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(564) A METHOD FOR INSTALLATION OF MODULAR GROUNDWATER FILTER IN A BOREHOLE

AND A GROUNDWATER FILTER MODULE

(67)  The invention relates to a method of installation
of a modular well screen (underground water filter) in a
borehole and a well screen module, and it is character-
izing in that casing pipe (4) sections are filled with water
at least in their horizontal segments, whereas the well
screen modules (10) contain removable displacement el-
ements (10.5) having adjustable displacement, which el-
ements are connected one to each other mechanically
by means of mechanical catches (10.7), as well as pneu-
matically by means of pneumatic fasteners (10.8), and

wherein the last displacement element (10.5) is connect-

ed to a winch and to a compressor on the surface (the
ground surface).The air pressure in the displacement el-
ements (10.5) is adjusted using the compressor, while
inducing a buoyant force that balances or reduces the
weight of the well screen modules (10) and extraction
pipes (6), in such a way as to minimize resistance to
motion in the process of they being inserted into the cas-
ing pipes (4) positioned in the borehole. Upon the instal-
lation is completed, the displacement elements (10.5)
are removed.
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Description

[0001] Theinvention relatestoamethod for installation
of a modular groundwater well screen in a drilling and a
well screen module, which are applicable for the extrac-
tion of water, especially from water-bearing layers having
a small thickness and being located at shallow depths,
also such as located under rivers, lakes and other water
basins, as well as for the purpose of dewatering of the
ground, for example in the areas of a landslide. The in-
vention is also used in the process of removing contam-
inants from the soil and water environment.

[0002] Horizontal and directional drilling technologies
are widely known and used, aiming, among others, to
overcome natural or artificial terrain obstacles such as:
buildings, roads orrivers. Numerous literature items have
been devoted to these technologies, for example, such
as "HDD Practice Handbook" (ed. H. J. Bayer, Vulkan
Verlag GmbH, 2005) or "Horizontal Directional Drilling,
Utility and Pipeline applications" (D. Willoughby, Mc-
Graw-Hill Education, 2005). Solutions relating to detailed
problems of directional drilling technology and installa-
tion of pipes in directional boreholes are also revealed in

the worldwide patent literature, for example:
US6682264B1, US4953638A, CA2221069C,
CN102953683A.

[0003] A method of making drainage by trenchless
method is known from a description of the Polish appli-
cation No. PL371067A1, which is characterized in that
firstly aborehole is drilled horizontally into which borehole
adrain, especially prepared with rings welded every 2 m
or 2.5 mis inserted to protect a filter mat from damage.
The filter mat is wrapped around a drainage pipe in a
space between the rings. The filter mat is made of coir
and polypropylene fibers in a ratio of 1:1. In addition, the
filter matis wrapped with geotextile for protection. Before
inserting the drain into the horizontally drilled pipes, it is
checked whether all of the rings welded to the drain can
pass through a control section of the drilling pipe. The
diameter of the drain can be varied depending on specific
needs.

[0004] Further US5597045A discloses a process for
laying an underground pipework network for liquids and
gases. The process comprises a step of providing atleast
one borehole with a section having atleast a part running
horizontally, as well as also having an inlet section and
an outlet section, that is provided in predetermined soil
layers by means of a controlled drilling device. Then, in
the part forming a horizontal section, the borehole is wid-
ened by using an expansion head, and simultaneously
a protective pipeline is inserted to the borehole, which
protective pipe is equipped with a coaxially located ex-
ploitation conduit that is perforated in the section running
under the ground water table (ground water level). A filter
material is arranged between the pipeline and the perfo-
rated exploitation conduit, which material can be, for ex-
ample, gravel or plastic. After introduction of the perfo-
rated conduitto the designated place, the protective pipe-
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line is removed. In order to reduce the frictional forces
during pulling out the outer protective pipeline, plastic
granulate can be used as filter filling or water is injected
into the perforated conduit.

[0005] International patent application
WO02006/045859A1 discloses a method of providing a
drainage system for intake of seawater, consisting in ac-
complishment of directional pilot drillings using a drilling
rig positioned behind the coastline (shoreline). Single or
multiple directional drillings are made from behind the
shoreline, and directed towards the sea, and then after
reaching a production zone they are guided horizontally
therein (in the zone) and then slightly upwards towards
the seabed. Afterwards, the boreholes are widened using
a broach reamer with a front guidance system. After the
borehole is widened and cleaned using a drilling mud,
connected sections (modules) of a pipeline, having per-
forations in the production zone segment, which is the
actual filter segment, are introduced into this borehole.
In this process the drilling mud keeps suspended sand
that may be present in the borehole and thus stabilizing
the borehole and provides lubrication during installation
of the pipeline. Once the pipeline is installed, the mud is
pumped out and then in the pipeline sections that do not
run into the production zone layer a seal is provided
around it by injecting cement grout. The seaward end of
the pipeline (conduit) is closed with a sealed plug, and
afterwards the pipeline is cleaned with a cleaning cylin-
der, and, if necessary, compressed air is allowed to be
injected into the ground drain to open existing connec-
tions and to improve the efficiency of the process.
[0006] FromUS6581683B2 description, the water filter
is known that contains two coaxial perforated pipes and
in the space created between them a granular filter ma-
terial is arranged in the form of UPVC granules, sand,
gravel or other finegrained material, which after being
thickened (compacted), prevents foreign particles to en-
ter while simultaneously allowing the flow of liquids
through it. The inner pipe is additionally protected on its
outer side with a nylon mesh. In the invention disclosed
US8479815B2, for the purpose of drawing water from
sand layers lying underneath seabed perforated pipes
are used, constituting a sieve section that is surrounded
with a package of filters disposed around it. The sieve
section is centered by means of centering guides be-
tween a temporary housing, and is connected to the
ground surface by means of a pipe set.

[0007] In known solutions, the filter segment can be
divided into sections, also having a different design,
which sections are connected in a permanent or detach-
able manner directly to each other or, for example, via
rings, as disclosed in US9416634B2.

[0008] In another U.S. patent No. US6422318B1, a
horizontal well system is disclosed, comprising a perfo-
rated pipe located in a substantially horizontal position,
that is positioned in an water-bearing layer underneath
the level of the ground water table, and that is connected
to the surface on its both sides by pipe sets and provided
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with pumping units.

[0009] The purpose of the invention is to develop the
design of a modular well screen and a method of its in-
stallation in a borehole (a drilling), which solve the prob-
lem of overcoming a movement resistance arising during
the introduction of a pipeline into such borehole (drilling).
[0010] The essence of the method of installation a
modular underground water filter (well screen) in hori-
zontal borehole (drilling), having a both-sides connection
to the ground surface, being characteristic in that sec-
tions of casing pipes are introduced into the borehole,
made by known methods, throughout the entire length
of the borehole, then into the casing pipes: exploitation
pipe section, well screen (filter) modules and again ex-
ploitation pipe section are introduced successively, while
connecting such modules one to each other in series
during inserting of them into the casing pipes, afterwards
the casing pipes are removed and the pumping assembly
isinstalled, consists in that before starting the operation
of insertion of the exploitation pipe sections and filter
modules (well screen modules), the casing pipe sections
at least in their horizontal section are filled with water,
whereas the well screen modules that contain removable
displacement elements having adjustable displacement
are connected one to each other mechanically by means
of mechanical connectors, as well as pneumatically by
means of pneumatic connectors in the course of attach-
ing successive well screen modules, wherein the last dis-
placement element is attached by means of a hoist rope
to a winch located on or over the ground surface, and via
a pneumatic conduit it is connected to a compressor, by
which the air pressure is regulated therein, thus gener-
ating a buoyant force that counter-balances or reduces
the weight of the well screen modules and exploitation
pipes, in such a way as to minimize the resistance to
motion that results from the friction of slid-clamp bands
as they being inserted into the casing pipes, whereas
after the installation is completed, the displacement ele-
ments are removed by means of the hoist rope connected
to the winch on the surface.

[0011] Preferably the insertion of the exploitation pipes
and well screen modules into the casing pipes is carried
out by pulling them in by means of a extraction device,
via an extraction duct.

[0012] Also preferably the well screen modules or sec-
tions of the exploitation pipes, during their insertion into
the casing pipes are connected one to each other by
means of clamp connectors.

[0013] The essence of the well screen module, con-
taining a matrix of a perforated pipe with a granular filter
material arranged around its periphery, consists in that
the granular filter material is arranged inside a cover
made of a filter mesh or filter geotextile, that cover is fixed
on the perforated pipe by means of slid-clamp bands,
and furthermore at least one removable displacement
element having a variable displacement is positioned in-
side the section of the perforated pipe, that displacement
element having a lid at each end, which lid is equipped
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with a mechanical catch and a pneumatic quick coupling.
[0014] Preferably the lids of the displacement element,
which is the form of a pneumatic sleeve, are additionally
connected one to each other by means of at least one
additional strand, located inside or outside of the dis-
placement element.

[0015] Furthermore, preferably the perforated pipe has
upsets at both ends.

[0016] Theinvention solution, in embodiments, is illus-
trated in the drawing, in which Fig. 1 shows a simplified
cross-section of a modular groundwater filter (well
screen) during its installation in a horizontal borehole,
while Fig. 2 - shows a view on an enlargement of a detail
of the active part of the well screen (filter).

[0017] A horizontal borehole (drilling) has been made
below the ground water table 1 in a water-bearing layer
2 which lies on an impermeable layer 3 (Fig. 1). Then,
the borehole has been temporarily protected by means
of casing pipes 4, which are completely filled with water.
Subsequently, into the water-filled casing pipes 4 suc-
cessive segments of extraction pipes 6 are inserted, us-
ing a feeder 5, which segments have been connected
one to each other by means of clamp connectors 7 and
pulled into the borehole by an extraction duct 8 that is
connected to an extraction device 9. To the end of the
last segment of the first section of the extraction pipes 6
the first well screen module 10 is then connected, and
number of successive well screen modules 10 are at-
tached to the first well screen module, each of them con-
taining a matrix of a perforated pipe 10.1, having upsets
at both its ends, around which perforated pipe the gran-
ular filter material 10.2 is arranged that is located inside
a cover 10.3 made of a filter mesh being fixed to the
perforated pipe 10.1 by means of slid-clamp bands 10.4,
wherein inside the perforated pipe a removable displace-
ment element 10.5 having variable displacement, adjust-
able by compressed air is located, which displacement
element is formed as a pneumatic sleeve, that at both its
ends is provided with lids 10.6 - each of them equipped
with a mechanical catch 10.7 and a pneumatic quick cou-
pling 10.8. Operation of connecting of the individual well
screen (filter) modules 10 is accomplished by connecting
the perforated pipes 10.1 by means of clamp connectors
7, as well as connecting the lids 10.6 of the adjacent
displacement elements 10.5 by mechanical connection
- by means of mechanical connectors 10.9, which are
formed by strands positioned between the mechanical
catches 10.7, and by pneumatic connection - by means
of pneumatic connectors 10.10 located between pneu-
matic quick couplings 10.8. The mechanical catch 10.7
of the lid 10.6 of the last displacement element 10.5 is
connected by means of a hoist rope 11 to the winch on
the surface (on or over the ground surface), while to the
pneumatic quick coupling 10.8 of this lid a pneumatic
conduit 12 is connected, the end of which conduit is con-
nected to a compressor located on the surface. Subse-
quently, successive modules of the second section of
exploitation pipes 6 are inserted into the casing pipes,
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while connecting them to each other by means of clamp
connectors 7. During the insertion of the well screen mod-
ules 10 and the second section of exploitation pipes 6
the pressure in the displacement elements 10.5 is regu-
lated by means of the compressor on the surface, via the
pneumatic conduit 12, while generating a buoyant force
that balances the weight of the well screen modules 10
and the modules of the section of extraction pipes 6, in
such a way that the resistance to motion during their in-
sertion into the casing pipes 4 was as low as possible.
After a process of introduction of the installation is com-
pleted, the displacement elements 10.5 are removed by
means of the hoist rope 11, connected to the winch on
the surface, and then the casing pipes 4 are removed
from the borehole by means of the extraction device 9.
The arrangement of the extraction pipe 6 sections and
the well screen modules 10 sections thus installed is then
equipped with pumping assembly (apparatus).

[0018] In another embodiment of the method the cas-
ing pipes 4 are filled with water only in its horizontal sec-
tion.

[0019] The well screen module 10 in the embodiment
(Fig. 2) includes a matrix of a single section of perforated
pipe 10.1 together with surrounding it granular filter ma-
terial 10.2 arranged around its periphery and which is
further located inside the cover 10.3 in the form of a filter
mesh sleeve, that sleeve is fixed on the perforated pipe
10.1 by means of slid-clamp bands 10.4. Both ends of
the perforated pipe 10.1 are provided with upsets for
clamp connectors 7. At least one removable displace-
ment element 10.5 having variable displacement and in
the form of a pneumatic sleeve that is equipped with a
lid 10.6 at each its end is positioned in the inner space
of the section of the perforated pipe 10.1., which each lid
10.6 is equipped with a mechanical catch 10.7 and a
pneumatic quick coupling 10.8.

[0020] In another embodiment of the well screen mod-
ule 10, the both lids 10.6 of the same displacement ele-
ment 10.5 are additionally connected to each other by
two additional strands 10.11 positioned outside the dis-
placement element 10.5, wherein a geotextile filter non-
woven is used as a material for the cover 10.3.

[0021] In afurther embodiment of the well screen mod-
ule 10, both lids 10.6 of the same displacement element
10.5 are additionally connected to each other by means
of an additional strand 10.11 located inside the displace-
ment element 10.5.

List of designated references:
[0022]

Ground water table
Water-bearing layer (aquifer)
Impermeable layer

Casing pipes

Feeder

Extraction pipes
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Clamp connector

Extraction duct

Extraction device

0.  Well screen module (filter module)
10.1 Perforated pipe
10.2 Filter material
10.3 Cover
10.4 Band (slid-clamp)
10.5 Displacement element
10.6 Lid
10.7 Mechanical catch
10.8 Pneumatic quick coupling
10.9 Mechanical connector
10.10 Pneumatic connector
10.11 Additional strand

11.  Hoist rope

12.  Pneumatic conduit
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Claims

1. A method for installation of a modular groundwater
well screen in a horizontal borehole having on its
both sides a connection to the surface on the ground,
consisting in that, sections of casing pipes are intro-
duced into the borehole, made by known methods,
through the entire length of the borehole, then into
the casing pipes: an exploitation pipe section, well
screen modules and again an exploitation pipe sec-
tion are inserted successively, while connecting
such modules in series with one to another during
operation of inserting them into the casing pipes, af-
terwards the casing pipes are removed and the
pumping assembly is installed, characterized in
that before starting an operation of the insertion of
an extraction pipe (6) sections and the well screen
modules (10), the casing pipe (4) sections, at least
in their horizontal segments are filled with water,
wherein the well screen modules (10) containing re-
movable displacement elements (10.5) having ad-
justable displacement are connected one to each
other mechanically by means of mechanical connec-
tors (10.9), as well as pneumatically by means of
pneumatic connectors (10.10), in the course of at-
taching successive well screen modules (10), and
whereas the lastdisplacementelement(10.5) is con-
nected by means of a hoist rope (11) to a winch on
the ground surface and via a pneumatic conduit (12)
to a compressor, which is designed for regulation of
the air pressure therein, thus generating a buoyant
force that balances or reduces the weight of the well
screen modules (10) and the extraction pipes (6) in
such a way as to minimize resistance to motion in
the process of they being inserted into the casing
pipes (4), while after the installation is completed,
the displacement elements (10.5) are removed by
means of a hoist rope (11) connected to the winch
on the surface.
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The method according to claim 1, characterized in
that the insertion of the extraction pipes (6) and the
well screen modules (10) into the casing pipes (4) is
performed by pulling them in by means of an extrac-
tion device (9) via an extraction duct (8). 5

The method according to claim 1, characterized in
that the well screen modules (10) or the sections of

the extraction pipes (6) during their insertion into the
casing pipes (4) are connected one to each otherby 10
means of clamp connectors (7).

Well screen module, containing a matrix made of a
perforated pipe together with granular filter material
arranged around its outer periphery, characterized 15
in that the granular filter material (10.2) is arranged
inside a cover (10.3) made of filter mesh or filter ge-
otextile, that cover is fixed on the perforated pipe
(10.1) by means of slid-clamp bands (10.4) and fur-
ther at least one removable displacement element 20
(10.5) of variable displacement is positioned inside
the section of the perforated pipe (10.1) which the
displacement element is provided with a lid (10.6) at
each its end equipped with a mechanical catch (10.7)
and a pneumatic quick coupling (10.8). 25

The well screen module according to claim 4, char-
acterized in that the lids (10.6) of the displacement
element (10.5), which is in the form of a pneumatic
sleeve, are connected one to another by atleastone 30
additional strand (10.11) located inside or outside

the displacement element (10.5).

The well screen module according to claim 4, char-

acterized in that the perforated pipe (10.1) has up- 3%

sets at both its ends.
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