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Dual Gradient Drilling in Deep Water Wells

BeepeHue

3anacbl HE TN MECTOPOXAEHNI POCCUM, HAXOAALLMXCS
B pas3paboTke Ha cylle, CHpKatoTCcs. OTeveCTBEHHbIE
HedTerazoBble KOMMaHUN BCe OOJblLE BKIaAbIBAKOTCS
B reosioropassego4Hblie pa6OTbI Ha KOHTUHEHTaJ1bHbIX
wenbdax Kapckoro, YepHoro, OXoTCKoro 1 apyrnx
mopen [1,2].

[MpW 3TOM CTOMMOCTb CTPOUTENIbCTBA MONCKOBbIX
CKBaYKMH Ha BOHbIX, TEM 60J1e€ CEBEPHbBIX aKBaTOPUSIX,
B pasbl MPEBbLILIAET CTOMMOCTb CTPOUTENBCTBA CKBAXKWNH
Ha cylle, 4TO CBA3aHO C BbICOKOW CYyTOYHOM CTOMMOCTbIO
aKcnsyaTaumm MOPCKMX BypoBbIX NAaTopm 1 cyaos,
bonee ANMMHHBIMU U TSHXKENBIMM KOJTOHHaMK, a Takke
JIOMUCTUKON OOCTaBKN 060pya0BaHNa 1 nepcoHana.

CNOXHOCTb CTPOUTENBCTBA MOPCKNX CKBEXKUH ELLe

Bonee Bo3pacTaeT npw ry6oKoBOAHOM bypeHun. C
yBeIMYEHNEM r1yOMHbI MOPS YMEHbLUAETCS rpagmneHT

24 [ ROGTEC

Introduction

The oil reserves of Russia’s continental shelf fields under
development are decreasing. The domestic oil and gas
companies are investing more and more into geological
exploration on the continental shelves of the Kara Sea,
Black Sea, Sea of Okhotsk as well as other areas [1,2].

The cost of constructing prospecting wells in these
waters, let alone northern arctic waters, is several times
higher than well constructions costs on the continental
shelf. With high daily rate costs of operating offshore
drilling platforms or ships, the longer and heavier strings,
as well as the logistics of suppling equipment and the
crew to the rig.

The complexity of offshore wells grows further with
deep-water drilling. As sea depths increase, the lithologic
pressure gradient and hydraulic fracturing pressure of
the rock decrease, which narrows the selection range for
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rOPHOrO AaBfEeHVS U AaBSEHME MMOpopa3pbiBa NOpPOL,
YTO CY>KaeT AnanasoH Bblbopa MIoTHOCTY BypOBOM
NPOMbBIBOYHOM XUAKoCcTU (BIMXK) n npusoaut K
YBEJIMHEHNIO HEOOXOAMMOrO Yncna 06CafaHbIX KOSIOHH.

[aHHble hakTopbl MPUBOAST K HEOOXOANMOCTI MNOMCKa
1N BHEOPEHNS HOBbIX TEXHVKM 1 TEXHOMOMIA ONS
CTPOUTENILCTBA MOPCKUX FTyDOKOBOAHBIX CKBaXKIH.
OOHVM 13 NePCNEKTMBHbBIX HaMpaB/EHUI PELLEHVS
3TOV NPOBNEMbI ABSIETCA TEXHONOMUS BypeHns ¢
perynnpoBaHem anddepeHLmManbHOro AaBneHns
(MPD - Managed Pressure Drilling) B cucteme
«CKBaXXMHa-miacT» [3]. BapyaHTom peanmsaumm
OaHHOW TEXHOIOTNN, ABNSETCA NPUMEHEHWE CUCTEMBI
OypeHVst C ABOVHbIM rPaAnieHTOM, YTO OTKPbLIBAET HOBbIE
FOPU30HTbI B FNTyDOKOBOAHOM BypeHnN.

BbypeHne ¢ OBOWHbLIM rPagUeHTOM

— Kak 0OHO U3 peLieHun gs

rniy6okoBooHOro 6ypeHus

MW TPAOULIMIOHHOM TEXHOIOTUN BYPEHNS MOPCKOWM
CKBaXKMHbI KOJTbLIEBOE MPOCTPaHCTBO MexXXay 6ypuibHOM
KOJIOHHOW U BHYTPEHHEN CTEHKOW BOOOOTAENSAOLLEN
KOJIOHHbI (pan3epom) 3anoIHEHO ByPOBbIM PACTBOPOM
TOW >K€ MIOTHOCTU, YTO U B KOJIbLIEBOM MPOCTPAHCTBE

B OTKPbITOM (HE OBCaXXEHHOM) CTBOJE CKBaXKMHbI. Kak
M3BECTHO [3], NI0THOCTb BYPOBOIro pacTBopa BblOMpaeTcs
MNCXOOs U3 YCIIOBUIN CO3AaHNS MPOTUBOAABNEHVS HA
FOPW30HTBI, C MaKCUMaJTbHbIM 3HAYEHNEM M1aCTOBOMO
OaBneHVs. 3Ta pasHuua Mexxay 3a00HbIM 1 MIacTOBbIM
JaB/ieHeM NpeaoTBpaLlaeT MoCTyMnIeHNE MIacToBOM
YKUOKOCTW B CKBaXKMHY. OoHaKOo 3ab0MHOE OAaBNEHVE B
CTBOJ1E CKBEXKWHbI, JO/HKHO ObITb MEHbLLIE, YeM AaBJIEHNE
B MiiacTe, YToObl NPeaoTBPaTUTb Pa3pbiB FOPHbIX Mopo.

B rny60oKoBOOHbIX CKBaXKMHAxX (Hanpumep, YepHoe
MOPE W MEKCUKaHCKUIA 3a/IMB) HYacTO BCTREYAOTCS
NNacTbl, UMEIOLLIME Y3KYIO FpaHnLy MeXay NOpOBbIM 1
JaBMEHNEM MMAPABAMYECKOro pa3pbiBa naacrta. 31oT
Y3KUIA OYanas3oH SIBSIETCS, Kak NpaBusio, pPesy1bTaToM
Simplified Well Construction (a)

Frpduseaii
e S e L it

Breakdown pressure

P—

Pt ¢ sewmact
Drill mud gradient from the
surface

Pore pressure

W e avin
Seabed

Commyttans s Bycsoen
FICTREE (PR

- :_'_,.--""Dviumg mud.gradient

“s, Target depth

Sea water

[@B1EHNE MOPOPA3PDIBA s
hydrostatics A Apopasp

Fracture Pressure

circulating fluids, and results in the need to increase the
number of production casing strings.

These factors lead to the necessity to search and
introduce innovative techniques and technologies for
construction of offshore deep-water wells. One of

such perspective directions to solve this problem is the
technology of Managed Pressure Drilling (MPD) in the
“well-formation” system [3]. The use of the dual gradient
drilling system is a variant of this technology, which
opens new horizons in deep-water drilling.

Dual Gradient Drilling is One of the
Deep-Water Drilling Solutions

When conventional drilling technology is applied to an
offshore well, the annulus between the drill string and
the inner wall of the riser string is filled with drilling mud
of the same weight as in the annular space of the open
(uncased) hole. As we know [3], the drilling mud weight
is selected based on the conditions for creation of uplift
pressure on horizons with the maximum formation
pressure value. This gradient between the bottom-
hole pressure and the formation pressure prevents the
reservoir fluid from entering the well. The bottom-hole
pressure within the borehole, however, must be lower
than the pressure in the formation, to prevent breaking
the formation.

In deep-water wells (such as, in the Black Sea or the Gulf
of Mexico), one can often encounter horizons having a
narrow margin between the pore pressure and formation
breakdown pressure. This narrow margin is, as a rule,
the result of the abnormally high pore pressure and/or
low formation breakdown pressure, due to the fact that
the formation rock strata are additionally pressurized with
sea water, which requires a greater number of production
strings to be used in comparison with the wells of similar
depth on the continental shelf. Fig.1(a) presents the
values for production tubing string setting depth and
separation for incompatible formations.
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Puc.1: padmyeckoe cpaBHeHVEe OypeHst COOTBETCTBEHHO C OHUM W ABYMSI FpaaneHTamm

Fig.1: Graphical comparison of the single vs. dual gradient drilling
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Mny6okoBogHas CKBaXkKuHa B YepHom mope
(CpaBHeHMe bypeHus ¢ OOQHUM U OBYMS FpagueHTaMm)
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BypeHme C O4HUM rpagneHToM

BypeHue ¢ ABONHbIM rpaavieHToM

One of the possible ways to

NCXOOHbIE OAHHbIE

solve this problem has been

ny6uHa 3a6os1 = 4000 m

the use of the double-density

MnotHocTb 6yp. p-pa = 1797 kr/m®

drilling system, or the dual
gradient drilling system, as it is

MnoTHocTb nerk. 6yp. p-pa = 1030 kr/m?

often called [4]. In comparison

ny6uHa pasbaeneHus = 2567 m

to conventional single gradient

KoadhdpuumeHT pasbasnenus = 4

drilling, two hydrostatic gradients

MnoTHocTb pasb. byp. p-pa = 1184 kr/m3

are used in the dual gradient

PACHET

drilling system. The gradient

P..s = 1797 x 9.81 x 4000 = 70MTla
unm 10151 dyHT Ha KB. Aorim

Pa =1184 x 9,81x 2567 + 1797 x 9,81x
(4000-2567) = 55MIMa unn 7977 gyHT Ha KB. OoNM

between the sea water pressure
and the sea surface is used to

P 9kB.= 15 yHT Ha rannoH

p 3kB. =11.7 yHT Ha rannoH

control the well, while the drilling

Tabnuua 1: MNpumep pacyeTa aKBUBAIEHTHOW MIOTHOCTY Ast Fy6uHbI 4000 M.
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mud gradient between the sea
bed and the bottom-hole area is
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Deep-water Well in the Black Sea
(Single Gradient Drilling versus Dual Gradient Drilling) -es
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Fig.2: The “Depth-Pressure” Diagram of the well in the Black Sea
aHOMaJ1bHO BLICOKOrO NOPOBOTO Single gradient drilling Dual gradient drilling
AaBJieHNA /N HN3KOro
INTERNAL DATA
[aBneHus rmapopaspsisa, 13-3a
TOrO, YTO CJIOU FOPHbIX MOPOL, Bottom-hole depth = 4000 m
JOMNONHUTENBHO Haxoaated nog, | Drilling mud weight = 1797kg/m®
[aBNeHNEM TOSL MOPCKOW Light-weight mud weight = 1030 kg/m?
BObl, 4TO TpebyeT 60MbLLErO Dilution depth = 2567 m
KoJin4ecTBa O@Ca,D,HbIX KOJIOHH Dilution ratio = 4
no CpaBHeHI/IV}O CO CKBaXKnHamu Diluted drill mud weight = 1184 kg/m?
aHaNornMYHoOM raybuHbl,
CALCULATION
MOCTPORHHLIMA Ha CyLe. Ha P 1797 x 9.81 x 4000 = 70MP: P 1184 x 9,81x 2567 + 1797 x 9,81
oo = x 9.81 x = a oo = x 9,81x + x 9,81x
pricyHKe 1(a) noKasaHo Bonblee  v4a, o o (4000-2567) = 55MPa or 7977 psi
4ncno rnyduH nocagkm 0b6caaHbIX
p equ. = 15 pounds per gallon p equ. =11.7 pounds per gallon

KOJIOHH U pasrpaHnyeHime
HECOBMECTUMbIX MIacToB.

28 [ ROGTEC

Table 1: Calculating sample for the equivalent circulating density at the depth of 4,000 m.
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OOHUM 13 BO3MOXKHbIX CMTOCOOO0B PELLEHNS 3TOM
NpobIemMbl ABASETCS UCMOSIb30BaHNE CUCTEMBI
BypeHns ¢ OBOMHOM NNOTHOCTLIO UK, Kak ee 4acTo
Ha3bIBaKOT, CUCTEMA «ByPEHNS C ABOVHBIM MPAANEHTOM>»
[4]. B oTAM4me OT TpaaULMOHHORO BypeHns ¢ OgHNM
rpagveHToM, Npu BYPEeHUn ¢ ABOWHbLIM MPaaneHTOM
MCNOJIb3YIOTCS ABa MMAOPOCTaTUYECKVX rpagueHTa.
[PaaVeHT MOPCKOW BOAb! OT MOBEPXHOCTU MOPS

00 MOPCKOro AHa UCMNOMb3YeTCa ANs yrpaBaeHns
CKBaXKMHOW, a rpaaueHT BypoBoro pacteopa

OT MOPCKOro AHa Ao 3abos UCMOJb3yeTCs AN
obecnedeHns yCTONYMBOCTY CTBOA CKBaXKWHbI

W yoaneHus n3 Hee wnama. MoXHO ckazartb,

YTO YCJ/IOBHO, DypoBasi yCTaHOBKAa HaxoOMTCs Ha
MOPCKOM [He, NOCKOJIbKY NEepeKpbITME TONLLM BOAbI
ypaBHOBELUMBAETCS NPaanNeHTOM JIMHWN MOPCKOM
BOAOb! (prcyHOK 1 6). BaxkHO OTMETUTL, YTO DypeHue ¢
OBOVIHbIM rpaanieHTOM Y)Ke NMPUMEHSIETCS Npu ByperHnmn
MUNOTHOrO CTBOMA UM BEPXHUX CEKLNN CKBaXKWH 00
YCTaHOBKM MPOTMBOBLIGPOCOBOro obopynosaHusa (MBO),
Kak nokasaHo Ha prcyHke 3 A.

[1Be >XnOKOCTU BHYTPW KOJIbLEBOrO MPOCTPAaHCTBA
MOryT gaTtb 60/1ee 6AaronpUaTHbIN NPOMUIbL AaBNEHNS
B CKBaYKMHE MO CPaBHEHWIO C 0ObIYHbIM OYpPEHMEM.

Ha pucyHke 2 nokasaH npoduib OaBfeHUN O4HOM 13
ry6OKOBOOHbIX CKBaXKUH HepHoro mopsi. Cuctema

C ABOWHbIM MPaANEHTOM N3MEHSET OBLLIMIM NPOodnb
OaBNEHNS B 3aBUCUMOCTW OT r1yBMHbI MO CPaBHEHIO
C 00bl4HbIM DypeHneMm, obecnedmBaeT 6osbliee

OKHO BypeHus 3a CHET TOro, YTo caBuraeT npodusib
OaBrieHns BNeBo (CM. Tabnnua 1).

BypeHne BeEpXHUX NHTEPBAIOB, OO0 ryOuHbI 2652
mMeTpa 1 3000 MeTPOB, TPaAOVLIMOHHO OCYLLIECTBNAETCSA
C BbIHOCOM BbIGYPEHHOW NOpOoAp! Ha AHO MOPS (Ha
pucyHke 2 - BypeHune ¢ BbIbpocoM). [ocne cnycka u
LEeMEHTNPOBaHMS 22” 06CaaHON KOJIOHHbI 1 YCTAHOBKM
pansepa ¢ MNMNBO (noaBogHOEe NPOTYBOBLIOPOCOBOE
obopynosaHve), npeaaaraeMm byputb C ABOVHbIM
rpagmeHTomM gasnenust 0o 3700 meTpos. danee
CNyCTUTb U LieMeHTMpoBaTb 13 5/8” obcaaHyro KOMOHHY
1 Npofos/»kaTe OypeHne CKBO3b CONEBOWN NNacT C
OBOWHbIM MPAAMEHTOM A0 ryouHbl 4850 MeTpoB

(Ha pucyHke 2 - bypeHue ¢ gBolH. rpag + MPD 1).
Hanee cnyckaetcs 1 uemeHTupyetcs 9 5/8” obcaaHas
KOJIOHHA, a BypeHue C OBOVHbIM rPaayMeHTOM BeeTCH
00 KOHeYHoW rybuHbl 5526 METPOB (Ha pUCYHKe 2 -
Byperue ¢ aBovH. rpaa. + MPD 2).

KpacHbIM NYHKTUPHBIMY JIMHUSMW Ha PUCYHKE

2 OTMEYEHO TPaAMLMOHHOE BYpPEHME C OOHUM
rpagueHTom. [Npu 3ToM cnocobe, KONMYEeCTBO
HECOBMECTVMbIX MHTEPBASIOB BbILLE, MO3ITOMY
HeobxoanMOo crnyckaTtb 9 obcagHbIX KOJTOHH, BMECTO 5
npw BypPeHUn C ABOWHbBIM MPaaUEHTOM.
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used to secure the stability of the wellbore and to remove
cuttings. Figuratively speaking, the drilling rig is located
on the seabed, since the overlap of the water depth is
balanced with the sea waterline gradient (Fig. 1b). It is
important to note that the dual gradient drilling has been
already applied in drilling of pilot boreholes or upper
sections of wells before the BOP equipment is installed,
as it is shown in Fig.3a.

Two fluids inside the annular space can result in

more favorable well profile pressures compared with
conventional drilling. Fig.2 presents the pressure profile
of one of the deep-water wells in the Black Sea. The dual
gradient system transforms the general pressure profile,
depending on the depth, compared with the conventional
drilling, and provides a greater drilling margin due to
shifting the pressure profile leftward (see Table 1).

The drilling of well’s upper intervals, down to the depth of
2,652 meters and 3,000 meters, is conventionally carried
out with the return of drilling cuttings to the seabed
(Drilling with blowout is presented in Figure 2). After
running and the cementing of the 22” production string
and the installation of risers with submersible blow-out
preventor equipment, we recommend dual gradient
drilling down to 3,700 meters. Hereafter the 13 5/8”
production string is run and cemented, and the drilling

is continued through the salt formation, using the dual
gradient drilling technique, down to the depth of 4,850
meters (Figure 2 illustrates the dual gradient drilling +
MPD1). Thereafter, the 9 5/8” production string is run
and cemented, and the dual gradient drilling is carried
out down to the target depth of 5,526 meters (The dual
gradient drilling + MPD 2 is illustrated in Figure 2).

The single drilling gradient is marked with red dashed
line in Figure 2. Using this technique, there are a

higher number of incompatible intervals; therefore, it is
necessary to run 9 production strings, instead of 5, when
the single gradient drilling technique is used.

The Science and Technology Research of the
Dual Gradient Drilling Systems

The dual gradient drilling is referred to one of the varieties
of the managed pressure drilling (MPD). Let us consider
some systems and technologies used “after the BOP
installation”, which have passed field trials.

Leading western oil companies have invested millions
of dollars during the last 20 years (up to 2011) into the
technologies of the dual gradient drilling, such as:

1. Subsea mud lift pump (SMD);

2. Controlled Mud Pressure system (CMP);
3. Continuous Annular Pressure Management
System (CAPM).
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HayuHO - TexHn4Yeckue nccriegoBaHns CUCTEM
6ypeHus ¢ OBOWHbIM rpagueHToMm

BypeHue ¢ ABOMHbIM rpagueHTOM OTHOCAT K OOQHOM 13
pas3HoBNOHOCTEN BypeHns ¢ ynpaBaseMbiM AaBEHNEM
(MPD). PaccMOTpUM HEKOTOPbIE CUCTEMbI 1 TEXHOMOTUU,
ncnonb3yemble «nocne yctaHosku NBO», koTopble
NPOWJIM NPOMBbILIIEHHBIE UCTIbITAHUS.

BenyLime 3anagHble HehTaHblE KOMMaHUM MHBECTUPOBASTU

COTHU MW TJIMOHOB [ONN2P0B HAa MPOTSHKEHUM NOCNEAHNX

20 net (oo 2011 r.) B TexXHONOMMM BYPEHUS C OBONHBIM

rPagMEHTOM, TaKME KaK:

1. NoaBoaHbIN Hacoc ang Nnogbema 6ypPoBOro
pacTsopa (SMD);

2. CucTtema ynpasneHvs gaBaeHnem 6ypoBoro
pacTteopa (CMP);

3. CucTtema NOCTOSHHOrO yNpaBneHVst AaBneHneM B
KONbLEeBOM npocTpaHcTee (CAPM).

OOHVM 13 MHULIMATOPOB Pa3paboTKN «CUCTEMDI
NoABOAHOrO Hacoca aNns nogbema 6ypoBoro
pactsopa SMD» 6binia komnaHus Chevron [5,6]. B
SMD 1cnonb3yrTca MacCUBHbIE MOABOAHbBIE HACOCHI,
YCTaHOB/EHHbIE HA MOPCKOM AHe Bblille [1BO (cMm.
puycyHoK 3 B).

B nepBon thase padpaboTku MpUHNMa yyacTe

22 komnaHun 13 EBponbl, CesepHon 1 KOXKHOM

AMEPVKM. YHaCTHMKM MPOEKTa MPULLIN K €OUHOMY
MHEHWIO OTHOCUTESIBHO KOHMUIypaLmm He0OXoAMMOro
060pyA0BaHMS 1 YCTAHOBWW, YTO BMOJIHE MPUMOOHbI
TpaguLMOHHbIE MOAXOMAp! Kak B cdepe BypoBbIX onepaLui,
Tak 1 B cpepe KOHTPOA Haf, CKBavkmMHOW. B 1998 T.
Ha4Yanacb BTopas hasa paspaboTkm C yHaCTUEM YETLIPEX
KOMMaHUM-0nepaTopoB, YETbIPEX MOAPAAHUMKOB 1 OOHON
KOMMaHUU-U3roTOBUTESS, HaMpPaBIeHHas Ha pas3paboTKy
Hanbonee OTBETCTBEHHbLIX KOMMOHEHTOB 0OOPYAOBaHVS.
B 370 »ke Bpemsi MpUCTYNN K BbipaboTKe MpoLeayp
OYPEHVA U KOHTPOA Had, CKBaXKMHOW, BK/IKOYas CO30aHME
LLIKOJT MPOGECCUOHATBHOM MOArOTOBKM CMELMaIMCTOB MO
BypPEHNO C ABOMHBIM MPAAYEHTOM.

Onuwem npuHUpn paboTsl TexHoormm SMD:
NoABOOHbIN HACOC BCACbIBAET OYpPOBOW pacTBOP 13
KOJIbLIEBOIO MpocTpaHcTea Bbiwe NBO 1 3aka4nBaeT
€ro Ha NoBEPXHOCTb MO MPUKPENNEHHBIM K pansepy
JIMHUAM. OTOT NOABOAHbBIM HACOC ANS NMNTUPOBAHUS
BypOBOro pacTBopa Ha MOBEPXHOCTb MEXaHNYECKM
N30NMPYET BO3BPATHYIO JINHNIO N3 3aTPYOHOIro
NPOCTPaHCTBA CKBaXXWHbI U NOOAEPXNBAET OAB/IEHVE B
HEeM, COOTBETCTBYIOLLVM MMOPOCTATUHECKOMY AABNEHNIO
cTon6a MOPCKOW BOAbl. TeM caMbiM ObecrevrBaeTcs
OBOWHOW rpaaneHT AaBneHnst (CoO CTOPOHBI

MOPCKOW BOAb! 1 BYpOBOro pacTBopa) B KOSIbLEBOM
NPOCTPaHCTBE CKBaXKWHbI. B pesynbTate nepekaqku Ha
MOBEPXHOCTb BYPOBOr0 PACTBOPA, BbIXOOALLErO 13
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“Chevron” [5,6] was one of the initiators of the
development of the subsea mud lift pump system (SMD).
SMD employs massive subsea pumps installed subsea,
above BOP equipment (sea Figure 3b).

22 companies within Europe, the North and South
Americas took part in the first phase of this development.
The project participants arrived at a common view
regarding the configuration of the necessary equipment
and they determined that conventional approaches

are quite applicable both in the sphere of drilling
operations and for well control. The second phase of
the development started in 1998, with participation

of four operator companies, four contractors and one
manufacturing company, aimed at the development

of the most significant parts of the equipment.
Elaborating the drilling and well control procedures
was also progressing at this time, which included the
establishment of pre-job training schools for teams
involved in dual gradient drilling.

Let us describe the operational principle of the SMD
technology: the subsea pump sucks drill mud from the
annular space above the BOP equipment and pumps

it up to the surface using the lines attached to riser.
This subsea pump that lifts the drill mud up to the
surface mechanically isolates the return line from the
well’s annular space and maintains its pressure which
is consistent with the hydrostatic pressure of the sea
water column. Thereby the dual gradient pressure (from
the side of the sea water and drilling mud) is maintained
in the well’s annular space. As a result of pumping the
drill mud out of the annular space up to the surface, an
underbalance pressure differential develops between
the annular space and drill pipes which are filled with
drill mud. Therefore, the “drill pipe and annular space”
system becomes unbalanced. The success of drilling
and well control with the use of this subsea system of
lifting drill mud up from the sea bed depends on the
efficiency of controlling the unbalanced U-pipe, with the
use of a special downhole deployment valve, located
above the drill bit.

In addition to the mud lift pump, as part of the joint industrial
project, a subsea rotating device (SRD) was developed, and
mud solids processing unit (SPU) as well. The SRD (seal
assembly with bearings) provides the outlet of drill mud from
the annular space into the suction line of the subsea pump.
The mud solids processing unit (SPU) is located between
the SRD and the subsea pump and makes it possible to
crush solid parts of drill cuttings down to the size of less
than 38 mm. All of the cutting parts that are lower than that
size pass this unit without crushing.

To implement the SMD technology, the drilling contractor
“Pacific Drilling” reconstructed its sea drilling ships
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THogBO ML SNNAPET
ROV C AWCTSHLIROHRLIM - I8
YIpAEAEHHER

lpokauka Sea water
mopcko#  circulation
BOJb!

1

Subsea pump on | l

the riser

Mpokauka Drill mud
Gyposoro  circulation
pacteopa

Pwuc.3: BypeHue ¢ aBolHbIM rpagveHToM rno cucteme CMP (B) n SMD (B).
Fig.3: The Dual Gradient Drilling according to the CMP(b) and SMD(c) system

3aTpybHOro NPOCTPaHCTBAa, MPOSBASETCA anchHanaHc
OaBfeHUn MexXXay 3aTpyOHbIM NPOCTPAHCTBOM U
BypubHBIMM TRYBaMK, KOTOPbIE MPOCTVPAaKOTCS 00
OypOBOW YCTAHOBKW W 3arOSIHEHBI BYPOBbLIM PaCTBOPOM.
CnepoatenbHo, cucTemMa «dypusbHas Tpyda 1 3aTpybHoe
MPOCTPaHCTBO» CTAHOBUTCS HEYPaBHOBELLIEHHOM. Ycrex
BypPeHNst N KOHTPOJIS CKB2XKMHbI C MOABOAHON CUCTEMOW
noabemMa BypoBOro pacTBOpa OT MOPCKOro AHa 3aBUCUT
OT 3hPEKTVBHOIO YNpaB/IEHVS HEYPaBHOBELLIEHHOW
U-06pasHoi Tpyobowm ¢ MOMOLLIbHO CrieLvanbHOro
3ab0MHOro K1anaHa Haf, JOSIOTOM.

B oonosHeHve K Hacocy A5 nepekaqki 6ypoBoro
pacTBopa OT MOPCKOro Ha B paMKax COBMECTHOIMO
MPOMBILLNIEHHOO NPOeKTa 6bI10 pa3paboTaHo

NoaBOOHOE BpaLLatoLLIEE OTBOAHOE YCTponcTBO (SRD)

1 610K 0bpaboTkm TBEpAo dasbl. SRD (ynnoTHeHue ¢
noaLUMnHMKamMK) obecnedvnBaeT 0TBOA OypOBOro pacTeopa
N3 3aTPYyBHOrO MPOCTPAHCTBA B MPUEMHYIO JIMHUIO
NnoaBOOHOIO Hacoca. bok obpaboTkm TBepaon dhadbl
pacnonaraetcs mexay SRD v nogBoaHbIM HACOCOM U
MO3BOJISET OPOOUTL KPYMHbIE KYCKM BYpOBOro LijaMa 0
pa3mepoB He 6osee 38 MmM. Bee vacTuupl Lnama, pasmep
KOTOPbIX MeHee 38 MM, MPOXOOaT Yepes aTOT 6/10K H6e3
pa3mesibueHus. [na peanmaaumm TexHonorum SMD
Byposon noapsa4rk Pacific Drilling nepeo6opynosan ceom
Mopckme BypoBble cyaa Pacific Santa Ana, Pacific Khamsin
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“Pacific Santa Ana”, “Pacific Khamsin” and Pacific
Sharav”. From 6 to 7 drilling mud pumps, having a
pressure up to 510 atmospheres, were installed on each
of the ships.

The Company AGR, jointly with three major operators,
within the frameworks of the Norway’s Research
Program Demo 2000, developed the Controlled Mud
Pressure system (CMP), which is illustrated in

Figure 3b.

The CMP system’s operational principle is as follows: a
pump is hooked on the riser at a certain depth above the
sea bed. The pump sucks drill mud from the well above
the BOP equipment and returns it to the drilling rig using
the outside line. The pump makes it possible to control
the level of sea water and drill mud inside the riser,
thereby controlling the bottom-hole pressure.

A similar system, resembling the one implemented by
AGR, was developed by the company Ocean Riser
Systems AS, which was titled ‘Low Riser Drill Mud
Return System’ (LRRS). The operational principle of
the LRRS system is as follows: a pump is hooked up
on the drilling rig to a certain sea depth. A flexible pipe
is attached from the pump to the riser where drill mud
is sucked and returned to the drilling rig through the
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n Pacific Sharav. Ha ka>xgom 13 HMX yCTaHOBEHO Mo 6-7
BypOoBbIX HACOCOB C JasneHnem 510 atm.

KomnaHusa AGR COBMECTHO C TpeMst OCHOBHbIMU
onepaTopamMy B pamMkax UCCNeaoBaTeIbCKOm
nporpammbl Hopeerun «Demo2000» pa3paboTana
«CUCTEMY yNpaBeHVs naBneHnem 6ypoBoro pacteopa
CMP», nokasaHHyto Ha purcyHke 3 b.

MpuHUKMN paboTbl cncTeMmbl CMP: Hacoc noaBeLLMBaeTCs
Ha pansepe Ha ONpPeaeneHHoOM rnybuHe Bbllle MOPCKOro
OHa. Hacoc BcacbiBaeT BypOBOM PacTBOP M3 CKBaXKMHbI
Hapg MBO 1 BO3BpaLL@eT ero Ha BypoByH YCTaHOBKY MO
BHELLIHEN NMHUU. Hacoc No3BOMSIET KOHTPOMPOBaTb
YPOBEHb MOPCKOW BOAbI U OYpPOBOro pactBopa BHYTPM
parnsepa, TeEM caMbiM ynpaBnsas 3ab0MHbIM OaBIEHVEM.

[MOXOXY0 CUCTEMY, peann3oBaHHyto drpmMorn AGR,
paspaboTana komnaHus Ocean Riser Systems AS, nop,
HasBaHneM «CucTema Bo3BpaTa DypoBOro pacteopa ¢
Hn3kom nocagkon (LRRS)». MpuHUMN paboTbl CUCTEMBI
LRRS: Hacoc noagelleH Ha BypoBoW yCTaHOBKE A0
hrkcnpoBaHHoW rybuHel Mops. [Mbkas Tpyba oT
Hacoca NpUKpenseHa K pansepy, OTKy4a BbiCaCbIBAETCS
BypOoBOW PacTBOP M BO3BPALLAETCH €ro Ha BypOoBYO
YCTaHOBKY MO BHELUHEN NMHUK. BMecTo ob6bema
OTKa4yeHHOro 6ypoBOro pacTeopa, pansep 3anoHAT
a30TOM, CregoBaTenbHO, CO30aHHbIV MMOPOCTATUHECKNIA
CTONO ra3/>KMAKOCTb NO3BOSIAET YNPABAATb OABNEHNEM.

Komnarusa Trancoocean nowiia no Apyromy nyTn u
npoBena nabopaTopHbIE UCTIbITAHUS CUCTEMBI
«[10CTOSIHHOr O yNpaBieHVst aBNeHNEM B
KOJibLIEeBOM NpocTpaHcTee CAPM» [7,8].

MprHUKMA paboTbl cucTteMbl CAPM, nokasaH

Ha prcyHKe 4: BypOBOW PacTBOP C Masiom
NMOTHOCTLIO (Nerknn 6ypoBOK PacTBOpP)
3aKa4MBaeTCs B 3aTpybHOE MPOCTPaHCTBO

Yepes NMHUN rayLeHnst. OH cMelLIVBaeTCst Haf,
HIDKHM COEOVHUTENBHBIM Y3/10M pansepa C
TshkesIbIM BYPOBbLIM PACTBOPOM, MAYLLMM OT 32005
CKBaXXWHbI Ha MOBEPXHOCTb. CneaoBatesibsHo,
BHYTPW pan3epa CO30aeTCs pa3baBneHHbIn
BypoBow pacTBop. PazbaBneHHbIn 6ypoBo
pacTBOP Ha NMOBEPXHOCTY (MnaTdhopMe Unn CyaHe)
NPOXOOUT YEPE3 CUCTEMY OHUCTKM 1 MonaaaseT

B LieHTpUdyry, roe 3aHOBO Pa3aensaeTcs Ha
JIEMKUN U TspKebln BypoBOW pacTeop. B utore,
3ab0MHOEe AaBneHne HOPMUPYETCS Kak CymMMa
MMOPOCTaTUHECKOrO AaBMIEHNS CTONHA TSHKEOro
BypOBOro pacTeopa 1 pasbaBneHHOro 6ypoBoro
pacTeopa.

outside line. The riser is filled with nitrogen, instead
of the displaced mud, thus, the created hydrostatic
column of gas/liquid makes it possible to control the
pressure.

The company Trancoocean chose a different way and
conducted laboratory experiments of the CAPM system
(Continuous Annular Pressure Management) [7,8].

The operational principle of the CAPM system is
illustrated in Figure 4: low density drilling mud (light-
weight drilling mud) is pumped into the annular space
using the Kill lines. It is mixed, above the low riser
package, with heavy-weight drilling mud delivered from
the bottom-hole to the surface. Therefore, a diluted

drill mud is created inside the riser. The diluted drill
mud, when on the surface (a platform or a ship) passes
through the treatment system and reaches a centrifuge
where it is separated back into light-weight and heavy
drilling mud. As a result of this, the bottom-hole pressure
is formed as a sum of hydrostatic pressure of the
columns of the heavy and diluted drill muds.

The centrifuge is a critical component of the CAMP system,
which enables the separation of the diluted drill mud (1,076
to 1,677 kg/md) into the weighted (1,437 to 2,156 kg/m?3)
and light-weighted drill mud (1,078 to 1,677 kg/m?3). The
field tests of this centrifuge, with consumption rate of 1,897
I/min, were successfully carried out on drill ship, Discoverer
Enterprise, at the end of 2008.

Mud pump
(weighted drill mud) Weighted dril
ByposoR waco: mud tank
[vmmw. Gy, p-p) Emmocne gan
a . - i, By, B
F —
'—F_ CAPM
k) Marifold Vibrating
CAME screens
- Blarmga Sng BibpocnTa Centrifuge
'__F _-IL __m 3 eHTpagyra
i ’
i Mud pump
\ (light-weight drill mud) I Light-weighted
l'nmoﬂ_ HaOL drill mud tank
[NEnmii Syp. p-pl Esaunen pan
nerkoro. Gyp. pp.

t_.‘_--

B resinbunad g, pop (14372158 arfu')
Weighted drill mud (1437-2156 kg/m®)

Maruni Gy, e [SOE-1000 ar i)
Light-weight drill mud (968-1198 kg/m®)

Fasfansessech fyp.p-p (10781677 wrfury
Diluted drill mud (1078-1677 kg/m?)

Puc.4: Cuctema CAPM «[TOCTOSIHHOE ynpaBneHne AaBneHemM B KOMbLEBOM

Kputnueckuii anemeHT cuctembl CAPM aBnseTcs
LeHTpUdyra, KoTopasi NO3BOISET Pa3aensdTb
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NpPOCTpaHCTBE»
Fig.4: The CAPM system “Continuous Annular Pressure Management”
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MpeumyLiecTsa

HepocTtatkn

Cunctema NocToAHHOIO

CucTema NoABOAHOIO CucTtema yripasieHns
KPUTEPUN AHAJTTN3A YNPaBJIeHNA AABNEHUEM B | yacoca 19 NOgbEMHOMO [naBneHus 6yposoro
KOJbLIEBOM MPOCTPAHCTBE | Gynogro pacteopa (SMD) pacteopa (CMP)
(CAMP)
BKennyaraupst Bce oBopyposative Ha OnuH rpamvieHT pacTeopa OnVH rpaavieHT pacTeopa
MOBEPXHOCTY
KOHTPO/Ib CKBAXKMHbI O6bl4HbIA / MPD

MoaTBepKaeHNe KoHLEenUmmn

PacueTbl Blade Engineering
/ MNonesble TecTbl ons BP n

KomnaHmnsa Enhanced Driling

Transocean peanM3oBbIBAET
[on. obpaboTka byp. Wwnama He TpebyeTca
. . ['oToBble cyna Pacific
Pa3mvep 6ypoBoi nnatgopmbl | Jltoboi Santa Ana
CToMMOCTb (au3aiiH. - $5 MK,
MPOV3BOACTBO, YCTaHOBKA)
CyTouHasi CTaBka X$ Tbic./neHb

Okennyarauyst

[pa rpagneHTa pacteopa

Hacoc Ha ypoBHe fiHa Mopsi

Hacoc BbilLe ypoBHS aHa
MOpSst Ha pansepe

KOHTPOMb CKBAXKMHBI

TpebytoTcs NOABOAHbIE
JIMHUN APOCCNeNpoBaHns

TpebytoTcsa noasoaHble
JMHAN [POCCNIENPOBaHS
/ HeT MPD Ha cpeaHem
YPOBHE paridepa

MoaTBepXKaeHNe KOHLEnUmmn

He npoLunia NPOMbILLNIEHHbIE
ncnblTaHnAa

YcTaHoBKa

[on. ot 4 fo 6 ueHtpudyrm

Cneu,. on3aH 6yp.
nnatcopmbl + 0T 2 8o 3 gon.
BypoBbIx Hacoca + gon. Cro
0191 YCTaHOBKM

Moandrkauns pensepa +2
non. 6ypoBbIx Hacoca

[on. obpaboTtka 6yp. wnama

[pobunka Wwnama Ha ypoBHe
[OHa mops

[pobunka wnama Ha
pansepe

Pa3mep 6ypoBoi niatdopmbl

7 NoKoJsieHve

6 nokoneHvie

CTOMMOCTb (OV3aiiH.
NPOV3BOACTBO, YCTaHOBKA)

~ $100 MAH.

~ $50 M.

CyTo4Has cTaBka

2X$ Thic./neHb

2X$ Thic./neHb

Tabnuua 2: CpaBHUTENbHbBIN aHaN3 CUCTEM BYpPeHNs C ABOMHbLIM rPaaneHToM

pasbaBieHHbIN BypoBoit pacTeop (1076-1677 kr/Md),
NOAHVMAIOLLIMIACS U3 CKBaXKWHbI, HA yTshKeneHHbIn (1437-

2156 kr/M%) 1 nerkuin byposow pacTeop (1078-1677 kr/md).

B koHue 2008 roga 6binm ycneLHo npoBeaeHb! Mosiesble
NCMbITaHWS AaHHOM UeHTpudyrv npu pacxone 1897 i/MuH
Ha 6ypoBom cyaHe «Discoverer Enterprise»

MHorve nccnegoBaHus BypeHnst ¢ ABOVHbIM MPagneHToOM
Bbl NprocTaHoBeHb! nocne 2010 roga, BO3MOXXHO

B CBSI3W C TEM, YTO OAIH N3 OCHOBHbIX aMbaccaopoB
BypeHnsi C ABOMHbIM rpaaveHToM komnanmsa BP noHecna
B0onbLUVE YOBITKM MOC/IE aBapU Ha MECTOPOXKAEHNN
MakoHaa B MekumkaHckom 3anvee [9,10].

B Tabnue 2 nprBeaeH CpaBHUTEbHbIN aHanN3 CUCTEM
BypeHns ¢ ABOWHbIM MPaaMeHTOM, rae NpVBEOEHb!
TakXKe OCHOBHbIE KPUTEPU, BANSIOLLME, MO HaLLemMy
MHEHUIO, Ha NMPUHATVE PELLEHUS 3aKa34MKOM Mo
NCMNOSIb30BaHWIO MHHOBALIOHHOIO 0O0OPYA0BaHUS U
TEXHOSIOMUIN HA MECTOPOXXOEHVISIX.

Ha ocHOBe MpOoBEAEHHOO aHa3a, MOXKHO CAesaTb
BbIBO/bl, YTO MPU PaCnONIOXEHM 060PYO0BAHNS HIDKE
ypoBHSA Mopst (cucTembl SMD 1 CMP), eCTb BEPOATHOCTb
BO3HVKHOBEHVIS MPOCTOEB HA PEMOHTHBIE PabOThI 1
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Many research activities toward the dual gradient drilling
were suspended after 2010, probably due to the fact that
one of the major brand ambassadors of the dual gradient
drilling, BP, suffered great losses after the disaster in the
Gulf of Mexico’s Macondo field. [9,10].

Table 2 presents the comparative analysis of the dual
gradient drilling systems, where the main criteria are also
introduced, which, to our mind, have an influence on
Contractor’s decision to apply innovative equipment and
technologies at oilfields.

Based on the implemented analysis, it is possible

to conclude that, in case of the equipment located
below sea level (the SMD and CMP systems), there
exists a probability of downtime for overhauls, and the
complications with well control are quite likely in case
of gas blowouts. The analysis also testifies that one of
the most perspective dual gradient drilling techniques
is the CAPM system, Continuous Annual Pressure
Management.

The potential economic effect from the use of the dual

gradient system is presented in Figure 5, using the
example of the mentioned Black Sea deep-water well.
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THE ANALYSIS CRITERIA

Continuous Annular
Pressure Management
System (CAPM)

Subsea mud lift pump
(SMD)

Controlled Mud Pressure
system (CMP)

All equipment is on the

One mud gradient

One mud gradient

Operation
surface

Well Control Regular / MPD

Blade Engineering
Proof of concept

calculations / Field trials for
BP and Transocean

The Enhanced Driling
company is implementing

Add.treatment of drill cuttings Not required

Advantages

Ready-made ships

Driling platform size Any Pacific Santa Ana

Cost (design, manufacturing, ~ $5 mi

installation) ’

Daily rate X$ thous. per. day

Operation Two mud gradients Pump at the seabed level Pump on the riser, above the
seabed level
Submarine choke lines

Well Control Submarine choke lines are are .required / NC? MPD is,

required available at the riser medium

level

Proof of concept Failed to pass field trials

Installation

Shortcomings

Add. 4 to 6 centrifuges

Drilling platform special design
+ 2to 3 add. mud pumps

+ add. RIH/POOH jobs to
accomplish installation

Riser modification + 2 add.
mud pumps

Add.treatment of drill cuttings

Sludge crusher at the sea-

bedlevel Sludge crusher on the riser

Driling platform size

Generation 7 Generation 6

Cost (design, manufacturing,
installation)

~ $100 mil. ~ $50 mil.

Daily rate

2X$ thous. per. day 2X$ thous. per. day

Table 2: Comparative analysis of the dual gradient drilling systems

BO3MO>XHbI CTOXXHOCTU MO KOHTPOJIKO 1 yNpaB/IeHNHO
CKBaXKVIHOW B CJly4ae rasoHepTenposBieHusl. Takoke
aHanM3 CBWOETENBCTBYET, YTO OOHNM U3 Hanbosee
NEePCNEKTVBHbIX METOO0B BYPEHMS C ABOMHBIM
rpagneHToOM ABNAETCH «CCTeMa NOCTOAHHOIO yrpaBieHNS
JaBneHnem B KombLIEBOM npocTpaHcTee CAMP»,

[MoTeHUMabHbI BO3MOXXHbBIA SKOHOMUYECKUIA 3hPEKT
OT MCMNOJIb30BaHUS CUCTEMbI BYPEHUS C OBOVHBIM
rpagueHToOM - MOKadaH Ha PUCYHKe 5 Ha npumepe
ry6OKOBOAHOM CKBaXKWHbI B HepHOM Mope. [pun 3ToMm,
CTOUMOCTb OJHOIO AHS CTPOUTENBCTBA MNYyH6OKOBOOHON
CKBaXKMHbI (BKJKOUAs BCE MaTepuasibl U YCIyr) npu
TpaguumoHHoM crnocobe coctaenaeT 1 maH. USD.

MpY NCNONB30BaHUM CUCTEMBI BYPEHUS C ABONHBIM
rPaaVEHTOM Ha CTPOUTENIbCTBO CKBaXKUHbI YUAET 57
OHen (BMecTo 96 aHen nNpu TPAAMLMOHHOM METOaE),
CcnepoBaTenbHO 3KOHOMUYECKUM 3 dEKT OLEHNBaETCA
B 39 MiH. USD. HanbonbLunin adhdekT cBA3aH C
9KOHOMMEN 3aTpaT Ha 06CaAHbIE KOSIOHHbI, LIEMEHT,
BypoBOW PacTBOp U BpeMeHU, noTpadveHHoro Ha Cl10.

BbiBOop,

1. BypeHuve ¢ OBOVHbIM rpaneHTOM OTKpPbIBaET
LUMPOKME FOPU30HTbLI B BYPEHUM FyOOKOBOAHbLIX

www.rogtecmagazine.com

The cost of one day’s construction of a deep-water well
(including all the materials and services), when using the
conventional method, amounts to 1 mil USD. When using
the dual gradient drilling system, the construction of a
such well would take 57 days (instead of 96 days of the
conventional method), therefore, the economic effect is
estimated as much as 39 mil USD. The maximum effect
is associated with savings on the costs of production
strings, cement, drilling mud and time spent for RIH/
POOH (run-in-hole/put-out-of-hole) operations.

Conclusion

1. The dual gradient drilling opens up broad horizons
in drilling of deep-water wells with narrow "drilling
margins”. The reduction of well construction cost by up
to 40% may contribute to the expansion of geological
prospecting works in the seas of Russia.

2. The dual gradient drilling potentially makes it possible
to qualitatively perform drilling in a formation due to
reduced skin effect, as well as reach geological targets of
greater depths of water, and drill in with the column with
a diameter of 12 ¥4 “- 8 147,

3. The dual gradient drilling system actually releases the
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CpaBHuTtesnbHbI rpadvk 6ypeHusi ¢ OgHUM Y ABOAHBLIM

rpagnmeHTom

Comparative graph of Single vs. Dual Gradient Drilling

Years

BypeHue ¢ ogHm rpagrneHTom (96 gHen)
Single Gradient Drilling (96 days)

30 oHen
25 gHen
20 pHen
15 aHeit BypeHvie ¢ ofHVM rpaaveHToMm (57 aHeir)
. Single Gradient Driling (57 days)
10 gHeit | —
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MRS 5 Q &
> %\’Z’f Q'\\% CI1O 6yp.Tpy6Gb! Cnyck OK v uemeHTVpoBaHue
(\{\\Q <\2 Drill pipe tripping (RIH/POOH) Running Production String (PS) and cementing
Q\‘> Kapotax Onpecc.OK u NBO
Logging PS+BOP equipment pressure testing

BypeHvie ¢ ogHVUM rpagueHToM (9 KOMOHH)
Single Gradient Drilling (9 production strings)

BypeHue ¢ ABOVHBIM rPaNEHTOM (5 KONOHH)
Dual Gradient Drilling (5 production strings)

CrO paizep/NBO
Riser+BOP equipment tripping

Punc.5: CpaBHUTENbHbIM PaCYETHBIN rPadVK TRAAULMOHHOIO 1 BypPeHNs C ABOMHbIM MPaaMeHTOM A1 CKBaXKMHbI B HepHOM Mope
Fig.5: Comparative design chart of the conventional and dual gradient drilling for a well in the Black Sea

CKBaXKMH C Y3KUM «BypPOBbIM OKHOM>». CHKEHNE
CTOMMOCTU CTPOUTENBLCTBA CKBaXKMHbBI A0 40% MOXeT
CNoCcobCTBOBaTL YBE/INYEHMIO ME0N0M0-PasBedOHHbIX
paboT B Mopsix Poccun.

2. bypeHne ¢ ABOVHbIM rpagneHTOM NOTeHUMabHO
NO3BOJISIET KAYECTBEHHO MPO3BECTU NMEPBUYHOE BCTPbITVE
nnacTa 3a CHET YMEHbLLEHNS CKNH-3dEKTa, a Takxe
JOCTVYb rEe0STIOMMYECKMX LieNer npu 601bLLVX rayOrHax
BOLb! M BCKPbITb €r0 CTBOJSIOM AnamMeTpoM 12 ¥ “- 8 157,

3. Cuctema BypeHrsa ¢ ABOVIHbIM MPaAVEHTOM MO
CYLLIECTBY OCBOOOXKOAET pan3ep OT «TSHKEOoro» 6ypoBoro
pacTBopa. B cneactsue aToro, HEOOX0OMMOE HaTSHKEHNE
parisepa MOXXHO YMEHbLLINTb, YTO NO3BOSINT 3HAYUTESTBHO
YBENYNTb NMPEeaebHYHO MyouHy Bod, B KOTOPbIX MOMyT
paboTaTb MeHee MOLLHbIe ByPOBbIe YCTaHOBKW, U/
MOBbICUTb OOMYCTUMbIE TEKYLLIME HArPY3KM A1 OYPOBbIX
YCTaHOBOK, AENCTBYIOLLIVX B YCIIOBUSIX HEMTYyOOKMX BOA,

4. bypoBble cyaa TEXHNYECKN OOOPYA0BaHbI 1 FOTOBBI
K BYpeHMto C OBOWHbIM rpaaneHToM. HekoTopble
CUCTEMbI BYPEHUS C ABOVHBIM MPaAMEHTOM MPOLLN
NPOMBbILLSIEHHBIE UCMbITAHNS.

5. BHegpeHue HOBOM TEXHONOrMM Bcerga Tpebyet
nogxona, OCHOBAHHOIO Ha OLIEHKE PUCKOB U
CTaHOAPTOB NPOEKTUPOBaHUS. B HacTosLee

BPEMS NPEONPUHUMAOTCS YCUAUS NS pas3padoTky
PYKOBOASALLMX [OKYMEHTOB M CTaHAAPTOB B 06/1aCTK
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riser from heavy drill mud. Therefore, the riser tension
can be reduced, which would considerably raise the
maximum depth of the waters where less powerful
drilling rigs can work, or the allowable current load
could be increased for those drilling rigs working in the
conditions of shallow waters.

4. Drilling ships have been technically equipped and
ready for the dual gradient drilling. Some dual gradient
drilling systems have passed the field trials.

5. Introduction of new technology always demands an
approach based on the evaluation and assessment of
risks and design codes. Efforts are presently made to
develop ruling documents and standards in the field of
the dual gradient drilling (see NORSOK D-010 1 DNV-
0OS-E101). Field staff retraining shall be an important task
to facilitate the introduction of the dual gradient drilling
systems.

6. On the 22nd December 2018, the RF Government
issued an Ordinance #2914 “About the Approval of the
Strategy for the Development of the RF Mineral-Raw
Material Base for the Period before 2035” [11]. The given
strategy provides for measures to develop the continental
shelf as well, including the development of the blind and
deep-seated deposits. The innovative systems for the
oil-and-gas producing complex, presented in the given
article may become an important prerequisite to achieve
those set goals.
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BypeHuns ¢ oBoviHbIM rpagneHToM (cM. NORSOK
D-010 n DNV-OS-E101). BaxxHon 3agaqeit BHegpeHus
cucTem BypeHust C ABOVHbIM rpagneHTOM CTaHeT
nepenoaroToBKa NPOMbILLIEHHOrO NepcoHana.

6. MNMpasutensctBo P® 22 nexkabps 2018 r. napgano
noctaHoBaeHue Ne 2914 «O6 ytBepxxaeHun CtpaTterum
pPa3BUTUS MUHEPAIbHO-ChIpbeBOM H6a3bl PO 0o 2035
roga» [11]. daHHOW cTpaTtermen npeayCMOoTPEHbI

MEPbI U MO Pa3BUTUIO KOHTUHEHTAIbHOIO LWebMda, a
TakXKe Ha BbISIBNIEHVE CKPbITbIX 1 FTyOoKO3aneraroLyix
MECTOPOXOEHMI. [ped/iIoXKEHHbIE B AAHHOW CTaTbe
WHHOBALMOHHbIE CUCTEMbI B HE(DTEra3o400b6IBatOLLEM
KOMMJIEKCE MOMYT CTaTb B&XKHOW NPEeAnOChIIKON
OOCTVDKEHMST MOCTaBIEHHbIX LIEEN.
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