Method for Producing a Contiguous Ice Body in

a Ground Freezing Process

The invention pertains to a method for producing a
ice body in a ground freezing process.

In this context, brine cooling is an established an
ground freezing and foundation soil securing method

by all means capable of competing with other method

e.g., concrete injection. However, tests have shown
brine cooling reaches its limits at groundwater vel
above 2m/day, i.e., a contiguous, monolithic ice bo
referred to as frost body), which encloses all cool
lances, can usually no longer be produced. Among ot
things, one reason for this is an occurring nozzle

The ice body growing around the cooling lances rest
flow cross sections for the groundwater or flow med

in turn increases the flow velocity and the heat fl

at the edge of the ice body. A stationary state, in

ice body no longer grows, may be reached before a ¢
ice body has formed.

Based on these circumstances, the invention aims to
available a method that makes it possible to produc
contiguous ice body.

This objective is attained by means of a method wit
characteristics of claim 1.

Accordingly, the inventive method for producing a ¢
ice body in a ground region by freezing the ground
part thereof proposes to insert first cooling lance
ground region, in which the contiguous frost body s
produced in the presence of a flow of a fluidic flo
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particularly in the form of groundwater, flowing th rough the

ground region, wherein a first refrigerant is intro duced into
the first cooling lances in order to respectively ¢ ool or
freeze the ground region, and wherein at least one second
cooling lance is furthermore inserted into the grou nd region
on a side of the first cooling lances facing the fl oW in
order to respectively cool or freeze the ground reg ion and a
second refrigerant, which has a temperature that is lower
than the temperature of the first refrigerant, is i ntroduced
into the at least one second cooling lance in order to
promote the formation of a contiguous ice body that encloses

all first and second cooling lances.

The ice body therefore is presently produced by coo ling the

ground region, wherein the refrigerants flowing thr ough the
cooling lances cool the ground region due to indire ct heat
exchange such that said ice body is formed by freez ing the
ground region accordingly, i.e. water present in th e ground
region is frozen and forms the ice body together wi th the

solids of the ground region frozen therein.

According to the invention, the contiguous ice body being
formed encloses all inserted first and second cooli ng lances
participating in the cooling process. In this conte xt,
contiguous refers to a contiguous path, i.e. any tw 0 points
of this ice body can be connected by a path that li es
completely in the ice body and does not extend, e.g ., through

a non-frozen section of the ground region. One pote ntial
design of the cooling lances is described further b elow.

The first refrigerant preferably is a brine, partic ularly a
calcium chloride solution, which may have temperatu res in the
range of -30°C to -45°C. The maximum salt content o f a

calcium chloride solution preferably lies at 30%.



The second refrigerant preferably is liquid nitroge n, in

particular, with a temperature of -196°C (namely at the
transition to the gaseous phase under normal condit ions).
It is naturally also possible to use alternative fi rst and

second refrigerants that approximately have the
aforementioned temperatures.

The introduction of the first refrigerant into the first
cooling lances and the introduction of the second r efrigerant
into the second cooling lances preferably take plac e

simultaneously.

Due to the correspondingly lower temperature of the second
refrigerant, a cohesive or contiguous ice body can be
produced in this case despite the described nozzle effect,
wherein the flow of the second refrigerant through the second
cooling lances can be advantageously reduced or com pletely
stopped after the initial freezing phase, during wh ich the

contiguous ice body is produced.

The invention advantageously provides greater proce Ss
reliability because contiguous freezing can also be realized

at comparatively high flow velocities of up to 6m/d ay. This

is a decisive advantage, in particular, under uncle ar
circumstances with respect to the groundwater veloc ity. The
initial freezing phase is significantly shortened d ue to the
pre-cooling by means of the second refrigerant. The

supplementary costs for the additional cooling by m eans of
the second refrigerant (particularly nitrogen) can be
compensated or even overcompensated with the saving s realized

due to the shorter initial freezing phase.



The ground in question presently can for the unfroz
generally be modeled in the form of a three-phase m
consisting of solid, water or flow medium and air.
complete saturation can be assumed for freezing mea
two-phase model consisting of solid and water or fl
results for the unfrozen ground. The water phase de
and the ice phase simultaneously increases during t

of the freezing process or the formation of the ice
respectively. Experience shows that a noteworthy pr
of unfrozen water for ground solids such as fine sa

sand or gravel already is no longer present at appr
-2°C, wherein this applies, in particular, to the p
temperatures of the refrigerants used herein (see a

According to an embodiment of the invention, it is
that several second cooling lances are inserted int
ground region on the side of the first cooling lanc

the flow and the second refrigerant is introduced i
second cooling lances. In other words, the addition
cooling lances are positioned on the windward side
planned contiguous ice body upstream of the first c
lances.

According to another embodiment of the invention, i
proposed that the first cooling lances are inserted

ground region adjacent to one another, especially p

one another, in a plane in order to produce, in par

an ice body in the form of a pit wall.

According to another embodiment of the invention, i
proposed that the first cooling lances are inserted

ground region adjacent to one another, especially p

one another, along an imaginary circumferential sur
(e.g., in the form of the surface of a cylinder, pa
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a circular cylinder) in order to produce, in partic
frost body in the form of a hollow cylinder or a tu
section.

Simulation calculations showed that it is advisable
provide one second cooling lance per first cooling
regions, in which nozzle effects frequently occur.
particularly sensible in the center of a plane fros

e.g. in the form of a pit wall, or a cylindrical ic
especially a circular-cylindrical ice body, e.g., i

of a tunnel section.

It is therefore preferred to respectively insert th

one second cooling lance or the several second cool
into the ground region upstream of an assigned firs
lance referred to a flow direction or flow, wherein
respective second cooling lance particularly extend

to the assigned first cooling lance.

Other characteristics and advantages of the inventi
elucidated in the following description of exemplar
embodiments of the invention with reference to the

In these figures:

Figure 1 shows a schematic illustration of a system
carrying out the inventive method,;

Figure 2 shows the production of a contiguous ice b
the form of a plane wall (e.g. a pit wall) with
brine cooling at a diminishing groundwater flow
(left), as well as at a groundwater flow around
V=2m/day that prevents the formation of
contiguous ice body due to a nozzle effect (right);
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Figure 3 shows a schematic illustration of the inve
production of a contiguous ice body, particularly
in the form of a plane wall (e.g. a pit wall);

Figure 4 shows a schematic illustration of the prod
a contiguous hollow-cylindrical ice body with brine
cooling at a vanishing groundwater flow (left), as

well as at a groundwater flow around V=2m/day that

prevents the formation of a contiguous ice body due
to a nozzle effect (right); and

Figure 5 shows a schematic illustration of the inve
production of a contiguous hollow-cylindrical ice
body (e.g. a tunnel section).

Figure 1 shows a schematic illustration of an inven
system and an inventive method for producing a cont
body or frost body 100, 200 of the type illustrated

Figures 3 and 5.

Referred to a flow in the form of a groundwater flo
flow direction S, at least one second cooling lance
which a second refrigerant T' in the form of liquid

is introduced, is arranged upstream of first coolin

10 inserted into the ground region 1, into which a
refrigerant T in the form of a brine solution (e.g.
introduced (these first cooling lances may be inser
the ground region 1 vertically, as well as horizont

an initial freezing phase, during which the contigu
body 100, 200 is produced in the ground region 1, t
and the second refrigerant T, T' are simultaneously
introduced into the corresponding assigned cooling

20. After the formation of the contiguous ice body

ntive

uction of

ntive

tive
iguous ice
, €.0.,in

w in a
20, into
nitrogen
g lances

first
CaCl ) is
ted into
ally). In
ous ice
he first

lances 10,
100, 200,



the flow of the second refrigerant T' (e.g. liquid
can be throttled or completely stopped.

In said brine cooling system, the first refrigerant
introduced into inner tubes 11 of the first cooling

10, which are respectively arranged coaxial in an a
outer tube 13. In this case, the first refrigerant
through the respective inner tube 11 until it reach
opening 12 of the inner tube 11, which lies opposit
end wall 14 of the respective outer tube 13, is dis
from the respective opening 12 and then flows back
outer tube 13 surrounding the respective inner tube
During this process, the first refrigerant T cools
surrounding ground region 1 due to indirect heat tr

is subsequently fed into a refrigerant circuit 30,

the heated first refrigerant T is pumped through a
exchanger 32 by means of a pump 31, after it was di
from the respective outer tube 13. In this heat exc
the first refrigerant T is cooled by means of a coo

(e.g. ammonia or CO ») Circulating in a coolant circuit 33 and

then once again introduced into the inner tubes 11
first cooling lances 10.

During this process, the gaseous coolant K is heate

compressed in a compressor 34, then cooled once aga
condenser 36 that is thermally coupled to a cooling
circuit 37 and ultimately expanded by means of a th

and liquefied. This liquid coolant K once again flo

the heat exchanger 32 or evaporator 32 and cools th
refrigerant T therein while it evaporates.

The second cooling lances 12 are preferably realize
first cooling lances 10, wherein a second refrigera
the form of liquid nitrogen is in this case introdu
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the respective inner tube 21 from a liquid nitrogen
discharged from the respective opening 22, which i
opposite of the end wall 24 of the respective outer

and then flows back in the respective outer tube 23

this process, the second refrigerant T' evaporates

cools the ground region 1, wherein the gaseous phas
discharged from the outer tubes 23 of the second co
lances 20 and, e.g., subsequently discarded.

At groundwater flow velocities V above 2m/day, brin
alone no longer makes it possible to produce a cont

body 100, which encloses all first cooling lances 1
illustrated in Figure 2 (left), with a parallel arr

of first cooling lances 10 along a plane as illustr
Figure 2, namely due to a nozzle effect that occurs
particular, in the center between adjacent first co
lances 10 (at this location, the flow velocity V s
substantially higher than 2m/day due to the nozzle

In fact, a configuration, for example, with three n
contiguous ice bodies 101, 102, 103 is formed, in w
central ice body 102 only encloses a central first
lance 10.

An inventive contiguous ice body 100 can also be pr

the ground region 1 (see Figure 4) at a groundwater
velocity of V=2m/day with additional cooling by mea
second cooling lances 20, into which - as described
second refrigerant T' in the form of liquid nitroge
introduced. For this purpose, the second cooling la
especially three second cooling lances 20, are cent
arranged upstream of the first cooling lances 10 re

the flow direction S, i.e. on the side 2 of the pla

body 100 facing the flow, particularly at a distanc
approximately 1m from the plane defined by the firs
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lances 10. The clearance between the first cooling
preferably amounts to 0.8m. The clearance between t
cooling lances 20 preferably amounts to 0.8m to 1m.

Figure 4 shows a phenomenon corresponding to Figure
the production of a hollow-cylindrical ice body 200

this ice body can be produced with brine cooling al
diminishing groundwater flow velocity, a nozzle eff
again occurs at a higher groundwater flow velocity
V=2m/day, particularly between the central first co
lances 10 on the side facing the flow or the windwa

of the cooling lance arrangement 10 and, although t
extent, on the side facing away from the flow or th

side 3, if applicable. A potential non-contiguous

configuration therefore would consist, e.g., of a p
of non-contiguous and smaller central ice bodies 20
windward side 2 and the leeward side 3, as well as
flanking ice bodies 201, 202.

According to Figure 5, a contiguous ice body 200 ca
produced with a hollow-cylindrical configuration of
cooling lances 10, namely with additional inventive
by introducing a second refrigerant T' into second
lances 20 (see above), for example 5 second cooling
as shown, which once again are respectively arrange

of an assigned first cooling lance 10 referred to t
direction S of the groundwater, particularly at a p
distance of 1m to 2m from the cylinder surface defi

first cooling lances 10 or from the respectively ne
opposite cooling lance 10. The clearance between th
cooling lances 10 once again preferably amounts to

1.2m. The clearance between the second cooling lanc

preferably amounts to 0.8m to 1.5m.
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Clearances of 1.0m generally are common or preferre
second cooling lances 20, into which nitrogen is in

as second refrigerant T'. Due to the substantially
temperatures, clearances of 0.8m are preferred for
cooling lances 10, into which brine is introduced a
refrigerant T. Lower values increase the expenditur
higher values prolong the freezing period. In non-s

frost bodies or in symmetrical frost bodies, in whi
cooling lances cannot be positioned symmetrically d
structural circumstances, the clearances of the res
cooling lances 10 and 20 naturally may also deviate
another and from one another. Preferred clearances
the first and the second cooling lances respectivel

1.0 m for straight, wall-like ice bodies (see Figur

at 1.5 m for a circular cross section (see Figure 5

case, the clearances may by all means be dependent
geometry of the frost body 100, 200.
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List of Reference Symbols

Ground region
Side facing flow or windward side
Side facing away from flow or leeward side
First cooling lance
Inner tube
Opening
Outer tube
End wall
Second cooling lance
Inner tube
Opening
Outer tube
End wall
Refrigerant circuit
Pump
Heat exchanger
Coolant circuit
Compressor
Throttle
Condenser
Cooling water circuit
Liquid nitrogen tank
First refrigerant
Second refrigerant
Coolant
Cooling water
Flow or flow direction
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CLAIMS

A method for producing a contiguous ice body (10
in a ground region (1), wherein first cooling lance
(10) are inserted into the ground region (1), in wh
the contiguous ice body (100, 200) should be produc
the presence of a flow (S) of a fluidic flow medium
particularly in the form of groundwater, flowing th
the ground region (1), wherein a first refrigerant
is introduced into the first cooling lances (10), a

wherein at least one second cooling lance (20) is

furthermore inserted into the ground region (1) on
side (2) of the first cooling lances (10) facing th

flow and a second refrigerant (T'), which has a

temperature that is lower than the temperature of t
first refrigerant (T), is introduced into the at le

one second cooling lance (20) in order to promote t
formation of a contiguous ice body (100, 200) that
encloses all cooling lances (10, 20).

The method according to claim 1, characterized i
several second cooling lances (20) are inserted int
ground region (1) on the side (2) of the first cool
lances (10) facing the flow and the second refriger
(T is introduced into the second cooling lances (

The method according to one of the preceding cla
characterized in that the first refrigerant (T) and
second refrigerant (T') are simultaneously introduc
into the respective cooling lances (10, 20).

The method according to one of the preceding cla

characterized in that the introduction of the secon
refrigerant (T') into the at least one second cooli
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9.

lance (20) or the several second cooling lances (20

stopped or throttled after the production of the

contiguous ice body (100, 200).

The method according to one of the preceding cla
characterized in that the first refrigerant (T) is
brine, particularly a calcium chloride solution.

The method according to one of the preceding cla
characterized in that the second refrigerant (T') i
liquid nitrogen.

The method according to one of the preceding cla
characterized in that the first cooling lances (10)

inserted into the ground region (1) adjacent to one

another, especially parallel to one another, along
plane in order to produce, in particular, an ice bo
(100) in the form of a pit wall.

The method according to one of the preceding cla
characterized in that the first cooling lances (10)

inserted into the ground region (1) adjacent to one

another, especially parallel to one another, along
circumferential surface in order to produce,
particular, an ice body (200) in the form of a tunn
section.

The method according to one of the preceding cla
characterized in that the at least one second cooli
lance (20) or the several second cooling lances (20
respectively inserted into the ground region

upstream of an assigned first cooling lance (10)

referred to a flow direction (S) or flow (S), where
the respective second cooling lance (20) particular
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extends parallel to the assigned first cooling lanc
(20).
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