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Texnon0eus KUCI0mocmpyiHo2o 0ypeHus
«Dpar/rcem-Bonea» Ona uHmerHcUdUKayuL
000bIHU HehMUL U 2A3a

Well Stimulation with Acid Jet Drilling:
Fracfet-Volga's Profound Expertise

0.B. BOHMH, pyKOBOJHTE/Ib HAYYHO-TEXHHYIECKOTO IeHTpa 000 «Dpak/xer-Boara»

Oleg VOIN, Head, Research & Engineering Center, FracJet-Volga LLC

Heaporionp30BaTE/IN 3a9ACTYIO
CTAJIKMBAIOTCA C IPOOIEMAMU
IIPU UHTEHCU(PUKALINY [IPUTOKA
13 KAPOOHATHBIX KOJIJIEKTOPOB
IIPOJYKTUBHBIX OTJIOKEHUM.
B nepBy1o odepeab 3TO CBA3AHO CO
CTPOEHUEM CAMOT'O KOJJIEKTOPA
Y1 CUCTEMOM 3aKAaHYUBAHU S
CKBaXMH. HepegKo UCTIONb3yeTC A
CXE€M4 3aKAHYHMBAHUSA CKBAKHH C
OTKPBITBIM CTBOJIOM B KAPOOHATHOM
KostekTope. KapOoHaTHBIN
KOJUUIEKTOP MOXKET JUIMTEJIBHOE
BpEMA ObITb HEOOCAKEHHDBIM, IIPU
3TOM HE IIPOUCXOAUT OOBA UJIU
paspyueHre CGOPMUPOBAHHOIO
CcTBOMIA. OCOOEHHO 3TO AKTYAJIbHO B
KOJJIEKTOPAX C BBICOKUM COZICPKAHHUEM
CEpOBOAOPOAA B IPOAYKIINU. OIHAKO
TAKasl CXEMA 3aKAHYUBAHHUS UMECT
Y CBOU HEZJOCTATKH: IIPOAYKIIHS U3
KapOOHATHBIX KOJJIEKTOPOB OOBIYHO
MOCTYIAET IO MUKPOTPEIINHAM U B
IIPOIECCE IKCIUIYATAIUN CKBAKHUHBI €€
JI€OUT MAJAET.

METOAbl BOCCTAHOBJIEHNA
NMPOAYKTUBHOCTWN CKBAXWHbI

CymecTByeT HECKOJIBKO CIIOCOOO0B
BOCCTAHOBJICHU S TPOAYKTUBHOCTU
CKBA>KHH JAHHOTO THUIIA. OOBIYHO
3TO KMCJIOTHASI 00pabOTKA NN
IIPUMEHEHME TOTOKOOTKJIOHSIOIUX
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Well stimulation in carbonate
reservoirs often poses various
challenges to well operators. This is
primarily due to the structure of the
reservoir and the well completion
systems. It is common for carbonate
reservoirs to have an open-hole
completion design as it can remain
stable for a long time without caving
in or hole erosion. This is especially
true in reservoirs with high H,S
fluid. However, the open-hole design
has certain drawbacks, namely
the production fluid usually flows
through microcracks, and the flow
rate therefore inevitably decreases.

WELL STIMULATION

There might be several methods
of well stimulation employed in
carbonate reservoirs featuring
fractured rock. It usually makes little
sense to perform hydraulic fracturing
in these conditions. Typically, flow
diverter technologies are used to
redirect the flow by changing the
physical properties of the diverter
when the pH changes. Acidizing
can also be a solution although acid
jobs are not always economically
viable as it is impossible to perform
selective treatments. Therefore, the



COCTABOB, KOTOPBIE NIEPEPACTIPEAETIAIOT
IIOTOK B IPOIIECCE OOPAOOTKH 34

CYeT U3MEHEHUA PUBUIECKUX

CBOMCTB COCTaBA 1P U3SMCHCHNU

pH. I'mapopaspsiB nacra (I'PIT) B
JJAHHBIX YCJIOBUAX OOBIYHO IIPOBECTHU
HEBO3MOXHO. DPPEKTUBHOCTD
KUCJIOTHBIX OOpPabOTOK HE BCEIA
MMEET SKOHOMHYECKOE OOOCHOBAHUE,
IIOCKOJIbKY HEBO3MOXKHO IIPOBECTU
CEJIEKTUBHYIO OOPabOTKY. [IoaTOMY K
BBIOOPY I'€OJIOIO-TEXHOJIOINYECKUX
Meponpusatun (I'TM) Ha KapOOHATHBIX
KOJUIEKTOPAX HY>KHO IMO/IXO/IUTh OYEHD
TIATEIBHO.

YTOOBI PEMIUTD 32/5A9Y
VHTEHCU(PUKAIIUU [IPUTOKA B OTKPBITOM
HEOOCAXKEHHOM CTBOJIE, «Ppak/Ixer-
Bosra» npeioxnia 3aKa34ymuKky
TEXHOJIOTUIO KUCIIOTOCTPYUHOI'O
oypenus (KCB). Kommmanus okazpiBaeT
ycayru o KCb ¢ 2012 roga. Ora
TEXHOJIOT'UA ITO3BOJIAET CO3/1ABATD
JJOTIOJIHUTEJIbHBIE GOKOBBIE CTBOJIBI U3
OCHOBHOI'O C IIPUMEHEHUEM YCTAHOBKH
I'MOKHUX HACOCHO-KOMIIPECCOPHBIX
Tpy6 ('HKT) B HEO6CAKEHHOM 4aCTH
IIPOAYKTHUBHOI'O ILIACTA. FICTIONIB30BAHUE
KOJITIOOMHI'OBOM YCTAHOBKH JIAET
BO3MOXXHOCTD IIPOBOAUTD PAOOTHI
6e3 nnpusnedenusa opuraast KPC, ne
M3BJIEKAS CITYIIEHHOE ITOI3EMHOE
ob6opyaoBaHue. KncioTHeI COCTaB
npokauusaeTcs yepe3 'HKT nog
OOJIbIINM J1aBIeHUEM. KOMIIOHOBKA
COAEPKUT T'NAPOOTKIOHUTEIN, KOTOPBIE
113-32 BICOKOI'O JJABJIEHUA OTKJIOHSAIOTCS
HA 33/IAHHBIN YI'OJI, U HACAIKA YIIUPAETCA
B OTKPBITYIO YACTb IPOJYKTHBHOI'O
ru1acta. [focnenyroniee paspyieHmue
T'OPHOM ITOPOABL IIPOAYKTHUBHOI'O I1JIACTA
IIPOUCXOJUT 34 CUET IBYX (PAKTOPOB.
IIepBbli 13 HUX — I'UJPOMOHHUTOPHBIN
3 dexT. ZKuIKOCTDh BBIXOIUT U3
HACAIKU C OOJIBIION CKOPOCTHIO. Ee
KUHETHUYECKAS SHEPT U ITO3BOJIAET
pa3pymaTs HOPOAy nepes CO60M.

careful selection of a well intervention
method in carbonate reservoirs is of
utmost importance.

To enhance the production in
open holes, FracJet-Volga offered
its customer the advantages of acid
jet drilling. The company has been
successfully implementing the
technology since 2012. The method
employs a coiled tubing unit to drill
additional sidetracks from the main
hole in the open part of the pay zone.
The use of a coiled tubing unit ensures
a remarkable advantage of performing
the job without a workover team and
without pulling the equipment out
of hole. The acid is pumped through
the coiled tubing at high pressure.
The bottom-hole assembly (BHA)
contains a hydraulic kickover knuckle
joint that is pressure-deflected at a
given angle thus pointing the nozzle
at the open part of the formation.
There are two factors that contribute
to the rock breaking. Firstly, it is
the jetting impact that consists in
the liquid coming out of the nozzle
at high speed and thus producing
enough kinetic energy to destroy the
rock in front of the nozzle. But jetting
alone is not sufficient to move the
BHA forward in a carbonate reservoir.
Additionally, inhibited hydrochloric
acid is used as the working agent to
react with the carbonate rock and
dissolve it. The chemical reaction of a
carbonate reservoir with hydrochloric
acid can be expressed as follows:

CaCO, + 2HCl — CaCl, + H,0 + CO,?

CaMg(CO,),+ 4HCl — CaCl, + MgCL, + 2H,0 + +
+2CO,1

The reaction produces some watet-
soluble salts, water and carbon
dioxide.

As a result, the newly formed laterals
open up additional channels, expand
drainage areas, and involve idle layers.
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Ho opHOro ruIpOMOHUTOPHOT'O
addekrTa B KapOOHATHOM KOJUIEKTOPE
HEAOCTATOYHO JJI IPOJBHIKCHM A
KOMITOHOBKU HM32 KOJIOHHBI (KHK)
BIIEpPE/. B CBA3U C 9TUM B KAYECTBE
pPaboyero areHTa UCIOIb3yeTC s
WMHIMOUPOBAHHAA COJIAHAA KUCJIOTA,
KOTOPasI B3aUMO/ICHICTBYET C
KapOOHATHBIM KOJJIEKTOPOM U
pacTBOPACT €ro. XUMHYECKYIO PEAKIUIO
KapOOHATHOI'O KOJJIEKTOPA C CONISHOM
KHCJIOTOM MOYKHO OTPA3UTD CJIEAYIOMUM
ob6pazom:

CaCO, + 2HCI — CaCl, + H,0 + CO,1
CaMg(CO,),+ 4HCl — CaCl, + MgCl, + 2H,0 + 2CO,
B pesynbrare mony4amTcs

PacTBOPUMBIE B BOZE COJIH, BOJIA U
VIJICKHCJIBIN I'a3.

ChopMUPOBAHHBIE CTBOJIBI BCKPBIBAIOT
JOIIOJIHUTEJIbHBIE KAHAJIBI U IIO3BOJIAIOT
pacUpPATH 30HbI JPECHUPOBAHUA U
BOBJIEKATH HEPAOOTAIOMIMNE IIPOILIACTKU.

XO[ PA3SPABOTKN TEXHOJTOTNI
KNCNOTOCTPYMHOIO BYPEHWSA

1151 pa3pabOTKH TEXHOJIOTUU
crenuanucTol «Ppakxer-Boara»
U3I'OTOBUJIN CTEH/IBI JIJIS TIOA00PA
OITUMAJIbHBIX HACA/IOK, PA6OYNX
JIABJIEHUI 1 PACXO/IOB IS IIPOBECHU A
PadboT HA MPAMOPHBIX GJIOKAX C
KHUCJIOTHBIM COCTaBOM. Ha pucyHke 1
IIPUBEJAECHBI (POTO UCTIBITAHMSA
PaGOTBI HACAJOK PA3JIMYHOU (DOPMBL
C IOMOIIBIO 3TOI'O CTEH A ObLIA
oAOOPAHA ONITUMAJIBHASA HACA/IKA
JUIA TIOJTYYEHU S MAKCUMAJIbHbBIX
ckopocter npu KCB. TTocne otpaboTku
TEXHOJIOI'UU (POPMHUPOBAHUA
CTBOJIOB B IIOBEPXHOCTHBIX
YCJIOBUAX CIIELIUAINUCTDI «Dpak/Ixer-
Bosnra» npucTynmuim K pazpaboTke
Ir'UpOOTKIOHUTENEN. Ha prucyHke 2 —
CTEH/JIOBBIE UCITBITAHUA
T'UIPOOTKIIOHUTEIIA C HATPY3KOL.

ITocne npoBeAcHUA UCTIBITAHU
KHK Ha ITOBEpXHOCTHU U IIEPETOBOPOB

28 Ne 2 (88) Hionn/June 2024

ACID JET DRILLING TECHNOLOGY

The optimal nozzles, operating
pressures and flow rates were selected
by exposing marble units to acid
attacks at the testing unit designed
and made by FracJet-Volga. Figure
1 shows the traces left by the tested
nozzles of various shapes. The most
efficient nozzles were selected to
obtain maximum rates during the
acid jet drilling operation. Also,
FracJet-Volga R&E team developed a
number of hydraulic kickover knuckle
joints that have been successfully
tested in the lab and then used in the
field. Figure 2 illustrates load tests of
hydraulic knuckle joints.

After the BHA testing and
negotiations with the customer,
FracJet-Volga proceeded with
operations on the Astrakhan Gas
Condensate Field (AGCF). With
the vertical depth of the pay zone
of about 4000 m (13,000+ ft), the
reservoir temperature of +120 °C
(248 °F), H,S up to 32%, and CO, up
to 18%, it has earned its reputation as
one of the most complicated fields
in the world. No survey tool was
used in the first jobs, and therefore
the maximum drilled depth did not
exceed 25 m (82 ft), which imposed
certain restrictions on the technology.
The first operations displayed the
improvement potential for the
hydraulic kickover knuckle joints.
Subsequently, our team modified the
knuckle joints to significantly upscale
their performance.

ACID JET DRILLING WITH AN
AUTONOMOUS SURVEY TOOL

The next stage in the development
of the technology was running an
autonomous survey tool with the
BHA. The tool served as the operator’s



7p)
=

C 3AKA34YMKOM ITPUCTYIIMIIN K “eyes”, and after the BHA was ©)

BBITIOJIHEHUIO PA0OT HA ACTPAXAHCKOM retrieved to the surface, it gave us the 9

I'A30KOH/ICHCATHOM MECTOPOXKAECHUN required data, namely the inclination  [@]

(ATKM). DTO OTHO M3 CAMBIX CJIOXKHBIX and the azimuth. Figure 3 shows a top E

MECTOPOX/JAECHUN B MUPE: BEPTUKAIbHASA view of three laterals formed from 8

IJIyOMHA 3aJIETAHUSA IPOAYKTUBHOI'O the main borehole in Well No. 2100, =

IJ1ACTA COCTaBAeT nopsaaka 4000 m, Astrakhan.

Iu1acToBas Temueparypa +120 °C Having analyzed the data obtained

COZIEPyKAHUE CEPOBOAOPO/IA B during the operations, we introduced

MPOAYKIIUHN — 10 32%, COIep:KaHUE a number of improvements and

CO, — 1o 18%. IIpu 1pOBEICHHUH IIEPBHIX upgraded both the BHA and the

pPaboT HA CKBA)KUHE NHKJIMHOMETP HE survey tool design. Even after the

NIPHUMEHSIICS, B CBA3U C YEM CTAPAIUCH survey tool was introduced, the depth

JIEJIATH CTBOJIBL [IPOTAKECHHOCTDBIO of the channels was still limited by

He 6oJ1ee 25 M. DTO HAKIAJbIBATIO two factors. First, it was essential to

ONIPEJICIEHHBIE OIPAHUYEHMS HA minimize the risks of equipment

TEXHOJIOI'UIO. B mporecce nposeieHnsA failure due to the long exposure

PadoT OB ONPEAEIEHBI BO3MOXKHOCTHU of the BHA to the highly corrosive

JIJ1s1 COBEPUIEHCTBOBAHUS PAOOTHI environment. And secondly, there

T'UPOOTKIIOHUTEIICH. were certain limitations on the

B manpHenmeM ruipooTKIOHUTENN amount of acid.

MOJIEPHU3UPOBAJIU JIJIS TTIOBBIINIECHU A UX An autonomous logging tool was

PaboTOCIIOCOOHOCTH. utilized to record the data and ensure
precise BHA positioning. And yet

NPUMEHEHVE ABTOHOMHOTO the use of autonomous devices faced

NHKINHOMETPA U151 TEXHOJTIOMN KCB multiple challenges.

CrieyIommuM 3Tarom

Pa3BUTHS TEXHOJIOTUU

CTaJIO MPUMEHEHWE

ABTOHOMHOTO

VHKJIMHOMETPA,

KOTOPBII OBbLI

BKJIIOYCH B

KOMIIOHOBKY 1

CTaJI «I71A3AMM>

CHEIUATUCTOB

«Ppak/xer-Bosras.
HecMmoTps Ha
ABTOHOMHOCTD, OH
IIO3BOJIWJI IOIYy4aTh
MH(OPMALIHIO O
dpopmMupyeEMBIX
CTBOJIAX B IIPOLIECCE
IIPOBEJAEHUA PAOOT
nocie nogbema KHK
Ha [IOBEPXHOCTb.

Ha pucynke 3 — Buj }

Pucynox 1 — Domo ucnsimanua paoomst HACAOOK PA3IUUHOLL
Popmot

Figure 1 — Nozzle testing
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TEXHOJIOI'MU

CBEPXY TPEX CTBOJIOB,
C(bOPMUPOBAHHBIX U3
OCHOBHOI'O CTBOJIA B
ckBaxrHe Ne 2100 ATKM.
JlaHHBbIE 10 CTBOJIAM
OBLIIN ITOJTYYEHBI C
IIOMOIIIBIO ABTOHOMHOI'O
UHKJIMHOMETPA,
KOTOPBIH IIPEAOCTABIIAII
MH()OPMALIHIO
I10 3EHUTHOMY U
A3UMYTAJIbHOMY VIJIAM.
AHAIU3UPYA 3TU

MPUCTYTIUIN K
COBEPHIEHCTBOBAHUIO TEXHOJIOTUH U
JOOWINCH MOJEPHU3ALIHN HE TOIIBKO
KHK, Ho 1 uHk/ImmHomeTpa. Ilocie
BBO/14 MHKJIMHOMETPA JUIMHY KAHAJIOB
IIPOJOJIKAIN OTPAHUYMBAT I10 IBYyM
¢axkropam. Bo-IIepBBIX, C y4€TOM
MHHHMU3AUN PUCKOB BBIXO/IA
OOOPYAOBAHUA 34 CUET JJIUTEIBHOI'O
HaxoxeHns KHK Ha 3a6oe B
ArPECCUBHOM CPEJIE U, BO-BTOPBIX,

IIPUHUMAA BO BHUMAHHWEC OI'PAHNYCHHOC

KOJIMYECTBO KUCJIOTHOI'O COCTABA.

st 6omee TOYHOTrO
MNOBMITUOHHUPOBAHUA
KHK nHa 3a60€ niepep

Pucynox 2 — Cmenooeénie uCnolmanua 2uoPoOomKioHumensn c
HazPy3Koii

CBEJICHUSI, CTIEIUAINUCTbl  Figure 2 — Hydraulic Rickover knuckle joint load testing

FIELD CASE - ORENBURG

The track record of successful
drilling in Astrakhan motivated
FracJet-Volga to expand the
geographical range for the
technology. After negotiations with
the customer, the Orenburg Oil and
Gas Condensate Field was chosen
because the reservoirs of this field
are also known to be formed by
carbonate rock. Hydrogen sulfide and
carbon dioxide are significantly lower
in Orenburg compared to Astrakhan.

IIPOBEICHUEM

PaboT BBIIOTHAIN
3aMMCh ABTOHOMHBIM
IIPUOOPOM.

OpHakKo pabora

C aBTOHOMHBIMU il
pUoopaMu O6bLIa
CONPS’KEHA C -
OIpEJIC/IEHHBIMU

TPYJHOCTAMM. .

KNCNOTOCTPYMHOE .

BYPEHVE HA OHITKM he LN
ITony4yus
O€eCIIEHHBI OIIBIT ITO

Pucynox 3 — Buo ceepxy mpex cmeonio8, chopmupPoeannsix u3

IIPOBE/ICHUIO IAHHBIX ~ OCHO6HOZO CME0A 6 CKeadNCune Ne 2100 ATKM

pa6ot Ha ATKM,
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Figure 3 — Laterals drilled away from the main borebole
in Well No. 2100, Astrakban Gas Condensate Field



«Ppak/xer-Bonra» pemmiaa npuMeHATD
€r'0 Ha IPYTUX MECTOPOXKJCHUAX.

ITocsie IepEroBOpPOB C 3aKA3YNKOM

JUISL OIIPOOOBAHMS TEXHOJIOTUU

OBLJIO BBIOPAHO OPEeHOYPICKOe
HEPTEra30KOHICHCATHOE
Mecropoxaenue (OHI'KM).
[IpOAYKTHUBHBIC I1JTACTHI ITOT'O
MECTOPOXKAECHUS TAKIKE IIPENCTABICHDI
KapOOHATHBIMU KOJUUIEKTOPAMU.
CopepxaHue cepoBOOPOAA 1
VIVIEKUCJIOTO I'a3a B IIPOAYKIINHN
3HAYUTEJIBHO HUXKE, YEM B ACTPAXAHU.

B ¢BA3M C 3TUM IVIAHUPOBAJIOCH HAYATh
CO3/IaHUE 60JIEE NPOTIKEHHBIX KAHATIOB
(mepBOHAYAJIBLHO 0 50 M) € 3apE3KOI U3
I'OPHU30HTAIBHOI'O CTBOJIA.

[Ipy npoBeAEHUN PAOOT CTOIKHYINCH
CO MHOI'MMH TPYTHOCTSMU, B IIEPBYIO
o4yepeb € BBIXOA0M U3 cTpos KHK.
OCHOBHA CJIOKHOCTD 34KJIIOYAJIACH B
TOM, 4TO BCE OOOPYTOBAHHUE JOJIKHO
OBLIIO OBITH U3IOTOBJIEHO HAPYKHBIM
AUuaMeTpoM He bosiee 50-51 MM, mpu
3TOM BBIJICPKUBATD JJINTEJIBHOE
HAXOXK/ICHUE B KOPPO3UOHHOM CPeJic U
3HAYUTEJIbHBIE HAI'PY3KU. /11 permenns
3TOU NIPOOGIEMBI KOMIIOHOBKA HU34
KOJIOHHBI TIOJIBEPIIACH MHOT'OKPATHBIM
Moaupukanmam. HaunHasa paborars
C T'UJPOOTKIIOHUTEIAMH BTOPOI
U TPETHEU BEPCU, CIICLIUATHUCTHI
«Ppak/xer-Bosra» 3aKOHYMNIIN YKE
C TUJIPOOTKIIOHUTEIAMU CEIBMOM
Y BOCbMOM BepcuM. [ Ipu 3TOM
JOTIOJTHUTEJIBHO ObLI Pa3pad0TaH P/l
VHUKAJIbHBIX THIPOOTKIOHUTEIIEH
C BO3MOXKHOCTBIO CTAOMIN3AIIUH
HAIIPABJICHUS.

CO340AHUNE KABEJIBHOIO
NHKJIMHOMETPA

OOHOM U3 CAMBIX CJIOKHBIX
nopadoTok KHK crano cozpanue
KaO€eJIbHOTO MHKJIMHOMETPA. Ha
PUCYHKE 4 IIPEICTABJICH CKPUHIIIOT
IIPOI'PAMMBI BU3YAJIN3A1IHY JJAHHBIX

Therefore, longer laterals were
planned (initially up to 50 m / 165 ft)
to be sidetracked from a horizontal
borehole.

The first of the challenges the team
was to encounter was the failure of
the BHA. It was imperative that the
equipment featured the maximum
outer diameter of 50-51 mm (2.0 in.)
while withstanding long exposure
to a corrosive environment and
significant loads. To address these
challenges, several modifications of
the BHA design were introduced.
While the first jobs were performed
with hydraulic kickover knuckle
joints versions No. 2 and 3, the last
operations utilized the tools of the
seventh and eighth versions. As a
supplementary measure, Fracjet-Volga
R&E team also developed unique
hydraulic knuckle joints that stabilize
the drilling direction.

MWD TOOL

The most enhanced change
to the BHA was the addition of
measurement while drilling (MWD),
namely a directional survey tool
run on a wireline. As the MWD tool
proved to be effective, it was decided
to integrate it into the technology.
Figure 4 shows the data visualization
program employed during all the
operations.

It was the application of the MWD
tool that allowed us to drill longer
laterals (as shown in Figures 5 and 6).
When approaching the oil-water
contact, the work would be
suspended. The longest sidetrack
drilled was 110 m (360 ft) MD,
however, there were restrictions on
the amount of acid and the weight-
on-bit. Table 1 shows the well
production before and after the acid
jet drilling operations. The increase
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B I[IPOLIECCE IIPOBEACHUA
paboT. [IOCKONIbKY
WHKJIMHOMETP JTOKA3aJ1
CBOIO 9(PPEKTHUBHOCTb, g
IIOCTEIECHHO IIEPEILIN HA
€ro IPUMEHEHUE.
ITonyyeHue JaHHBIX C
WHKJIMHOMETPA B PEKUME
PEAJIBHOIO BpEMEHU 3
IIO3BOJIUJIO CO3/3ABATh
CTBOJIBI OOJIbIIEN
NIPOTSKEHHOCTH (PUC. 5 E'
u 6). [Ipy IPUOTMIKEHUU K
BOJIOHE(TAHOMY KOHTAKTY &
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PaGOThI OCTAHABINUBAJIH. P

UcyHok 5 — INlonyuenue OaHHbIX C UHKAUHOMEMPA & Pexcume
«@pak/xer-Bosra» peanvrozo epemenu nO360AUNO CO30A8AMb CMEONbL DONBULETL
Y1A7I0Ch JOOUTBCA npomaxcenHnocmu
TIOJTY YEHUS CTBOJIOB Figure 5 — An MWD tool allowed the team to drill longer laterals

710 110 M, OTHAKO

OBbLJIM OI'PAHUYECHUS TI0 KOJTUYECTBY
KHCJIOTHOI'O COCTAaBa U JIOHOCUMOM
HArpy3Ku. B Tabnune 1 npuBeieHbI
PE3YABTATHI OTPAOOTKU CKBAYKHH I1OCJIE
KCB. YBennueHue 06BOJHEHHOCTU
CBSI3aHO C OOJIBIIIUM KOJIMYECTBOM
3aKAYAHHOT'O KMCJIOTHOI'O COCTABA U ACID JET AND JET DRILLING
IMOCJIEAYIONTUM BBIHOCOM IIPOJTYKTOB TECHNOLOGIES OUTLOOK
peakuu. 1o IpyruM CKBaKHMHAM
JIJAHHBIX HET. Bce TaHHbIE 110 CKBAYKUHAM

in water cut is associated with a

large amount of acid injected and

the subsequent cleanout of reaction
products. There are no data available
for other wells. All the data have been
taken from open sources.

In Orenburg, an experimental
project was implemented to drill

32 Ne 2 (88) Hionn/June 2024
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YIPABICHUS A
HATPABJICHICM e« et g o o M g v
(popMHpPOBAHILsI Pucynox 6 — Illonyuenue 0aHHbLX C UHKAUHOMEMPA 8 Pecume
KaHasa. [1j1s1 3T0ro peanvrnozo epemenu no360auUN0 CO30A68AMb CIE0IbL O0IbULETL
B KHK BKJ/IIOUMIU npomsadxcennocmu

TIOBOPOTHOE YCTPOMCTBO Figure 6 - An MWD tool allowed the team to drill longer laterals

Taonuya 1 — Pe3ynrsmamst ompadoomrKu ckéaxcun nocie KCb
Table 1 - Production before and after acid jet drilling

OcTaHOBOYHbIE NapaMeTpbl Tekywme napameTpbl
Before Acid Jet Drilling Job After Acid Jet Drilling Job
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1404G 50 4,9 4,1 0 2,9 0,60 57,5 8,5 7.1 0 4,9 0,69
1356G 33 13,3 11,4 0 8,2 0,62 54,0 18,0 20,2 0 27,9 1,85
1103-2G 18 7,7 6,4 0,4 3,5 0,46 53,0 54,4 20,5 10 16,5 0,41
1134G 20 5,4 4,5 1 6,4 1,18 61,1 17,8 14,0 6 31,5 2,25
1044-2G 22 4,9 3,8 6 7,2 1,46 59,0 12,6 15,1 22,0 18,5 2,26
1094G 24 5,6 4,7 0 1,2 0,22 52,9 25,3 14,49 14 31,6 1,74
1309G 30 7 5,9 0 2,0 0,28 63,6 24,0 11,53 32 4,5 0,33
1244G 26 15,2 12,3 3,1 5,7 0,38 51,1 51 31,3 24 13,7 0,58
lateral wellbores while controlling
C F’NAPABIAYCCKUM YIIDABJICHUCM, the direction of drilling. This was
KOTOPOE M3MCHAJIO HAIIPABJICHNC accomplished by utilizing a hydraulic
(bOpMHPOBAHUS CTBOJIA 32 CYET indexing tool, thus changing the
nosopoTa KHK Ha onpe/ie/IeHHbIN } direction of drilling by rotating the }
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TEXHOJIOI'MU

yros. OJHAKO Ha 3TO TPEOOBAINCH
BpEMS U OCTAHOBKU IpH padore. [Tocre
nogbema KHK 651710 BBISIBJIEHO, YTO
IIOBOPOTHOE YCTPOUCTBO HENPUTOTHO
111 TOBTOPHOM CIIO B CBA3U C TEM, YTO
B MasIoM rabapure KHK He noimy4niocs
HCIIOJIb30BATh KUCJIOTOCTOUKUE U
CEPOBOOPOJOCTOMKUE MATEPUAJIBL
Heo6xonumo nepepaboTaTb
KOHCTpyKI Mo KHK 160 yBennumBaTh
ee nruameTp. Penenue aTou npooieMbl
ITO3BOJIMT CO3/JABATH CTBOJIBI
IIPOTAKEHHOCTHBIO 10 200—-300 M.

K CJIOKHOCTAM IPUMEHEHU A
TEXHOJIOTUU MOXHO TAKXKE
OTHECTH OOJIBIIOE KOJTMYECTBO
KHCJIOTHOI'O COCTaBa, HEOOXOIHUMOE
U1 (OpMUPOBAHUSA KaHAA. []J1s1
peneHns 31ou npoodiemMsl «Ppak/KeT-
Bosnra» pa3BuBaeT TEXHOJIOTHIO
I'IPOMOHUTOPHOIO Oypenus (I'MDB),
IIPU UCIIOJIb30BAHUU KOTOPOH
dpOpMUPOBAHUE CTBOJIA ITOJIYYACTCA
TOJIBKO 34 CYET SHEPTHUH KUJKOCTH.

OpHUM U3 HAIPABICHUN JTAJIbHENUIIIET'O
passutusa TexHonoruii KCb u I'Mb
ABJIAETCA IIEPEXO OT KAPOOHATHBIX
KOJIJIEKTOPOB K TEPPUT'C€HHBIM, YTO
TPEOYET PEMICHUS BOTPOCA C OOCATKOM
C(POPMHPOBAHHOI'O CTBOJIA.

IloaBoasa U'TOTU, MOKHO CHEIATH
BBIBOJ], O TOM, 4TO TexHOoa0rHusa KCb
JTOKA34J1a CBOIO PA60OTOCIIOCOOHOCTD
U 3PPEKTUBHOCTD. «Ppak/xer-
Bosra» roroBa pa3BuBaTh U BHEAPATD
TEXHOJIOI'U KHUCJIOTOCTPYMHOI'O
U I'JIPOMOHUTOPHOTO OYPEHUA Y
34KA34YUKOB U JAJIBIIE.  ©
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BHA by a given angle. However,
this approach was rather time-
consuming. After retrieving the
BHA out of hole, it was discovered
that the indexing tool was not

fit for further operation as the
small assembly size prevented us
from using acid-resistant and H,S-
resistant materials to make the
tool. The possible solutions thereto
include either modifying the BHA
design or increasing its diameter.
Once a viable solution is found,
boreholes of up to 200—-300 m
(650-1000 ft) MD can be drilled.

The challenges associated with
the acid jet drilling technology also
include the large amount of acid
required to form a lateral. To address
this complexity, FracJet-Volga is
developing the technology of jet
drilling where the formation of a ‘
borehole is achieved by utilizing the ‘
energy of the liquid only.

Apart from that, acid jet drilling
and jet drilling technologies might
be further developed by a transition
from carbonate to terrigenous
reservoirs, which requires the casing
of the drilled borehole.

To recapitulate, it might be
concluded that the acid jet
drilling technology has proven
to be an efficient solution for
well stimulation. FracJet-Volga
is developing and offering its
customers the advantages of acid jet
and jet drilling technologies. @
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