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DESCRIPTION

[0001] The present invention concerns, on the one hand, a method for treating soil, wherein a
soil auger comprising a helical drilling blade and an outlet opening is driven into the saill,
wherein a treatment product is injected into the soil via the outlet opening at different depths,
and wherein the injection pressure and the injection flow rate are measured during the
injection.

[0002] On the other hand, the present invention also concerns a device for treating soil,
comprising a drilling rig provided with a soil auger which comprises a supply duct and at least
one outlet opening connected to the supply duct, wherein the drilling rig is provided for driving
the soil auger into soil, an injecting device which is provided for injecting a treatment product
into the soil via the supply duct and the outlet opening, and a measurement device which is
provided for measuring at least the injection pressure and the injection flow rate during the
injection of the treatment product into the soil, the soil auger comprising a helical drilling blade.

[0003] In this patent application, the term 'soil layer' is used in the sense of a quantity of soil
material located below the ground surface which can be distinguished from adjacent soil
material by its specific composition or texture, such as a clay layer or a sand layer, for
example, which consist mainly of clay or sand, respectively. The term soil layer therefore also
refers to a specific soil type. A soil layer or soil of course also comprises the soil water which is
present therein. Treatment of soil therefore also comprises treatment of the groundwater
presentin the soil.

[0004] GB 2328700 and WO 00/53852 both disclose devices comprising a helical blade for
forming an excavation in the ground. Concrete is released in the excavation via the auger in
order to form a concrete pile. CN203488115U discloses a drilling machine comprising a drilling
rod having a spiral blade of which the upper surface is provided with a plurality of nozzles. A
highly-pressurized liquid can be sprayed through the nozzles and soil attached to the upper
surface of the spiral blade can be flushed broken, in order to prevent drill locking. These known
methods and devices are not suitable for injection of a treatment product into the soil.

[0005] US 4 659 259 describes a method for stabilizing an unstable clay layer, using a soil
auger having a helical drilling blade in which outlet openings are provided. A treatment product
which chemically reacts with clay is injected into the clay layer via the outlet openings and is
mixed with the clay through the rotation of the helical blade. As a result of the chemical
reaction, the clay layer is locally stabilized. The treatment product is ideally injected over the
entire depth of the unstable clay layer.

[0006] A method having the features of the first paragraph of this description is also used in
the remediation of polluted soil. A liquid or gaseous treatment product containing chemical
products or bacteria or activated carbon, etc. which can render the pollutants in the soil or
groundwater harmless is injected into the soil. Taking into account the results of prior soil
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investigations and potentially various parameters, including the identified concentrations of
polluting parameter(s), the possible presence of degradation or daughter product(s), the
geochemical state of the soil layers, the distance from the source of the pollution, the time that
has passed since the moment at which pollution took place, the nature and the depth of the
different soil layers in the subsoil and the direction of the groundwater flow, it is determined
where and in which soil layer or soil layers the treatment product must be injected in order to
render as many of the pollutants as possible harmless. In places relatively close to the source
of pollution, it may thus be most efficient to inject a treatment product into the soil layer which
has the smallest hydraulic conductivity at that location in comparison with the other soil layers,
such as for example a clay layer. In places further away from the source of the pollution, it may
then be more efficient to inject the treatment products into the soil layer which has the largest
hydraulic conductivity in comparison with the other soil layers, such as for example a sand
layer. When polluting products move in a certain direction underground with the groundwater
flow, a treatment product can be injected into well-defined soil layers which lie on the trajectory
of the groundwater flow before the pollutants have moved there, in order to form a barrier that
may prevent the further movement thereof.

[0007] A method for treating polluted soil is described in US 2014/0231322 A1. This method
has the properties indicated in the first paragraph of this description and provides for the use of
a rod-shaped injection element with a conical head and smooth outer walls. The injection
element comprises a measuring instrument in cooperation with a sensor for collecting data on
the pollutants present in the soil or the soil water at various depths, and an injection part for
injecting a treatment product in order to render the detected pollutants harmless. Based on the
data on the pollution collected via the sensor, a control unit determines the dose of the
treatment product at the various depths. The injection pressure is also controlled as a function
of the data on the pollution.

[0008] EP 0453839A2 discloses another method and device for treating contaminated soil.

[0009] As already stated above, it is of great importance in a number of soil treatments that the
treatment product is predominantly injected into one or more well-defined soil layers and the
injection in some treatments must also be as homogeneous as possible over the entire depth
trajectory or as far as possible over the entire depth of said well-defined soil layer. In this case,
it is also very important that the correct quantity of treatment product (the quantity required to
achieve an effective treatment) can reach the respective soil layers with a high level of
certainty.

[0010] The method known from US 2014/0231322 A1 moreover has yet another drawback. As
the rod-shaped injection element is pushed or hammered into the soil, the soil around it is
compacted and smeared. These phenomena of '‘compaction' and 'smearing’ considerably
reduce the permeability of the soil at the location of the outlet openings of the injection element
and make injection more difficult, as a result of which higher injection pressures need to be
used to achieve a workable injection flow rate. A possible consequence of these higher
injection pressures is that the injected treatment product causes undesired hydraulic fracturing
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of the soil, as a result of which the injected treatment product is distributed into the soil via a
number of preferred paths, which is of course detrimental to the efficiency of the treatment,
and even ends up at the surface via such preferred paths. Pushing or hammering the rod-
shaped injection element into the ground is moreover also associated with lateral vibrations,
thus forming a channel around the injection element and the extending rods above it. The
injected treatment product can relatively easily be pushed upwards along the injection element
via this channel (referred to below using the technical term 'blow-out’).

[0011] As the injection element is pushed or hammered into the soil and as it is not possible to
simultaneously push and inject, the treatment product cannot be injected into the soil at every
desired depth (i.e. over the entire desired depth trajectory), and this is done, for example, only
at certain discrete depths with a vertical intermediate distance of approximately 30 cm.

[0012] As a result of one or more of the drawbacks mentioned, the injected product thus very
often does not reach the different soil layers intended, or only in a much smaller quantity than
required. As a result, the treatment is much less efficient than expected or the processes
intended with the injected product do not take place at all.

[0013] Often, investigations are carried out in advance into the distribution of the pollution in
the soil by means of soil augering with associated soil sampling and analyses, monitoring wells
and associated groundwater sampling and analyses and MIP/Enissa MIP probing. This allows
the spread of the pollution in the soil to be mapped. These techniques can also be used to
acquire an idea of the geology but only limited information is provided as to the hydraulic
permeability and the injectability of the different soil layers. Another instrument used for this is
known under the commercial name ‘hydraulic profiling tool' or 'HPT'. A rod-shaped element
with a conical point and a smooth outer side is pushed or hammered into the soil. Via a
number of outlet openings in the rod-shaped element, water is injected into the soil at a low
and known flow rate. Based on measurements of the injection pressure, the hydraulic
conductivity can be assessed at different depths. Such preliminary soil investigation is
cumbersome and time-consuming and, due to the limited volume of water injected, it can often
be difficult to extrapolate the results obtained to injectability of the soil layers concerned.
Moreover, the measurement values often give a distorted picture of the actual soil properties.
During the insertion of the rod-shaped element into the soil, the soil is compacted by the
conical point, and the soil pores are smeared closed by the smooth outer sides of the rod-
shaped element. This 'compaction' and 'smearing' reduce the permeability of the soil at the
location where the water is injected. As a result, the hydraulic conductivity is often
underestimated, especially when injecting into heavier soil types, such as clay, loam, sandy
loam and loamy sand.

[0014] The object of the present invention is to provide a method for treating soil having the
features indicated in the first paragraph of this description, which is used to remedy the
drawbacks indicated above, and which in particular makes it possible to inject the required
quantity of treatment product into one or more well-defined soil layers in a simple, efficient and
quick way and with a higher level of certainty than with the existing methods.
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[0015] This object is achieved by providing a method having the features indicated in the first
paragraph of this description wherein, according to the present invention, the outlet opening is
provided in the driling blade, wherein a soil parameter of the soil at the location where the
treatment product is injected is derived from the injection flow rate and the injection pressure,
and wherein the injection pressure is adapted as a function of the soil parameter, said soil
parameter being the hydraulic conductivity or a value or a variable or a parameter which is
proportionate to the hydraulic conductivity.

[0016] This soil parameter identifies the most common soil types and accordingly provides
information on the spreading behaviour of the soil pollution and the injectability of the soil layer
concerned. Using this property, one soil type can be distinguished from other soil types and the
different soil layers can thus be identified. By way of example, a number of common soil types
are listed below in order of increasing hydraulic conductivity: heavy clay, clay, loam, sandy
loam, light sandy loam, loamy sand and sand.

[0017] A soil auger with helical driling blade can be gradually driven into the ground at a
relatively slow and uniform speed by rotation around its longitudinal axis. As a result, the
treatment product can be injected into the soil at any desired depth.

[0018] The soil auger may in this case be self-tapping or not, with the downwards movement
requiring a downwards force on the soil auger or not. In this case, the helical blade cuts
through the soil, as a result of which the soil surrounding the outer diameter of the soil auger is
disturbed only very little and is barely compacted or smeared, if at all.

[0019] The structure of the different soil layers therefore remains virtually intact at the location
of the outer diameter of the soil auger. As the outlet opening is provided on the outer periphery
of the helical blade, the treatment product is mainly injected into this undisturbed soil. As a
result, the measurements of injection pressure and injection flow rate permit a good estimation
of the actual soil properties. This also allows a fairly accurate assessment of the injectability of
the treatment product to be used for the soil treatment into the specific soil layer.

[0020] A significant advantage of the helical form of the soil auger is also that the soil above
and below the helical blades and above the soil auger is indeed compacted, which offers the
unique benefit that the injected liquid does not have the tendency at all to rise to the surface
along the rods of the soil auger.

[0021] The properties of soil vary as a function of the depth. By adapting the injection pressure
as a function of the properties of the soil at the depth where the treatment product is injected, it
is possible to ensure that this injection pressure is kept low enough to avoid phenomena which
lead to undesired movements of the treatment product in the soil, including undesired hydraulic
fracturing. Partly because the rotary drilling causes hardly any lateral vibrations, virtually no
channel is formed around the soil auger. This prevents the injected treatment product from
easily being able to move upwards in the soil in a channel thus formed (blow-out). It is thus
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possible avoid the situation where the treatment product does not reach the desired soil layer
or soil layers or does not reach the desired soil layer or soil layers in the foreseen and required
quantity.

[0022] The adaptation of the injection pressure can be carried out manually but may also
occur automatically through a regulating device provided for this purpose.

[0023] Said soil parameter is preferably the hydraulic permeability or the injectability of the fluid
used (liquid, emulsion, solution, slurry or gas) or a value or a variable or a parameter which is
proportionate to, or is a measure of, the hydraulic permeability of this soil or the injectability of
the fluid used into this soil. It is also possible to determine two or more different soil
parameters, and the injection pressure can be adapted depending on two or more different soil
parameters.

[0024] The hydraulic permeability and/or said injectability are preferably derived from the ratio
of the measured injection flow rate to the measured injection pressure.

[0025] During the treatment of the soil, the depth at which injection is carried out is preferably
also monitored. This can be done at intervals but the depth is preferably continuously
monitored for at least a part of the drilling trajectory. The injecting itself is preferably also
carried out continuously for at least a part of the drilling trajectory.

[0026] Preferably, information is also provided on the injected volumes of treatment product,
and on the depth and the injection pressure and the injection flow rate of the performed
injections continuously or at intervals during the treatment.

[0027] During the method according to the invention, at least one soil layer is preferably also
identified or located using said soil parameter.

[0028] In this patent application, 'identifying a soil layer' is intended to mean either that the soil
type of the soil layer in question is determined or that measurement data which characterize
said soil type, or values, variables or parameters derived therefrom, are noted, stored or
visualized, or that corresponding signals are generated which make it possible to determine
the soil type. The expression 'that the soil layer is located' is intended to mean that the depth -
both the upper and lower boundary - at which a specific soil layer lies in the subsoil is
determined.

[0029] The term 'depth' here is intended to refer to the distance, along the drilling trajectory,
from the soil surface at the place where the soil auger is driven into the soil. During this
method, the depth at which the outlet opening is located during the injection of the treatment
product is preferably also noted or stored or visualized or a corresponding measurement signal
is generated which is provided by a data processing unit for processing.

[0030] Preferably, during the method according to the invention, at least one soil layer is
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identified using a soil parameter which is derived from the measurement values of the injection
pressure and the injection flow rate.

[0031] As a result, the identification of one or more soil layers can take place during the
treatment of the soil, and using the device which is provided for the soil treatment. By also
recording, in addition to the measurement values of the injection pressure and the injection
flow rate, the depth at which the injection that provided these measurement values took place,
the soil layer concerned can also be located. It is thus possible to ensure that the soil layer
situated at this depth is the soil type into which a planned quantity of treatment product needs
to be injected in order to carry out the soil treatment in an effective way. It is of course possible
to locate several soil layers in this way during the treatment.

[0032] As the injection takes place in virtually undisturbed soil and due to the fact that the soil
auger does not disturb the soil at the location of the injection opening, the measurements
provide a realistic picture of the actual soil properties in the undisturbed state and permit
effective identification of the specific soil layer.

[0033] This information on the soil properties and the composition of the soil to be derived
therefrom and the precise depth of one or more soil layers at the location of the soil treatment
may be very useful. This information may, for example, lead to an adjustment of the soil
treatment in progress or may be used to plan future soil treatments in this location.

[0034] Preferably, all soil layers into which the soil auger penetrates during the method or all
soil layers into which the fluid is injected are identified in this way.

[0035] The method in which a specific soil layer is identified and/or located may, for example,
comprise the following steps, not necessarily in the order stated: at a first depth, a quantity of
treatment product is injected into the soil while the injection pressure and the injection flow rate
are measured; at a second depth, a quantity of treatment product is injected into the soil while
the injection pressure and the injection flow rate are measured; on the basis of the
measurements at the first depth it is determined that the outlet opening is in a soil layer other
than the desired soil layer at the first depth; and on the basis of the measurements at the
second depth it is determined that the outlet opening is in the desired soil layer at the second
depth.

[0036] The identification of one or more soil layers is carried out, for example, by deriving a
soil parameter from the measurement values of the injection pressure and the injection flow
rate which is recognizable as typical of the soil layer. The soil parameter may represent a soil
property of the soil layer or may be a parameter which is representative (is a measure) of a soil
property. The soil parameter may be expressed as an absolute value or as a relative value
and/or may be visualized in any way, for example in a graphic representation and/or by means
of one or more values or indicators, for example on a screen.

[0037] In the method according to the invention, the measurement values of the injection
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pressure and the injection flow rate and the magnitude of the soil parameter derived therefrom
do not necessarily need to be expressed numerically or graphically represented or shown by
an indicator or on a screen. The injection pressure and the injection flow rate may also be
measured using a measurement device which cooperates with a data processing unit which is
provided in order to determine, on the basis of measurement signals or measurement data
which are representative of the injection pressure and the injection flow rate, whether or not a
performed injection of the treatment product was carried out in a specific soil layer, and/or to
determine a soil parameter or several soil parameters. The determination that an injection was
carried out in a specific soil layer and/or the (or each) soil parameter can then be
communicated to an operator, for example on a screen, and/or can be converted into
automatic control of an injecting device for starting the soil treatment by injecting a quantity of
treatment product desired for the soil treatment into the specific soil layer via the outlet
opening. In this case, the injection pressure may also be automatically adapted to the identified
soil layer and/or to the soil parameter(s). Preferably, the data processing unit forms part of a
computer or a PLC unit.

[0038] The product which is used to determine when the outlet opening is in a specific soil
layer or to identify or locate a soil layer when it is injected by measuring pressure and flow rate
may optionally differ from the product which is used to treat the soil (treatment product).

[0039] The flow rate and the pressure when injecting treatment product to treat the soil (this is
referred to below using the term 'treatment injection’) may differ from the injection pressure
and the injection flow rate which are used when injecting treatment product, water or any other
liquid to determine, by measuring pressure and flow rate, when the outlet opening is in a
specific soil layer or to identify or locate a soil layer (this is referred to below using the term
'measurement injection’). The volume of product which is injected may also be different in this
case.

[0040] Thus, in the measurement injection, for example, 20 litres of treatment product are
injected per metre of drilling trajectory at a flow rate of 5 litres/minute. The volume and the
pressure and the flow rate during a treatment injection are of course determined as a function
of the pollution and, inter alia, also as a function of information on the soil type into which the
injection is made and information on the injectability of the treatment product into said soil type.
A typical volume, flow rate and pressure when injecting a carbon source (such as molasses,
3DMe, etc.) into a clayey soil which is polluted with chlorinated solvents is, for example, 100
litres/metre, 2 bar and 10 litres/minute. By using a soil auger with a helical driling blade, the
treatment injection can also be made into soil which is not very disturbed (not compacted), as a
result of which the injection pressures used do not need to be excessively high and there is a
higher level of certainty that the treatment product is distributed homogeneously through the
soil layer concerned and reaches the intended depth or the intended soil layer.

[0041] The data processing unit is preferably also provided for identifying at least one soil layer
other than the specific soil layer on the basis of a measurement of the injection pressure and
the injection flow rate during the injection of treatment product into said other soil layer, and for
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communicating this identification to the operator.

[0042] When performing the method according to the present invention, the injection pressure
is preferably adapted in such a way that it does not exceed a certain maximum value.

[0043] The hydraulic permeability of soil and the injectability of a certain fluid into soil varies as
a function of the depth, mainly because the soil has a different composition and/or texture (e.g.
sand, loam or clay) and/or structure at different depths. As stated, it is usually possible to
distinguish different soil layers in the subsoil. A soil layer which, for example, consists mainly of
sand (or generally a soil layer with good permeability) has a high hydraulic permeability or
good injectability. In such a soil layer, a liquid or liquefied treatment product can already move
upwards via the drill hole (blow-out) at an injection pressure of 2 bar, which is obviously
undesirable.

[0044] Said maximum value is preferably determined in advance for one or more soil types or
soil layers and/or depending on one or more soil parameters, such as the hydraulic
permeability of the soil or the injectability of a specific fluid into the soil, in order as far as
possible to prevent any undesired movement of the treatment product in this soil. However,
said maximum value is usually only established or measured empirically during the injection
itself.

[0045] The injection pressure is then preferably adapted in such a way during the treatment
that the predetermined or empirically established maximum value of the injection pressure,
associated with the identified soil type into which the injection is made and/or depending on the
soil parameter(s), derived from said measurement values, of the soil into which the injection is
made, is not exceeded.

[0046] Preferably, the injection pressure is adapted in order to obtain an injection flow rate
which is above a lower limit (Q ms.) of 5 litres per minute, preferably 8 litres per minute, more

preferably 10 litres per minute.

[0047] At an injection pressure of 1 bar in a soil layer with good permeability (consisting, for
example, mainly of sand), an acceptable injection flow rate of 12 litres per minute is already
obtained.

[0048] In a soil layer with poor permeability which, for example, mainly consists of clay and
thus has a much lower hydraulic permeability (or injectability), an injection pressure of 1 bar,
for example, will result in an injection flow rate of only approximately 0.5 litre per minute. At
such an injection flow rate, the treatment will take so much time that the method is no longer
sufficiently viable from an economic perspective. In this clay soil with poor permeability, it is
often possible to inject at a much higher pressure, for example 5 to 7 bar, in which case an
economically viable injection flow rate (e.g. 10 litres/min.) is indeed achieved without any risk of
blow-out, hydraulic fracturing or daylighting (the undesired appearance of the treatment
product in a random place at the surface).
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[0049] When adapting the injection pressure in the method according to the present invention,
the injection pressure is preferably adapted such that the injection flow rate remains sufficiently
high, with a view to ensuring that the required quantities of treatment product reach the
respective soil layers while achieving an economically viable speed at which the treatment is
performed.

[0050] In a particularly preferred method according to the present invention, the treatment
product is continuously injected into the soil for at least a part of the movement trajectory of the
soil auger in the soil, while the injection pressure and the injection flow rate are measured and
while the injection pressure is continuously adapted as a function of said soil parameter of the
soil into which the treatment product is injected.

[0051] As a result, it is possible to determine how one or more soil properties vary within a
certain depth range in the subsoil and, if necessary, to adapt the injection pressure in order to
optimize the treatment as explained above. Due to these continuous measurements, the
presence of soil layers which extend over only a small depth can be reliably identified and
treated if necessary.

[0052] According to a preferred method, the treatment product is continuously or at intervals
injected into the soil for at least a part of the movement trajectory of the soil auger, while the
injection pressure and the injection flow rate are measured, and the soil layer present at a
number of different depths is identified or located on the basis of the measurements.

[0053] According to a specific method, for at least one solil layer, the depths at which the top
and bottom of the soil layer are located are determined on the basis of the measurements.

[0054] This information is particularly useful when the soil treatment requires the treatment
product to be injected as far as possible over the entire depth of a specific soil layer.
Preferably, for each soil layer which the soil auger penetrates on its movement trajectory, the
depths at which the top and bottom of the soil layer are located are determined.

[0055] The treatment product is preferably a product with a soil-remediating, a soil-stabilizing
or soil-fixing effect. It comprises, for example, chemicals and/or bacteria and/or a carbon
source and/or activated carbon or a combination/mixture of the above and is selected as a
function of its properties in order to dissolve and/or degrade the pollutants present in the soil
and/or covert them into less harmful substances or render them less harmful in any way or via
any process. These treatment products are known to the person skilled in the art who is active
in this sector. They include oxidants, reductants, acids, bases, carbon sources, nutrients,
(emulsified) oils, salts and organic compounds. Specific examples are potassium sulfate,
lactate, persulfate, activated persulfate, sodium hydroxide, molasses, emulsified vegetable oil,
or liquid activated carbon (this list is non-exhaustive). Combinations of two or more different
active substances in the same treatment product are also possible, for example to deal with
contamination involving two or more pollutants or to treat contamination involving one pollutant
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via various processes or reactions at the same time.

[0056] The method according to the invention may be used, for example, for treating soil which
has been contaminated with chlorinated aliphatic hydrocarbons such as, for example,
tetrachloroethene, through the homogeneous injection of a suitable carbon source. Through
the stimulating effect on the existing microbial activity in the soil, this carbon source leads to
strongly reducing anaerobic conditions in which the polluting tetrachloroethene is gradually
dechlorinated by the bacteria present in the soil and is converted into trichloroethene and then
into dichloroethene and vinyl chloride and eventually into harmless ethene.

[0057] Soils which, for example, are contaminated with the following substances may also be
treated using the method according to the present invention: mineral oil components,
petroleum hydrocarbons, methyl tert-butyl ether, benzene, toluene, ethylbenzene, xylene,
chlorinated aliphatic hydrocarbons, polyaromatic hydrocarbons, polychlorinated biphenyls
(PCBs), heavy metals, acids and bases, PFOS, PFAS and PFOA (this list is also non-
exhaustive).

[0058] The treatment product is preferably in liquid or gaseous form. The term 'in liquid form’
here does not only cover a liquid but also other injectable forms, including a mixture, a solution,
a suspension, an emulsion, a sol, a slurry, a colloidal mixture or a gel. Combinations of two or
more forms in the same product are also possible.

[0059] Preferably, the magnitude of the injection pressure and the injection flow rate, and/or
the magnitude of said soil parameter derived from the injection pressure and the injection flow
rate are noted and/or stored and/or visualized for a number of different depths, for at least a
part of the downwards movement trajectory of the soil auger.

[0060] Preferably, the magnitude of the injection pressure and the injection flow rate, or the
magnitude of a soil parameter derived from the injection pressure and the injection flow rate is
noted and/or stored and/or visualized together with the associated depth for at least a part of
the downwards movement trajectory. As a result, the findings made during the soil treatment
may be clearly observed by an operator and the method can also be quickly adjusted if
necessary.

[0061] The information relating to the injection pressure and/or the injection flow rate and/or
the soil parameter derived therefrom may also, for example, only be used to control a drilling
and injecting device in order to at least partially automate the method.

[0062] The information relating to the injection pressure and/or the injection flow rate and/or
the soil parameter derived therefrom may also, for example, only be used to unambiguously
report the injection process, wherein the distribution of the injected product over the injected
soil trajectory and/or the applied injection pressures as a function of the depth and/or the
injection flow rates as a function of the depth and/or the permeability and/or injectability of the
injected soil trajectory are shown/reported either in numerical form or as a graphic
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representation.

[0063] In a most preferred method, the helical drilling blade is provided on the outside of a
drilling core which comprises a supply duct for the product, the helical drilling blade comprises
at least one injection zone in which the drilling blade is formed by two walls which are at a
distance from one another along the longitudinal direction of the driling core and are
separated by an intermediate space, and said outlet opening is formed between the outer
edges of these walls. Such a soil auger can be of relatively simple design and can spread the
treatment product within a large range surrounding the soil auger. Due to the fact that the
treatment product flows out laterally from the outer side of the helical blade, the treatment
product also enters barely disturbed soil. This ensures an ideal homogeneous penetration into
and thus treatment of the soil.

[0064] The part of the helical driling blade where the driling blade is formed by two walls
which are at a distance from one another along the longitudinal direction of the drilling core
and are separated by an intermediate space is called the injection zone. The helical drilling
blade is, for example, of a double-walled configuration over this part of its length, when viewed
along the helical course. The outer edges of the walls which form the helical drilling blade are
the edges which are furthest from the axis of the drilling core. These walls themselves are
preferably also helical. The two walls have, for example, the same wall thickness while the
intermediate distance between the two walls, for example, is virtually identical to the wall
thickness. The outlet opening is preferably connected to the supply duct provided in the drilling
core via the intermediate space between the two walls. Due to the double-walled configuration
of the helical drilling blade, the soil at the location of the point where the product is inserted into
the soil is barely compacted or smeared, if it all. As a result, it is routinely possible to work with
a lower injection pressure yet still generate an acceptable (economically viable) and workable
injection flow rate. This lower pressure means that there is also a much lower risk of the
product not reaching the correct location in the subsoil due to phenomena such as daylighting,
blow-out and undesired fracturing (undesired blasting of the soil as a result of which the
product ends up in an undesired place in the soll).

[0065] The following additional features, relating to the soil auger, are also integrable into the
method for treating soil according to this invention.

[0066] Said injection zone describes, for example, an injection angle of at least approximately
180° or at least approximately 360° about the axis of the drilling core. In a number of different
embodiments, this injection angle is, for example, at least 15° or at least 30° or at least 45° or
at least 60° or at least 90° or at least 120°. As a result, the treatment product is distributed
through a considerable proportion of the soil located around the soil auger. At an injection
angle of at least approximately 360° or, in other words, an injection angle which corresponds to
at least approximately one full turn or rotation of the helical drilling blade around the drilling
core, the treatment product is injected into the soil located around the soil auger in all
directions. The range of the treatment product is thus ideal, meaning that a particularly efficient
soil treatment is achieved.
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[0067] In a furthermore specific method according to the invention, a soil auger is used in
which the drilling core has a tip end and a rear end and in which the drilling blade has a front
end facing the tip end, the drilling blade comprises a first zone, where the outer diameter of the
drilling blade, from the front end, increases from a first diameter to a second diameter, the
drilling blade comprises a second zone adjoining the first zone, where the outer diameter is the
second diameter, and the injection zone of the drilling blade is situated substantially within the
second zone.

[0068] The drilling blade preferably has a third zone adjoining the second zone, where the
outer diameter of the drilling blade increases in the direction of the rear end from the second
diameter to a third diameter. As a result, the passage which the soil auger formed in the soil is
closed off above the place where the injection takes place. The soil is also compacted there to
a certain degree. As a result, it will be very difficult for the treatment product to be able to move
upwards. This is not connected with any drawbacks for the injection itself and the associated
measurements since the injection occurs from the injection zone which is located lower down.

[0069] The drilling blade may be configured in such a way that, in the injection zone, it has a
thickness which is greater than the maximum thickness of the drilling blade in the first zone. In
this way, no cavity is created in the soil when the ground is situated at the level of the injection
zone. This reduces the chance of injection liquid being injected into another soil layer via these
cavities.

[0070] The drilling blade is further preferably configured in such a way that, in the third zone, it
has at least virtually the same thickness as in the second zone. In this way, no cavity is created
in the soil when the ground is situated at the level of this third zone. This reduces the chance of
injection liquid being injected into another soil layer via these cavities or of the injection liquid
finding a preferred path to the surface along the smooth extension rods via these cavities.

[0071] The outlet opening is preferably slit-shaped. In this case, the length of the outlet
opening - measured along the helical course of the drilling blade - is greater than the height of
the outlet opening - measured along the longitudinal direction of the drilling core - wherein the
ratio between the length and the height of the outlet opening is preferably at least 2 or at least
3 or at least 5 or at least 10 or at least 15.

[0072] The above-mentioned object of the present invention is also achieved by providing a
device having the features indicated in the second paragraph of this description wherein,
according to the present invention, said outlet opening is provided in the helical drilling blade,
and wherein the device comprises a data processing unit which cooperates with the
measurement device and is provided for deriving a soil parameter of the soil on the basis of
measurement data generated by the measurement device or measurement signals relating to
the injection pressure and the injection flow rate where used during the injection of a quantity
of treatment product, and for adapting the injection pressure (P) as a function of this soil
parameter, said soil parameter being the hydraulic conductivity or a value or a variable or a
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parameter which is proportionate to the hydraulic conductivity, of the soil at the location where
the treatment product is injected.

[0073] The advantages of using a soil auger having a helical drilling blade in which the outlet
opening is provided have already been indicated above. Once again, the main advantages are
that the treatment product can be injected into virtually undisturbed soil and that this can
consequently be carried out at an injection flow rate which is low enough to ensure a
homogeneous distribution of the treatment product in a specific soil layer, and that driving a
soil auger into the ground without hammering causes virtually no lateral vibrations, as a result
of which there is also no passage channel formed around the soil auger along which the
treatment product can move upwards.

[0074] Said soil parameter is, for example, the hydraulic conductivity, or a measure of the
hydraulic conductivity, of the type of soil of which the soil layer is composed. It may also be (a
measure of) the injectability of the fluid used into the soil in which the injection took place. It is
also possible to derive two or more soil parameters from the measurement data or
measurement signals, and the injection pressure can be adapted depending on two or more
soil parameters.

[0075] The data processing unit is, for example, a computer or a PLC unit.

[0076] Identifying or locating a specific soil layer in the subsoil is also carried out using the
same device as the device with which the soil treatment is carried out and may also form part
of the method for treating the soil. Since the injection moreover also takes place in virtually
undisturbed soil as a result of using said soil auger, the measurements provide a more realistic
picture of the actual soil properties in the undisturbed state and, for example, they allow a soil
layer to be identified or located in a particularly effective way.

[0077] The data processing unit is preferably provided for identifying or locating at least one
soil layer on the basis of the measurement data or measurement signals.

[0078] The device for treating soil according to the present invention is preferably provided for
continuously injecting the treatment product into the soil for at least a part of the movement
trajectory of the soil auger in the soil, while the injection pressure and the injection flow rate are
measured and while the injection pressure is continuously adapted as a function of said soil
parameter of the soil into which the treatment product is injected.

[0079] In a highly preferred embodiment, the device is provided for injecting the treatment
product into the soil continuously or at intervals for at least a part of the movement trajectory of
the soil auger in the soil, while the injection pressure and the injection flow rate are measured,
and the device is provided for adapting the injection pressure and/or identifying or locating at
least one soil layer on the basis of the measurement data or measurement signals.

[0080] Preferably, the magnitude of the injection pressure and the injection flow rate, or the
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magnitude of a soil parameter derived from the injection pressure and the injection flow rate is
in this case noted and/or stored and/or visualized together with the associated depth for at
least a part of the downwards movement trajectory of the soil auger. As a result, the findings
made during the soil treatment may be clearly observed by an operator, the method can also
be quickly adjusted if necessary, and the saved or stored information may also subsequently
be used as evidence that the performed injection was correctly performed or may also be
utilized for planning later soil treatments.

[0081] In a particularly preferred device, the device comprises a soil auger which comprises an
elongate drilling core, the drilling core comprises a supply duct for the treatment product, the
helical drilling blade comprises at least one injection zone in which the drilling blade is formed
by two walls which are at a distance from one another along the longitudinal direction of the
drilling core and are separated by an intermediate space, and said outlet opening is formed
between the outer edges of these walls.

[0082] The helical drilling blade, in other words, is of a double-walled configuration over a part
of its length, when viewed along the helical course, and this part of the helical drilling blade is
referred to by the term injection zone. The outer edges of the walls which form the helical
drilling blade are the edges which are furthest from the axis of the drilling core. These walls
themselves are preferably also helical. The two walls have, for example, the same wall
thickness while the intermediate distance between the two walls is virtually identical to the wall
thickness. The outlet opening is preferably connected to the supply duct via the intermediate
space between the two walls.

[0083] The following additional features of the device mentioned below, relating to the soil
auger, are also integrable into the device for treating soil according to this invention.

[0084] Said injection zone describes, for example, an injection angle of at least approximately
180° or at least approximately 360° about the axis of the drilling core. In a number of different
embodiments, this injection angle is, for example, at least 15° or at least 30° or at least 45° or
at least 60° or at least 90° or at least 120°. As a result, the treatment product is distributed
within a considerable range in the soil located around the soil auger. At an injection angle of at
least approximately 360° or, in other words, an injection angle which corresponds to at least
approximately one full turn or rotation of the helical drilling blade around the drilling core, the
treatment product is injected into the soil located around the soil auger in all directions. The
distribution of the treatment product is thus ideal, meaning that a particularly efficient soil
treatment is achieved.

[0085] The device may be configured in such a way that the drilling core has a tip end and a
rear end, that the drilling blade has a front end facing the tip end, that the driling blade has a
first zone, where the outer diameter of the drilling blade, from the front end, increases from a
first diameter to a second diameter, and that the driling blade comprises a second zone
adjoining the first zone, where the outer diameter is the second diameter, and that the injection
zone of the drilling blade is situated substantially within the second zone.
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[0086] The drilling blade preferably comprises a third zone adjoining the second zone, where
the outer diameter of the drilling blade increases in the direction of the rear end from the
second diameter to a third diameter. As a result, the passage which the soil auger formed in
the soil is closed off above the place where the injection takes place. The soil is also
compacted there to a certain degree. As a result, it will be very difficult for the treatment
product to be able to move upwards. This is not connected with any drawbacks for the injection
itself and the associated measurements since the injection occurs from the injection zone
which is located lower down.

[0087] The drilling blade may be configured in such a way that, in the injection zone, it has a
thickness which is greater than the maximum thickness of the drilling blade in the first zone. In
this way, no cavity is created in the soil when the ground is situated at the level of the injection
zone. This reduces the chance of injection liquid being injected into another soil layer via these
cavities.

[0088] The drilling blade is further preferably configured in such a way that, in the third zone, it
has at least virtually the same thickness as in the second zone. In this way, no cavity is created
in the soil when the ground is situated at the level of this third zone. This reduces the chance of
injection liquid being injected into another soil layer via these cavities.

[0089] The outlet opening is preferably slit-shaped. In this case, the length of the outlet
opening - measured along the helical course of the drilling blade - is greater than the height of
the outlet opening - measured along the longitudinal direction of the drilling core - wherein the
ratio between the length and the height of the outlet opening is preferably at least 2 or at least
3 or at least 5 or at least 10 or at least 15.

[0090] The drilling core may be provided at the rear end with connecting means for coupling
the soil auger to a tube element which extends the soil auger. The tube element preferably has
an internal duct which adjoins the supply duct when the soil auger and the tube element are
coupled to one another. The tube element preferably also has connecting means which are
complementary to the connecting means of the drilling core, so that the coupling can be
realized through the cooperation of these connecting means.

[0091] In order to illustrate the invention and to indicate further features and advantages
thereof, a more detailed description of a preferred embodiment of a device for remediating soil
according to the present invention will now be given. This description will also explain in further
detail the features of the method according to the present invention.

[0092] It will be clear that this preferred embodiment of the device is only one of the many
embodiments which are possible within the scope of protection of the patent which is defined
by the attached claims, and that nothing in the following description can be seen as a limitation
of this scope.
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[0093] Reference numerals are used in this description to refer to the attached drawings, in
which:

= Figure 1 is a side view of the device for remediating soil according to the present invention,
wherein the soil auger is situated in soil which is shown in cross section;

= Figure 2 shows a part of the soil auger illustrated in Figure 1, wherein the drilling blade is
diagrammatically shown by indication of the helical upper surface and the helical lower surface
of the drilling blade and local cross sections of the drilling blade situated in a vertical plane of
symmetry; and

= Figure 3 shows the graphic representations of the measurement data which are recorded
during the movement trajectory of the soil auger from the soil surface to a depth of
approximately 7.5 metres.

[0094] The device shown in Figure 1 comprises a mobile chassis (1) which is movable on
caterpillar tracks (1a) and a reservoir (6) which is arranged in a fixed position on the surface of
soil (7) and which contains a supply of a liquid chemical product. The product is suitable for
degrading a pollutant present in the soil (7) and converting it into harmless substances.

[0095] The mobile chassis (1) carries an injecting device consisting of a pump system (2a), a
regulating device (2b) and a flexible supply pipe (2c). Furthermore, the chassis (1) also carries
a measurement device (3), a computer (4) and a drilling rig (5).

[0096] The drilling rig (5) comprises a self-tapping soil auger (51) which is held in a chuck (52)
and drive means (54) in order to transfer a torque to the soil auger (51) in order to rotate it
about its longitudinal axis (51a). The chuck (52) is detained in a vertically positioned guide
structure (53) so as to be movable in a vertical direction.

[0097] As can most clearly be seen in Figure 2, the soil auger (51) consists of a hollow, tubular
drilling core (510), in which a cylindrical supply duct (510c) extending along the longitudinal
axis (51a) is provided, and the outside of which is provided with a helical drilling blade (512).
The supply duct (510c) opens out into the rear end (510b) of the drilling core (510). The drilling
core (510) has a pointed tip end (510a) and is provided with connecting means (not shown in
the drawings) at the rear end (510b) in order to connect the soil auger (51) to a tube element
(52) - see Figure 1 - in which a central duct (not shown in the drawings) is provided that opens
out at both ends (52a), (52b) of the tube element (52). The tube element (52) is provided at
one end (52a) with connecting means (not shown in the drawings) which are complementary to
the connecting means which are provided at the rear end (510b) of the drilling core (510). In
the connected position, the soil auger (51) and the tube element (52) extend in line with one
another (as shown in Figure 1), while the supply duct (510c¢) of the drilling core (51) adjoins the
central duct of the tube element (52).
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[0098] At the top end (52b), the tube element (52) is connected to the drive means (54) of the
drilling rig (5) so that a torque can be transferred to the tube element in order to rotate the
entirety of the tube element (52) and the soil auger (51) connected thereto. As a result of this
rotation, the pointed tip end (510a) of the soil auger (51) will penetrate further into the soil (7)
through the action of the helical drilling blade (512).

[0099] The central duct of the tube element (52) is also connected, at the top end, to the
flexible supply pipe (2c¢) of the injecting device. This connection occurs via a known coupling
element (55) which is suitable for connecting a rotating duct - the central duct of the tube
element (52) - to a non-rotating duct - the supply pipe (2c).

[0100] The injecting device is provided for pumping the product out of the reservoir (6) by
means of the pump system (2a) and for moving it under pressure via the regulating device
(2b), the flexible supply pipe (2c), the coupling element (55), the central duct of the tube
element (52) and the supply duct (510c¢) of the soil auger (51) and finally injecting it into the soil
(7) via an outlet opening (513), provided in the drilling blade (512), which is connected to the
supply duct.

[0101] The helical drilling blade (512) of the soil auger (51) has an injection zone (I1Z) which
extends over a full turn of the drilling blade (512), and with the driling blade (512) being
formed from two helical walls (512a), (512b) which are a distance apart from one another
along the longitudinal direction (51a) of the driling core (510) and are separated by an
intermediate space (513) which is connected to the supply duct (510c) via an opening (514) in
the wall of the drilling core (510), and thus forms an outlet opening (515) for the product.

[0102] The outlet opening (515) is consequently a slit-shaped opening which follows the helical
course of the drilling blade (512) over a full turn. As a result, this outlet opening (515) is
situated at the outer edge of the drilling blade (512), and thus makes it possible to inject the
liquid product sideways into the soil (7) from the outermost edge of the drilling blade (512).

[0103] The drilling blade (512) has a first zone (Z1), where the outer diameter of the drilling
blade (512), from the front end, increases from a first diameter (D) to a second diameter (D5),
and a second zone (Z») adjoining the first zone (Z1), where the outer diameter maintains the
second diameter (D3). The injection zone (1Z) with the slit-shaped outlet opening (513) is
situated substantially within the second zone (Z5). In the injection zone (1Z), the drilling blade
(512) has a thickness (Az) which is greater than the maximum thickness (A1) of the drilling
blade in the first zone (Z4).

[0104] The drilling blade (512) has a third zone (Z3) adjoining the second zone (Z5) where the

outer diameter of the drilling blade increases in the direction of the rear end (512b) from the
second diameter (D) to a third diameter (D3) and a fourth zone (Z4) adjoining the third zone

(Z3) where the outer diameter of the drilling blade is the third diameter (D3).
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[0105] In the third zone (Z3) and in the fourth zone (Z4), the drilling blade (512) has virtually

the same thickness (A2) as in the second zone (Z5).

[0106] The wall thickness (A1) of the drilling blade in the first zone is, for example, 4 mm. In
the injection zone (I1Z), the two walls (512a), (512b) have the same wall thickness of, for
example, 4 mm, while the distance between the two walls, and thus also the height of the outlet
opening (513), is also 4 mm. The total thickness of the drilling blade in the injection zone is
therefore 12 mm. The wall thickness of the drilling blade in the third and the fourth zone is, for
example, likewise 12 mm.

[0107] The diameter of the drilling core (510) is, for example, 30 mm. In the first zone (Z1), the
drilling blade has a width, which gradually increases from 2 mm to 30 mm. As the drilling core
has a diameter of 30 mm, this means that the first diameter (D1) of the drilling blade is 32 mm
and gradually increases to a second diameter (D2) which is 60 mm. Said third diameter (D3) is
then, for example, 70 mm. The distance between two successive turns of the helical drilling
blade is, for example, 90 mm.

[0108] The liquid product is injected into the soil for the entire trajectory covered by the soil
auger (51) in the soil, until the outlet opening (515) is situated at a depth of approximately 7.5
m. The regulating device regulates the pressure (P) at which the product is injected.

[0109] The measurement device (3) also continuously measures the depth of the outlet
opening, the total injected volume (V), the injection pressure (P) and the injection flow rate (Q),
and these measurement data (respectively expressed in cm with respect to the soil surface,
litres, litres per hour and bar) are sent to the computer (4) where a soil parameter (Ks ) is

calculated on the basis of the measurement results, said parameter being a relative measure
for the hydraulic conductivity of the soil (7) at the different depths. The measured values of
volume, pressure and flow rate and the associated soil parameter (Ks r¢/) and the associated
depths are stored in the memory of the computer and also represented numerically and/or
graphically on the computer screen (4a) as a function of the depth. Such a possible graphic
representation is shown in Figure 3.

[0110] In the graphic representation of the soil parameter (Ksg), it is readily possible to

distinguish the zones (8) with a relatively high hydraulic conductivity and the zones (9) with a
relatively low hydraulic conductivity.

[0111] Based on this numerical and/or graphic information, it can be established with a high
level of certainty during the soil treatment when the outlet opening (515) of the soil auger (51)
is situated at a specific depth or in that specific soil layer into which the product must be
injected in order to render the pollutant harmless in the most efficient way.

[0112] From the information shown in Figure 3, it is possible to infer, for example, that there is
a very thin soil layer with poor permeability (e.g. a clay layer) between 1.6 and 1.8 m deep, that
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there is a solil layer with good permeability (e.g. a sand layer) between 2.9 m and 3.6 m deep,
and that there is once again a soil layer with poor permeability between 5.7 m and 6.8 m deep.

[0113] It should thus be possible to degrade or treat pollutants, which are known to
accumulate mainly in soil layers with poor permeability, in a very efficient way by injecting the
product into the soil (7) for the entire trajectory of the soil auger (51) and, on the basis of the
information shown in Figure 3, doing the following:

» when the outlet opening (515) is at a depth between 1.6 m and 1.8 m, determining on
the basis of the values of the soil parameter (Ks r¢|) that the outlet opening is situated in

a thin soil layer with poor permeability at these depths (the soil layer may, for example,
be identified as a clay layer),

» injecting the necessary volume of product into the first clay layer at an adapted pressure
in order to degrade the pollutants present therein,

« when the outlet opening (515) is at a depth between 2.9 m and 3.6 m, determining on
the basis of the values of the soil parameter (Ks ) that the outlet opening (515) is

situated in a thicker soil layer with poor permeability at these depths (this soil layer may
also be identified as a clay layer), and

» injecting the necessary volume of product into the second clay layer at an adapted
pressure in order to degrade the pollutants present therein.

[0114] Such a method and device is simpler and more effective than the known methods. As
emphasized above, the area of application is not limited to the remediation of soil alone, but
such a method and such a device may also be used in any possible form of soil treatment
wherein a liquid or gaseous product is injected into soil and where it may be appropriate to
inject the product into one or more well-defined soil layers or soil types. Another area of
application, for example, is injecting soil-compacting, soil-fixing or soil-stabilizing substances
into soil.

[0115] As the measurement device (3) continuously measures, visualizes (in numerical form)
and also continuously records the time, the depth, the injection pressure and the injection flow
rate, it is possible to be aware at any moment during the soil treatment of the depth at which
injection is taking place, the volumes of treatment product which have already been injected
and must still be injected (as compared to the volume requested/stipulated by the client), the
injection pressure and injection flow rate at which injection is currently being carried out, and
the permeability of the subsoil at that depth (to be inferred from the injection flow rate/injection
pressure ratio).

[0116] Meanwhile, the injection pressure can be manually adjusted at any time. During the
injection process, the injection pressure must, on the one hand, be kept as high as possible in
order to achieve a sufficiently large injection flow rate (otherwise the injection takes too much
time and is no longer viable from an economic perspective), but, on the other hand, this
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injection pressure should also not be too high in order to prevent the phenomena referred to
above (daylighting, blow-out, undesired fracturing).

[0117] A potential additional advantage of the method and the device according to the present
invention is that, based on data continuously recorded during the treatment relating to time,
depth, injection pressure and injection flow rate, a graphic representation can be created of the
injected volumes, of the injection pressure and of the injection flow rate as a function of the
depth. This graphic representation shows whether or not the product can be inserted in the
desired location and in the desired quantity. This graphic representation may also indicate the
depths at which problems have occurred, how these were solved, and why the desired quantity
of treatment product, for example, has not reached the soil layer for which it was intended.

[0118] Using the continuously recorded injection flow rate/injection pressure ratio, it is also
possible to generate a cross section of the subsoil, on which the relative permeability of the soil
trajectory is visualized. On this cross section, it is then possible to identify the presence of soil
layers with good, less good and poor permeability. This information may be useful in providing
additional information as to the spread of the initial soil contamination, on the one hand, and as
to the possible spread of the injected product with and into the groundwater, on the other.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o SE2328700A (0004}

o WOOOLISH2A [0084]

o ONZ2034881156U [G004]

o US4B5L2509A [00OS]

o US20140231322A71 [88871 [0018]
o EPO453838A2 [Q008]




10

15

20

25

30

DK/EP 3543405 T3

Patentkrav

1. Fremgangsmade til behandling af jord (7), hvor et jordbor (51), der omfatter en spiralformet
boreklinge (512) og en udlgbsabning (515), drives ind i jorden, hvor der via udlgbsabningen
(515) indsprejtes et behandlingsprodukt i jorden (7) i forskellige dybder, og hvor
indsprejtningstrykket (P) og indsprejtningsstremningshastigheden (Q) males under
indsprejtningen, kendetegnet ved, at udlebsabningen (515) er anbragt 1 boreklingen

(512), ved at en jordparameter for jorden pa den lokalitet, hvor behandlingsproduktet
indsprojtes, afledes af indsprejtningsstremningshastigheden og indsprejtningstrykket, og ved
at indsprejtningstrykket (P) tilpasses som en funktion af jordparameteren, idet jordparameteren
er den hydrauliske ledningsevne eller et mal for den hydrauliske ledningsevne eller en verdi

eller en variabel eller en parameter, der er proportional med den hydrauliske ledningsevne.

2. Fremgangsmade til behandling af jord (7) ifelge krav 1, kendetegnet ved, at der

identificeres eller lokaliseres mindst ét jordlag under anvendelse af jordparameteren.

3. Fremgangsmade til behandling af jord (7) ifelge krav 1 eller 2, kendetegnet ved,
at indsprejtningstrykket (P) tilpasses med henblik pa at opna en
indsprejtningsstremningshastighed (Q), der er over en nedre greenseveerdi (Q min) pa S liter pr.

minut, fortrinsvis 8 liter pr. minut, mere fortrinsvis 10 liter pr. minut.

4. Fremgangsmade til behandling af jord (7) ifelge et af de foregaende krav, kendetegnet ved,
at behandlingsproduktet kontinuerligt indsprejtes i jorden for mindst en del af jordborets (51)
beveagelsesbane 1 jorden, mens indsprejtningstrykket (P) og
indsprejtningsstremningshastigheden (Q) males, og mens indsprejtningstrykket (P)
kontinuerligt tilpasses som en funktion af jordparameteren for jorden, 1 hvilken

behandlingsproduktet indsprejtes.

5. Fremgangsmade ifolge et af de foregaende krav, kendetegnet ved, at behandlingsproduktet
kontinuerligt eller med intervaller indsprejtes 1 jorden for mindst en del af jordborets (51)
bevaegelsesbane, mens indsprejtningstrykket (P) og indsprejtningsstremningshastigheden (Q)
males, og ved at jordlaget, der forekommer i et antal forskellige dybder, identificeres eller

lokaliseres pa basis af malingerne.
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6. Fremgangsmade ifelge et af de foregdende krav, kendetegnet ved, at indsprgjtningstrykkets
(P) og indsprejtningsstremningshastighedens (Q) sterrelse og/eller jordparameterens (K re1)
storrelse, der er afledt af indsprejtningstrykket (P) og indsprejtningsstremningshastigheden
(Q), noteres og/eller lagres og/eller visualiseres for et antal forskellige dybder for mindst en del

af jordborets (51) beveaegelsesbane.

7. Indretning til behandling af jord, hvilken indretning omfatter
—en borerig (5), der er forsynet med et jordbor (51), som omfatter en tilferselskanal
(510c) og mindst én udlebsabning (515), der er forbundet med tilferselskanalen (510c),
hvor boreriggen (5) er beregnet til at drive jordboret (51) ind 1 jorden (7),
— en indsprejtningsindretning (2a, 2b, 2¢), der er beregnet til at indsprejte et
behandlingsprodukt i jorden (7) via tilferselskanalen (510 c¢) og udlebsabningen (515),
0g
— en maleindretning (3), der er beregnet til at male mindst indsprejtningstrykket (P) og
indsprejtningsstremningshastigheden (Q) under indsprejtningen af
behandlingsproduktet 1 jorden (7),
—jordboret (51), der omfatter en spiralformet boreklinge (512)
kendetegnet ved, at udlgbsabningen (515) er anbragt i den spiralformede boreklinge
(512), ved at indretningen omfatter en databehandlingsenhed (4), der samvirker med
maleindretningen (3) og er beregnet til at aflede en jordparameter for jorden pa basis af
maledata, som genereres af maleindretningen, eller mélesignaler vedrerende
indsprejtningstrykket (P) og indsprejtningsstremningshastigheden (Q), der blev anvendt under
indsprejtningen af en mangde behandlingsprodukt, og til at tilpasse indsprejtningstrykket (P)
som en funktion af jordparameteren, idet jordparameteren er den hydrauliske ledningsevne
eller et mal for den hydrauliske ledningsevne eller en verdi eller en variabel eller en parameter,
der er proportional med den hydrauliske ledningsevne, for jorden pa den lokalitet, hvor

behandlingsproduktet indsprejtes.

8. Indretning til behandling af jord ifelge krav 7, kendetegnet ved, at databehandlingsenheden
(4) er beregnet til at identificere eller lokalisere mindst ét jordlag pa basis af maledataene eller

maélesignalerne.

9. Indretning til behandling af jord ifelge krav 7 eller 8, kendetegnet ved, at indretningen er

beregnet til kontinuerligt at indsprejte behandlingsproduktet 1 jorden for mindst en del af
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jordborets (51) bevaegelsesbane i jorden, mens indsprejtningstrykket (P) og
indsprejtningsstremningshastigheden (Q) males, og mens indsprejtningstrykket (P)
kontinuerligt tilpasses som en funktion af jordparameteren for jorden, 1 hvilken

behandlingsproduktet indsprejtes.

10. Indretning til behandling af jord ifelge et af kravene 7 til 9, kendetegnet ved,

at indretningen er beregnet til at indsprejte behandlingsproduktet 1 jorden (7) kontinuerligt

eller med intervaller for mindst en del af jordborets (51) bevagelsesbane i jorden (7), mens
indsprejtningstrykket (P) og indsprejtningsstremningshastigheden (Q) males, og ved

at indretningen er beregnet til at tilpasse indsprejtningstrykket (P) og/eller identificere eller

lokalisere mindst ét jordlag pa basis af maledataene eller malesignalerne.

11. Indretning til behandling af jord ifelge et af kravene 7 til 10, kendetegnet ved, at jordboret
(51) omfatter en langstrakt borekerne (510), ved at borekernen (510) omfatter en
tilferselskanal (510c¢) til behandlingsproduktet, ved at den spiralformede boreklinge (512)
omfatter mindst én indsprejtningszone (IZ), 1 hvilken boreklingen dannes af to veegge (512a),
(512b), der befinder sig 1 en afstand fra hinanden langs borekernens (510) lengderetning (51a)
og er adskilt af et mellemrum (513), og ved at udlgbsabningen (515) dannes mellem vaggenes

(512a), (512b) ydre kanter.

12. Indretning til behandling af jord ifelge et af kravene 7 til 11, kendetegnet ved,

at udlebsabningens (515) lengde — malt langs det spiralformede forleb af boreklingen (512) —
er storre end udlgbsabningens (515) hgjde, hvor forholdet mellem udlgbabningens (515)
leengde og hejde fortrinsvis er mindst 2 eller mindst 3 eller mindst 5 eller mindst 10 eller

mindst 15.
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