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ABSTRACT

Introduction. Small innovative enterprises are able to solve the problems of technological support of the construction sector.
A special place is occupied by enterprises created on the basis of the results of intellectual activity (RIA) of higher educational insti-
tutions. The activities of small companies created with the participation of universities have a number of advantages. The scientific
and educational environment creates additional opportunities for small businesses in conducting research and development, as
well as opens up access to human resources. An example of the commercialization of RIA is the technological developments based
on nanomaterial of St Petersburg University enterprises in solving the problem of abandonment of orphan wells, which contribute
to the pollution of groundwater. Methods and materials. Abandoned wells are abandoned according to “standard designs” that
provide for the abandonment of only the wellbore limited by the inner diameter of the casing pipes, and do not contain techni-
cal solutions for the elimination of behind-the-casing flows. Results. An ownerless well, after its abandonment according to the
“standard project’, continues to contaminate groundwater, but on a permanent basis, since repeated abandonment of such wells
is practically impossible. Each such “abandoned” well is an officially created channel for groundwater contamination in the long
term. Discussion. The article contains an analysis of the existing technology of abandonment of wells, including ownerless ones,
as well as the justification of the futility of its use to eliminate sources of groundwater pollution. An alternative solution based on
the use of modern nanomaterials is proposed. Conclusion. Examples of successful application of the proposed technology with
the use of cemented nanomaterials for the liquidation of emergency wells in the North-West region are given. Based on the study,
conclusions and recommendations are made.

KEYWORDS: small innovative enterprises, nanomaterials, orphan wells, cement stone leaching, behind-the-casing flows, sources
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INTRODUCTION

he competitive environment presupposes the acti-

vation of enterprises in the scientific and technical
sphere, where the key role is assigned to small innovative
enterprises (SMEs). A special place is occupied by en-
terprises created on the basis of the results of intellectual
activity (RIA) of higher educational institutions. The ac-
tivities of small companies created with the participation
of universities have a number of advantages. The scien-
tific and educational environment creates additional op-

portunities for small businesses in conducting research
and development, as well as provides access to human
resources (training and advanced training on the basis
of the university). Universities actively use the resource
base in priority scientific areas not only to conduct fun-
damental research, but also to stimulate the technological
processes of SIE [1—4]. For example, the Sparrow Hills
Innovation and Technology Centre is being developed at
Moscow State University, and the leading science park
with modern unique equipment is being developed at
St. Petersburg State University.
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An example of the successful implementation of tech-
nological innovations in the construction sector is the
activities of such enterprises as the Geological Centre of
St. Petersburg State University and the Water Centre of
St. Petersburg State University. The direction of research
and commercialization of intellectual property lies in the
plane of technological support for projects in petroleum
geology, ecology, modeling of groundwater reserves,
elimination of the consequences of emergencies due to
oil spills, alternative energy, new waterproofing materials
and other areas in construction.

New solutions for the environmental protection of
water wells are associated with the use of innovative
technologies of insulation materials. The problem of
groundwater pollution became especially relevant in the
post-perestroika period, when many wells that had own-
ers who previously controlled their condition turned out
to be ownerless. These were wells of all categories: water
intake, parametric, prospecting, exploratory, operational,
mothballed and abandoned. Today what is important is
not why and how this happened, but the fact that the wells
left unsupervised and collapsing in the bowels of the earth
cause irreparable damage to groundwater [2, 9].

Over the past decade, work has been carried out in
various regions of the Russian Federation to identify and
eliminate ownerless wells, mainly water intakes. But the
question arises, how exactly are the wells abandoned, and
are the sources of groundwater pollution really eliminated
with their abandonment?

METHODS AND MATERIALS
Causes of behind-the-casing flows in wells

A source of natural (groundwater) water pollution is
defined as “a source that introduces chemical, biologi-
cal or physical pollutants into surface or groundwater”.!

It can be seen from the definition that the phrase
“source of pollution” does not quite apply to ownerless
wells, since drilled wells are only conducting channels
through which substances polluting groundwater move
from the source towards the aquifer. Therefore, the main
task that must be solved during the abandonment of a
well is the isolation (elimination) of all channels created
in the rock mass during drilling and arrangement of wells.

Such channels include: the internal space of the pro-
duction (filter) string, connected to the aquifer through its
perforated part or open wellbore, and the behind-the-cas-
ing space, bounded by the walls of the well and the casing
string along their outer diameter. Since the main feature
by which ownerless wells are found and fixed are pipes of
various diameters located in the ground, sometimes ac-

companied by the remains of pavilions or concrete rings,
then not just wells, but wells with non-recoverable casing
pipes are subject to liquidation [15, 16].

To eliminate the possibility of pollutants penetrating
into the aquifers, it is necessary to fill the annulus of the
well, as well as the internal space of the casing pipes, with
a sealed non-destructive material.

Traditionally, it is believed that such a material is oil-
well cement slurries [6—8, 15—16, 18], but inspections of
production wells for the tightness of their behind-the-
casing space indicate the opposite.

Let us consider the conditions for the formation of ce-
ment stone in the annulus space at the stage of drilling and
well construction, as well as the causes for the inevitable
occurrence of behind-the-casing flows in wells when using
cement slurries as an insulation material.

High-quality insulation of casing strings and separa-
tion of productive formations is a condition for long-term
trouble-free operation of wells. Interlayer inflows and an-
nular flows that appear at the initial stage of well operation
are the result of the formation of a microannular space
at the rock-casing contact already at the stage of cement
stone formation [10].

During drilling and wellbore formation, the existing
balance of stresses in the rock mass is disturbed, but is
compensated by the hydrostatic pressure of the drilling
fluid injected into the well during drilling. Properly se-
lected drilling fluid parameters eliminate the negative
impact of both rock and reservoir pressures on the well
walls. During the construction of wells in the intervals
determined by the design solutions for their construction,
casing pipes are installed, designed mainly for fixing the
walls, and in production wells also for the installation of
water-lifting equipment. To separate the horizons pen-
etrated by the well, oilwell cement slurries are traditionally
used, as a result of the crystallization of which cement
stone is formed in the behind-the-casing space.

It is generally accepted that during casing cementa-
tion, the cement slurry delivered to the casing space in-
stead of the flushing fluid used in drilling maintains the
stress balance established in the rock mass and, conse-
quently, excludes the negative impact of reservoir pres-
sure on the forming cement stone [5, 13]. But that’s not
the case. The hydrostatic pressure created by the cement
slurry in the casing space decreases after the beginning
of its crystallization and after 4—5 hours has almost zero
values (Fig. 1) [12, 17].

This means that after the hydrostatic pressure of the
cement slurry drops below the bedded pressure, com-
pressive pressure is exerted on the forming cement stone
from the aquifer, and it contributes to the formation of
a microannular space in contact with water-bearing rocks

! National Standard of the Russian Federation GOST R 59053-2020. Environmental protection. Protection and rational use of waters. Terms
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Fig. 1. Change in the hydrostatic pressure of the cement slurry in the time range after the beginning

of its crystallization

[12]. Under the influence of reservoir pressure, the leach-
ate from the aquifer rushes into this micro-ring space,
impairing the adhesion of the forming cement stone to
the rocks located higher in the section (Fig. 2).

After cementation of the casing space in the process
of further drilling of the well to the design depth, casing
pipes and cement stone are subjected to dynamic loads
by rotating drill pipes, which contributes to the formation

=

7

P, —Pst - static pressure
— Pp - pore pressure

P,
P., —Pres- reservoir pressure
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Fig. 2. Formation of cement stone in the space behind the column
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of microcracks already at the casing pipe-cement stone
contact. Thus, already at the stage of drilling and arrange-
ment of the well, conditions are created for the occurrence
of behind-the-casing flows in its behind-the-casing space.
Over time, the aggressive action of formation filtrates con-
tributes to the leaching of cement stone and transforma-
tion of microcracks into full-fledged cracks with gradual
destruction of cement stone. Since cement-based harden-
ing cement slurries are used in all wells without exception,
the destruction of cement stone in the behind-the-casing
space is a natural and inevitable phenomenon. The period
of occurrence of behind-the-casing flows depends only on
the values of reservoir pressures of the exposed horizons,
the quality of the cement slurry and the technology of its
delivery to the behind-the-casing space.

Knowing what behind-the-casing isolation technolo-
gies were used in the construction of hydrogeological
wells and wells for solid minerals (especially in the post-
perestroika period), it can be unequivocally stated that
wells that have been in operation for more than 10 years
already have behind-the-casing flows. The only exception
is the case when water-sensitive clay rocks are present in
the geological section opened by the well, which, when
interacting with water, swell and fill the voids formed in
the space behind the casing during the destruction of the
cement stone.

RESULTS AND DISCUSSION

Abandonment of wells according to standard
designs

Most ownerless wells intended for abandonment have
a service life of more than 25 years, that is, all of them
have behind-the-casing flows.

In order to officially abandon a well, it is necessary
to develop design documentation for its abandonment
[14], and this requires initial technical information about
it. As a rule, there is no technical documentation for an
ownerless well. Pre-project inspection of ownerless wells is
reduced to determining the coordinates of the discovered
wellhead, visual inspection of casing pipes coming to the
surface, measuring their diameters and current depths.
The rest of the parameters necessary for the development
of design solutions can be found in the record cards that
are stored in geological funds. However, it is not pos-
sible to find these cards for all wells, and the information
indicated in them does not always coincide with the data
obtained during a visual inspection of the well. As a rule,
special work on the wellbore survey in order to determine
the actual depth and structure is not carried out before
the development of design solutions for its abandonment.
Therefore, the initial data for the development of projects
for the abandonment of ownerless wells are conditional,
as well as the design solutions themselves.

The only (and very old) regulatory legal act that reg-
ulates technical solutions for the abandonment of all
wells (except for oil and gas wells) in order to “... prevent
pollution and salinization of aquifers through the well, as
well as undesirable mixing of waters of different quality
and depletion of aquifers during gushing” — these are the
“Rules for liquidation plugging of boreholes for various
purposes, backfilling of mine workings and abandoned
wells to prevent pollution and depletion of groundwater.
1967 (hereinafter referred to as the “Rules”) [16]. But
it also defines the abandonment of a well as “...Filling
the wellbore (full plugging) or part of it (partial plugging)
with cement, clay or other impermeable material...” [16].
And, although the Rules contain sections devoted to
the elimination of behind-the-casing flows in wells with
non-recoverable casing, the wording used allows un-
scrupulous designers to justify a technology convenient
for the Customer in order to save on the abandonment
of wells that are no longer needed by anyone. After all,
the abandonment of an ownerless well alone is an or-
der of magnitude cheaper compared to the complete
abandonment of a well, which includes the insulation
of the annulus.

Technical solutions for well abandonment according
to the “standard design” are as follows:

— development of the wellbore and its cleaning from de-
bris that has accumulated there or has been artificially
created, from the wellhead to the real bottom;

— cleaning of casing pipe walls from corrosion and flush-
ing of the entire wellbore after the above operations;

— disinfection of the aquifer followed by backfilling of
the sand and gravel mixture into the perforated part
of the filter column (at the interval of the aquifer);

— filling of the wellbore with backfill material (usually
cement mortar);

— wellhead arrangement, including digging a pit around
the casing pipe (pipes if more than one string enters
the surface); cutting these pipes below the surface level
and welding the cut pipe(s) with a metal plate; erection
of a concrete bollard with an appropriate identification
plate. [21].

The final document fixing the abandonment of an
ownerless well is an act signed by the parties involved in
this process, on the basis of which information on the
elimination of the source of groundwater pollution is
transmitted to the authorities.

From the described technology, it is obvious that de-
sign solutions for the abandonment of ownerless wells,
in which there are non-recoverable casing pipes, are
reduced only to the liquidation of their wellbores. The
need to insulate the behind-the-casing space of the well
is not mentioned in the “standard designs”, technical
solutions for the elimination of behind-the-casing flows
are not being developed, no work is being carried out in
the behind-the-casing space of wells.
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Clause 22 of the Rules states: “Wells that have opened
several aquifers with different chemical compositions and
with different groundwater pressures shall be plugged by in-
stalling cement bridges at the intervals of aquicludes that sep-
arate the aquifers... The number of cement bridges is equal to
the number of aquifers” [16]. As you know, nothing is the
same in nature, heads of groundwater are always different,
which means that it is necessary to design the installa-
tion of bridges in all wells that have opened aquifers. But
it is this clause 22 that is used to justify the exclusion of
behind-the-casing insulation during well abandonment.
It is enough to substantiate, based on modern hydrogeo-
logical studies, that there are (conditionally) no regional
aquicludes, and the horizons included in the conditionally
combined aquifer complex have similar heads and chemi-
cal composition, and the work to eliminate behind-the-
casing overflows can be excluded from the design solu-
tions. And if we rely not only on modern research, but also
look at the stock materials (reports compiled 50—60 years
ago), it turns out that the same aquifers present in the
region had not only aquicludes, but also different static
levels and chemical composition of water [16]. In addition
to the information already available, the number of wells
drilled in this region over the past 50 years (including
those that have already been abandoned) and the similar-
ity of the parameters of the aquifers included in the joint
complex become quite explainable.

It is worth recalling that the lack of insulation of the
casing space in wells contributes to the entry of pollut-
ants into the aquifers not only from the horizons located
downstream of the section, but also from the surface of
the earth: during snow melting, with rain streams [21].
And the presence of behind-the-casing water manifesta-
tions (griffins) in the wells that have opened the pres-
sure horizon contributes to a change in the hydraulic pa-
rameters of all overlying permeable horizons, increasing
groundwater levels, and thereby complicating construc-
tion work (for example, the city of Velikiye Luki, Pskov
region) [20].

What can happen (and is happening) with wells aban-
doned according to “standard designs” in the long term
is shown in Figure 3.

Abandonment of the wellbore does not eliminate the
entry of pollutants into the aquifers through the behind-
the-casing space from pollution sources located both
at depth and on the surface. Only one channel through
which toxic substances enter aquifers is being eliminated.
The main channel — the behind-the-casing space of the
well — remains open and accessible for the entry of pol-
lutants into groundwater. At the same time, the behind-
the-casing space of wells tends to increase in volume due
to the destruction of unstable rocks that make up the walls
of wells (Fig. 3) [21].

After signing the well abandonment certificate by the
parties involved in the process, the well receives the of-

Fig. 3. Consequences of well abandonment according to
the “standard design”

ficial status of abandoned, but at the same time there
retains the ability to move pollutants through the behind-
the-casing space. The probability of re-abandonment of
the well is zero, since it is possible to get into the wellbore
after its cementation only after the removal of the well-
head material (cement stone) from it, i.c. after its drilling,
but in old wells this is associated with the risk of violating
the integrity of the casing pipes [21].

Thus, wells, that are subject to abandonment but have
not yet been abandoned, can be considered temporary
conductors of pollutants, since under favorable circum-
stances they can be abandoned in full, i.e. with the sepa-
ration of horizons in the casing space of the well. As long
as the well is not abandoned, this possibility remains,
even if only theoretically. A well, in which only the well-
bore, i.c. the inner space of the casing pipes, has been
abandoned according to the “standard design”, becomes
a permanent conductor of pollutants into groundwater,
i.e. channels for the migration of substances polluting
groundwater remain and it is no longer possible to elimi-
nate them [21].

Thus, the abandonment of wells, including owner-
less ones, according to the “standard design” instead of
protecting groundwater leads to their further permanent
and irremediable pollution, but officially [21].

As an alternative to “standard projects” for the
abandonment of wells, including ownerless wells, de-
sign solutions are offered based on the technology of
abandonment of overflow wells with behind-the-casing
flows (griffins), which has been practiced in the North-
West region for more than 10 years [20]. The basis of
this technology is the nanomaterial “Plug-back mixture
LP”, which has proven itself very well in the liquidation
of overflowing wells with behind-the-casing flows. And
only thanks to this material, it became possible to repair
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and abandon wells that opened the pressure aquifer at
a depth of less than 30 m.

In its initial state, the “Plug-back mixture LP” is a vis-
coelastic mixture that is delivered to the area of the water
manifestation source, fills the pores and cracks of the
host rocks, colmating the latter. A distinctive feature of
the presented material is its ability to increase in volume
when in contact with water, displace water from pores and
cracks, filling the vacated space. [19]. In addition, when
entering a water stream (e.g., a stream of water moving in
a casing space and having a discharge at the wellhead or in
the overlying permeable horizon), the homogeneous mass
of the Plug-back mixture LP separates into small particles,
which rush along the flow into the reclaimed channels.
Gradually swelling and getting stuck in narrow places, and
then sticking to each other, the particles of the cement
mixture, as it were, gather again into a homogeneous mass
and colmate the channels through which the water moved.
Possessing good adhesive properties to casing metal and
rocks, Plug-back mixture LP forms a non-hardening,
hydrophobic shield that prevents the movement of filtrate
in the casing space. The shield being created is capable
of withstanding reservoir pressures of more than 5 MPa.
[20]. Technological properties of the Backfill Slurry make
it possible to liquidate and repair overflowing wells with
griffins, which have opened pressure horizons at a depth
of 10 m or more. The grouting material is resistant to
dynamic loads and, in the event of the latter (subsid-
ence of the soil, etc.), is able to independently fill newly
formed voids and (or) cracks, colmating them. A plastic
impermeable hydrophobic shield is created in the casing
space, separating the aquifers.

Over the 10 years of the technology’s existence, more
than 40 overflowing wells with behind-the-casing flows
have been repaired and abandoned, and in almost all
wells, the roof of the pressure aquifer lay at a depth of up
to 50 m. There were no negative results. There is expe-
rience in using plug-back mixtures LP as an insulating

material for casing pipes at the stage of construction of
water wells equipped on a pressure aquifer.

As a demonstration of the practical application of the
technology described above, we will limit ourselves to
just two examples.

The abandonment of the well in the city of Belozersk,
which opened the pressure horizon at a depth of 20 m, was
carried out according to the technology described above
using the “Plug-back mixture LP”. Since the wellhead
was lost due to the intensive development of the griffin
funnel, in order to prevent suffusion and further develop-
ment of the funnel, the latter was filled with gravel. And
to deliver the backfill material to the roof of the aquifer,
auxiliary wells had to be drilled. Figures 4—5 depict the
moment of maximum development of the funnel and the
site after the work on the localization of water manifesta-
tion [11].

In 2016, on the territory of a cottage village located in
the valley of the Setovka stream, during the drilling of an
exploratory water well (16 Polevoy Lane) from a depth of
9 m, there was an outpouring of water with a characteris-
tic smell of hydrogen sulfide, with a flow rate of 80 m*/h
and a static level of +15—17 m. In contrast to the case in
Belozersk, the flow rate of the well decreased over time,
and at the time of the beginning of the abandonment did
not exceed 25—30 m*/h. The work was complicated by the
low depth of the well, but the technology developed by
the specialists of the Geological Center of St. Petersburg
State University and the use of the nanomaterial “Plug-
back mixture LP” made it possible to eliminate water
leaks. Figures 6—7 depict the moment of the beginning
of water manifestation and the territory of the site after
the abandonment of the well and its arrangement [20].

METHODS AND MATERIALS

For the abandonment of abandoned wells in full,
i.e. isolation of all conductive channels that contribute

Fig. 4. Scale of development of the griffin funnel

Fig. 5. Area after well abandonment
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Fig. 6. Well under repair, 2016

to the entry of pollutants into aquifers associated with
a particular well the following technology is proposed.

Since casing pipes are installed in abandoned wells
and it is not possible to extract them, preliminary perfora-
tion of casing strings above the roof of the aquifer is nec-
essary to deliver the backfill material to the annulus. For
their perforation, it is proposed to use pipe cutters used in
the elimination of accidents in wells. Pipe cutters, by the
principle of their operation, allow you to form windows
along the circumference of the casing pipes. They are
easy to operate and, unlike shaped rotary hammers, do
not require special permits for their use. The width of the
formed windows is determined by the width of the pipe
cutter incisors and is within 10—12 mm, which is enough
to deliver LP backfill material to the behind-the-casing
space. If necessary, the number of process windows can
be increased to two or three.

The cement packer on the injection string (drill pipes
of the TBSU) is installed in the well above the process
window (if there are several of them, then higher than the
uppermost one) by 200—300 mm and expanded. A con-
fined space is created under the packer with an exit to the
pipe through technological holes.

Prior to the insulation works, the annulus tightness
is tested with a pressure of no more than 1 MPa, based
on the results of which a decision is made either to
carry out work on the insulation of the behind-the-
casing space, in the presence of behind-the-casing
flows, or to dismantle the injection equipment, in case
of establishing the fact of tightness of the behind-the-
casing space.

Only after the completion of all the above complex
of works should the wellbore be insulated. And as an in-
sulating material for the elimination of channels created
by a drilled well in a rock massif, which contribute to the

Fig. 7. Area after well abandonment, Oct. 2021

pollutions of groundwater, the technology prescribes the
use of the nanomaterial “Plug-back mixture LP”.

CONCLUSION

1. A well abandoned according to the “standard de-
sign”, i.e. without elimination of behind-the-casing flows,
continues to have a negative impact on groundwater.

2. When developing design solutions for abandon-
ment of wells with non-recoverable casing pipes, measures
should be taken to eliminate behind-the-casing flows.
And when they are abandoned, the behind-the-casing
space of wells should be insulated with an impermeable
nanomaterial “Plug-back mixture LP”, which ensures the
separation of aquifers in the long term.

3. It is necessary to review and revise the regulatory
document “Rules for liquidation plugging of boreholes
for various purposes, backfilling of mine workings and
abandoned wells to prevent pollution and depletion of
groundwater. 1967 and to make changes to the technol-
ogy of well abandonment taking into account modern
innovative technologies and experience in the use of the
nanomaterial “Plug-back mixture LP” in the abandon-
ment of overflowing wells and griffin formations.

4. For the period of work on the development and
approval of a new regulatory document defining the
technology of abandonment of wells with the mandatory
elimination of behind-the-casing flows, it is necessary to
suspend work on the design and abandonment of wells,
primarily ownerless wells.

5. The solution to the problem of environmental pro-
tection of boreholes is based on the technological in-
novations of the university’s SIEs: the development of
insulating nanomaterials capable of effectively solving the
problems of groundwater pollution.
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