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Purpose. The aim is to increase the efficiency of insulation workings by using thermoplastic blends based on poly-
ethyleneterephthalate.

Methodology. The tasks were solved by a multimeter method including the analysis and synthesis of the literary
and patent sources, the analytical and experimental studies. Data interpretation was carried out using the methods of
mathematical statistics.

Findings. Isolation method of swallowing horizons with thermoplastic materials was developed and validated. To
realize it, the following production operations should be done: delivery of the thermoplastic materials to the down-
hole, the melting of thermoplastic materials and squeezing thermoplastic materials in absorption channels. The use
the polyethyleneterephthalate-based domestic household waste was proposed as the plugging material to isolate the
swallowing horizons of boreholes.

Originality. The possibility of using the domestic household waste based on polyethyleneterephthalate as the plug-
ging thermoplastic material was proved and validated for the first time. Also for the first time, there was analytically
proved the method of determining the efficient range of application of the isolation technology for swallowing and
unstable horizons by thermoplastic materials using downhole heat sources.

Practical value. The results of this work is the development of technology and techniques of isolation of swallowing
and unstable horizons, formula of tamping thermoplastic material, technology regulations of isolation of swallowing
horizons.

Keywords: drilling, hole, swallowing horizon, drilling liquid, absorption, isolation, plugging materials, downhole heat
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Introduction. Analysis of the conducted research
shows that there is now a great variety of technologies
and materials for the dissolution of fluid loss (Fig. 1) [1].
In most cases, the elimination of absorption is provided
with plugging the channels loss of circulation by solidi-
fying and non-solidifying grouting mixtures by creating
a watertight barrier in the formation around the well.

Generally, plugging materials used to eliminate fluid
loss are insufficiently effective. They are prepared on
water-base with integration of mineral binder or syn-
thetic substances. The main disadvantage of these mate-
rials is that they have high sensitivity to watering - solu-
tions are easily mixed with the drilling liquid and the
reservoir waters, especially at cross-flows. Then dilution
and sedimentary of cement slurry occur, leading to in-
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creasing thickening time, flowing over considerable dis-
tance from the well and, as a consequence, it leads to a
waste of plugging materials, repetition of plugging op-
erations.

In this regard, grouting mixtures based on thermo-
plastic materials (TPM) with low fusion point present
significant interest as their melt can easily dive into the
channels of lush liquid loss and settle down there.

Analysis of the recent research and unsolved aspects
of the problem. Up to the present moment, different
polymers and monomers belonging to the group of
thermoplastics were used as plugging thermoplastic
materials. Thermoplastics’ main characteristics are that
they melt when heated and solidify again when cooled.
This process can be repeated many times, if the heating
does not go beyond the limit at which the polymer de-
composes.

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 1



PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

_ JUSWIUOIIAUF _||
_ [eL19JeW [BIIS0[09D) _\|
_ [enoyew SuIsdngd _\|

_ :JO 9)e)8 Jo A8uryD

Aunys Sunuawad
Jo uonezuowAog

Aumys
SUIUAWAD JO UOIIBIPAH

:uoudwouayd uo paseq jaoel
Sune[nsur Jo UONBWIOJ JO SABA\

!

sso] pinyf appuruii]e o1 sAvm ayj Jo uoyvIIissoy) | St

Joeds Je[nuue jJo
Sunyoed IMOYNA

doeds Ienuue jJo
Sunyoed [BOO] YIM

2oeds JE[NUUE JO
Suissnid [0y ynm

_ SUISeD [[om UNSIANUNOY),,

|

doedsie[nuuE JO UONIIS
J1amo] 3urd3ngd Y

Joeds te[nuue
Tre Sutssnid yim

_ Q0kJINs Ay} 0} SUTUINJY

dwnd Sunemnoairn
Jouels oyl Iy

/]

uonerado
HOOd =1'Uym

ssaooxd
Sul[[LIp SIYM

N

ssans
I~ le—
Surreays orweuA((

V_ AJSOOSIA T

Supyoed [[em
BT~ [eIISAYJ

/__ Ansua(q _A|

_ ursn SI9Ig _A|

JaLLIeq Sune[osl Jo Suronpold _

_ Suises adid yp

9[oy ay3 ur arnssaxd

Suimorj Jo jonuo)

uone[n3dar sanadoxd
pmy uiug

Q3uey]d SONISLIIORIBYD
uozLoy SuImofems

q

q

SSO[ pIN{J JO SAUOZ JO UONJE[OS]

q

q

UONBWIOJ-J[0Y,, WAISAS Y} UIYIM
Joueeq dI[neIpAY d)e[n3al 0) SPOYIowW Ay |,

!

SSO[ PINJJ 9JBUIIS 0) SABM A ],

35

HIY, 2017, N2 1

N BiCHUK

ISSN 2071-2227, HaykoBu




PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

Up to the present moment, on an industrial scale, only
bitumen was used as TPM. The main disadvantage of bitu-
men, as the plugging material, is its ability to run down in
time: when a differential pressure is between 0.3—0.5 MPa
it is still able to flow even at a temperature of +15 °C. The
bitumen melt has density which is close to the water den-
sity and in the operating environment of the drilling liquid
it isable to delaminate and float. Bitumen is drilled out low
and is capable to foul drilling tool. There are known facts
about its carcinogenicity and deleterious environmental
impact. Because of these and other disadvantages, bitumen
is not widely used as a plugging material.

For the purpose of minimizing disadvantages typical
to the bitumen-based mixtures, at the same time in the
National Mining University — under A. M. Brazhenen-
ko’s guidance [2], and in St. Petersburg State Mining In-
stitute — under V. S. Litvinenko’s guidance [3], there were
made development works of fundamentally new and in-
novative plugging technologies of swallowing horizons.

A distinctive feature of the proposed technologies is
that TPM with low temperature of melting is delivered
to the problem zone in solid granulated form, where it is
heated to a liquid state by downhole heat source, with
following squeezing in the pore space of the swallowing
or unstable horizon.

In the first case [2], sulfur was proposed to be used as
the TPM. Solid sulfur is chemically inert, corrosive wa-
ter does not act destructively on it. Sulfur is easily drilled
out and does not wad to the technological tool. Shelf life
of granulated sulfur doesn’t impact on its physical and
mechanical properties. The cost of sulfur is comparable
to the cost of cement, and far fewer than the cost of syn-
thetic resins. Due to the low viscosity of melt of both
pure sulfur and sulfur containing plasticizer additives, it
can easily penetrate the rocks with low crack opening
displacement. Fragility of sulfur can be eliminated by
the addition of plasticizers. Strength of plugging stone
procured by cooling the molten sulfur is comparable to
the strength of the cement stone, and in the early stages
of solidification, strength of sulfur is much higher than
strength on uniaxial compression of the cement stone.
The melting point of plugging thermoplastic material
can be regulated by plasticizers.

In the second case [3], organic binders based on syn-
thetic thermoplastics allow to achieve hard and afford-
able pipeless barring. Polyethylene and polypropylene
have no environmental limitations during barring and
conducting isolation works. Granulated compositional
speciation with an organic matrix and mineral fillers
comply with the terms of sustainable pipeless mounting
and isolation of complicated intervals of holes.

The disadvantages of this technology are: the lack of
safe downhole source of heating basic material and
squeezing (transporting) the TPM melt to the swallow-
ing horizon; considerable time expenditures during
TPM melting in borehole conditions, conditioned by
great thermal losses; the proposed plugging materials
are multicomponent, which requires previous mixtures
treatment and, as a consequence, increases costs.

Plugging materials used for isolation of swallowing
horizons during solidifying must not shrink with fractur-
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ing or spread in cracks, must have good cohesion to the
rocks, and must be resistant to water and differential pres-
sure. In addition, these materials must be single-compo-
nent, processable upon delivery to the plugging zone, and
be easily drilled out and washed off drilling tool, and must
have density higher than the density of the scouring agent.

The objective of the article is to increase the efficien-
cy of insulation works by using thermoplastic blends
based on polyethyleneterephthalate.

Presentation of the main research. In order to elimi-
nate the disadvantages of using the TPM technology, a
new isolation technology of swallowing horizons has
been offered. It is based on using polyethylenetere-
phthalate. The distinctive feature of this technology is
that the TPM, delivered in the trouble area in the form
of a cylindrically hollow cylinder, melts under the influ-
ence of positive temperature of downhole contact type
heat source with the following squeezing of polymer to
the swallowing horizon and its cooling, thus forming a
fluidproof and low-volume insulated casing.

To implement the proposed technology, the following
process steps should be taken stage-by-stage: transport
the TPM to the swallowing horizon along the hole, melt
TPM and squeeze TPM to the swallowing channels. Pos-
sible variants of this technology are shown in Table 1.

The application of the designed technology is the
isolation of swallowing horizons in the boreholes of var-
ious purposes, presented by stable crystalline rocks with
a full, intense or catastrophic fluid loss.

To implement the proposed technology, it is pro-
posed to use polyethyleneterephthalate (PET) as plug-
ging thermoplastic material. The physical properties of
polyethyleneterephthalate are shown in Table 2 [4, 5].

PET is one of the most widespread polymers. Ap-
proximately 65 million tons of different products in the
world (fibers, filaments, films, bottles, etc.) are made
from PET. One of the important reasons of such a rapid
development of PET production is that among all types
of synthetic polymers its production is the most environ-
mentally friendly, as the only by-product of its produc-
tion is the water of reaction. The main process steps of its
manufacturing are carried out in vacuum; therefore the
environmental emissions are nearly non-existent.

Table 1
Swallowing horizons isolation technique using TPM

Process steps

Transporting the TPM to
the swallowing horizon

Possible variants of steps
Along the hole
On the drill-stem
Along the drill-stem

In in pod
TPM melting By fire

By chemicals

By bottom-hole electrical heater
TPM squeezing By bottom-hole electrical heater

By increasing hydrostatic
pressure in the hole
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Table 2
Physical properties of polyethyleneterephthalate
Property Unit Value

Density:

amorphous PET g/cm’ 1.33

crystalline PET g/cm’ 1.45

both amorphous and crystalline PET | g/cm?® | 1.38—1.40
Break point:

ultimate tensile strength MPa 172

transverse strength MPa 50-70

compressing strength MPa 80—120
Modulus of tensile elasticity MPa 1.41-10*
Ultimate elongation % 12-55
Impact elasticity kJ/m? 30
Brinnel hardness MPa | 100—120
Water adsorption for 24 h % 0.3
Temperature of fusion °C 255-265
Softening point °C 245-248
Breakdown temperature °C 350
Factor of thermal expansion 6.55- 10+
Thermal conductance W/mK 0.14
Freezing resistance °C =50
Dielectric capacitivity at 10° Hz 3.1

PET waste belongs to class 5 (the safest) and their
burning does not emit dioxin, as PET does not contain
chlorine. PET's toxic level while burning is identical to
the burning of wood.

In view of introduction of the separate household
solid wastes collection in Ukraine, PET's recycling
should rise steeply, it is used now in Ukraine for produc-
ing about 50 thousands of tons of various kinds of textile
products per year.

Polyethyleneterephthalate is a synthetic linear ther-
moplastic polymer which belongs to the polyester class.
Polycondensate of terephthalic acid and monoethylene
glycol. Polyethyleneterephthalate can exist in amorphous
or crystalline states, where the degree of crystallinity is
determined by thermal prehistory of the material.

After quick cooling, PET is amorphous. APET is a
solid transparent material. Commercial PET is usually
produced in granulate form with the size of 2—4 mm.

PET has high mechanical strength (Table 2) and im-
pact value, abrasion resistance and repeated deforma-
tion during stretching and deflection, and keeps its high
impact-resistant and strength characteristics in the op-
erating temperature range from —40 to +60 °C, PET has
a low index of friction and low water-absorbing capacity.
The total operating temperature range of PET products
is from —60 to +170 °C.

PET is a good dielectric material, the electrical
properties of the polyethyleneterephthalate at tempera-
tures up to +180 °C change slightly even in the presence
of moisture. By resistance to severe environment PET
has high chemical resistance to acids, alkalis, salts, spir-
its, paraffin, mineral oils, gasoline, grease, carboxethyl
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ester. It has augmented stability to water vapor. At the
same time, PET is soluble in acetone, coal naphtha,
toluene, ethyl acetate, carbon tetrachloride, chloro-
form, methylene chloride and methyl ethyl ketone.

Polyethylene is characterized by excellent ductile-
ness in the cold and hot state.

Thermal degradation of PET occurs at a tempera-
ture range from +290 to +310 °C. Degradation goes sta-
tistically along the polymer chain. The main volatile
products are terephthalic acid, acetaldehyde and car-
bon monoxide. At +900 °C a large number of different
hydrocarbons is generated. The volatile products are
mainly carbon dioxide, carbon monoxide and me-
thane.

To improve thermal-, light-, fire resistance, friction
behavior and other properties, various additives are in-
troduced into PET. Also the methods of chemical mod-
ification are used: by various dicarboxylic acids and gly-
cols, which are added in the course of PET synthesis in
the reaction-mixture.

Plugging materials should meet the specified techni-
cal and technological requirements. This compliance
largely determines the technical and economic efficien-
cy of the work. Comparison of the compliance of known
plugging materials and PET with these requirements
Table 3 suggests that PET may be recommended for us-
ing to isolate the swallowing horizons.

Table 3

The compliance of plugging materials with technical
and technological requirements

Plugging material

Requirement to -
cement | bitumen | sulfur | PET

Matrix (melt)

Good fluidness + + + +

The ability to dive into + + + +

fractures

Sedimentation stability - - + +

Inactivity in environment - +

Adjustability of rheology + + + +

Plugging stone

Good adhesiveness with - - - -

rocks

Stability to scouring + + + +

action of stratal waters

High drillability + - + +

Ability to relax + - + +

Water tightness + + + +

High physical and + - +

mechanical properties

Low friction coefficient - - - +

Raw material stock

Be abundant + + + +

Price per ton, UAH 2000 8000 | 2900 | 2000

Properties do not - - + +

deteriorate with time

Environmentally-friendly + + + +
37
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Plugging materials which transforms
into plugging stone or jelly due to

1 1 l

Hydration |

—{ cement

gypsum

Phase change

Polymerization |

—{ carbamide resins | —{

|| phenol-formaldehyde

resins
lime _{
clay _{
—{ rubber latex |

Fig. 2. Classification of plugging materials

bitumen

sulfur

. . PET
epoxide resins |

lign osulfonate

|| paradichloro-
| benzene

styrole

The analysis of used plugging materials allows to di-
vide them into three groups (Fig. 2) [6, 7]. The presented
classification of plugging materials is based on the pro-
cesses resulting in the formation of plugging stone or hy-
dration-gel, polymerization-gel, or gel of phase change.

Conclusions and perspectives. This work considers
the isolation technology of swallowing TPM horizons.
For its implementation, the following operations should
be done: TPM delivery to the downhole, TPM melting
and squeezing to the swallowing channels. The possibil-
ity to use PET as plugging material is proved.
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Mera. IligBuieHHST e€(EeKTUBHOCTI i30MSLiMHNX
PpOOIT 3a paXyHOK 3aCTOCYBaHHSI TEPMOILIACTUYHUX CYy-
Milllei Ha OCHOBI MOJTieTUNIeHTepedTanary.

Metomuka. IlocraBieHi 3aBgaHHsI BUpIilllyBajucs
KOMIIUIEKCHUM METOIOM IOCHIIKEHHS, 10 BKITIOYAE
aHaJIi3 i y3araJlbHEeHHsI JIiTepaTypHUX i MaTCHTHUX JKe-
pesl, IPOBEIeHHS aHATITUIHUX, eKCIIepUMEHTATBHUX
mociimkeHb. OOpoOKa eKCIepUMEHTATbHUX JaHUX
nposoauiacs Ha ITEBM 3 BUKOpHUCTaHHSIM METOMiB
MaTeMaTUIHOI CTATUCTUKU.

Pe3ymbTaTt. Po3po0iieHoO Ta 0GIPYHTOBAHO CIIOCIO
13071511111 MOIMIMHAYMX TOPU30HTIB TePMOILIACTUYHU -
MM MaTepianaMu, JJis1 pealtizailii IKoro HeoOXiTHO BU-
KOHATW HACTYITHI TEXHOJIOTIYHI omepalii: JTOCTaBKYy
TEPMOIJIACTUYHUX MaTepialiB Ha BUOiil CBEpIIOBUHU,
IUIaBJEHHS TEPMOIJIAaCTUYHUX MaTepiajiB i BAABIIO-
BaHHS TEPMOIUTACTUIHUX MaTepiajliB y KaHaJI! TTOTJIA-
HaHHS. Y SKOCTi TAMITOHAXKHOTO MaTepiaty 1Sl 130151~
il MOrJMMHAIOYMX TOPU3OHTIB OYPOBUX CBEPIJIOBUH
3apoNoOHOBaHE BUKOPMCTAHHS MOOYTOBMX BilIXO/iB
Ha OCHOBI TorieTiieHTepedTanary.

HaykoBa HoBM3Ha. YTiepliie OOrpyHTOBaHA i 1OBe-
JIeHa MOXJIMBICTh 3aCTOCYBaHHSI Y SIKOCTiI TaMIIOHAX-
HOI'0 TePMOIJIACTUYHUIA MaTepiaa MoOYyTOBUX BiIXOdiB
Ha OCHOBI MoJiieTwaeHTepedTanaTy. Ymepliie aHai-
TUYHO OOIPYHTOBaHA METOAMKA BU3HAYEHHS pallio-
HaJIbHOI c(pepU 3aCTOCYBAHHS TEXHOJOTI 1301511l To-
TJIMHAIOUKX i HECTIMKMX TOPU30HTIB TEPMOTUIACTUYHK -
MM MatepiajaMy 3 BUKOPUCTAHHSIM 3abiliHUX Terso-
BUX IIKEpE.

IIpakTuyna 3naynmicts. Ilossirae B po3poOiii Tex-
HOJIOTII Ta TEXHIYHUX 3ac00iB 130JI11i1 TTOTJIMHAIOYNX 1
HECTIMKMX TOPU3OHTIB, PEUENTYPpH TaMIIOHAXKHOTO
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TEPMOIUIACTUYHOTO MaTepially, TEXHOJOTiYHOIO pe-
rJaMEHTY 130711111 MOMIMHAIYUX TOPU30HTIB.
KmouoBi cioBa: 0ypinHa ceeponogur, noeauHaroyuil
20pU30HM, NPOMUBAAbHA DIOUHA, NOCAUHAHHS, (304U,
mamnoHaxcui mamepianu, eubiiine menaose 0icepeno,
mepmonaacmu4Hi mamepianu, po3niae

Hean. IMoBbiieHUe 3(hPEeKTUBHOCTU U3OJSILMOH-
HBIX paboOT 3a CYET MPUMEHEHUS TEPMOILIACTUYHBIX
cMecell Ha OCHOBE MTOTMATWIIEHTepedTantaTa.

Metoauka. [ToctaBieHHbIe 3a1a41 pellIaIMCh KOM-
TUTEKCHBIM METOIOM MCCIICHOBAHUSI, BKIIIOUAIOIINM
aHaIIM3 1 0000IIeHNE INTePATYPHBIX U TTATCHTHBIX UC-
TOYHUKOB, TIPOBEICHNE aHATUTUICCKIX, SKCIIEPUMEH-
TaJbHBIX McclenoBaHuii. OOpaboTKa SKCHEpUMEH-
TaJIbHBIX JTaHHBIX TTpoBoauiiack Ha [I9BM c¢ ncnonb3o-
BaHMEM METOJOB MaTeMaTUUECKOI CTAaTUCTUKMU.

PesynbTatpl. Pa3paboraH u 00OCHOBaH CIOCOO
MU30JISILMUA  TIOTJIONIAIOIIMX TOPU3OHTOB TEepMOILIa-
CTUYHBIMU MaTepuajlaMu, JUIsl peaau3aluu KOTOPOro
HEOOXOAMMO BBIMOJHUTD CIAEAYIOLINE TEeXHOJIOTruYe-
CKUe omnepalnu: JOCTaBKY TEPMOIUIACTUYHBIX MAaTepU-
aJI0B Ha 32001 CKBaXXWHEI, TJIaBJICHUE TEPMOTUIACTIY -
HBIX MaTepUaJoB U BIABIMBAHUE TEPMOILIACTUIHBIX
MaTepHaJiOB B KaHaJIBI MIOTJIONICHUS. B KadecTBe Tam-
TMOHAXXHOTO MaTepyasia TSI W30S TTOTJIOMIAFOIITIX

UDC 622.281 (574.32)

V. Diomin, Dr. Sc. (Tech.), Prof.,

N. Nemova, Cand. Sc. (Tech.),

M. Akhmetzhanov, Dr. Sc. (Econ.), Prof.,
S. Dvuzhilova

TOPU3OHTOB OYPOBBIX CKBAXXWH TTPEIIOXKEHO UCITOIb-
30BaHNE OBITOBBIX OTXOJOB Ha OCHOBE TTOJIMATUIICHTE-
pedranara.

Hayuynas HoBusHa. BriepBbie 000CHOBaHa 1 10Ka3a-
Ha BO3MOXHOCTb MPUMEHEHMUST B KQUeCTBE TAMITOHAXK-
HOTO TEPMOIJIACTUYHOIO MaTepuana ObITOBBIX OTXO-
JIOB Ha OCHOBe mnoaudTuieHTepedTanata. Brepsbie
aHaJUTUYECKU OOOCHOBaHA METOAMKA ONpeAeaeHUs
paLlMOHAJIBHON 00JIaCTM TIPUMEHEHUS TEXHOJIOTUU
M30JISIIIAY TIOTJIONIAIOIINX W HEYCTOMUMBEIX TOPM30H-
TOB TEPMOILIACTUYHBIMM MaTepyraaMU ¢ UCITOJIb30Ba-
HYEeM 3200 HBIX TETUIOBBIX MICTOYHUKOB.

IIpakTHyeckas 3HAYAMOCTh. COCTOUT B pa3padoTKe
TEXHOJIOTUY ¥ TEXHUIECKUX CPEICTB U3OJISIIAN TTOTJIO-
IIAIOIIMX YW HEYCTOMYMBBIX TOPU30HTOB, PELEHTYPhI
TaAMITOHAXXHOTO TEPMOIUIACTUYHOIO MaTepuaja, TeX-
HOJIOTUUECKOTO perjaMeHTa W30JSIUM TOrJIoLIalo-
LIMX TOPU3OHTOB.

KiioueBsble c10Ba: Oypenue ckeadcut, no2aouaroujuil
20pU30OHM, NPOMBIBOUHAS HCUOKOCMb, NO2AOUleHUe, U30-
AAUUSA, MAMUOHAIICHBIE MAMeEPUAnbl, 3a00LHbLI MeNna0801l
UCMOYHUK, MePMONAACMUYHbIE MAMEPUANbL, PACHAA8
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TEXHOJIOI'TA ABOPIBHEBOT'O KPIIUVIEHHA KOHTYPIB I'TPHNYUX
BUPOBOK

Purpose. Developing a technology with rope anchors hardening a roof of workings supported with steel-polymer-
ic anchors which will exclude the roof collapse cases in zones of the increased mining pressure.

Methodology. Solving problems is based on systematic analysis and generalization of theoretic and industrial do-
mestic and foreign experience in the field of development of technological schemes of mining roadways in stratified
and ore mineral deposits; data modeling of strata pressure allocation, defectiveness and stability of rock massif; ana-
Iytical researches of efficient application of technological innovations; experiments in real industrial conditions.

Findings. The two-level technology of supporting extraction workings based on accounting geomechanics of
stressed-and-strained state of rocks around the workings with determining the optimum parameters of roof bolting
depending on the influencing mining technological factors.

Originality of the methods proposed in the work consists in the following:

- the design capability to perceive loading without delays, a great load bearing capacity, prevention of the shift and
stratification of the roof rocks, formation of domes and rock inrushes;

- reducing methane gas emission into the working, enhanced durability of the support and increased between-
repairs resource, as well as the reached economic efficiency due to the cost reduction for working support and repair.
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