PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

Maruyeckoe, pu3ndeckoe MoJeIMpoBaHue, YUCTIEeH-
HBIC METOIBI PCIICHUS.

Pe3yabraTbl. PazpaboraHa o6miasi KOHLEMLMS
BBIYMCIIMTEIBHOTO B3KCIIEpUMEHTa IJII TeOopeTHdIe-
CKOTO MOIEINPOBAHMUS IIPOIIECCOB TEINIOMACCOIEpe-
HOca TpU JUKBUAALUY MOIJIOLIEHNSI TPOMbBIBOYHOM
XKUIKOCTU B CKBaxuHe. PaspabGoraHbl TeopeTuye-
CKME OCHOBBI U3OJISILIMY MOIJIOIIAOIINX TOPU30HTOB
C NMPUMEHEHUEM pacljaBOB C MOCTPOCHUEM ajro-
puTMa ISl CO3[aHUsT KOMIUIEKCa IporpaMMm pacuera
mpoliecca TerioMaccoliepeHoca C TPUMEHEHUeM
OBM B lIMPOKOM JUara30He YCIOBUIA.

Hayynas wnoBu3Ha. [lonyyunu nanbHelilnee
pa3BUTHE TEOPETUICCKHE OCHOBBI M3OJSILUMN IT0-
[JIOIIAIOIINX TOPU3OHTOB C TIPUMEHEHUEM 00BbeM-
HOTO TUIABJICHUS JIETKOIUIABKUX TEPMOIUIACTUIHBIX
MatepuagoB. BriepBbie mpemioxkeH aJrOpUTM CO3-
MaHWSI KOMIUIEKCA TPOTPaMM, ITO3BOJISTIONINX Be-
CTU pacyeT MPOILIECCOB TeIIoMaccollepeHoca Ipu
JIMKBUIAIMU MMOMJIOIIEHUST MPOMBIBOYHOM XKUIKO-
CTU METOIOM OOBEMHOTO IJIaBJACHUSI TPaHYIUPO-
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Purpose. Substantiation of the intensity values of elastic waves in the bottom-hole zone required to form a
network of cracks in the formation as well as pilot verification of the results.

Methodology. Analytical and experimental research studies have been carried out on the clays sandstone with
a tensile strength of 2.4 MPa, which has been treated by pressure pulses with duration of the leading front of up to
5 ms and amplitude of up to 6 MPa. The parameters of the research studies have been measured by standard
equipment ATM-38.

Findings. The calculations confirm the possibility of creating variable pressure with amplitude of more than
1.2 MPa in the reservoir at a distance of 1 m from the downhole hydraulic generator. Industrial studies indicate the
possibility of creating stresses in a near-wellbore zone which exceed the limit of the fatigue strength of the rock. This
results in formation of additional cracks in the bottom-hole zone and, thus, more effective completion of the wells.

Originality. It is a new approach to the selection of the downhole generator parameters for creating a network
of cracks in the formation on the basis of fatigue fracture rock.

Practical value. The results of the research can be used for testing the influence of cyclic stresses on the increasing
quantity cracks in coal layers for degassing them and for creating new technologies of the oil and gas wells completion.
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Introduction. Disclosure of productive horizons
in drilling wells is often made with considerable re-
pression for various reasons. Drilling mud filtrate con-
taining over 50 % solids penetrates the oil saturated
layer and forms a stable colloid-disperse structure with
high rheological properties (including plasticity). This
results in significant problems during development of
wells. The existing technology for de-mudding a bot-
tom hole zone (BHZ) is mainly the creation of depres-
sion on layers of various sizes up to values of equal
pressure magnitude of the layer which does not always
lead to effective cleaning of the pore space from mud-
ding. Cleaning the pore space of the layer from mud-
ding is effective while creating alternating pressure
gradients in the formation zone that leads to breaking
the bonds between coagulated mud particles, and con-
sequently reducing its rheological properties.

Research and Production Company “Intex” and
Ivano-Frankivsk National Technical University of Oil
and Gas have designed the equipment and technolo-
gies to influence mudded layers with hydraulic pres-
sure pulses of adjustable amplitude. The impact of
pressure pulses on the BHZ with up to 5 ms duration
of the leading front and up to 6 MPa amplitude en-
ables us to create a layer of alternating pressure gradi-
ents of up to 1.5 MPa/m. This changes the rheological
properties of the dispersed colloidal structure [1]. Af-
ter the influence upon the BHZ, the final stage of well
development exploration is carried out with the use of
a jet pump.

Regarding more complicated cases of blocking the
formation zone from mudding (penetration of cement
mixture into the layer while cementing the case col-
umn, etc.), as well as the development of low permea-
bility layers, it is necessary to apply the formation of
cracks in the BHZ network in order to increase its per-
meability. In these cases, the energy of elastic waves,
formed in the oil saturated layer during the impact of
hydraulic pressure pulses on BHZ should be much
higher.

The purpose of this research is to substantiate the
intensity of elastic waves in the BHZ required for the
formation of cracks in the layer network as well as to
conduct research and industrial verification of the re-
sults obtained.

Research Methodology. We have defined the pa-
rameters of elastic wave and acoustic power generator
required for the formation of fatigue cracks in the pro-
ductive layer. The following assumptions are applied
while considering an operating generator in the hori-
zontal part of the wellbore:

- The reservoir propagates cylindrical wave.

- The direction of the wave spread of the horizontal
wellbore is perpendicular to the rock layers.

- Layer thickness is constant.

- Cyclical loading of alternating layer pressure is
taken into account for assessment of the limits of rock
fatigue strength.

- Strength (tensile strength o,) and acoustic proper-
ties of rock (density p, velocity of longitudinal waves in
the layers ¢,, the absorption coefficient k of elastic vi-
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brations at a specific frequency range) are permanent
and make o, = 2,4 MPa, p = 2300 kg/m?® for clay to
sandstone.

- Velocity of longitudinal wave spread in the layer is
¢;=3000 m/s.

- The absorption coefficient of elastic vibration is
within the range of 1—100 Hz, k= 10* m™".

Elastic vibrations in the rock result from the action
of hydraulic pulse pressure [1] in the well area. The
oscillator generator vibrator in this case is an acoustic
system consisting of one or more pulse pressure gen-
erator, liquid in the well environment and a portion of
the perforated casing column. This system is a cylin-
drical wave emitter or a radiator (Fig. 1).

Hydraulic pressure pulses excite the surrounding
layer packets of elastic waves. The duration of elastic
oscillation at the point x, is the lowest and at a first
approximation is determined by the expression:

=41, where 1, is the duration of the leading front
of the pulse of hydraulic pressure in the well environ-
ment. The first quarter of the oscillation period of the
package is stimulated by vibrations in the well environ-
ment during the hydraulic pressure pulse. Depending
on the acoustic properties of elastic vibration frequen-
cy, distribution in the layers will be reduced due to the
absorption of high-frequency components of the pack-
age fluctuations (Fig. 1). While propagating in rocks
high-frequency components of vibration packages de-
cay at insignificant distance from the generator. At the
distance of about 20—100 m, dominantly low perme-
able rocks have vibrations within a frequency range of
30-80 Hz [2].

To make further calculations we assume that the
frequency of elastic vibrations in the layer equals
fo =50 Hz. Let the limit of fatigue strength of rocks

Fig. 1. Schematic representation of the well (down-

hole) radiator of cylindrical wave and the packs
of elastic waves in the reservoir:
1 — layer; 2 — perforated casing column; 3 — pres-
sure pulse generator; 4 — working fluid; 5 — column
pump-compressor pipes (tubing); 6 — hydraulic
boost pressure in the well; 7 — packs of elastic oscil-
lation in the layer
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o be at the level of 0.5 from the limit of its tensile
strength on stretching, which is o, = 1.2 MPa. Based
on the conditions of fatigue cracks formation in the
layers, we assume sz =1,2 MPa with the amplitude
of alternating pressure exceeding limits of fatigue
strength. The number of cycles of load N, during
which the cracks were formed, is taken as
N = 10° [3]. We determine the intensity of vibrations
necessary for creating the amplitude with alternating
pressure in the layers from the expression

P_=[2pcl .

If 7, is the intensity vibration at a distance in me-
ters from the downhole (well) generator, then

P2
Ix2 = %2‘) e Having made the calculations, we ob-
1l

tain 1, = 10,435 W/cm?. To evaluate the intensity of
vibrations on the surface of the radiator required to ob-
tain intensity in the layer at a distance of 1 m, one can
use an expression to determine the changes in the in-
tensity of cylindrical waves depending on the distance
to the generator

n
X
_| 2 —2kx:
IXZ—L ]IXOe 2.
X

Where % is the ratio of the distance from the sur-
2

face layer of radiation to the point on the layer (in this
case it is taken as 0.2), n is the indicator of the wave
difference (for cylindrical waves n = 1).

Having made the calculations we obtain
I, =52 W/cm’. For intensity of 52 W/cm? the aver-
age area of radiation in the area of the pulse pressure
generator is 300 cm?, and the output power should be
at least 15.7 kW. As we know, the power produced by
hydraulic downhole devices can be defined by the val-
ues of the pressure drop on the devices and the amount
of operating fluid flowing through the device per time
unit according to the expression [4]

N =24
60

Where N is the power of hydro generator, kW; AP is
the pressure drop in hydro generators, MPa; Q is the
flow rate through the hydro generator, | t/min; n is the
efficiency coefficient of the device.

According to many authors, the pressure drop may
vary within the range of 0.2-8.7 MPa in hydrodynam-
ic generators [6]. The maximum pressure drop in a
GOR-56M hydro generator of the company “Intex” is
8 MPa providing the flow rate of 900 I/min, and the
efficiency coefficient of these hydraulic devices is
within the range of 0.6—0.8. Therefore the power cre-
ated by the generator is 84 kW.

The zone of maximum intensity of fluctuations
equals 300 cm? in the area of radiation, the intensity
fluctuations in the well equals 280 W/cm?. According
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to [11] the transmission coefficient of rocks ranges be-
tween 0.5-0.9 (we take it as 0.7), taking into account
the loss of elastic energy in relation to radiation energy
when passing through the casing pipe in the layer (clay,
sandstone). In this case the intensity of fluctuations at
the entrance to the layer (on the surface of the cylin-
drical emitter) is 196 W/cm?.

These calculations confirm the possibility of creat-
ing a hydro generator of alternating pressure amplitude
of over 1.2 MPa in the layer at a distance of 1 m from
the downhole.

It is necessary to determine the time required for
processing the layer. The frequency of repetition of the
hydro-impulsive pressure of the GOR-56M generator
is in the range of 20-70 Hz. For maximum repetition
frequency of 70 Hz, and the number of cycles of rock
loads N =106, we obtain the time of the layer process-
ing which is equal to 4 hours. But we have not taken
into account the effect of surface-active agents (sur-
factants) on the process of cracking in the rocks during
cyclic loadings, including the Rehbinder effect, which
leads to changes in the surface energy of rock, influ-
enced by a surface-active agent, and reduces the limit
of fatigue strength by 40 % [6].

The research results. The experimental and in-
dustrial verification of scientific results when carrying
out operations of oil wells development is presented
below.

The technological process of pulse-wave action on
the layers is as follows (Fig. 2):

1. The following layout is installed at the pump-
compressor pipe (tubing) in the area of perforation: a
hydraulic pressure pulse generator with amplitude-
frequency properties defined with geological and tech-
nical data of the well — a packer in a transport posi-
tion — a jet pump with an inserted tube — tubing to the
wellhead.

2. The lines are connected for forming the angular
circulation of working solution scheme: a pumping
unit — a column tubing — a hydraulic generator — an
annular space — sectional capacity — a pumping unit.

3. An electronic vibrometer contest 107-b with the
required specifications is installed in the pressure line.

4. The required amplitude and frequency of pulse
pressure repetition of the hydraulic generator are set by
regulating the supply pump units for the open annular
latch. The value pressure pulse amplitude during elec-
tronic vibration is set at the level of 0.8, from the re-
quired value of pressure pulse amplitude to the surface
of the cylindrical hole in the radiator, taken into ac-
count the loss of pressure during the distribution of the
wave front in the tubing.

5. Treatment of the layer is within the expected
time for an open annular latch. We perform the test of
increasing fractured layer by pumping the working
fluid in the layer with closed annular valves without
exceeding pressure in the casing column. Increase of
the intake rate of well indicates the number of cracks in
the layers.

6. Then we need to replace a pipe insertion at the
pump and transfer the packer into the working posi-
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tion. A circulation of the working solution occurs ac-
cording to the scheme: a pumping unit — a tubing col-
umn — a jet pump — the annular space — sectional
capacity — a pumping unit.

Experiments and industrial research are conducted
during the development of the 63 Duzlak oil well.

Basic geotechnical characteristics of wells are:

Artificial pothole is 692 m.

The inner diameter of the exploitation column is
130.6 mm.

Perforation interval is 588.5—594.5 m.

Due to the significant repression stimulation ad-
mitted during the opening of the layer, and the poor
quality of mud solution, a stable dispersed colloidal
structure with high viscosity to 4000 mPa is formed in
the BHZ, which does not allow developing an efficient
well qualitatively. In order to increase the permeability
of the BHZ it is decided to conduct pulse-wave pro-
cessing of the layer.

The work is carried out in two stages:

1. Hydro Pulse processing of the layer:

1.1. Hydro generator GOR-1 with a diameter of
56 mm is launched in the well.

1.2. On April 18—19, 2014 layer processing was per-
formed in the range of perforation of 594.5—588.5 m
while the pressure was alternating at the wellhead be-

Fig. 2. Pulse-wave stimulation (a) of subsequently
developed wells with a jet pump (b):
1 — layer; 2 — perforated casing column; 3 — pres-
sure pulse generator; 4 — packer; 5 — jet pump; 6 —
pipe (s) and pump (b) insertion; 7 — tubing column
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tween 2 to 7 MPa. The operational time was 130 mi-
nutes. The rate of descent/ascent of the hydro genera-
tor was 0.1 m/s. During the process of lifting GOR-1,
some slurry was detected in the device case unit, con-
sisting of cement and sandstone particles with a diam-
eter of 1-3 mm, indicating active cracks in the BHZ
during the performance of the hydro generator.

2. Pumping out formation fluid:

2.1. The UEOS-5M device was launched in the
well with electronic pressure gauge ATM-38 and the
packer was installed at a depth of 581 m.

2.2. To determine the optimal stimulation opera-
tions depression was carried out on April 19—25, 2014.
The working fluid was pumped in the tubing (layer wa-
ter with a specific gravity of 1.03 g/cc) in order to de-
termine the optimal depression on the layer using a
pump unit of CA-320 with the following operating
pressures at the wellhead 3—3, 5—4, 5—5, 5—6.5 MPa.
The maximum inflow was observed for 4 hours after
pulse-wave processing in BHZ on April 19, 2014. At
that time the inflow was equal to 0.77 m? of fluid of
mud solution, and the layer depression was 6.1 MPa.

Conclusions. The results of the experimental and
theoretical studies indicate the possibility of creating
stresses greater than the limit fatigue strength of rock
in the bottom hole formation zone, which leads to ad-
ditional cracks in the BHZ and, thus, more efficient
exploration of wells.

Further experimental studies of elastic waves im-
pact in the BHZ should be carried out by applying the
surfactants to determine their impact on the effective-
ness of additional cracking.

The results can be used for the research of cyclical
stress impact on the increase of coal seams fracturing
for the purpose of degasification, and creation of new
technologies for the oil and gas wells development.
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Meta. OOrpyHTYBaHHS 3HAaUY€HHS iHTEHCUBHOCTI
MPYXHUX KOJUBaHb Y TPUBUOilHIN 30HI miacTta, He-
0OXiTHOT /U1 YTBOPEHHS Y IUIACTi MEpeXi TPilluH, a
TaKOXK IOCITiTHO-TIPOMHUCIIOBA TIepeBipKa OTpUMAaHUX
pe3yJbTaTiB.

Metoauka. /lociimkeHHsI BUKOHYBaJIUCh aHaJli-
TUIHUM Ta OOCTiTHO-TIPOMUCIOBUM IIUISIXOM TSI
YMOB IIIMHUCTOTO IMTiCKOBMKA 3 MEXEI MIlIHOCTI Ha
po3puB 2,4 MIla, 1o o0po0OasBcs iMITyJIbCaAMU TUC-
KY 3 TPUBAJICTIO TIePeAHbOro (PpOHTY OO0 5 MC i aMII-
girynoio go 6 MIla. Peecrpauis napamerpiB 3miii-
CHIOBaJIaCh i3 BUKOPUCTAHHSM CTaHIapTU30BaHOIO
obnagHanHsg ATM-38.

PesynsraTii. IlpoBeneHi po3paxyHKu TMiaTBeEp-
JKYIOTh MOXKJIUBICTh CTBOPEHHS y TUTIACTI Ha BilCTaHi
1 M BiOg CBEPOJIOBUHHOTO TiApOoreHepaTopa 3HAKO3-
MIHHMX THCKIB 3 aMIutiTynoto mmoHan 1,2 MIla. Ipo-
MUCJIOBI AOCJIIKEHHS BKa3ylOTb Ha MOXJIMBICTb
CTBOpPEHHSI Y MPpUBUOIHIN 30HI IJlacTa HaIpy>KeHb,
OUIBIIMX 32 MEXY BTOMHOI MILIHOCTI IMOpOAU, IO
MPU3BOIUTH A0 MOSBU TOAATKOBUX TPIlIMH Y TIPUBU-
OiiTHil 30HI TJIacTa i TUM caMUM OiIbIll €(DEKTUBHOIO
OCBOEHHS CBEPIJIOBUHMU.
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HaykoBa nHoBu3Ha. [loisirae y HoBoMy Tiaxoni
CTOCOBHO BUOOpPY IapaMeTpiB poOOTU CBEPIJIOBUH-
HOTO TeHepaTopa, 3 METOIO0 YTBOPEHHS y TLIACTI Me-
pexi TPilllMH Ha OCHOBI BTOMHOTIO PYMHYBAHHS IO-
pomnu.

IIpakTuyHa 3HaYuMicTh. OTpUMaHi pe3yabTaTu
MOXYTh OyTM BUKOPMUCTaHi y Mpoleci MpoBeAcHHS
JOCTiIKeHb BIUTUBY UMKJIIUHUX HATIPY>KEHb Ha 30i1b-
LIIEHHST TPilIMHYBATOCTI BYTiIbHUX TIACTIB 3 METOIO
ix gerasallii, a TaKOXK J1JIsI CTBOPEHHSI HOBUX TEXHOJIO-
Tili 3 OCBOEHHST HAPTOBUX i ra30BUX CBEPIAJTOBUH.

KurouoBi ciaoBa: nagpma, npyscna xeuns, uac-
moma, 0C80€HHS C8ePON0GUH

IHens. O00CcHOBaHNWE 3HAYCHUS MHTCHCUBHOCTH
YIOpYyTux KojiebaHuii B Npu3abOMHOI 30HE IIacTa,
HeoO0XonuMoit 1yl o0pa3oBaHUsI B IJIACTE CETU Tpe-
IIUH, a TakKKe OITBITHO-TIPOMBIIIIJICHHAsI MPOBEpKa
MOJIyYeHHBIX PE3yIbTaTOB.

Metonuka. VMccienoBaHusl BBINNOJHSUIMCH aHa-
JIMTUYECKUM U OIBITHO-TIPOMBILILJIEHHBIM ITyTeM JJIsI
YCJIOBUI IJIMHUCTOTO MECYaHUKa ¢ MpenesoM mpoy-
HOCTHU Ha pa3pbIB 2,4 MIla, KoTopblii 0OpabaTbIBa-
Csl UMITyJIbCAaMU JAaBJICHUSI C MPOIOIXKUTETbHOCTHIO
repenHero GpoHTa 10 5 Mc 1 aMIIuTya0i 1o 6 MI1a.
Perucrpanmsa mapamMeTpoB OCYIIECTBIIsIACh C HC-
MMOJIb30BaHNEM CTaHIAPTU3UPOBAHHOTO 000OPYIOBa-
Hust ATM-38.

PesyabraThl. [IpoBeneHHbIE pacueTbl TOATBEPK-
JIal0T BO3MOXHOCTh CO3IaHMs B IJIaCTe Ha pacCTosi-
HUM | M OT CKBaXKMHHOTO THApPOIreHepaTopa 3HAKO-
MepeMEeHHbIX JaBJICHUN C aMIUIUTyooil OoJjee
1,2 MIla. [IpombllIeHHBIE UCCIIEIOBAHUS YKa3bIBa-
IOT Ha BO3MOXHOCTb CO3[IaHUsI B MPU3ab0iiHOI 30HE
IUlacTa HampsDKeHWIA, TIPeBbIIIaloNMX Mpeaen ycra-
JIOCTHOU MTPOYHOCTHU MOPOJBI, YTO MPUBOAUT K MOSIB-
JICHUIO AOTOJHUTENbHBIX TPEIIUH B MPU3a00MHON
30HE I1acTa U TeM caMbIM 0osee 3(hHEKTUBHOMY OC-
BOCHUIO CKBAKIHBI.

Hayunass HoBU3HA. 3aK/I109aeTCsI B HOBOM IO -
Xole K BBIOOpPY IapaMeTpoOB pabOThl CKBaXXWUHHOIO
reHeparopa, ¢ IeIbl0 CO3MaHUs B TLIACTE CETH Tpe-
IIIUH Ha OCHOBAHUHU YCTAJIOCTHOTO pa3pylIeHUS TO-
pOIIBI.

IIpakTuyeckas 3HaYUMOCTb. [lonyyeHHbIE pe-
3yJIbTaTbl MOTYT OBITH MCIOJIb30BaHbl B Mpoliecce
MPOBEAECHUST UCCIEOOBAHUN BIUSHUS LUKINYECKUX
HaNpsDKeHUH Ha  yBEIWYEHUE TPElIMHOBATOCTHU
YTOJIBHBIX IUIACTOB C LEAbI0 UX Aera3allii, a TakXe
IIJTSI CO3MaHMsI HOBBIX TEXHOJIOTHI IT0 OCBOCHUIO He-
(TSIHBIX ¥ TA30BBIX CKBAXKIH.

Kirouessblie cioBa: vegpmo, ynpyeas 6oana, ua-
cmoma, oceoeHue CK8AaANCUH

Pexomenoosano 0o nybaikayii dokm. mexH.

nayk I1. M. Paiimepom. /lama Hadxo0ceHHst pyKo-
nucy 05.10.15.
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