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STERLITECH Ltd.: PTFE Flat Sheet Membrane, Polypropylene Netting Backer,
Laminated, 0.2 Micron, CF016 (QL816)

SKU

1121840

Pore Size

0.2

Size

CF016

Details: PTFE Flat Sheet Membrane, Polypropylene Netting Backer, Laminated,
0.2 Micron, CF016 (QL816)

MD FLAT Sheet Comparison
Polymer PTFE PTFE PTFE PTFE| PTFE{ PP | PP | PVDF

Poresize | 0.45um 0.2 um 0.1um 045102 (02 |01 |0.1
gm  fpgm  {ugm  jum | um
Support Laminated,P| Laminated,P| Laminated,P| NA~ | NA | NA |NA | NA
material P netting P netting P non woven
pH 1-14 1-14 1-14 no |(no |[1-14 114 1-12
limit | limit
Thickness | 64-127ym | 76-152 ym | 152-254 ym | 21- | 21- | 155- | 85- | 50
51 |51 |185 | 115 | um

am | gm
Water >0.76 bar | >2.5 bar >4.1 bar >3.1 | >5.5 | >2.76| >5.65 >3
entry (11psi) (37psi) (60 psi) bar |bar |bar |bar | bar
pressure (45 | (80 |(40 |(82 | (43

psi) | psi) |psi) |psi) | psi)
Application | 82C 82C 82C 200° | 200° | 82°C | 82°C| <120°
temperature C C C
range

Fig. 7
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SIGMA-ALDRICH

Durapore® PVDF Membrane Filters

The best-known properties of Durapore® Polyvinyliden Fluoride (PVDF) Membranes are their
extremely low protein binding and minimal interaction with sample components. Binding less
protein per unit surface area compared to nylon, PTFE, or nitrocellulose membranes.
Durapore® filters are commonly used to clarify and sterilize protein-containing solutions.

Key applications of Durapore® filters:
oSterilizing filtration

oFiltration of protein-containing solutions
oMycoplasma reduction

oFiltration of gases

.[\)/&pgggre® Membrane Disc Specifications
Membrane Material Polyvinyl Fluoride (PVDF)
Pore Sizes (um) 0.1-5
Thickness (pm) 80-140
Water Flow (mL/min/ cm2) @27.5 in Hg (hydrophilic) 4 - 208
Air Flow (L/min/cm2) @10 psi (hydrophilic) 0.9 - 4.9 (typical values)
Wettability Hydrophilic and hydrophobic options
Temperature Limitations 85 °C max
Refractive index 142
Protein Binding Capacity (IgG) <10 pglcm2
Chemical Compatibility Recommended for aqueous solvents
Sterilizability Autoclave, EtO, gamma irradiation
Surface Option White
Key Properties Low protein-binding (hydrophilic), solvent
resistant (hydrophobic)
Key Applications Sterilizing filtration, clarifying filtration of

protein-containing solutions, mycoplasma

reduction, gasfiltration and venting

(hydrophobic), solvent filtration (hydrophobic)
Also used in Millex® syringe filters and Sterile Millex® syringe filters

Hydrophobic Durapore Membrane Filters
Product No. Pore Size Filter Diameter () Pack Size Add to Cart

GVHP00010 0.22 ym Not Applicable 1
GVHP01300 0.22 ym 13 mm 100
GVHP02500 0.22 ym 25mm 100
GVHP04700 0.22 ym 47 mm 100
GVHP09050 0.22 ym 90 mm 50
GVHP14250 0.22 ym 142 mm 50
HVHP01300 0.45 ym 13 mm 100
HVHP02500 0.45 pm 25mm 100
HVHP04700 0.45 ym 47 mm 100
HVHP09050 0.45um 90 mm 50
HVHP14250 0.45 pym 142 mm 50
VVHP04700 0.1 ym 47 mm 100

Fig. 8
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SYSTEM FOR UNDERGROUND AIR
RELEASE FROM UNDERGROUND
PIPELINES

FIELD OF THE INVENTION

[0001] The invention broadly relates to structural elements
for water and wastewater, and more particularly, relates to a
means to eliminate air or gasses from within underground
pipelines. Non-limiting examples of underground pipelines
are water pipelines and wastewater pipelines.

BACKGROUND

[0002] Water pipes and wastewater pipes are typically
placed underground, to allow water delivery to all end
consumers, and allow removal of wastewater. Underground
placement protects pipes from tampering or damage and
prevents waste of expensive real-estate area in urban areas,
for pipe structures.

[0003] During active water pumping for water delivery,
and especially when the terrain is not level, unwanted
dissolved air, is released into the water pipes. The presence
of air effectively lowers the volume of the pipe lumen and
creates air whirlpools that represent considerable energy loss
for water authorities. Air eddies lower the efficiency of
pumping equipment, and damage sensors.

[0004] Prior art methods for removing air from within
underground pipes, require installation of numerous auto-
matic air release valves at set distances along the pipeline.
The specialized air release valves are mounted on aboveg-
round vertical pipes, as shown in Prior Art FIG. 1. The
aboveground vertical pipe portions are undesirable in
crowded urban environments: they are typically placed
recurrently every 700-1000 meters upon the pipeline, and
typically take up an area of at least six m?, including fencing
or enclosure to prevent vandalism or tampering. It would be
preferable to avoid this waste of marketable space and allow
placement of structures that are more aesthetic than air
release valves.

[0005] The need exists for a method of air or gas release
from underground pipelines, to minimize installation of
aboveground air release valves.

[0006] Remote Prior Art from other fields: One-way per-
meable membranes have been used in unrelated fields, such
as in cardiopulmonary bypass machines, for disinfection of
solutions, and for adding moisture for indoor climate con-
trol. However, these materials have not been used to date in
water pipelines, for underground air/gas release, along the
length of the pipeline. Additionally, most selectively perme-
able membranes cannot withstand the high liquid entry
pressure that is found in high pressure water mains, therefore
requiring extensive experimentation to develop the present
invention.

SUMMARY OF THE INVENTION

[0007] In a general overview of the invention, the present
invention provides a means and a method to release trapped
air from underground high pressure pipelines (such as water
and wastewater pipelines). The invention alleviates the prior
art need for external and often expensive, above ground pipe
valves and fittings, that require maintenance and protection
from vandalism and theft.
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[0008] The invention provides a system for underground
release of air or gas from underground pipelines, compris-
ing:

[0009] a sclectively permeable membrane, located
underground and secured in fluid and vapor communi-
cation with an underground pipeline, wherein the selec-
tively permeable membrane allows passage of air and
gas therethrough, while substantially prevents passage
of aqueous fluids therethrough.

[0010] Optionally, the selectively permeable membrane is
secured parallel to the plane of the underground pipeline.
[0011] In one embodiment, the selectively permeable
membrane is secured in place using an upper anchoring rim
and a lowering anchoring rim, each of the anchoring rims
having a lumen.

[0012] Moreover, in some embodiments the system
includes a rigid conduit vertical to the underground pipeline,
wherein the selectively permeable membrane is secured at
an upper extremity of the rigid conduit, and the rigid conduit
providing fluid and vapor communication between the
underground pipeline and the selectively permeable mem-
brane.

[0013] In a presently preferred embodiment, the selec-
tively permeable membrane is located beneath ground at a
depth of about 30-120 cm beneath the surface.

[0014] Optionally, the system further comprises a valve
located beneath the selectively permeable membrane,
wherein the valve may be closed during maintenance of the
system, to prevent fluid leakage from within the pipeline.
[0015] Moreover, the system may further comprise a non-
return valve allowing one-way entry of air into the system,
without user intervention.

In one case, the selectively permeable membrane is a porous
hydrophobic membrane. In a presently preferred embodi-
ment, the selectively permeable membrane is formed of a
material selected from: PVDEF, PTFE, PDMS, VVHP, pPE,
Chitin, Chitosan, PTFE, HDPE, and Pertex®. Optionally,
the selectively permeable membrane has a contact angle
greater than 90 degrees.

[0016] Optionally, the membrane has a mean pore size of
0.5-0.005 micron.

In one embodiment, the selectively permeable membrane
has a thickness of 100-500 micron.

[0017] Further, in a presently preferred embodiment, the
selectively permeable membrane can withstand pressure of
2-17 bar.

[0018] In some instances, the selectively permeable mem-
brane is a non-porous gas separation membrane. In such
case, the selectively permeable membrane may be a high
free volume polymer material, optionally selected from:
fluorinated polymers and polysilynes.

[0019] Further, the selectively permeable membrane may
be coated to prevent vapor therethrough.

[0020] Still further, the selectively permeable membrane
may be coated to improve mechanical durability.

[0021] In some cases, the selectively permeable mem-
brane is coated to prevent biofouling, the coating selected
from: antibacterial colloidal particles of silver; antibacterial
colloidal particles of copper; carbon nanotubes; and anti-
bacterial polypeptides.

[0022] Moreover, the system may further comprise a sup-
port member located above the selectively permeable mem-
brane, wherein the support member provides mechanical
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reinforcement to the selectively permeable membrane; and
the support member is selected from a support grid or a
support sieve.

[0023] In a presently preferred embodiment, the selec-
tively permeable membrane allows passage therethrough of
at least one of: nitrogen, oxygen, argon, and carbon dioxide.
Further, the pore size of the selectively permeable mem-
brane may be such to allow gaseous flow through the
membrane of approximately 0.25 L air/1" pipe diameter/1
km pipe/day.

[0024] Still further, the selectively permeable membrane
may be installed at recurring distances of 350-800 meters
upon the pipeline.

[0025] Optionally, the system further comprises at least
one sensor for detection of fluid leakage, and a mechanism
for triggering closure of an isolation valve when a leak is
detected.

[0026] In one embodiment, the selectively permeable
membrane is integrated in the plane of the pipeline, and the
membrane conforms to a rounded outer wall of the pipeline.
[0027] These and other advantages of the invention are
described further in the Detailed Description of the inven-
tion hereinbelow.

Glossary

[0028] In the present invention, the terms “air”, and “gas”
are used interchangeably in relation to components that may
pass through a selectively permeable membrane. These
terms refer to components typically found in air, in any
formulation, or in any phase of matter. One or more of such
components may pass through a selectively permeable mem-
brane. Non-limiting examples include: nitrogen, oxygen,
argon, carbon dioxide, and trace components found in air.

[0029] In the present invention, the term “fluid commu-
nication” and “vapor communication”, are used to describe
the relation between the selectively permeable membrane
and the underground pipeline. These terms indicate that
fluid, air or gas may flow bidirectionally between the under-
ground pipeline and the underside of the selectively perme-
able membrane.

[0030] In the present invention, the term “aqueous fluid”
refers to a solution in which the solvent is water; or refers to
water in any degree of purity. Non-limiting examples
include drinking water and wastewater.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention is illustrated by way of
example in the figures of the accompanying drawings, in
which like references indicate similar elements and in
which:

[0032] FIG. 1 is a Prior Art Aboveground Air Release
Valve apparatus.

[0033] FIG. 2 is a perspective view of the system of the
invention is shown.

[0034] FIG. 3 is a schematic side view showing airflow
during use of the system of the invention.

[0035] FIG. 4 is an exploded view of the selectively
permeable membrane component and its anchoring rim
components.

[0036] FIG. 5 is an exploded view of an embodiment with
a support sieve as the support member.
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[0037] FIG. 6 is a schematic side view showing airflow
through non-return valve when the central water pipeline is
temporarily shut down.

[0038] FIG. 7 is a Detailed Datasheet for PTFE selectively
permeable membranes used.

[0039] FIG. 8 is a Detailed Datasheet for Hydrophobic
PVDF selectively permeable membranes used.

[0040] FIG. 9 is a perspective view of an alternative
embodiment, in which the selectively permeable membrane
is integrated into the plane of the central water pipeline.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] In the following detailed description, numerous
specific details are set forth to provide a thorough under-
standing of the present invention. There is no intention to
limit the invention to the details of construction and the
arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein are for
the purpose of description and should not be regarded as
limiting.

[0042] In a general overview, the system of the invention
discloses novel use, of selectively permeable membranes,
located recurrently along underground pipelines. The mem-
branes allow continuous passive release of air or gasses
therethrough, from within the pipeline, while preventing exit
of water. Such membranes are placed and held underground,
in fluid communication and/or vapor communication with
the underground pipelines, to alleviate the need for above-
ground air release, and thus grant savings in materials,
space, and energy.

[0043] In the description below, the system of the inven-
tion is described in relation to municipal water pipelines that
supply water for consumption. The system is not limited to
this use and may be used to remove air or gasses from many
other types of underground pipelines, including, but not
limited to: wastewater pipelines, reclaimed water pipelines,
desalination pipelines, or any underground pipeline.

[0044] Referring to FIG. 2, a presently preferred embodi-
ment of the system 100 is shown.

[0045] System 100 is located underground within dugout
pit 40A, 40B, and may be accessed by removal of inspection
cap 28 which is supported level to the surface 26.

[0046] Central Water Pipeline 20 is located underground,
parallel to the surface 26, and acts to supply water to
consumers.

[0047] Rigid conduit 2 provides fluid and vapor commu-
nication between Central Water Pipeline 20 and Selectively
Permeable Membrane 7 (Membrane 7 is located near the
upper extremity of the System 100).

[0048] Selectively Permeable Membrane 7 is held in place
parallel to the Pipeline 20, by Upper and Lower Anchoring
Rims (flanges with a lumen) 3A, 3B, respectively, and is
supported by Support Grid 22. Lower Anchoring Rim 3B is
welded onto Rigid Conduit 2.

[0049] Upper Anchoring Rim 3A is typically located
beneath ground at a depth of about 30-120 cm beneath the
surface 26.

[0050] Membrane 7 and Anchoring Rims 3A, 3B are
shown and described in detail in FIGS. 4-5 below.
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[0051] Non-Return Valve 5 is mounted on the extremity of
Lateral Pipe 4. Ball faucet 6 allows shutoff of flow, during
maintenance of the non-return valve 5.

[0052] Valve 1 is fixed between upper and lower Support-
ing Flanges 30A, 30B. During operation of system, valve 1
remains open. However, handwheel 24 of valve 1 may be
turned by a user in times of maintenance, to shutoff flow into
rigid pipeline 2 from central water pipeline 20.

[0053] Referring now to FIG. 3, in use of system 100,
water flows through Central Water Pipeline 20, in direction
of Arrows 30.

[0054] When present, unwanted air or gas bubbles 32
(dashed arrows), will be forced by water pressure, upwards
into Rigid Conduit 2, passed Valve 1, towards Selectively
Permeable Membrane 7.

[0055] Due to the chemical and physical nature of Selec-
tively Permeable Membrane 7 (enlarged upon below), air or
gasses may exit through Selectively Permeable Membrane
7, while water is essentially prevented from exiting there-
through. Undesirable air or gasses are thus vented automati-
cally and continuously as needed, below ground to the
environment, via selectively permeable membrane, without
waste of aboveground expensive real-estate.

[0056] Referring to FIG. 4, an exploded view is shown of
Selectively Permeable Membrane 7 and Anchoring Rims
3A, 3B.

[0057] Membrane 7 is typically flaccid, having a typical
thickness in the range of 100-500 micron.

[0058] In one embodiment, selectively permeable mem-
brane 7 is a porous hydrophobic membrane (with a contact
angle greater than 90 degrees). The mean pore size is
0.5-0.005 micron, such that the liquid water entry pressure
as defined by the Young LaPlace or Kantor equation is
greater than 4 bar, and in some cases can be as high as 17
bar. Materials that can form such membranes can include,
but are not limited to, PVDF and PTFE.

[0059] In an alternative embodiment, selectively perme-
able membrane 7 is a non-porous gas separation membrane
whose gas permeability is high enough to allow removal of
any trapped air within one day. Membrane polymers that
provide such properties are high free volume materials,
including, but not be limited to, fluorinated polymers, or
polysilynes such as PTMSP.

[0060] The underside of Membrane 7 may be coated to
prevent passage of water vapor therethrough, or to improve
mechanical durability and prevent tearing.

[0061] During deployment of system, Membrane 7 is
placed between sealing O-rings 42A, 42B. These are then
placed above Lower Anchoring Rim 3B, with center of
Membrane 7 located in Lumen 50 of Anchoring Rim 3B.
[0062] Excess membrane at the periphery of Membrane 7
may optionally include perforations to receive Bolts 34.
Alternatively, Membrane 7 may be sized to fit in Lumen 50
of Anchoring Rims 3A, 3B, with minimal excess at the
circumference, such that clamping and bolting of Anchoring
Rims 3A to 3B secures Membrane 7 in place without
perforating the circumference of Membrane 7.

[0063] Support Grid 22 is placed above Membrane 7, to
provide mechanical reinforcement for membrane and pre-
vent adjacent earth from shifting and perforating the mem-
brane. Rim wall 44 of Support Grid 22 mates with and clicks
onto, Lower Wall 46 of Upper Anchoring Rim 3A.

[0064] Upper Anchoring Rim 3A is placed over Support
Grid 22, and bolts 34 are introduced into Holes 36 on
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Anchoring Rims 3A, 3B. Bolts 34 are fastened using nuts
48, to clamp and hold Membrane 7 in place upon Rigid
Conduit 2.

[0065] Selectively Permeable Membrane 7 is thus in fluid
and vapor communication with the Rigid Conduit 2, with the
underside of Membrane 7 placed above the lumen of Rigid
Conduit, and the upper side of Membrane 7 facing towards
the external environment (belowground).

[0066] A gap of 30-120 cm will typically be present
between the upper side of Membrane 7 and the underside of
inspection cap 28, allowing sufficient space for exit of
air/gas into the underground environment.

[0067] The central water pipeline, rigid conduit, and lat-
eral pipe are preferably made of steel (such as galvanized
steel). The anchoring rims and support sieve or support grid,
may be made of steel or plastic.

[0068] Referring to FIG. 5, in an alternative embodiment,
support member is a Support Sieve 40 which replaces
Support Grid 22 in supporting upper side of Membrane 7.
[0069] Referring to FIG. 6, Non-Return Valve 5 allows
one-way entry of air into the system 100, without user
intervention, in such instances as when the Central Water
Pipeline 20 is temporarily shut down, or when a new
pipeline is laid. Air entry in such cases will prevent genera-
tion of a vacuum and allow filling or refilling of central
pipeline 20. Airflow is depicted as dashed arrows.

[0070] Ball faucet 6 typically remains in the open position
and is only closed to shut off the flow when non-return valve
5 is checked for routine maintenance.

Selectively Permeable Membranes

[0071] The selectively permeable membrane component
preferably has the following features:

[0072] Non-toxicity, non-allergenic, and in accordance
with dietary and health regulations for drinking water.
[0073] The membrane preferably has mechanical strength
to withstand pressure of 2-17 Bar.

[0074] The membrane is preferably resistant to particles
that may occur in the pipeline (e.g., sand, soil, building
materials), so that buildup of these particles does not occur
upon the membrane (which could clog membrane pores),
and the membrane has sufficient tensile strength to withstand
tearing due to the presence of these particles.

[0075] The membrane is preferably resistant to biofouling
(buildup of microorganisms). Optionally, one or more exter-
nal coatings are applied to the membrane for these purposes,
such as: antibacterial colloidal particles of silver or copper,
carbon nanotubes, or polypeptides having anti-bacterial
properties.

[0076] The membrane is preferably resistant to corrosion,
and pH resistant (able to withstand pH values of 5-9) and
resistant to the presence of chlorine (typically found around
0.5 PPM). The surface texture of the membrane is designed
to lower friction (which would result in energy loss); the
smoothness should be similar to that acceptable in pipeline
materials.

[0077] The air flux should preferably be maximal, so that
maximal air/gasses from within the pipeline are released
through the membrane to the surrounding environment,
while exit of water is prevented by the one-way nature of the
membrane.

[0078] In a presently preferred embodiment, the selec-
tively permeable membrane allows passage therethrough of
non-polar gasses in various forms (oxygen, nitrogen, and
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carbon dioxide), while substantially preventing exit of water
vapor. Minute quantities of water may be discharged via the
membrane.

[0079] In some embodiments, the membrane allows bidi-
rectional passage therethrough of non-polar gasses. In other
embodiments, the membrane allows passage therethrough
and exit of such gases from the system, while preventing
entry of such gasses from the external environment, into the
system.

[0080] In one presently preferred embodiment, the pore
size of said membrane is such to allow gaseous flow through
the membrane of approximately 0.25 L air/1" pipe diam-
eter/1 km pipe/day.

In a presently preferred embodiment, the following non-
limiting materials were used as selectively permeable mem-
branes:

[0081] 1. Silicone-Based Membranes (PDMS):

[0082] a)Flat Sheet SSP-M823 manufactured by SSP
Ltd. of Ballston Spa, NY, USA.

[0083] b) Hollow Fiber membranes (various pore
sizes), manufactured by PermSelect Ltd. of Ann
Arbor, MI, USA.

[0084] 2. Teflon-type membranes (PTFE) such as those
manufactured by Sterlitech Ltd. of Auburn, WA USA.
[0085] Referring to FIG. 7, a Detailed Datasheet is

shown, for presently preferred PTFE selectively per-
meable membranes manufactured by Sterlitech Ltd.,
having a minimal pore size (0.1 um).

[0086] Another suitable membrane was Emflon®
PTFE membrane, having a mean pore size of 0.02y,
with a size of about 20x25 cm, manufactured by Pall
Corp. of Port Washington, USA.

[0087] 3. Hydrophobic membranes (PVDF) manufac-
tured by the Sigma-Aldrich subsidiary of Merck
KGaA.

[0088] Referring to FIG. 8, a Detailed Datasheet is
shown, for presently preferred Hydrophobic PVDF
selectively permeable membranes manufactured by
Sigma-Aldrich subsidiary of Merck KGaA.

[0089] One such example is VVHP—hydrophobic
Durapore—pore diameter 0.1 um.

[0090] 4. Porous Polyethylene (pPE) membranes manu-
factured by Rayon Co. Ltd. (Tokyo, Japan) Mitsubishi,
which can withstand up to 10 Atm.

[0091] Many additional materials may be suitable for use
as selectively permeable membranes (or coatings), including
the following non-limiting examples:

[0092] Chitin or Chitosan, GoreTex manufactured by Gore
(PTFE also known as ePTFE), Tyvek (made of HDPE fibers,
manufactured by Dupont), PerTex manufactured by Mitsui
& Co.

[0093] Non-porous membranes may be used, such as
would be acceptable for gaseous separation, as these mem-
branes can withstand pressures of up to 17 Bar. Examples
include non-porous perfluorinated polymers, such as
AF2400 manufactured by Compact Membrane Systems of
Newport Delaware, USA.

[0094] According to a presently preferred embodiment,
the selectively permeable membranes and remaining com-
ponents of the system, are installed at recurring distances of
350-800 meters along the length of the pipeline.

[0095] When the diameter of the central water pipeline
exceeds 24 inches, it may be necessary to install a cluster of
selectively permeable membranes and associated system
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components. Alternatively, the distance between recurring
units of the invention may be reduced, to be less than 350
meters between units.

[0096] Insome instances, prior art aboveground air release
valves mounted on aboveground vertical pipes, are installed,
in conjunction with the system of the present invention. In
such case, use of the system will reduce the number of
aboveground air release pipes needed, as compared to the
prior art.

[0097] The membrane may have various shapes and sizes.
The membrane may be rigid or flaccid.

[0098] Optionally, the system may include sensors for
detection of water leakage, and a mechanism for triggering
closure of an isolation valve when a leak is detected.
[0099] Referring to FIG. 9, in an alternative embodiment,
the selectively permeable membrane 7 is integrated in the
plane of the central water pipeline 20, where it is secured by
anchoring rims 3A, 3B. In this embodiment, the membrane
7 is sufficiently flaccid to allow it to conform to the rounded
outer wall of the pipeline 20.

EXAMPLE

[0100] In order to project durability of the system after 5
years of use, the system of the invention, as described in
relation to FIGS. 2-4, was installed upon a Central municipal
water pipeline, using suitable connectors.

[0101] Central municipal water pipeline 20 is formed of
galvanized steel. Rigid conduit is a galvanized steel pipe of
1.5 M length, having a diameter of 6 inches, terminating at
its upper end with Lower Anchoring Rim (3B), which is
welded to rigid conduit.

[0102] Anchoring Rims 3A and 3B will support the Selec-
tively Permeable Membrane, once Anchoring Rims 3A, 3B
are bolted together upon the membrane and its supporting
elements: A Support Sieve 40 is the upper most element
above the membrane, and an outer Support Grid 22 touches
the upper side of the membrane and lies beneath the Support
sieve 40.

[0103] Selectively Permeable Membrane is a Silicone-
Based Membrane (PDMS) such as Flat Sheet SSP-M823,
having a thickness of up to 0.040", manufactured by SSP
Ltd. of Ballston Spa, NY, USA.

[0104] Lateral Pipe 4 is formed of galvanized steel having
a 2 inch diameter. Non-Return Valve is directed so that the
direction of airflow is towards the system (as shown in FIG.
6). Non-Return Valve 5 is readily available commercially, as
is Gate Valve 1.

[0105] A second lateral pipe 4 was included parallel to,
and above the first lateral pipe, and attached to a manometer
to measure the pressure in the system. Second lateral pipe
and Manometer are for experimental purposes of the present
Example, and are not included in the system when it is
deployed in the field.

[0106] The durability of the membrane was tested. To
simulate wear of 5 year usage, rigid conduit was repeatedly
filled with 2 liters of water, and the pressure was raised to
reach 4 Bar, and maintained for periods of 15 minutes. The
water was then drained. This process was repeated thrice
daily for a period of one month. At the end of this term, the
pressure was raised to reach 9 Bar.

[0107] Results showed airflow was detected through the
membrane, without water leakage during the duration tested.
Results prove sufficient durability of the membrane, in



US 2024/0238734 Al

conditions that simulate 5 years of deployment of the system
in the field, at pressures of up to 9 Bar.

[0108] In summary, the system of the invention and its
recurrent selectively permeable membranes, allow continu-
ous passive release of air or gasses therethrough, under-
ground, and alleviate the need for aboveground air release,
thus granting savings in materials, space, and energy.
[0109] Having described the invention with regard to
certain specific embodiments thereof, it is to be understood
that the description is not meant as a limitation, as further
modifications will now become apparent to those skilled in
the art, and it is intended to cover such modifications as are
within the scope of the appended claims.

1. A system for underground release of air or gas from
underground pipelines, comprising:

a selectively permeable membrane, located underground
and secured in fluid and vapor communication with an
underground pipeline, wherein said selectively perme-
able membrane allows passage of air and gas there-
through, while substantially prevents passage of aque-
ous fluids therethrough.

2. The system of claim 1, wherein said selectively per-
meable membrane is secured parallel to the plane of said
underground pipeline.

3. The system of claim 1, wherein said selectively per-
meable membrane is secured in place using an upper anchor-
ing rim and a lowering anchoring rim, each of said anchor-
ing rims having a lumen.

4. The system of claim 1, comprising a rigid conduit
vertical to said underground pipeline, wherein said selec-
tively permeable membrane is secured at an upper extremity
of said rigid conduit, and said rigid conduit providing fluid
and vapor communication between said underground pipe-
line and said selectively permeable membrane.

5. The system of claim 1, wherein said selectively per-
meable membrane is located beneath ground at a depth of
about 30-120 cm beneath the surface.

6. The system of claim 1, further comprising a valve
located beneath said selectively permeable membrane,
wherein said valve may be closed during maintenance of
said system, to prevent fluid leakage from within said
pipeline.

7. The system of claim 1, further comprising a non-return
valve allowing one-way entry of air into the system, without
user intervention.

8. The system of claim 1, wherein said selectively per-
meable membrane is a porous hydrophobic membrane.

9. The system of claim 1, wherein said selectively per-
meable membrane is formed of a material selected from:
PVDF, PTFE, PDMS, VVHP, PPE, Chitin, Chitosan, PTFE,
HDPE, and Pertex®.

10. The system of claim 8, wherein said selectively
permeable membrane has a contact angle greater than 90
degrees.

11. The system of claim 1, wherein said selectively
permeable membrane has a mean pore size of 0.5-0.005
micron.

12. The system of claim 1, wherein said selectively
permeable membrane has a thickness of 100-500 micron.
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13. The system of claim 1, wherein said selectively
permeable membrane is formed of at least one material and
mechanical strength that can withstand pressure of 2-17 bar.

14. The system of claim 1, wherein said selectively
permeable membrane is a non-porous separation membrane
suitable for separation of gasses or of organic solvents.

15. The system of claim 14, wherein said selectively
permeable membrane is a high free volume polymer mate-
rial.

16. The system of claim 15, wherein said high free
volume polymer material is selected from: fluorinated poly-
mers and polysilynes.

17. The system of claim 1, wherein said selectively
permeable membrane is coated to prevent vapor there-
through.

18. The system of claim 1, wherein said selectively
permeable membrane is coated to improve mechanical dura-
bility.

19. The system of claim 1, wherein said selectively
permeable membrane is coated to prevent biofouling, said
coating selected from: antibacterial colloidal particles of
silver; antibacterial colloidal particles of copper; carbon
nanotubes; and anti-bacterial polypeptides.

20. The system of claim 1, further comprising a support
member located above said selectively permeable mem-
brane, wherein said support member provides mechanical
reinforcement to said selectively permeable membrane; and
said support member is selected from: a support grid, a
support sieve, and a guard net.

21. The system of claim 1, wherein said selectively
permeable membrane allows passage therethrough of nitro-
gen and at least one of: oxygen, argon, and carbon dioxide.

22. The system of claim 1, wherein said selectively
permeable membrane is such to allow gaseous flow through
the membrane of approximately 0.25 L air/1 km pipe/day,
and wherein said membrane diameter is selected to provide
said flow therethrough.

23. The system of claim 1, wherein said selectively
permeable membrane is installed at recurring distances of
350-800 meters upon said pipeline.

24. The system of claim 1, further comprising at least one
sensor for detection of fluid leakage, and a mechanism for
triggering closure of an isolation valve when a leak is
detected.

25. The system of claim 1, wherein said selectively
permeable membrane is integrated in the plane of said
pipeline, and said membrane conforms to a rounded outer
wall of said pipeline.

26. The system of claim 1, wherein said selectively
permeable membrane is secured in place using a blind
flange.

27. The system of claim 14, wherein said membrane is a
hydrophobic membrane essentially formed of PDMS (poly
dimethylsiloxane), present as a thin film, and further com-
prises a coating for mechanical support.

28. The system of claim 1, wherein said membrane
comprises a porous membrane having a pore size of less than
0.05 micron, and said membrane is coated with a nonporous
gas-permeable coating.
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