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Description

[0001] The present invention relates to a process for
the preparation of containment barriers impermeable to
fluids. The above barriers can be used for blocking the
movement of pollutants in the ground and removing pol-
lutants from groundwater.

[0002] The term "Pump-and-treat" is a general term
used for any technique capable of removing polluted
groundwater and treating it outside the polluted area,
usually on the surface.

[0003] Treatment methods can vary, but basically the
water is pumped out of the polluted area underground;
purification is then effected on the surface. The "Pump-
and-treat" technique is typically used for contaminants
dissolved in groundwater. However also the removal of
non-aqueous liquid phases (NAPLs), both light and
heavy, can be carried out with special pumping meth-
ods.

[0004] "Pump-and-treat" systems can be designed,
installed and put into operation according to techniques
well known to experts in the field.

[0005] Under favourable geological conditions, the
pumping systems allow a rapid removal of polluted
masses from areas where contaminants are present in
greater quantities. For this reason the "pump-and-treat"
technique continues to be the most widely used method
for limiting and controlling polluted areas.

[0006] The time necessary for drainage however can
be excessively lengthy and in many cases the objective
is not reached. For example, in the presence of NAPLs,
the concentration of contaminants in the groundwater
can return to levels practically the same as originally
after a short interruption in the pumping. This occurs
because the large residual masses of pollutants slowly
dissolve in the groundwater. Alternative technologies
are being studied to solve this problem, for draining
sites in shorter times and at lower costs.

[0007] One of the most promising techniques com-
prises injection into groundwater of co-solvents and
mixtures of surface-active agents, particularly those
which form micro-emulsions. This technique has
recently been used on site with excellent results.
[0008] In fact, the micro-emulsion technique allows a
more effective removal of pollutants, increasing their
apparent solubility in water. In addition this technique
favours the mobility of NAPLs reducing the interfacial
tension between water and contaminant. The micro-
emulsions are then injected into the area in question
from injection wells and then recovered on the surface
(where they are processed) together with the water and
contaminants coming from other wells; in this way the
aquifer swept clean. Volumes of water are then injected
to remove residues of the surface-active agents.

[0009] A critical problem for treatment using surface-
active agents lies in the uncontrolled migration of the
contaminants during draining operations. Owing to the
enormously increased solubility and mobility of NAPLs
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and other contaminants adsorbed into the earth matrix,
the possibility of lateral or vertical migration of the con-
taminated area is a source of potential risk. To solve this
problem, efforts are moving towards the use of contain-
ment barriers. This technique (i.e. the use of contain-
ment barriers) is becoming more and more widely used
as a component of all "pump-and-treat" techniques, as
the barriers isolate the areas to be treated with a conse-
quent reduction in the total volume to be treated and a
saving in cost and time.

[0010] Containment barriers are at present con-
structed using traditional materials and techniques, for
example sheet piles and trenches filled with cement or
impermeable mixtures of clay and earth. The present
technology of containment barriers however has several
serious limitations. For example barriers which do not
penetrate to a sufficient depth are not very effective. On
the contrary, it is becoming increasing more necessary
to adopt technologies, which are not available at the
moment, for constructing deep containment barriers.
[0011] It is still extremely difficult, moreover, to con-
struct horizontal barriers, i.e. below polluted areas,
capable of blocking the movement of pollutants towards
greater depths.

[0012] A process has now been found for the prepara-
tion of containment barriers which overcomes the disad-
vantages described above.

[0013] In accordance with this, the present invention
relates to a process for the preparation of containment
barriers impermeable to fluids, which comprises:

a) hydraulic fracturing of the ground to create exten-
sive fissures, the above fracturing being effected by
injecting, under pressure and through wells, com-
positions selected from:

(i) aqueous solutions or dispersions of materi-
als capable of gelling;

(i) aqueous dispersions of solids;

(iii) materials, or relative solutions/dispersions,
capable of solidifying on cooling;

b) subsequent maintenance under pressure until
the formation of the above containment barriers
essentially consisting of compositions (i) - (iii).

[0014] In the case of gelable materials (i), the contain-
ment barriers are formed by the gelation of gelable sub-
stances contained in (i).

[0015] Inthe case of aqueous dispersions of solids (i),
the barriers are formed as a result of the creation of
impermeable filter cakes.

[0016] In the case of materials (iii), or relative solu-
tions/dispersions, capable of solidifying on cooling, the
barriers are obviously formed following a lowering in the
temperature.

[0017] The term gelable aqueous solution (or disper-
sion) refers to the essentially aqueous solution (or dis-
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persion) of substances which from an initial viscosity
ranging from 1 to 200 mPas are transformed into visco-
elastic solids (gel) having elastic modulus values higher
than 1 Pa, preferably greater than 10 Pa.

[0018] Aqueous solutions or dispersions (i) of materi-
als capable of gelling can be divided into three catego-
ries, a first category (ia) essentially consisting of
polymers in the presence of, or without, cross-linking
agents. In this case gelation takes place by means of
the cross-linking of the polymers present in the solu-
tion/dispersion. This category comprises guar in the
presence of cross-linking agents selected from polyva-
lent metal ions (for example B*3, Zr*4, Ti*4, Sb*) which
give rise to cross-linking within pH ranges characteristic
for each single metal ion (for example at pH 8-12 for
B*3, at pH 7-10 for Zr*4, at pH 7-9 for Ti*4, at pH 3-6 for
Sb™), HPG (hydroxypropyl guar) cross-linkable in the
presence of the same metal ions and within the same
pH ranges specified above, CMHPG (carboxymethylhy-
droxypropy! guar) also cross-linkable in the presence of
polyvalent metal ions (for example Zrt4 at pH from 3 to
6, Ti** at pH from 7 to 9, AI*® at pH from 4 to 6),
(co)polyacrylamides also cross-linkable with polyvalent
ions, for example AI*3 and Zr** at pH from 4 to 6, "Xan-
than Gum" cross-linkable with Ti** and B3*, ligninsul-
fonates, cellulose derivatives such as
carboxymethylcellulose (known as CMC) and derivativ-
ized hydroxyethylcellulose (known as DDMEC) cross-
linkable with polyvalent metal ions, amides fuctionalized
with phosphoric esters, polysaccharides functionalized
with anionic groups, so-called physical gels (a typical
example is polypropylene glycol, fluid when hot and gel
at temperatures lower than about 30°C).

[0019] A second category (ib) consists of aqueous
solutions (or dispersions) of monomers capable of
polymerizing and then cross-linking. Typical but non-
limiting examples are monomers belonging to the group
of acrylamides which are cross-linkable in the presence
of suitable agents, such as radical initiators.

[0020] A third category (ic) consists of solutions
and/or dispersions of sodium and/or potassium sili-
cates, which gel within suitable pH ranges.

[0021] As far as aqueous dispersions of solids (ii) are
concerned, typical examples are dispersions of clays,
calcium carbonates, colloidal polymers (for example
CMC, i.e. carboxymethylcellulose and its derivatives),
lignite, cross-linked modified amides and relative mix-
tures. The above dispersions (ii) do not gel but, owing to
filtration of the solution into the ground surrounding the
fracture, produce impermeabile filter cakes.

[0022] Typical examples of materials (iii), or relative
solutions/dispersions, capable of solidifying on cooling
are waxes(for example "Montan wax").

[0023] The solutions or dispersions (i)-(iii) may also
contain other additives usually used in gelable aqueous
formulations. Typical examples are biocides, gelation
retarding agents, buffer and pH control substances, vis-
cosity regulators (for example "xanthan gum").
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[0024] Other substances contained in these solu-
tions/dispersions are fluid-loss control additives, such
as calcium carbonate, bentonite, polymers (for example
lignite), modified amides, solids having dimensions > 5
um, as well as substances added for the purpose of
keeping the fracture produced by the gel/gelling agent
(known as "proppant" substances) open.

[0025] The gels (or filter cakes) formed from the solu-
tions/ dispersions (i) have permeability values of the
order of microdarcy and which are therefore such as to
prevent flow through or across the fracture. In addition,
the gels may or may not be biodegradable, depending
on the material used. This is a great advantage when, at
the end of the draining operation, the previous situation
must be re-established.

[0026] In the case of the dispersions (ii), these mate-
rials allow the formation of filter cakes capable of pre-
venting the fluid from spreading across the barrier into
the surrounding areas.

[0027] With respect to the hydraulic fracturing tech-
nique, this is widely used in the petroleum industry for
stimulating the productivity of oil wells (see for example
"Basic Principles of Hydraulic Fracturing"). In short, the
hydraulic fracturing technique consists in injecting lig-
uids (usually water) at high pressure into the drilling well
until the pressure exceeds critical values and produces
fractures (or widens pre-existing fractures). The fractur-
ing technique has also recently been used in the field of
ground drainage. In fact, fracturing helps to introduce
materials used for other innovative ground drainage
technologies (for example the introduction of sub-
stances capable of improving biological remediation,
the introduction of conductive substances for improving
electrokinetic processes, the introduction of reagent
materials such as zero-valent iron or permanganate).
[0028] The prior art on the other hand does not dis-
close the use of the fracturing technique for introducing
gelable substances or substances suitable for forming
impermeable filter cakes.

[0029] As far as the time necessary for cross-link-
ing/gelling the solutions/dispersions (i) is concerned, i.e.
the duration of step (b), this can be regulated by experts
in the field according to known procedures. For example
the gelation can be varied in relation to the concentra-
tion and type of metal ion, the pH, the type and concen-
tration of the peroxide.

[0030] In any case, it is always preferable to use times
which are much higher than the minimum times neces-
sary for gelation/cross-linking or for the formation of fil-
ter cakes.

[0031] The use of gelling solutions/dispersions for iso-
lating NAPLs has already been proposed (see |. Laka-
tos, 1997 International Containment Technology
Conference and Exhibition, St. Petersburg, Florida,
USA). The above proposals however are based on the
method of placing the gelling agent by infiltration from a
series of wells. This technique is expensive as it
requires large volumes of gel as the gel expands radially
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from the well; in addition this technique does not ensure
the formation of adequate barriers.

[0032] The injection of the solutions/dispersions of the
present invention is much simpler and less expensive as
it requires a lower number of wells and treatment times.
In addition, the presence of gelled barriers or imperme-
able filter cakes, as well as reducing the total number of
sampling wells, also eliminates the risk of the pollution
migrating beyond the sampling wells. This is particularly
important in drainage processes carried out in the pres-
ence of micro-emulsions.

[0033] Another advantage of the process of the
present invention lies in the fact that, when considered
appropriate, it is possible to prepare biodegradable con-
tainment barriers. As a result, after drainage operations,
the above barriers can be eliminated by means of bio-
logical degradation.

[0034] In addition the process of the present invention
allows the preparation of barriers also at great depths,
which is not possible with traditional techniques.

[0035] Finally, an important element lies in the fact
that the barriers/filter cakes of the present invention can
be either vertical or horizontal.

Claims

1. A process for the preparation of containment barri-
ers impermeable to fluids, which comprises:

a) hydraulic fracturing of the ground to create
extensive fissures, the above fracturing being
effected by injecting, under pressure and
through wells, compositions selected from:

(i) aqueous solutions or dispersions of
materials capable of gelling;

(ii) aqueous dispersions of solids;

(iii) materials, or relative solutions/disper-
sions, capable of solidifying on cooling;

b) subsequent maintenance under pressure
until the formation of the above containment
barriers essentially consisting of compositions

) - ().

2. The process according to claim 1, characterized in
that the aqueous solutions or dispersions of materi-
als capable of gelling (i) are selected from:

(ia) aqueous solutions and/or dispersions
essentially consisting of polymers in the pres-
ence of or without cross-linking agents;

(ib) aqueous solutions of monomers capable of
polymerizing and then cross-linking;

(ic) solutions and/or dispersions of sodium
and/or potassium silicates, which gel within
suitable pH ranges.
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3. The process according to claim 2, wherein the com-
positions (ia) are selected from solutions/disper-
sions of:

3a) guar, hydroxypropyl guar, carboxymethyl-
hydroxypropyl guar, in the presence of polyva-
lent metal ions;

3b) (co)polyacrylamides in the presence poly-
valent metal ions;

3c) xanthan gum in the presence of Ti** or B3*
ions;

3d) ligninsulfonates;

3e) cellulose derivatives, amides modified with
phosphoric esters, polysaccharides functional-
ized with anionic groups, in the presence of
polyvalent metal ions;

3f) physical gels.

4. The process according to claim 2, characterized in
that the compositions (ib) essentially consist of
solutions (or dispersions) of monomers belonging
to the group of acrylamides, cross-linkable in the
presence of suitable cross-linking agents.

5. The process according to claim 4, characterized in
that the cross-linking agents are radical initiators.

6. The process according to claim 1, characterized in
that the dispersions (ii) are selected from disper-
sions of clays, calcium carbonates, colloidal poly-
mers, lignite, modified amides and relative
mixtures.

7. The process according to claim 1, characterized in
that the materials (iii) are waxes.
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