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Technological solutions for the construction of sludge barns at the Pereschepynskoye deposit are considered and analyzed.
The authors proposed to arrange a monolithic vertical anti-filtration curtain of the type "wall in the soil" of soil-cement ele-
ments. When filling the sludge storage, it is proposed to fill with waste using the following technology: pour a layer of waste
about 1 m thick on the bottom of the sludge storage, then pour a layer of soil on top of the construction site (humidity 4-5%)
up to 1 m. drying it is offered to add ash of removal of the Mykolaiv thermal power plant. The amount of additive is from
1.5 to 3% depending on the type of soil. The thickness of the layers is selected and calculated to obtain the optimum moisture
content of the sludge and soil mixture

Keywords: soil cement, removal ash, strength, soil, cement.
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Po3risiHyTO Ta IpoaHanizoBaHO TEXHOJIOTIUHI PIlIeHHs CHOPY/PKeHHS IUIaMOBUX am0OapiB Ha [lepemenuacbKoMy poJOBHIIL
Y BUIIISI1 MOHOJIITHOTO BEPTUKAJIBHOTO MPOTU(IIBTPAIiHOTO 3aBiCy THITY «CTiHa B IPYHTI» 3 IPYHTOLICMEHTHHX €JICMEHTIB.
[pyHTOLEMEHTHI €JEMEHTH 3aIPOIIOHOBAHO BUTOTOBHTH 3a 6yPO3MilllyBalTbHAM METOAOM IIUIIXOM MEXAHIYHOTO PyiHyBaHHS
(monpiOHeHHs) IPYHTY, iH'€KIT B IPYHT B'shKydoro (crabinizaTopa) Ta nepeMillyBaHHs IPYHTY 3 B'SDKYYUM POOOYMM OpraHOM
6ypoBoi MammHK. B pe3ysbrari nepeMinryBanHs Ta TBEpIiHHS LIEMEHTY B IPYHTI copMOBaHO najko 3 piKCOBaHUM JiaMeTpoM,
KAl BU3HAYA€THCSI PO3MIPOM 3MilyBajJbHHX Jionacteld obnanuanus. [logaBaHHs B'SDKYYOro 3IMCHIOETBCS Yepe3 OTBOPH
(comna) y 6ypoBomy cHapsni (pobodomy opraHi OypoBoi MammHu). TakMM YMHOM OTPHMAHO LMIHAPUYIHI IPYHTOIIEMEHTHI
enementy giamerpom 0,3 — 0,8 M i mosxkwuHOI0 10 30 M. [IpoTudineTpaniiiny 3aBicy 0 THIY «CTiHA B IPYHTI» 3 IpyHTOLIEMe-
HTHHX €JIEMEHTIB 3aI[POIIOHOBAHO 3arJIMOIIOBATH Y BOJOTPUB Ha MIIHOMHY HEe MeHIIe | M 3 METO0 3a0e3Ie4eHHs BiICyTHOCTI
Gbinbrpanii. Ilicias TBepAiHHS IPYHTOLEMEHTHHX €IEMEHTIB 110 EPUMETPY IIIaMOCXOBHIIA BHKOHAHO BUIMKY 710 60% MacuBy
rpyuTy. TepMiH Ty)kaBiHHS y 3BOJIOXKEHOMY CTaHi TpuBae 28 1i6. 3 yacoM MiLHICTh Ta BOJOHEIPOHUKHICTh IPYHTOLEMEHTY
301IbLIYIOTHCS. 3aMTOBHEHHS IUIAMOCXOBHIIA BiIX0AaMU OYPiHHS MIPOIMOHYETHCS 3AIHCHIOBATH MiCIIsI TYXKaBiHHS IPYHTOLIEMe-
HTy. JI0 OTPAIUIAHHS y IIUIAMOCXOBHILE BitX0au OypiHHS 3HEBOAHIOOTHCS. ITiJ 4ac HalOBHEHHS LIJIAMOCXOBHILA 3aIIPOIIO-
HOBAaHO BUKOHYBATH 3aIIOBHEHHS BiJIX0/aMH 3a TAKOIO TEXHOJIOTIEI0: HA JHO LIIJIAMOCXOBHIIA HACUIIATH LIApP BiJXO/iB TOBILIHU-
HOIO Oym3bKko 1 M, MOTIM Ha HBOTO 3BEpXy HACUIIATH IIap IPYHTY MaljaHdmka OyaiBHHUNTBa (BoJoricts 4-5 %) mo 1 m.
JloBe/IcHHS CKIIa/ICHOTO Y BifIBAJI I'PYHTY MaiilaH4uKa 10 BOJIOrocTi 4-5% 3ampornoHOBaHO pOOUTH BHCYIIYyBaHHSIM Ha BiJIK-
PHUTOMY IMOBITPi 3 EPiOJMYHIM HEPEMIIIYBaHHSAM Ta CIIOPYDKCHHIM Hajl MICLIEM CKIIayBaHHs YKPHUTTS. SIKIIO HE OTPUMAHO
ONTUMAJIBHY BOJIOTICTh CYyMillli ITiCJIsi BHUCYLIYBAaHHS HPOIOHYEThCS JOAABAaTH 301y BHHeceHHs MukoiaiBebkoi TEC.
KinbkicTe 100aBku nopiBHioe Bix 1,5 no 3% 3anexxHo Bix Buxy rpyHTy. TOBIIMHY InapiB BUOPaHO Ta PO3paxoBaHO 100
OTPHMATH ONTHUMAIIBHY BOJIOTICTh CyMillli HITaMy i rpyHTY. Jlani 3anporoHOBaHO 3ifiCHEHHS YIIbHEHH IapiB LUIaMy Ta
cyriuHKy Tpam6iBkamu. ITicis yuiinpHeHHs oneparii MOBTOPIOIOTh. Y LIIIbHEHHS IapiB IPYHTY 3alPOIIOHOBAHO 3/1iCHIOBATH
[PU ONTUMANBHIN BOJOTOCTI 3 METOI0 OTPHUMaHH MaKCHMaJIbHOTO KOS(ILi€HTY YIIiIbHEHHS 1 PO3MILICHHS Y CXOBHIII MakK-
CHMaJIbHOI KUJIBKOCTI BiIXO/IIB

KJu11040Bi c10Ba: rpyHTOLEMENT, 30J1a BUHOCY, MilIHICTh, IPYHT, LIEMEHT.
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Introduction

One of the priorities of drilling is to preserve the nat-
ural state of the environment as much as possible. Drill-
ing rigs are known to be at high environmental risk.
Therefore, the impact on the components of the envi-
ronment during the construction of wells is possible not
only as a result of emergencies, but also under normal
conditions of the production process.

The practice of drilling in oil and gas production has
shown that the most significant problems in terms of
their negative impact on the environment is the for-
mation of a significant amount of drilling waste and op-
eration of oil and gas wells. When drilling wells, chem-
ical reagents and substances of hazard classes 3 and 4
are used to prepare drilling fluids. Concentrated solu-
tions of various acids, surfactants, inhibitors, etc. are
used in the operation of wells to intensify the produc-
tion of hydrocarbons [1]. The need for sludge storage is
related to the prevention of contaminants in the soil and
groundwater. Therefore, special care and professional-
ism should be shown in the construction of such struc-
tures. At construction of similar constructions it is nec-
essary to adhere strictly to stages of construction of
sludge storages.

Definition of unsolved aspects of the problem

The most accessible way to eliminate drilling waste
and operate wells is to bury them. Waste disposal is
practiced in specially designated places, in deep under-
ground horizons, in earth storage facilities directly on
the drilling site. To prevent drilling waste from entering
the soil and groundwater, it is necessary to provide an
engineering system of organized waste collection. For
this purpose, special earthen pits in the mineral soil -
sludge barns - are installed on the territory of the drill-
ing rig. The size of barns is determined by the project
and should correspond to the amount of waste from
drilling wells [2]. A feature of the design of sludge
barns is the need to waterproof the walls and bottom.
Its absence leads to filtration of barn contents into
groundwater and subsequent migration of pollutants.
Therefore, the problem of liquidation of sludge barns
and further reclamation of lands on the territory of drill-
ing rigs is quite relevant at present.

In a number of regions the clay of the bottom and
walls of storages is used - artificial filling of cavities
and large cracks in the massif of rocks or soil with clay.
However, clay does not give the desired result, in addi-
tion, this method is quite time consuming and non-tech-
nological.

A more environmentally friendly way of disposing of
drilling waste involves the construction of ditches in the
ground with waterproofing. Waterproofing of such
sludge storages protects groundwater from the penetra-
tion of toxic waste, provides disinfection and safe dis-
posal of recycled masses. Metal sheets, synthetic film,
reinforced concrete slabs, bentonite mats, wooden
boards with bituminous coating or compositions based
on clay, lime and cement are used for waterproofing [2].

There is a method of waterproofing sludge barns with
the use of geotextile membranes. According to this
technology, after conducting engineering surveys and

appropriate calculations, the Geoflax geomembrane is
laid in the sludge storage facility at the project mark.
Then the rubble is poured to create a layer of protection
against flooding (drainage ditch), then the surface of
the lower slope is sown with grass. Geoflax membrane
is characterized by lack of toxicity and safety of appli-
cation, as well as resistance to ultraviolet influences
and critical temperatures. Despite the complexity, the
work is performed quickly due to the lightness and flex-
ibility of the roll materials, but the force can damage
the membranes. The main disadvantage of geomem-
branes as a waterproofing in the construction of sludge
barn is the multi-stage installation.

Review of the research sources and publications

Another common material for waterproofing sludge
barns is cement. However, it has a significant disad-
vantage - unstable, mobile soil can lead to cracks in the
cement floor with all the consequences (in the literal
sense of the word).

Bochkarev G.P. recommends arranging waterproof-
ing in two stages. In the first stage, a cement-based
grout solution is applied to the walls and bottom of the
barn, and in the second stage, after the first layer has
hardened, a layer based on polyacrylamide and grout
cement is applied to reduce the likelihood of cracks [3].

Timofeeva K.A. proposes the installation of sludge
barn from soil cement using the technology of manu-
facturing soil-cement elements by drilling technology
without excavation [2]. According to the proposed
technology, wells are drilled around the perimeter of
the sludge barn. These wells are filled with soil cement,
which is a protective shicld against groundwater.
These methods of making waterproof screens are time
consuming, expensive and over time their effectiveness
to resist the chemical action of the components of drill-
ing waste is reduced

Problem statement

The purpose of the research is to propose and justify,
improve the technology of drilling waste storage
(sludge storage).

Basic material and results

It is necessary to investigate the creation of such a
method of waterproofing storage barns and disposal of
drilling waste in the construction of oil and gas wells,
which would provide guaranteed protection of surface,
groundwater and groundwater from pollution due to the
penetration of harmful drilling waste into the soil. barn
method and preservation of the environment. This goal
is achieved by performing continuous waterproofing of
sludge barns from soil cement.

Soil cement is a mixture of clay soil, cement, and wa-
ter. It is not a simple mechanical mixture, but a system
consisting of two very complex in composition and prop-
erties of multicomponent systems - cement and soil.
Consider the technological solutions for the construction
of sludge barns (storage) at the Pereschepyno field.

Pereschepyno field is an active object under industrial
development. The Pereschepyno field is located within
the southern part of the Dnieper-Donetsk oil and gas
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region, where industrial hydrocarbon deposits have
been discovered in a wide stratigraphic range from the
Bashkir tier of medium coal deposits to crystalline
basement rocks.

During 2013-2015, two appraisal and production
wells 207, 211 and exploration wells 300, 310 were
drilled and put into operation at the Pereshchepyno
field. As of September 1, 2017, gas condensate deposits
of mountain horizons are under development. C-17,
C-15, C-3, B-13b, B-10, B-8b, and B-6 [5].

As of January 1, 2020, there are 7 gas wells (39, 103,
104, 107, 207, 211 and 300) at the Pereschepyno field,
and 1 oil well is idle.

According to the results of engineering and geologi-
cal surveys conducted on the drilling site of the well
Ne 309 Pereschepyno field, after removal of the fertile
soil layer of chernozems washed light clay to a depth
of 0.8 m, the approximate geological section (to a depth
0f 10.0 m) is as follows:

— soil and vegetation layer: chernozem loam with a
thickness of 0.4 m;

— loams dark gray, gray, humus, with plant roots and
passages diggers with a thickness of 0.3 - 0.4 m;

— loams light yellow-brown, pale yellow, hard, sag-
ging, with liquid carbonate coatings with a thickness of
22-2.6m;

— loams pale-gray, pale, refractory, in a water-satu-
rated state soft-plastic, non-permeable with a thickness
of2.2-2.6 m;

— loams yellow-brown, brown-brown, light brown,
semi-hard, with liquid nodules of carbonates, in the
sole with layers of clay. The power of these loams is
2.1-2.8m;

— sands are fine, multi-grained, yellow-brown, yel-
low, gray, light gray, medium density, and dense, wet,
and water-saturated to a depth of 10.0 m and deeper.

According to the results of engineering and geologi-
cal surveys conducted at the well site NeNe 310, 309
Pereschepyno field, the level of the first aquifer
(groundwater) is at a depth of about 7.5 - 9.2 m from
the surface. In order to prevent contamination of the
first aquifer with fresh water, which lies at depths of
approximately 10.0 - 15.0 m from the surface, liquid
drilling waste that will be generated during the con-
struction of wells, their storage in earthen waterproof
sludge barns, which will be to arrange in soils with fil-
tration coefficient K= 1,16 - 10~ sm/s.

The volume of storage barns for temporary storage
and subsequent disposal of liquid drilling waste and
drilled rock is calculated according to regulatory docu-
ments and is 5061 m>. Three earthen storage barns with
a volume of 1690 m? each have been designed for sep-
arate collection of sludge, spent washing liquid and
wastewater, and well-test products [5].

The first is for collecting drilled rock, collecting used
washing liquid. The second and third are to defend the
leachate filtrate, collection of waste technical water and
wastewater.

The first settling barn is constructed in such a way
that the excess liquid coming through the concrete trays
from the cleaning unit and the drilling mud unit and
from the wellhead is poured into the second settling

barn, and the second is constructed so that the excess
liquid coming from the first was poured into the third,
from which the settled water will be pumped out for
reuse (Fig. 1).

Figure 1 — Technological solution
of the colloid-chemical screen:
1 — polymer-clay layer; 2 — diffusion layer;
3 — natural soil

Along the perimeter of the barns it is proposed to ar-
range an embankment from mineral soil 0.5 m high.
and bentonite clay. The width of the bottom of the barn
is 10.1 m. The width of the top of the barn, taking into
account the slopes is 16.1 m

The surface of the bottom and walls of the sludge
barns for the application of the waterproofing layer,
taking into account the slopes, is determined to be
2639.2 m?. Consumption of materials per 1000 m? of
surface is:

— GPAA -30-50kg

— bentonite —600 - 800 kg

— technical water — 10000 - 12000 kg.

The technology of applying the polymer-clay suspen-
sion consists of the following measures. Pre-prepare an
aqueous solution of HPAA in measuring container ce-
menting unit (mass fraction of GPAA is 0.3-0.5%).
After dissolving the GPAA and obtaining a homogene-
ous solution in the meters are loaded bentonite clay, the
mass fraction of which is 6-8%. After intensive stirring
for 30-40 minutes, the resulting solution is applied to
the prepared surface of the barn using a pump unit
CA-320. After drying, re-treatment.

To fix the polymer-clay screen and prevent cracking
after drying, it is advisable in 2 - 3 days to perform sur-
face treatment with an aqueous solution of aluminum
sulfate, the mass fraction of which is 5%.

The treatment is performed with the help of a cement-
ing unit by spraying the solution through the spray noz-
zle of the discharge line.

Optimal slope steepness when applying colloid-
chemical composition 1:(2-3). The filtration coefficient
of colloidal chemical screens based on bentonite and
HPAA does not exceed 10-5 cm /s.

The authors propose the design of a sludge storage
facility of this design (Fig. 2).

Construction of buildings begins with the removal of
the fertile layer of soil and its storage in dumps.
Then digging directly into the protective structure and
laying the soil for further use in the preparation of soil
cement, erection on the perimeter of the structure of the
embankment height of 0.5 m to prevent the ingress of
meltwater.

A monolithic vertical anti-filtration curtain of the
"soil in the soil" type is being constructed from soil-
cement elements.
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Drilling piles are the most widely used type of piles
in the world due to the economy and convenience of
manufacturing technology directly on the construction
site. With the development of the drilling mixing
method of soil cementation in recent years, a new type
of drilling pile has emerged - soil-cement drilling piles.
They have all the advantages of drilling piles. This
completely eliminates the problem of additional stabil-
ity of the well walls in any engineering and geological
conditions of construction

1 2

\[1_‘1_

The distance between the centers of adjacent ele-
ments should be equal to 0.8d (d is the diameter of the
soil-cement elements). Soil-cement elements are made
by the drilling method [4]. The main processes of the
technology are mechanical destruction (grinding) of the
soil, injection into the soil of the binder (stabilizer), and
mixing of the soil with the binder working body of the
drilling machine.

The cement slurry is mixed in a mortar mixer and
pumped with a mortar pump through a swivel into the
drill rod and further into the loose soil.

0.00

Baékdilling with soil

’ sol
7 // drilling lmu/d_ZL
//}D 7 2 soil /—4—
/'// drilling mud
/ drillii:gllmud

Figure 2 — Type of sludge storage of the offered design:
1 — soil-cement element that can be dismantled; 2 — backfill with the soil of the site;
3 —soil-cement element of the sludge storage; 4 — composition for neutralization and drying;
5 — clay soil (water resistance)

Cement slurry can be made with the help of one of the
mortar mixers produced by the industry, provided that
the slurry for soil consolidation is uniform.

Construction diaphragm or drill plunger pumps,
which create a pressure of at least o = 0.5 - 0.7 MPa,
can be used as mortar pumps. The swivel consists of
two parts - movable and immovable. The fixed part in-
cludes the body, cover, and branch pipe. The rotating
part of the swivel includes the barrel, which is mounted
on three bearings to center it relative to the body and
obtain the axial and radial loads that occur during oper-
ation.

A thrust ball bearing is used as the main middle sup-
port. The upper bearing is a tapered roller bearing and
the lower bearing is a plain bearing. Swivel body -
streamlined steel casting, which is hinged to the ear-
ring. The top of the case is closed with a cover, which
is attached to it with bolts. The oil seal cover is screwed
into the lower part of the case, which prevents oil from
leaking out of the swivel body. Upper-pressure seal
with V-shaped cuff, which seals the gap between the
barrel and the pressure pipe. The inner part of the hous-
ing is filled with oil through a hole in the upper part of
the housing, which is closed with a stopper with a hole
for oil vapors. The soils are loosened at the bottom of
the well, impregnated with cement mortar, and moved
to a homogeneous state of the soil-cement mixture.

The quality of mixing of the soil-cement mixture sig-
nificantly depends on the speed of immersion of the
drill mixer in the soil [8].

A pressure drill allows you to reliably adjust the
thickness of the soil chips, with its help it is possible to
achieve the smallest thickness. It is recommended to
use when passing heavy loams and light clays.

For reliable mixing of the soil-cement mixture re-
quires more cycles of "deepening - reversal". A paddle
mixer is recommended for light loams and sands.
When using it, the best mixing of the soil-cement mix-
ture is achieved. This quality of the mixer can be im-
proved by increasing the number of blades by the
height of its rod.

As a result of the mixing and hardening of cement in
the soil, a pile with a fixed diameter is formed, which
is determined by the size of the mixing blades of the
equipment. The binder is fed through holes (nozzles) in
the drilling projectile (working body of the drilling ma-
chine).

Soil cement is prepared on the construction site in a
horizontal concrete mixer of continuous action from the
soil (loam, sand), Portland cement 400 in the amount of
20% by weight of dry soil and water. Studies show that
the strength of soil cement, like concrete, increases over
time and this process can take years [8].
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The fastest increase in strength is observed in the ini-
tial period. Increasing the temperature and humidity of
the environment significantly accelerates the hardening
of soil cement. Over time, the strength and water Thus,
we obtain cylindrical soil-cement elements with a di-
ameter of 0.3 - 0.8 m and a length of up to 30 m [1].
The anti-leakage curtain of the "soil in the soil" type of
soil-cement elements is deepened into the water re-
sistance to a depth of at least 1 m in order to ensure the
absence of filtration. After hardening of soil-cement el-
ements along the perimeter of the sludge storage, up to
60% of the soil mass is excavated

The period of hardening in the moist state lasts 28
days. Over time, the strength and water resistance of
soil cement increase.

Filling of sludge storage with drilling waste is carried
out after the hardening of soil cement.

Drilling waste is dehydrated before entering the
sludge storage facility.

When filling the sludge storage, it is filled with waste
according to the following technology: a layer of waste
about 1 m thick is poured on the bottom of the sludge
storage, then a soil layer of the construction site (hu-
midity 4 - 5%) up to 1 m is poured on top of it. loam.
Bringing the site stacked in the soil dumps to the hu-
midity of 4-5% is done by drying it in the open air with
periodic stirring and construction over the shelter stor-
age place [11].

If it is not possible to receive optimum humidity of
the mix after drying it is offered to add ash for removal
of the Mykolaiv thermal power plant. The amount of
additive is from 1.5 to 3% depending on the type of soil
[12].

Conclusions

This method of creating a technological solution is
relevant in the presence of a waterproof layer at the op-
timal depth from the surface (8-20 m).

The advantages of sludge storage design with soil-ce-
ment coating, which is placed on thickened to a rigid-plas-
tic consistency drilling mud with the addition of soil from
the construction site are low cost of production due to the
use of waterproof soil layer as the bottom of the structure.
After the hardening of the soil cement, the sludge storage
cover is covered with a layer of fertile soil. Thus, it is pos-
sible to solve the problem of disposal of soil removed dur-
ing the construction of sludge storage.

The thickness of the layers is selected and calculated
to obtain the optimal moisture content of the sludge and
soil mixture. Then perform compaction of sludge and
loam layers with rammers. After compaction, the oper-
ation is repeated. Compaction of soil layers should be
carried out at optimum humidity in order to obtain the
maximum compaction factor and place in storage the
maximum amount of waste.

In the case of predominantly oil (gas condensate) pol-
lution, a method is used in which neutralization is
achieved by accelerating the biological decomposition
of organic compounds.

In waterproofed sludge barns is introduced a compo-
sition containing phosphogypsum, straw, and organic
fertilizers in such concentrations, the mass fraction of
which in percent is: phosphogypsum 2.0 — 3.0%; straw
1.0 — 2.0%; organic fertilizers 3.0 — 5.0%

After neutralization, drilling waste is buried in
earthen sludge barns [13]. At a high level of contami-
nation with petroleum products and reaching the plastic
strength of the soil 0.68 - 1.00 MPa on the surface apply
the sorbent and destructor of hydrocarbons oil biologi-
cal product "Econadin" (or analogue) at the rate of
1 — 2 liters per 1 m?.

Then the surface is plowed. If the parameters of the
treated water do not comply with the norm, it is purified
by re-treatment with coagulants and flocculants or by
another known and available method (filtration on sand
and gravel sites, treatment with adsorbents).
Polyacrylamide (PAA) is used as a flocculant.

After wastewater treatment with coagulants, the ac-
tive reaction of the medium (pH) is reduced.
At pH <5.5, wastewater must be neutralized with an
aqueous solution of lime or soda ash.

It is proposed to fill the sludge storage with a mixture
of drilling mud and site soil (in the conditions of Pol-
tava region - refractory loam) with alternating layers. It
is also proposed to use a neutralization mixture consist-
ing of phosphogypsum, wood ash, and organic fertiliz-
ers to neutralize waste and reduce the negative impact
on the environment. This mixture will perform the
functions of disinfection and drying of the mixture of
drilling mud and soil, as the mixture includes ash.

References

1. Tumodeena K.A. (2014). JIaGopaTopHi IOCIHIiIKEHHS
BIUIBY arpecMBHUX CKJIQJOBUX OypoBOro muiamy Ha oi-
3MKO-MEXaHIYHI XapaKTepUCTHKU IPYHTOLEMEHTY 36ipHux
Haykosux npayv. lanyzese mawunoOyoysauus, OyoieHuYy-
meo,1(40), 259-267

2. 3s6im no ineenmmapusayii 6ukudie¢ 3a6PYOHIOIOYUX
peuvosun na YKIII Ilepewenuncoxoco HI'KP AT “Vkpeas-
suoobyeanns” @inii T'TTY “Illebenunxazazeudobysanis’
(2017). IMepemmenuue

3. boukapes I'., Aunepcon b., Illapunos A., I'anumos /1.,
Pynakos C. (1992). Cnocob6 eudpousonayuu wnamogozo am-
6apa. Iarent Ykpainu 140153. KuiB: YkpaiHchkuii iHCTH-
TYT iHTENEKTyaJIbHOI BIaCHOCT1

1. Timofeeva K.A. (2014). Laboratory studies of the im-
pact of aggressive components of drilling mud on the phys-
ical and mechanical characteristics of soil cement. Academic
journal. Industrial Machine Building, Civil Engineering,
1(40), 259-267

2. Report on the inventory of pollutant emissions at the
UCPP of Pereshchepyno NGKR JSC “Ukrgazvydobuvan-
nia” of the branch of GPU “Shebelinkagazvydobuvannia”.
(2017). Pereschepyne

3. Bochkarev G., Anderson B., Sharipov A., Galimov D.,
Rudakov S. (1992). Method for waterproofing a sludge pit.
Pat. Ukraine No. 140153. Kyiv: Ukrainian Institute of Intel-
lectual Property

128

Academic journal. Industrial Machine Building, Civil Engineering. — 2 (57) 2021



4. Zotsenko M., Mykhailovska O., Shirinzade 1.,
Lartseva . (2022). Influence of Fly Ash Additives on
Strength Characteristics of Soil-Cement as a Material for
Waste Storage Construction. Lecture Notes in Civil Engi-
neering Conference Paper, 2022, 457-464

5. 36im npo HJ[P ““Ymounenuii npoexm npomuciogoi po-
3pobKu  2azokondencamuux noknaodie Ilepewenuncbko2o
HI'KP”. (2017). Xapkis: YkpH/Ira3

6. Ilerpamr A.B., [Terpam P.B., ITerpam C.C. (2014). by-
pocMecHuTeNbHasT TEXHOJOTUS Ul M3TOTOBIEHUS (yHna-
MEHTOB I10J1 COLMAILHOE XWIbe. Bichuk Jonbacwvroi nayio-
HanvbHoi akademii Oyoienuymea i apximexmypu. byoieni ma
KOHCMPYKYIi i3 3aCMOCYBANHAM HOBUX Mamepianié ma mex-
Honoeiu, 4, 67-70

7. Jlapuesa LI, Poxosceka JII. (2012) ByniBHHnITBO
00’€KTiB ripHHY0-30aradyBajbHOTO KOMOIHATy Ha IPYHTax,
3apiIUICHNX 3 BUKOPUCTaHHIM OYpO3MilIyBalbHOT TEXHOJIO-
rii. 36ipHux naykosux npays. I anyzese mawunodyoysanns,
6ydignuymeo, 4, 165-170

8. 3ouenko M.JI., Bunnuko FO.J1., 3onenko B.M.. (2016)
bypoei tpynmoyemenmmui nani, Axi eucomosnfiomsca 3a 06y-
po3miwysanbuum memooom. Xapkis, 94

9. Larsson S. (2003). Mixing processes for ground im-
provement by deep mixing (Doctoral thesis). Stockholm
Royal Institute of Technology

10. Marchenko V., Nesterenko T. (2014) Influence of vi-
bration time during preparation soil-cement piles on their
bearing capacity. Conference reports materials «Problems
of energy saving and nature use 2013». Budapest

11. Ipxanosckuit B.K., Kosnoseus-Tanax C.M., Ko-
psx A.C. (2008). Pacuem monxux nium Ha ynpyeom oCHO-
8aHUU Memooom Koneunvix snemenmos, Kuis: Cranp

12. Talakh S., Dubyk O., Lysnytska K., Ilchenko V.
(2019). Numerical simulation of hard airdrome coatings
stress-strain state when interacting with weak ground base.
Academic journal. Industrial Machine Building, Civil Engi-
neering, 1(52), 124-132

https://doi.org/10.26906/znp.2019.52.1685

13. Zotsenko M., Vynnykov Yu. (2020) Base defor-
mation’s features during deep foundation pit excavation. Ac-
ademic Journal. Industrial Machine Building, Civil Engi-
neering, 2(55), 76-81

https://doi.org/10.26906/znp.2020.55.2346

4. Zotsenko M., Mykhailovska O., Shirinzade L.,
Lartseva . (2022) Influence of Fly Ash Additives on
Strength Characteristics of Soil-Cement as a Material for
Waste Storage Construction. Lecture Notes in Civil Engi-
neering Conference Paper, 2022, 457-464

5. Report on research work «Revised project for industrial
development of gas condensate deposits of Pereschepyn oil
and gas condensate field». (2017). Kharkiv: UkrNDIgaz

6. Petrash A.V., Petrash R.V., Petrash S.S. (2014) Drilling
mixing technology for the manufacture of foundations for
social housing. Bulletin of the Donbas National Academy of
Civil Engineering and Architecture. Buildings and struc-
tures with the use of new materials and technologies, 4, 67-
70

7. Lartseva LI., Rozhovska L.I. (2012). Construction of
mining and processing plant facilities on soils fixed with the
use of drilling mixing technology. Academic journal. Indus-
trial Machine Building, Civil Engineering, 4, 165-170

8. Zotsenko M.L, Vynnikov Y.L, Zotsenko V.M. (2016)
Drilling soil-cement piles, which are made by the drilling
method. Kharkiv, 94

9. Larsson S. (2003). Mixing processes for ground im-
provement by deep mixing (Doctoral thesis). Stockholm
Royal Institute of Technology

10. Marchenko V., Nesterenko T. (2014) Influence of vi-
bration time during preparation soil-cement piles on their
bearing capacity. Conference reports materials «Problems
of energy saving and nature use 2013». Budapest

11. Tsykhanovsky V.K., Kozlovets-Talah, S.M. & Kor-
yak A.S. (2008). Calculation of thin plates on elastic Calcu-
lation of thin plates on elastic foundation by the finite ele-
ment method. Kiev: Publishing House «Steel».

12. Talakh S., Dubyk O., Lysnytska K., Ilchenko V.
(2019). Numerical simulation of hard airdrome coatings
stress-strain state when interacting with weak ground base.
Academic journal. Industrial Machine Building, Civil Engi-
neering, 1(52), 124-132

https://doi.org/10.26906/znp.2019.52.1685

13. Zotsenko M., Vynnykov Yu. (2020) Base defor-
mation’s features during deep foundation pit excavation. Ac-
ademic Journal. Industrial Machine Building, Civil Engi-
neering, 2(55), 76-81

https://doi.org/10.26906/znp.2020.55.2346

30ipHUK HAyKOBHX Tipallb. ['amy3eBe MammHoOyryBaHHs, OyaiBHAITBO. — 2 (57)° 2021 129



