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Beenenne

Pa3paboTka MECTOPOXKAEHW C MCMONb30BAHNEM
CUCTEM COBMECTHOW SKCMyaTaLmm NaacToB U CO3AaHNEM
HaOE>XHOW CUCTEMbI KOHTPOJIA U PETYMPOBaHS
MPOLIECCOB BbIPabOTKM 3anacoB MO KaXKAOMY MiacTy
SBMAETCHA OOHVM 13 OCHOBHbIX MOCTYNaTOB FOPHOMO
3aKOHOAATENBCTBA W pernaMeHTa Ha MPOEKTUPOBaHME
pa3paboTky. [Mo3TOMY B HACTOSILLIEE BPEMSA BCE

fonblLUee BHUMaHWE YOeNsaeTcs TEXHONOMSIM,
BKJTHOHAIOLLIIM NCMONB30BaHME CKB2XKMH C MHOIOMakepHO-
CEKLIMOHHbIMM KOMMOHOBKaMW, MpeaHasHaYeHHbIM

Ons ondbdepeHUmanbHOM 3aKadky B reoniornyeckme
pa3HOPOOHblE SKCMyaTauMOHHbIE 00BbEKTHI [1].

CyLeCTBYIOLLME HA CEMOAHSLLUHNA OEeHb KOHCTPYKLMA
KOMMOHOBOK OAHOBPEMEHHO-PA3AENbHON 3aKaqKM
(OP3) B ckBaxKkMHax, BCKPbIBLUMX TpW nnacTa v 6ornee,
HEe MO3BOMSKOT OMNPeaennTb PAcXO, XXNOKOCTU MO
KakgoMy nnacTy 6e3 ydacTusa 6puragbl KanutansHOro
PEMOHTA CKBaXKMH. 3akadka no naacrtam perynmpyercsa
nocne ndyyveHns reoPuUanNdeCcKmx JaHHbIX 1 gaHHbIX MO
paboTe CKBaXKWMHbI 3a ONPeaeneHHbIn Nepron BPEMEHM.
OcHoBHaa ngesa npegnaraeMon ctaTbi 3akI4aeTcs

B CUCTEMATU3ALMM PErYIMPOBAHNSA I KOHTPOA
pPaspPaboTKM MHOFOMAACTOBbLIX MECTOPOXAEHNA C
vcnonb3oBaHemM cuctem OP3. KoHevHaa uenb
3aKJIlOHaETCA B Nepexoe K MHTENNEKTYanbHOM
CKBaXKMHE, MO3BOMSIKOLLEN PEryNMpOBaTh NapaMeTpbl
pPaboTbl NNACTOB B PEXMME PeanbHOrO BPEMEHMU U
obecneymBaTb AMMOHEPEHLMPOBAHHOE BO3OENCTBME HA
OTOENbHbBIN MHTEPBAN UM YHaCTOK HEDTAHON 3aNeEXN.

OcHoBHbIE HanpaBNeHua coBepLIeHCTBOBAHUA
MHOronaKepHbIX KOMNoHoBOK OP3

LOCTMYb NOCTaBNEHHOM LEI MOXHO 3a cHeT
CO3[aHns TaHAEMA CYLLECTBYIOLLEN TEXHONOMN
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Introduction

Field development using a combined methods

of production and creating a reliable control and
regulation systems for production with respect to
all producing layers is one of the main aims of the
rules and and regulations during field development.
Currently, emphasis is placed on the implementation
of new technologies, including the use of wells
with multi-packer section assembley designed for
differential injection in geologicaly unrelated
production facilities [1].

Currently existing assembley for dual injection
operations (DIS) in wells with three or more layers
prevent the determination of liquid flow rate for

every layer without the participation of a workover
crew. The injection into layers is regulated after a
study of the geophysical data and data from the well’s
performance over specific period of time.

This article looks at the regulation and control of
multilayer fields using the DIS system. The ultimate
aim is the transition into an intelligent well sytem
which enables the operator to regulate the producing
zones in real time, and to ensure different action in a
separate area of the oil reservoir.

Basic improvements of multi-packer DIS arrangements

The desired aim can be achieved through tandem use
of the existing DIS, use of control sensors of bottom-
hole parameters (pressure p and temperature T) as
well as software engineered for the calculation of liquid
flow rate’s according to the available data of pressure
decreases the “nerve system” of the intelligent
structure [2].
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OP3, ncnonb3oBaHnsa gaT4MKoB KOHTPONSA 3a00MHbIX
rnapameTpOB (OaBneHus p 1 TeMnepaTypbl T), a Takxke
paspaboTKM MPOrpaMMHOro obecnedeHns onga pacyeta
pacxoda XXMOKOCTY MO UMEIOLLIMMCS AaHHbIM nepenaga
OAaBNEHNI, YTO N ABNSETCA «HEPBHOW CUCTEMON»
WHTENNEKTYabHOM CTPYKTYpPbI [2].

K anemeHTamMm COBEPLLEHCTBOBAHMS KOHCTPYKLIMM
komMnoHoBkK OP3 oTHOCcATCS (puc. 1) cnepyroLume:

1. ViameHeHne KOHCTPYKLMI 3a60MHOro LTYLEepa,
Nno3BoNALEE YMEHbLLUNTL rmapaBiind4eckmne
COMPOTUBJIEHVSI C LIENBIO YBENNYEHWST ero NMPOMnyCKHON
CNOCOBHOCTN.

2. OnpepfesnexHve pacxona XXUOKOCTN, OCHOBAHHOE Ha
NPUHLMNE y4eTa XWOKOCTY Mo nepenagy AasneHui, u,
Kak CnegcTsune, cosfaHne nporpamMmHoOro NpoaykTa ass
pacyeTa pacxoia XUAKOCTU AN 3aKaqky B MacT.

3. Vicnonb3oBaHmne cucTemMbl reotUsnYecKnx JaTimkos
(P, T) BHYTPU TPYBKN 1 3aTPYyBHOM MPOCTPaHCTBE
komnoHoBkM OP3 ¢ nepegadeint nHopMaummn Ha
MOBEPXHOCTb MO KabenbHOW NNHUN.

The following points refer to the improved elements of
the DIS construction arrangement (fig. 1):

1. Construction modification of the bottom-hole choke
which allows the reduction of hydraulic resistance for the
purpose of increasing its throughput capacity.

2. Determination of liquid flow rates based on the
calculation principle of liquid according to pressure
decreases and therefore the creation of a software
product for the calculation of liquid flow rate for injection
into the layer.

3. Use of geophysical sensor systems (p, T) within the
tube and the annular space of the DIS with information
transfer to the surface via cable lines

Let us examine one of the main improvement
elements of the multi-packer system of the DIS
system. As shown in practice the liquid flow rate
through an existing choke is limited by the diameter
of the axial channel. It is possible to achieve a large
flow rate through the choke in order to guarantee
the planned pattern of injection capacity by enlarging

Mpumensaemasn TexHonorua OP3

Komnnekrauua cuctembl:

» MHOrOMaKkepHble KOMMOHOBKM
» CKB&KVHHbIE Kamepb! CO
LTyLiepamm

PasbeavHiTens

AocTouHcTBa:

»  OndbepeHuansHoe
BO3AEMCTBVE Ha NNacTbl
pasHoOM MPOHVILIGEMOCTM

» OTHOCUTENBbHO MpOCTast
KOHCTPYKLIVIST KOMMOHOBKM

Hepocrtatku:

» PerynMpoBKa KranaHos
OCYLLECTB/ISETCS aHAMTUYECKVIM
nyTem

» onpeaeneHe Npoduns
MPVEMUCTOCTY MIacTOB

Sarmyua OCYLLIECTBNAETCH C
= npviBne4eHnem I'eOCb\/BI/IKI/I

» Mnocaaka nakepos 3a 2 ClMNO

» PeryMpoBKa C MOMOLLbO
KaHaTHOM TEXHMKA

CoBeplueHCTBOBaHUMe TexHonoruu OP3
KomnneKTame CUCTEeMbI:

» MHOMOMaKepHble KOMMOHOBKIA

» CKB&KVHHbIE KamMepbl CO LUTyLepamm

»  OBYX30HOBblE AaT4ik/ P, T

» BbIBOA VH(OPMaLMN Ha YCTbE CKBAXKVH

» MPOrPaMMHBIZ MPOOYKT MO NOSYHEHNIO pacxoaa
3aKaqukm nyTem nepecyHeTa

M

[AocTouHcTBa:
» 130MPaTENbHOCTb OOBEMOB 3aKa4KM MO BREMEHM
B s PaPRY
., _KaXK0ro nnacTa » KOHTPOJIb Pab0THI CUICTEMbI CKBaXKVHA - M/1ACT B
o peasbHOM PEXXME BPEMEHN
»  BO3MOXHOCTb OMPEAETL PACXOA, XKUAKOCTM MO
KavKOoMy NnacTy 6e3 NpuBnedeHn st reonanki
» nocaaka nakepos 3a 1 CINO
YBE/HEHE MPOMYCKHOM CNOCOBHOCTM LLITYLIEPOB Ha 30%
» BBO[, a/ropUTMa pacHeTa pacxoa 3aKaqky HYepes
nepenan P (3atpyb. / Tpyokin HKT)

>
M

HepocraTtku:

» B0nee CNoxHast KOHCTPYKLVISH KOMMOHOBKY

MepcnekTuBbI pa3BUTUA paboT:

» BHELPEHWE perympyemsix (Miaopas. , a1eKTp.)
KNanaHoB C BO3MOXHOCTHIO PEMyIMPOBaHIS
HEMNOCPEACTBEHHO C YCThsl CKBaXK/HbI

Puc. 1. CxeMbl MpuMeHsieMon (a) 1 YCOBEPLLEHCTBOBaHHOM (6) koMmoHoBoK OP3

www.rogtecmagazine.com

ROGTEC | 47



B [JOBblHA

Technology DIS in use
Complete set of system:

» multi-packer arrangements
» down hole chambers with
choke

Advantages:

» differential stimulation of
formation of different

» relatively simple construction
of assembly

Disadvantages:

M

valve adjustment is carried out by
the analytical way
profiling of bed intake is carried out
with involvement of geophysics
packer seating in 2 runs
Blank flange » regulation by means of wire

T line technique

M

X

Improvement of technology DIS
Complete set of system:

>
¥

multi-packer arrangements

» down hole chambers with chokes

» two-zone sensors P, T

information output on well mouth

» software product conceming receipt of the flow rate
of injection by means of recalculation

N
M

Advantages:

N
M

Selectiveness of injection volume concerning time
and section

control of system work of well — layer in real time
possibility to determine the liquid flow rate for every
layer without involvement of geophysics

packer seating in 1 run

increase of throughput capability of chokes to 30%
input of computation algorithm of injection flow rate
through the drop P (backside / cilwell tubing)

Sensors P, Ton
backside opposite
every layer 5

M

. >

v

T ¥ XY

Disadvantages:

» More complex construction of arrangements

Prospects for the development of work:

» Implementation of adjustable (hydraulic, electrical)
valves with adjustability immediately after well head

Fig. 1. Diagrams of the DIS assembley in use (a) and the improved DIS arrangement (b)

PaccMOTpUM OVH M3 OCHOBHbBIX 3N1EMEHTOB
COBEpPLUEHCTBOBAHNSI CUCTEMbI MHOMOMAKepPHOW
cucTembl OP3. Kak nokasblBasT NpakThka, pacxop
YKNIOKOCTY Yepes LUTYLep CYLLECTBYIOLLEeN KOHCTRYKUMM
orpaHUYMBasTCa AMameTPOM 0CeBOoro kaHana. [Jobutbes
6osbLLEero pacxona Yepes WTyLep AN1s obecnedeHns
NAaHOBbIX PEXNMOB MPUEMUCTOCTU MOXKHO MyTeM
yBeNM4eHus anameTpa (M3MeHEeHUs1 KOHCTRYKLMM)
OCEBOrro KaHana Uin CoKpalleH1st MoTepb OaBneHns B
CYLLIECTBYHOLLIEN KOHCTPYKLIMW.

Puc. 1. CxeMbl MpUMeHaeMon (a) 1
YCOBEpLLEHCTBOBaHHOM (6) kKomnoHoBok OP3

[ns aHanusa npegnaraeTcs cpaBHUTL Ba BapuaHTa
KOHCTPYKLMN LUTYUEpa C pasnnyHbIMA TUnamm
cyXxaroLmx yctponcts (CY) (tadn. 1).

Cy»atolLLiee yCTPOMCTBO B BUAE TPYOKn BeHTypu
MO3BOSIAET YBENMNHUTE MPOMYCKHYIO CNOCOBHOCTb
LWITyLepa 3a CHET COKpaLLEeHNst MOTEPb AaBMeHNs Ha
NPE0AONEHNE CONPOTUBAEHWIA MOTOKY XXUAKOCTU. MOXXHO
MPVHSATb, YTO OTHOCUTENbHAsS MOTEPS AaBNeus Ans TPy6oK
BeHTypu B 0bLem cnyqae coctaBnseT 5 - 20 %.
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the diameter (construction modifications) of the axial
channel or reducing the pressure decrease at the
existing construction.

Figure 1 shows comparative diagrams of the DIS
assembley in use (a) and the improved DIS
assembley (b).

For analysis, the comparison of two versions of choke
construction with different types of orifice instruments
(SU) (table 1) is recommended.

The orifice instruments in the form of Venturi

tubes make it possible to increase the throughput
capacity of the choke at the expense of a decrease
in pressure by overcoming resistance to the fluid
stream. It can be accepted that the fractional
decrease in pressure is 5 — 20 % for Venturi
tubes generally.

In flow motion, longitudinal friction head loss and the
overcoming of local resistance are often observed at the
same time. The total head loss is calculated as the total
loss from these types.

www.rogtecmagazine.com
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HacTo Npu ABMXKEHUN XXUAKOCTU OAHOBPEMEHHO
HabnogaTes NoTepn Hanopa Ha TPeHWe No AMHe U

NPeoOONeHNE MECTHbIX CONPOTUBNEHUN. [TonHasa noTeps

Hamnopa onpefenseTcs Kak apudmMeTmieckasi cymma
noTepb 3TWX BUAOB.

[MapaBnMyecKn pacyeT NpmBeneH Ans WTyLEepOoB
CYLLIECTBYIOLLIEN KOHCTPYKLMN (B BUOE CYXXEHHOrO
KaHana) 1 B Buae Tpybkn BeHTypu. 113-3a Manbix
pa3MepoB 1 B0JIbLLIMX CKOPOCTEN NOTOKA XXUAKOCTU B
pacyeTax MOXXHO MPUHATL CneaytoLne OonyLeHns:

» CYLLECTBYIOLUMIA LWITYLIEP NPEACTaBNsaeT cobon
anadparmMy LUMPUHOW, PaBHOM OJIMHE CY>KEHHOW 4acTu
KaHana;

» MNOTepn OaBfieHNA Ha TpeHne paBHbl HYJHO.

The hydraulic calculation is presented for chokes of
the existing construction (in the form of a restricted
channel) and in the form of Venturi tubes. Due to small
sizes and high speed of the liquid stream the following
assumptions can be added to the calculations:

» the existing choke represents an orifice plate of a wide
part of the channel restricted evenly along its length;

» the friction pressure loss is equal to zero.

The theory about the liquid flow through nozzles assumes
that the average speed of the stream increases together
with its restriction and the static pressure becomes less
than the static pressure before the orifice plates/Venturi
tubes. The pressure difference (differential pressure)
becomes higher if the flow environment increases.

e e s |

Auatiparma | 1. MpocToTa B UBrOTOBIEHN 1 MOHTEDKE, MOXET MPUMEHSATLCS B 1. B npoLiecce akcryataLmm Hens3bexxHo NpUTyrnneH1ue
LUMPOKOM ApanadoHe 4mcen Re. BXOAHOW KPOMKW AvadparmMbl, HYTO MPUBOOUT K
2. YcTaHaBnvBaloT Ha M3MepPUTESbHOM TPpY6e BHYTPEHHUM AVamMeTPOM [OOMOSHUTESNBHON MPOrPECCHPYIOLLIEN HEOMPEAENIEHHOCTU
o1 0,05 po 1 m. KOahPULIMEHTA UCTEHEHISI, KOTOPas MOXXET BbITb
3. HeonpepeneHHocTb KoahhuLpmieHTa NcTedeHns aradparm MeHbLLIE, CYLLIECTBEHHOW AN anadparM, yCTaHaBMBaEMbIX B
Yem y apyrux CY. TpybonpoBoaax aMameTpomM MeHee 0,1Mm.

4. Hannuve HebosbLLIOMO CofgpKaHNs KOHAeH aTa MNPaKTUYeCKn He 2. TMoTepw gasneHys Ha avacbparmax Boillie, Yem Ha
BANSIET Ha KOSMDMPUUMEHT UCTEHEHNS opyrux CY
Orifice plate | 1. Simpilicity in fabrication and assembly, it may be adjusted to wide- 1. The blunting of the entry wedge of orifice plate is
ranging Re numbers necessary during the exploitation process. This leads to
2. To be installed in the measuring pipe with an internal diameter from additional progressive indeterminateness of the
0.05to 1 m. discharge coefficient which can be essential for orifice
3. Indeterminateness of the discharge coefficient of orifice plates is plates set in pipelines with a diameter of less than 0.1 m.
smaller than the discharge coefficient of other SU. 2. The decrease in pressure is higher at orifice plates than
4. The presence of low condensate yield does practically not influence at other SU.
the discharge coefficient
Tpy6ka 1. CrabunbHble XapakTepUCTVIKIK MK ANMTESNbHOM SKChyaTaLmm, CNOXXHOCTb M3roTOBNEHWS 1 BOSbLLUME Pa3SMeEPb!
BeHntypu 2. [MoTepu OaBreHVst 3HAYUTENBHO MEeHbLLE, HYeM Ha avadparme v

conne, a B HEKOTOPbIX CryHasx v corne BeHTypw.

=

cKannmeaTbCA OCagkn

Venturi tube | 1. Stable behaviour in case of long-term usage.

and in some cases Venturi throat as well.

3. TpebyroTcst KOPOTKME MPSIMOSIMHENHBIE YHACTKY UBMEPUTESNEHO TRYObI.
B NpoTOYHOl HacTy OTCYTCTBYIOT 3aCTOMHbIE 30HbI, TOE MOTYT

2. The decrease in pressure is far less than at the orifice plate and throat

3. Short, straight sections of measuring pipe are required.
4. There are no dead zones in the flow tube where deposits can gather

Complexity of manufacturing and large sizes

Tabnuua 1 - Table 1

CornacHO Teopun TeHEHNS XKXOKOCTEN Yepes HacaaKn
CPEOHsIst CKOPOCTb NMOTOKa B MECTE Ero Cy>XKeHus!
MOBbILLAETCA, a CTaTN4HeCcKoe gaBneHne CTaHOBUTCA
MeHbLLE CTaTU4ECKOro gaBneHust oo anadparmbl/
Tpybkun BeHTypu. PasHocTb gaBneHun (mepenap,
naBneHnn) Tem 6onblue, Yem 6onblle pacxon cpedsbl, U,
cnenoBaTtesfibHO, OHa MOXXET CY>XWUTb MEpOit pacxona
[3-5]. B Tabn. 2 npencrasneH anroput™M METOAOI0MN
pacyeTa WryLepa no nepenagy SasleHu.

www.rogtecmagazine.com

So it can serve as flow measure [3-5]. Table 2 shows the
methodology algorithm of the choke at differential pressure.

The use of the choke in DIS assembley is limited by the size
of the flow area of 9.5 mm. The use of orifice instruments in
the form of Venturi tubes under the same conditions makes
it possible to increase the liquid flow rate through the choke
up to 39%. Table 3 shows a comparative calculation for
two types of choke.
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R
Parameterto be calculated 7 -
Orifice plate Vel!llll'l Iuhe_wnh a tr_ealed
inlet conical section

Coefficients K- and K g

KST_I= 1 +ﬂrSLI(£'2ﬂ) ‘

Ki=1+a,(t-20)

Diameter of bore S1J

d=dyKsy

Internal diameter of the measuring pipe [}

D=0 K+

Relative diameter of bore SLJ #

f=d/D

Speed coefficient of entry J E=1/4J1-8
Coefficient of correction K, 1
Ap I 2\ 4 x=1ix
Coefficient of expansion & £=1-(0.351+0.256p*+0.93p5[141- — )'*] o | 1-# A }
p ll K-l _gttin -t .
_Aaqup
Reynolds number F.g Re=
7 Du
Discharge coefficient {_ Depends on the e number, [ and ,8 Depends on the FLg number and ,3
Coefficient of correction &, K= 14522 [F5(0-0%) 1

Flow environment f, qﬁﬂ.ES:fﬂ,;ﬁ.‘.’EKJ;:(ﬁ e
2
:HAIH""I ‘ilE!
PaccyuTLIBaEMbIN TapameTp 7
BXOIHON KOHNYECKON YaCTbi0
KoadhdpurmeHTsl #; 11 Kz Koy=1+ouq(1-20) ‘ Kr=1+og (1-20)
OviameTp oteepcTust 0¥ of =y Koy
BHYTPEHHWI AnamMeTp UamepuTesHoN Tpyob [ D=0y Ky
OTHocuTeNbHbIN anameTp oteepctust CY [i p=d/D
KoahpuLimeHT ckopocTvi Bxofa £ E=1/1-F
MonpaBoyHbI kKosdduLmeHT K i
KoadrumeHT paclumperys £ e=1-(0,351 .,.&255'14.,_0’93[535[1 1= Ap )] *':v K_Tm.' |_|.14 ) [ | —gix=11k ]
P K-1 1-fdrdx l-t

: _4

Yucno PeiHonsaca Re Re = x Du

KoathhuumeHT nctevenms c

JagmcuT ot yucna Re, D

3aBMcuT 0T yMcna Re v

[MonpaBo4HbIA KOSMPULMEHT KLIJ

K, =1+5,2203503.3.%)

1

Pacxog cpeabt (J,

y=0,25m050K ey CEK Kyt {%E]”

Tabnuua 2 - Table 2

Vicnonb3oBaHue wTyuepa B komnoHoBkax OP3
OorpaHn4MBaeTCsa padMepamMm NPOXOAHOro Ce4YeHns
9,5 MM. VIcnone3oBaHme Cy>KatoLLero yCTponcTsea
B BUAe Tpybkn BeHTypun npu Bcex paBHbIX
YCOBMSIX MO3BOASET YBENNUYNTL PACXO[, XXNAKOCTH
dYepes wryuep o 39 %. B Tabn. 3 npeacrasneH
CPaBHUTEJbHBIN pacyeT ABYX BApUAaHTOB LWTyLepa.
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Employing the trail-and-error method of number values,
i.e. changing the diameter of the existing choke it is easy
to calculate the equivalent diameter (11.56 mm) of the
restrictive channel which would guarantee a liquid flow
rate of 659.28 m3/day. The result of the calculations is
the dependence of the liquid flow rate on the differential
pressure for two versions of choke.

www.rogtecmagazine.com
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Vicnonbayst MeToq nogbopa YMCNoBbIX 3HAYEHWN, T.€.
N3MEHAS AnamMeTp CYLLECTBYIOLLErO LUTYLEepa, HECIOXKHO
paccuy1TaTb SKBUBANIEHTHbIN anameTp (11,65 Mm)
Cy>KaloLLEro kaHana, KoTopbii Obl 0becneymBan pacxop,
YKUOKOCTM 659,28 M3/cyT. IToroM pacHeToB SBNSHOTCS
3aBUCKMMOCTU pacxoda XUOKOCTN OT nepenaga
OaBneHns ons AByX BapuaHToB LUTYyLepa.

Kak B1aHo 13 puc. 2, WTyLep B BUae Tpyokn BeHTypu
nmeeT 6051e€ BbICOKYHO MPOMYCKHYO CMNOCOBHOCTb

Mo CPaBHEHMIO C MCMOMb3YEMbIMU LUTYLIEpamu. [ns
YNPOLUEHNS ONPeAeNeHns pacxoaa XnNaKocTh s
pa3nYHbIX ANaMETPOB WTYLEpa 1 3Ha4YeHMI Nepenana
OaBNEHVS MPUMEHSIIOTCS NaNeTKW, NPeACcTaBAeHHble

Ha pvic. 3. MNponyckHas cnocobHOCTL LWTYLEepa
NPaKTUYECKN He 3aBUCUT OT MaTepuana 3roToBeHNs
CY>KatoLLLEero yCTponcTBa 1 N3MepuTenbHOM TpyObl 1

BO MHOIOM OMpeaenseTcs 1Lb YACTOTOM 06paboTKM
MOBEPXHOCTU, NBHOCOCTOMKMMU 1 KOPPOSVNOHHBIMM
XapakTepuCTKaMn MaTepuanos.

HacTHbIM CnyYaem anbTePHATUBHOIO PeLLEHNS
YBENN4YEHUs NMPOMYCKHOW cnocobHocTy ans Mprobckoro
MECTOPOXOEHNS ABNAETCH MCMONb30BaHNE XBOCTOBMKA
6e3 CKBaXKMHHbIX Kamep 1 3arnywkun. OgHako gaHHoe
peLLeHne NPOTUBOPEYUT CTaHdaPTy NPeanpusTUs no
TEXHUYECKOMY TpeboBaHuio K opraHmaaumn OP3 Boabl
Ha [NprobCcKoM MECTOPOXXOEHUM B HArHETATEbHbIE
CKBaXXWHbI, BCKPbIBLUNE HECKONbKO 00bekToB (Ne [11- 01
C-034 KOJ1-99), cornacHoro KoTopomy rnocse nepBoro

B TYHEpa

P acqub“ “aMeTI‘ %
R o Bewryon | CY o anne awatgar

Yucno Re 1213964 744532
KoathuupmeHT ncrevdenmns 1,0000 0,6503
Pacxop »uaKocTu, M3/cyT 659,28 404,34
CKOpOCTb MOTOKA, M/C 107,65 66,02
MoTepu Ha WTyLepe, M3/CyT 254,94
dicuiated’parameter
R o s v e o s e

Re number 1213964 744532
Discharge coefficient 1,0000 0,6503
Liquid flow rate, m3/day 659,28 404,34
Stream speed, m/s 107,65 66,02
Loss in the choke, m3/day 254,94

Tabnuua 3 - Table 3

Figure 2 shows that the choke in the form of Venturi
tubes has a higher throughput capacity in comparison

to the chokes in use. The charts shown in figure 3 are
used, for the sake of simplicity, to determine the liquid
flow rate for different choke diameters and the differential
pressure value. The throughput capacity of the choke is
practically unaffected by the production material of the
orifice instruments and measuring pipe and depends
largely just on the surface finish characteristics, wear-

Bce Bawn norpebHocTn no
yCOBEepLUEHCTBOBaHUIO HedpTeoTAaum

TIORCO
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Mepenap pasneHuAa dP, atm Differential pressure dP, atm

Puc. 2. 3aB1UCUMOCTb pacxoda »XMAKOCTW OT nepenana AasneHns ans Toyoku Bertypu (1) n gnadparmel (2)
Fig. 2. Dependence of the liquid flow rate on the differential pressure for Venturi tubes (1) and orifice plates (2)
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3) perynmpoBoYHble paboTbl A
obecnedeHns MIaHOBbIX PEXXMMOB
MPUEMNCTOCTW C NPOBEAEHNEM
reonsnHecKnx NccneagoBaHuim.

Lpyron BaxxHOW COCTaBMAIOLLEN
noTepb AaBMNEHNS B KOHCTRYKLIMN
LITyLEepa SBASETCS HanMyime MeCTHbIX
COMPOTUBIEHUI, BOSHUKAIOLLX B
30Hax U3MeEHeHWNsI ceveHnst TpyObl
VN HamnpaB/eHUst ABVKEHWS NoToKa
YKUOKOCTU. OTU NOTEepUn 3aBUCAT

OT CpeaHen CKOPOCTU 1 pa3mMepoB
nonepeYHOro ceveHnst CTpym
XKNOKOCTU, (DOPMbI 1 Pa3MEPOB
nperpanpl, €e pacronoXXeHns no
OTHOLLIEHNIO K CTPYE.

YuntbiBasd NOCTOSAHCTBO MaCChl
pacxoja XXWOKoCTW 1 npeHebperas
MMOPABIMYECKMI COMPOTUBIIEHUSAMN
Ha TpeHve, Onsd onpeneneHns
MECTHbIX MOTEPb MOXHO
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Pacxopn, m3/cyT Flow rate, m3/day

9.5Mm
0 T T T T T T T T T T T
3 4 5 6 7 8 9 10 11 12 13 14 15 16
Ouametp CY, mm Diameter SU, mm
atm - atm dP=100 dP=90 ——dP=80 —— dP=70 —— dP=60
—@- dP=50 —%dP=40 -—»— dP=30 dP=20 -m—dP=10 -@-dP=5

Puc. 3. Nanetkn ons onpeneneHns pacxona XXnaKocTy Yepes LTyLep
B Buae Tpybkn BeHTypu (auameTp nameputensHom Tpyobl — 20 MM;
matepuan CY n nameputensHom Tpyobl — 40X)

Fig. 3. Charts to determine the liquid flow rate through the choke in the
form of Venturi tubes (measuring pipe diameter — 20 mm; material of SU
and the measuring pipe — 40X)
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ncnonb3osatb popmyny Bencbaxa [6-7]

pv-
2

.ﬁp — E ’
roe E— MECTHbIE NOTEPW OaBlIeHUA;

P — nnotHocTb KNOKOCTU;

V — cpenHasa CKOPOCTb (Kak nNpaBnsio, Nocne Npoxoga
4epe3 MECTHOE COMPOTUBAIEHME).

HapeHHble TEOpETUHECKNE 3HAYEHNA KOS PULINEHTOB
MECTHbIX COMPOTUBAEHNA ANS psida cnyyaes (BHE3ANHOE
Cy>KeHne, anadparMa 1 gp.) BrnofHe COOTBETCBYIOT
OMbITHbIM OaHHbIM.

C uenblo aganTaumm MeToOMKK pacdeTa WTylepa
22.06.08 r. B ckB. 6295 MprnobCcKoro MeECTOPOXKAEHMS
OblIM YCTAHOBEHbI aBTOHOMHbIE AATYNKM OaBIEHUS

B KOMMNoOHOBKax OP3, no3BonstoLlme permcTpmpoBaTh
OaBneHnsi B 3aTpybHOM MPOCTpaHCTBe (Mexxay
9KCMflyaTtaumoHHOM KOSIOHHOW 1 KOMMNOHOBKOM

OP3). daBneHune B Tpybkax (0o Bxoda B LUTYLIEP)

N PakTU4ECKNN pacxod onpenensnu no gaHHbIM
MPOMbBICIOBOre0n3nHeCKnX NCCNeaoBaHni.

[na nonHom agantaumm MeETOLONOMMN pacyeTa
HeobxofMMa CTaTUCTMKa NCCNeaoBaHNn Ha
Pa3NYHbIX PEXMMAaX.

Hanbonblune conpoTnBneHst OTMeYatoTCa B Criyyae
PE3KOro N3MEHEHNSA HaNPaBAEHNSA MOTOKA XXUOKOCTH.
[Npyn ncnone3oBaHWM LUTYLEPA, IO XXNOKOCTL Nnoce
BbIXO[a U3 CY>KatOLLErO YCTPONCTBA PE3KO MEHAET
HanpasneHe OBMxeHna Ha 90°, NoTepn OaBneHns
cocTaBnstoT 6,29 Mla, Torga Kak npu Bbixode nop,
yriioM 45° naBfieHne CHMXXaeTCA NpakTUYeckn B 3
pasa. B peaynbTare 6binn NpeanoXeHsl HebonbLUne
N3MEHEHNSA B KOHCTPYKUMM LUTYLEPa, B HaCTHOCTH,
N3MEHMMNCb HanMpaBfieHNs BXo4a 1 BbIXO4a »XNOKOCTU
N3 wTyuepa (puc. 4).

Kopnyc 1 perynmpytowiero yCTponcTea CoequHAETCA C
3axBaTHOW FONIOBKOM 2 1 XBOCTOBMKOM 3. XBOCTOBUK 3
COOEPXUT LaHry 4. 3axeaTHasi ro1oBKa 2 1 XBOCTOBUK
3 UMEIOT YMJIOTHUTESbHbIE aNeMeHTbl 5. PerynvpytoLlee
YCTPOWNCTBO COAEPXKUT MMAPaBANYECKME KaHarbl, Mpu
3TOM OCEBblE KaHabl 6—-8 coeguHeHbl C OOKOBbIMU
KaHanamu 9-11: B XBOCTOBMKE — OCEBOW KaHas 6 1
BokoBon 9, B KOpMyce — COOTBETCTBEHHO 7 1 10, B
rONIOBKE —COOTBETCTBEHHO KaHan 8 n 11,

o4 ynnoTHUTENBHBIMU SIEMEHTaMM 1 LLaHrON MMEETCH
OCEBOW KaHaJsl, KOTOPbIN MO 0OBEKTUBHbLIM MPUYMHAM
NMeET Cy>xeHnsa 12, 13. STo cBSA3aHO C TeM, YTO Ha
KOpMyce HEOHBXOOMMO VMETb MECTO-MAa3 C HEKOTOPOW
FNyOUHON N9 3aKPENIeHns MaHXeT 5 1 YMOPHOro
KonbLa uaHru 4.

[nst yMeHbLLEHWSI CONMPOTUBNEHUS OT CY>XXEHNS
N yBENNYEHVS €r0 MPOMYCKHOW CNOcoBHOCTN Ha

www.rogtecmagazine.com

resistance and corrosion behaviour of the materials.
An alternative solution for the increasing of throughput
capacity for the Priobskoye field is often the use of an
extension pipe without a borehole chamber and cap.
However, this solution is in conflict with the company
specification concerning the engineering requirements
for the DIS arrangements in connection of water at the
Priobskoye field in the injection wells, which uncovered
several sites (No. P1-01 S-034 JulL-99), according to
which the following tests must be carried out after the
first running-in and installation of equipment in the well
for separate water injection:

1) pressure test of the oilwell tubing columns;

2) reliability check of the performance of packers in terms
of lack of fluid crossflow;

3) regulation operations with a view to ensuring the
planned injection conditions including the performance of
geophysical studies.

Another important constituent of pressure loss in the
construction of choke is the presence of local resistance
occurring in zones where the tube section or travelling
direction of the liquid stream changes. This loss
depends on the average speed and the cross-sectional
dimensions of the fluid jet, the form and size of the
barrier, and its position in relation to the fluid jet.
Taking into account the consistency of mass of the liquid
flow rate and ignoring the friction hydraulic resistance the
Weisbach formula can be used for the determination of
local loss [6-7]

. PV
Ap=E& pE
where E,— local pressure loss; p — fluid density; v —
average speed (as a rule after the pass-through through
the local resistance).

¥

In a number of cases (sudden contraction, orifice plate,
etc.), the determined theoretical coefficient values of local
resistance correspond to the test data completely.

In order to adapt the calculation procedure of the

flow bean, autonomous pressure sensors in the DIS
assembley which make it possible to register pressure
in annular space (between the production string and
the DIS arrangement) were installed in the well 6295 of
the Priobskoye field on 22 June 2008. The pressure in
the tubes (before entry into the choke) and the actual
flow were determined according to the field geophysical
survey. In order to completely adapt the calculation
methodology it is necessary to have the survey statistics
relating to different conditions.

The largest resistance becomes evident in the case of
a peg-leg in the liquid stream. When using the choke,
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N3ameHeHrs B
CyLLECTBYIOLLIEN
KOHCTRYKLWN LLUTYLIEpa
Changes to the existing
construction of choke

Puc. 4. KoHCTpyKLMS ABYXCTOPOHHErO LUTYLIEPa C
YHYETOM BHECEHHbIX LOPaboTOK

Fig. 4. Construction of a double-sided choke taking
into consideration the integrated rework

BX0Ae K Cy>xeHuto 14, 16 1 BbIXOLE OT Cy>XXeHWs

15, 17 ycTaHaBNMBatOT KOHYCHbIE BOPOHKWM 14-17,
KOTOPbIE MO3BONAT MUHUMU3UPOBATL BHYTPEHHNE
rMapaBnvyecKme ConpoTUBIIEHNS, YTO YBENNYMBAET
MPOMYCKHYIO CMOCOBHOCTb, CHUXKAET LUTYLMPYIOLLINIA
ahdeKT, a Takke 4JIMTENBHOCTb PaboThl, yMeHbLIAeT
3HaYUTESbHbIN Pa3MbIB B 30HE CY>XKEHUS.

Vicnonb3oBaHne NpeaioxXeHHON KOHCTPYKLUN
wrTyuepa npn sCcex paBHbIX YCII0OBUAX MO3BOIAET
YBEJINYUTb Pacxod XNAKOCTU Yeped wTryuep Ha 30-
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where the liquid abruptly changes direction by 90°
after having left the orifice instruments, the pressure
decrease is 6.29 MPa, followed by a 3 x decrease in
pressure decreases 3 times, similar to an exit of 45
degrees an angle of 45°. As a result small changes to
the construction of the choke were recommended; in
particular the directions of the liquid’s entry into and
exit out of the choke have been changed (fig. 4).

Body 1 of the regulating device is connected to the
gripping head 2 and the tail 3. The tail 3 contains

a gas lens 4. The gripping head 2 and tail 3 have
sealing elements 5. The regulating device contains
fluid passages; in addition, axial channels 6-8 are
connected to side channels 9-11: in the tail are the
axial channel 6 and the side channel 9, in the body are
the channels 7 and 10 and in the head the channels 8
and 11 correspondingly

Under the sealing elements and the gas lens is an axial
channel which has restrictions 12 and 13 for objective
reasons. This is related to the fact that it is necessary
to have a groove deep enough for the fastening of
sealing rings 5 and a cementing collar of the gas

lens 4.

For the reduction of resistance from restriction and
the increasing of its throughput capacity at the entry
of restrictions 14 and 16 and exit of the restrictions
15 and 17, bevelled flowing walls 14-17 are installed
which make it possible to minimise the internal
hydraulic resistance, which increases the throughput
capacity, reduces the choke effect as well as the
running time, and reduces significant corrosion in the
restriction zone.

The use of the recommended choke construction
under the same conditions makes it possible to
increase the liquid flow rate through the choke to 30-
35% at the expense of loss reduction by overcoming
the hydraulic resistance.

Another improvement measure for the DIS
arrangement is data acquisition from geophysical
sensors on a real-time basis (see fig. 1). This project
was initiated within the scope of the established
working group Systems of New Technologies in the
OAO HK “Rosneft”. The DIS technology introduced
in two layers and more than one well and with one
downhole machine is unique in domestic and foreign
oilfield practice. This work is carried out in wells with
an internal diameter of the production string of 146
mm. The whole downhole machine is drained in

one run.

First stage DIS operations are currently being carried

out on the Priobskoye field in the wells 8709/2016
and 7730/201a at OO0 “RN-Yuganskneftegaz”.

www.rogtecmagazine.com
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35 % 3a cYeT CoKpalleHuss NMOTEPb HA NPeoaoNIEHNE
rMaopaBANYECKUX CONPOTUBNEHNN.

LOpyrum HanpasneHnemMm COBEPLLUEHCTBOBAHNSA
KOMMNoHOBKK OP3 aBngetcs nofyyeHne gaHHbIX C
reoPu3n4ecKnx 4aT4MKOB B PEXMME peanbHOro
BpeMeHu (CM. puc. 1). daHHbin npoekT B 2008

r. MHALUMMPOBAH B paMkax co3gaHHou paboyen
rpynnbl Cuctemsl HoBbix TexHonorun B8 OAO

HK «PocHedTb». BHegpsemble TexHonornun OP3

Ha gBa nnacTa u bonee OOHOW CKBaXXMHOW U C
OHVUM BHYTPUCKBaXXMHHbIM 060pYyAOBaHNEM B
OTEeYEeCTBEHHON U 3apyBexXHON HEDTENPOMbICIOBOWN
npakTuKe aHanora He umetoT. [JaHHble paboTbl
NPOBOAATCSA B CKBaXXMHAX C BHYTPEHHUM OMaMETPOM
3KCMyaTaunoHHOW KONOHHbI 146 MMm. Bece
BHYTPUCKBaXXMHHOE 060pYyAOBaHNe CMyLLLEHO 3a OOHY
CMYCKOMNOABEMHYIO onepauio.

B nHacToswee Bpemsa B OO0 «PH-KOraHckHedhTeras»
npoBoasaTca paboTsl No nepsomy atany OP3 Ha
[MprobcKoM MecTopoXaeHUn B ckB. 8709/2016

n 7730/201a. OcHOBHbIE 3aga4dn, KOTOopble ByayT
PELLEHbI B XOA4€E BbINONMHEHUS paboT: cnyckK
MHOFONakepHOM KOMMOHOBKK C gatdmkamu (p, T)

3a O[HYy CNyCKOMOABEMHYIO Onepauuio; NonyvyeHme

First choice for global services in

Rental

UK, USA, Venezuela, Trinidad, Mexico, Peru, Egypt, Dubai (Middle East)
India, Pakistan, China, Singapore (Asia-Pacific), Kazakhstan

The main tasks which will be decided during the
performance of work are: lowering of the multi-packer
section arrangement with sensors (p, T) in one run;
acquisition of geophysical data (p, T) on a real-time
basis; checking of the reliability of the entire system;
detection and prevention of risks; transition to the final
stage of “intellectualisation” of DIS (fig. 5).

The stage-by-stage approach of the operations is
defined by the complexity of the operations to be
carried out and the degree of intellectualisation of
the well.

Gonclusion

1. The current development state, of the majority

of multilayer fields, is characterised by the ever-
increasing demand for the use of technologies which
make it possible to maintain a separate account of
products to be lifted and to be injected.

2. The improvement of the DIS technology is based

on tandem use of the existing technologies for
geophysical control of the layers parameters and the
mathematical devices for calculating the hydrodynamic
processes taking place at the boundary of the

well — layer.

Fishing | Casing Running | Manufacture & Repair

Kazakhstan Branch Office of International Tubular Services Limited
130000, Mangystau Oblast, Aktau, Promzon, Base Vira, Republic of Kazakhstan
Tel: +7 7292 203257
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Puc. 5. Cxema nepega4v faHHbIX
Fig. 5. Transmitted-data circuit

B

GPRS

CBsI3b, PAAVIOMOAEM

connection,
wireless modem

-“uu-wm"—l’

Cuctema coopa 1 MOHUTOPWHIa
Coallection and monitoring system

Basa HakonuTenbHbIX AaHHbIX P, T
Base of accumulative data P, T

[

= Er ]

[Mony4eHHble 3Ha4YeHVst
napameTpOB Mpw Crycke
KOMIMOHOBKW Ha CKBaXXVHE
8709/201a

Received parameter values when
lowering the arrangements in the
well 8709/201a

Ptp =174.5atm
P(AC10) =175.8atm
P(AC11) =181.3atm
P(AC12) =189.8atm

reouanyecknx gaHHbix (p, T) B pexxume peanbHOro
BPEMEHW; MPOBEpPKa HaAEeXHOCTN CUCTEMBI B LIENIOM;
BbIsIBfIEHWE 1 NPefoTBPaLLEHNE PUCKOB; Nepexoq K

3aBepLUatoLLEMy aTarny «MHTeNIeKTyanmaaumm»

OP3 (puc. 5).

BTanHOCTb PaboT oNpeaenseTcs CAOXKHOCTLIO
BbIMOJHSAEMbIX PabO0T U CTEMEeHbO MHTEeNNeKTyanaaLmm
CKBa>KVHbI.

3aKnoyenme

1. CoBpeMeHHOoe cocTosHME paspaboTKy
O0bLUNHCTBA MHOIOM1aCTOBbIX MECTOPOXAEHNIA
XapakTepnayeTcs BCE BO3pacTatoLLen NoTpebHOCTbIO
B MCMOJIb30BaHUM TEXHOJIOM I, NMO3BONAOLINX BECTU
pasfenbHbIn y4eT 4oObIBAEMON U 3aKadnBaemMom

npoayKLmMN.
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3. The changes to the existing arrangement must
relate to all elements of the DIS System. At OO0
“RN-Yuganskneftegaz”, in association with OO0

NPO “Novye Heftyanye Tekhnologii”, a choke was
developed which makes it possible to increase the flow
rate by 30-35% in comparison to the chokes used today.

4. A methodology for calculating the liquid flow

rates according to the differential pressure is being
developed jointly. It is planned to develop a software
product, based upon the results of the collection of
statistical data, which makes it possible to carry out
operational supervision of the choke operation without
the involvement of geophysics.

5. At the moment operations are being carried out in
the wells of the Priobskoye field. The performance of

www.rogtecmagazine.com
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2. CoseplueHcTBOBaHMe TexHosorumn OP3
OCHOBBIBAETCS HA CO3AaHNN TaHAEMa CYLLECTBYIOLLMX
TEXHONOMMIN reoU3NYECKOro KOHTPOS NapameTpoB
nN1acToB M MaTeMaTUHECKNX MPUEMOB pacyeTa
rMOPOOVHAMUYECKNX MPOLECCOB, MPONCXOOALLMX Ha
rpaHnLLEe CKBaDKMHA — MacT.

3. VIaMeHeH s B CyLLECTBYIOLLEN KOMMOHOBKE [O/HKHbI
KOCHYTbCSA BCeX anemMeHToB cuctembl OP3. B OO0
«PH-KOraHckHedTeras» coemectHo ¢ OO0 HINO
«HoBble HedTsHbIe TexHONOrMmM» paspaboTaH LTyLep,
noasonatowmin Ha 30-35 % yBENMYUTb PacXom, XUOKOCTA
MO CPaBHEHWIO C HbIHE MCMOMB3YEMbIMU LUTYLIEPAMMU.

4. CoBmecTHO paspabaTbiBaeTcs MeTO4ONOrs
pacyeTa pacxoia XXUAKOCTU No Nepenaay AaBneHus.
Mo pesynbTaTam Habopa CTaTUCTUHECKOro MaTepuana
nnaHMpyeTcs cosaaHne NporpaMMHOro NpoayKTa,
MO3BOJIAKOLLErO BECTU OMEPATUBHbBIA KOHTPOSb PadboTh!
CKBaYKMHbI 6€3 NPUBIEHEHNS TEODUSUKN.

5. B HacTosiee BpemMsi OCyLLIECTBIATCS paboThl B
CKBavKMHax [prnobckoro MecTopoxxaeHust. BeinonHeHne
paboT MO COBepLLUEHCTBOBaHMIO TexHonornm OP3
pasfeneHbl Ha aTanbl, KOTOPble ONPeaensAtoTCs
CIIOXKHOCTBIO BbIMNOHAEMbIX PABOT 1 CTENEHBIO
NHTENNEKTYyanmn3aumm CKBaXKNHbI.

operations concerning the technological advancement
of DIS is divided into stages which are defined by the
complexity of operations to be carried out and the
degree of intellectualisation of the well.

6. An assessment must be made on economic
efficiency during implementation of the improved DIS
arrangement, on the basis of the whole “life” cycle of
the well. However, the main effect of the project is
linked to an increase of oil recovery at the expense
of isolating zones or intervals with severe water
breakthroughs.

1. The improvement of the DIS technology is a relatively
recent trend both in Russia and abroad (in our situation
in columns of 146 mm) due to lack of experience in the
use of the technology under real conditions. Therefore a
more in-depth approach is necessary for this direction
in order for it to become an effective instrument for the
controlling of water flooding in multilayer fields. OO0
“BN-Yuganskneftegaz” is preparing for an adaptation of
technology for two layer wells (“annular tube”) which will
make it possible to maintain accounts of injected liquid
directly from the well collar.

8. The improvement of DIS technology is one step
in the development of the intellectualisation of oil

Hawe oﬁopynosauwe -
| ‘Bawe npeumyiyjecTeo

173 ners I\/IaLIJI/IHOCTpOBHI/II/I'

Bonee 16 neT BMecTe ¢ HedhTerazosbiM kommnekcom CHI®

[Npon3BOACTBO M MOCTaBKa HACOCHOT O (BKIOYasA MHOrohasHbIe

HacoCbl) 1 TEXHONOMM4YCECKOro 060pyRoBaHNA MMPOBOMO Knacca Asis
A06bI4K, NOArOTOBKM, TPAHCNOPTa M rMyboKon NepepaboTkn HedhTn 1

rasa. TexHU4ecKuin CepBUC CNOXHOMO TYPOMHHOMO
HaCOCHOro 1 KOMNPEeCCopHOro 060pynoBaHus;
TEXHONOrNM NOBEPXHOCTHOW 06paboTKM 1 NpoaneHns
Cpoka crybbl Angd getanemn ¢ UHTEHCUBHBIM
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6. O6 sKOHOMUNYECKON 3PDEKTUBHOCTN BHEAPEHUA
YCOBEPLUEHCTBOBAHHOM KOMMOHOBKM OP3

cnemnyeT CyauTb UCXOASA N3 BCErO «KU3HEHHOI0»
LUMKna cKBaXku- Hbl. OIHAKO OCHOBHOW ahdeKT
npoeKTa COMNPSXKEH C MNOBbILLEHMEM KO3 duULUMeHTa
N3BneYeHnss HepTu 3a CHET M30NALMM OOBOOHEHHbIX
30H UM NHTEPBAOB C PE3KNMMU

npopbIBaMU BOAbI.

1. CoBeplueHcTBOBaHWe TexHonorum OP3
npeacTaBnsgeT cobom OTHOCUTENBHO HOBOE
HanpaBneHue, Kak B Poccun, Tak 1 3apybexxom

(B Hawem cnyyae Ha 146-MM KONMOHHAX) n3-3a
OTCYTCTBMS OMbITa UCMOMNb30BaHNSA TEXHONOMMM

B pealibHbiX yCnoBusaX. [oaToOMy K gaHHOMY
HanpaBneHnto Heobxoaum 6onee yrinyoneHHbIN
noaxof ons nony4eHns aPekTUBHOIO MHCTPYMEHTa
no ynpaBfieHuto 3aBOAHEHMEM Ha MHOIMOMNaCTOBbIX
mMecTopoxaeHunax. B OO0 «PH-KOraHckHedTeras»
FOTOBUTCS K BHEPEHUIO TEXHONOTUS ANS
OBYXMACTOBbIX CKBaXKWH («Tpyba B Tpybe»),
No3BONSAOLLAs BECTU YHET 3aKa4nBaeMol XUOKOCTH
HenocpPeaCTBEHHO C YCThS.

8. CosepuueHcTBoBaHne TexHonorun OP3 asnaeTtcs
OOHOW N3 CTyMNEeHen pasBUTUA MHTENNEKTyanM3aumm
006bI4M HeDTU N AU dHepeHUMPOBAHHON 3aKayKm
BOMbl B PA3HOPOOHbIE Me0Normyeckne 06 beKThI.
OT1M B HACTOSLLEE BPEMSA 3aHMMAETCS KOMMAHUSA
«PocHeTb».
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production and differentiated water injection into
unrelated geological zones. Rosneft is currently
working on this at the moment.
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