquefied gas connected to
the probe (3) to supply the cryogenic liquefied gas
to the same probe (3), said supply means (5) com-
prising a dispensing device (31) of said cryogenic
liquefied gas placed on the inside of the probe (3),
characterized in that said dispensing device (31)
is spaced from said end (3a) insertable in the ground
(15) in such a manner as to spray said gas directly
onto said lateral wall (14) of said probe (3).

2. The system according to claim 1, characterized in
that said probe (3) has a tubular conformation closed
at said insertable end (3a) to contain the cryogenic
liquefied gas, said probe (3) extending along a lon-
gitudinal axis (x), said probe (3) being insertable in
the ground (15) in such a mannerthat the longitudinal
axis (x) is arranged vertically.

3. The system according to claim 2, characterized in
that it comprises a plurality of temperature detection
sensors insertable in the ground (15) in proximity of
the probe (3) and in direct contact with the same
probe, said sensors being arranged aligned parallel
to one another with respect to the longitudinal axis

(x).

4. The system according to claim 2, characterized in
that said supply means (5) comprise at least one
delivery pipe (6), said delivery pipe (6) being at least
partially on the inside of the probe (3), extending at
least partially parallel to the longitudinal axis (X), the
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output device (31) being placed ata second end (6b)
of the delivery pipe (6).

The system according to claim 4, characterized in
that the probe (3) is provided with a suction pipe (7),
said suction pipe (7) being at least partially placed
on the inside of the probe (3), extending at least par-
tially parallel to the longitudinal axis (X) and having
atafirstend (7a) of said suction pipe (7) on the inside
of the probe (3) a suction mouth (47).

The system according to claim 5, characterized in
that said probe (3) has a distance (h) defined be-
tween the suction mouth (47) of said suction pipe
(45) and said insertable end (3a) of the probe (3)
greater with respect to a distance (H) defined be-
tween said dispensing device (31) and said inserta-
ble end (3a) of the probe (3).

The system according to claim 2, characterized in
that the probe (3) comprises a sleeve (13), said
sleeve (13) having a layer of insulating material (36)
placed externally to the sleeve (13) and adhering to
the same sleeve (13), preferably said insulating ma-
terial (36) has a first end (36a) comprised between
the dispensing device (31) and the suction mouth
(47).

The system according to atleastone of the preceding
claims, characterized in that the probe (3) has on
the inside thereof a mixed liquid/gas phase of said
cryogenic gas, said mixed liquid/gas phase being
placed at least between the dispensing mouth (35)
and the suction mouth (47).

A method for freezing a piece of ground (15) com-
prising the steps of:

- inserting at least one probe (3) having at least
one lateral wall (14) into the ground (15) to be
frozen;

- introducing a cryogenic liquefied gas into the
probe (3);

- evaporating the cryogenic liquefied gas;

- evacuating the cryogenic gas from said probe
(3) ; characterized in that the step of introduc-
ing a cryogenic liquefied gas into the probe (3)
is obtained by spraying the cryogenic liquefied
gas directly onto at least one lateral wall (14) of
said probe (3).

The method according to claim 9, characterized in
that the step of introducing the cryogenic liquefied
gas into the probe (3) comprises the step of spraying
said cryogenic liquefied gas towards a buried insert-
able end (3a) of the probe (3).
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