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«U-tube» acbdekT npn 6ypeHnn ¢ ABOVNHbLIM
rpagneHToOM 1 BEPXHUX NHTEPBAasIoB
rny6oKOBOOHbLIX CKBa>XMH

Dual Gradient Drilling: U-tube Effect in Upper
Intervals of Deep Water Wells

BeeneHue

3anacbl HeOTU MECTOPOXAEHNN Poccumn, HaxoaaLmMXcs
B pa3paboTke Ha cylle, cHKarTcs. OTe4eCTBEHHbIE
HedTerasoBble KOMMaHWKM BCE DOJbLLIE BKIAObIBAIOTCS
B reosioropasBefoYHble paboTbl HA KOHTUHEHTa TbHbIX
wenbdax Kapckoro, YepHoro, OXOTCKOro 1 apyrnx
Mopen [2,4,9].

Moy 3TOM CTOMMOCTb CTPOUTENBCTBA MONCKOBbIX

CKBaXXVH Ha BOIHbIX, TEM 60/1ee CEBEPHbIX aKBaTOPUSIX,
B pasbl npeBbillaeT CTOMMOCTb CTPOUTESIbCTBA CKBa>XMH
Ha CyLLe, YTO CBA3AHO C BbICOKOW CYyTOYHOM CTOUMOCTbLIO
aKcnyaTaumm MOPCKUX BypoBbIX MNAaTopM 1 cyaos,
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Introduction

Russia’s onshore oil reserves are declining. Domestic

oil and gas companies are increasingly investing in
exploration on the continental shelves of the Kara, Black,
Okhotsk and other seas. [2,4,9].

At the same time, the cost of construction of offshore
exploratory wells, especially northern arctic waters,

is many times higher than the cost of onshore well
construction, which is due to the high daily cost of
operating SSDR (semi-submersible drilling rig) or ships,
longer and heavier casing, as well as logistics of delivery
of equipment and personnel [5,6,7].
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DRILLING =

6onee OSIMHHBIMK 1 TSXKENbIMU KOJTOHHaMK, a Takke
NOTUCTUKOW OOCTaBKM O60py,EI|OBaHl/I9| 1 rnepcoHana
[5,6,7].

CNoOXXHOCTb CTPOUTENBCTBA MOPCKIX CKBaXKMH

elle 6onee Bo3pacTaeT nNpu riyboKOBOOHOM

BypeHnn. OOHNM N3 NEePCNEKTUBHBIX HAMNPaBNEHNN
COBEPLUEHCTBOBAHWS BYPEHUS HA MOPE ABMAETCS
TEXHOMOIUS BYPEHUST C OBOVHBbIM MPAANEHTOM,
No3BOJIAKOLLAS PerynmpoBaTte avddepeHumaibHoe
nasnerve (MPD — Managed Pressure Drilling) B cucteme
«CKBaXKMHa-nnact» [13].

Ecnn npn TpaguumMoHHOM BypeHnn UMPKYASLMOHHAS
cucTeMa OyHKLUMOHVPYET Kak ypaBHOBELLIEHHAS
U-obpasHas Tpyba, To cuctemMa «dypeHue ¢ ABOVHbIM
rPaaVEHTOM» SBNSETCS HEYPaBHOBELLEHHON.

Cutyaums ¢ HeypaBHoBeLLeHHOW U-0b6pasHoi Tpybo
CYLLECTBEHHO OTpaXKaeTcs Ha BObLLEN YacTu onepaLnin
No BYPEHUIO 1 KOHTPOTKO Had, CKBaXKMHOW. Ycnex
BypeHns ¢ NoaBOAHOM CUCTEMOM MOAbeMa GypOBOro
pacTBopa OT MOPCKOro AHa 3aBUCUT OT 9DEKTUBHOIO
ynpaeneHus U-obpasHoin Tpyoomn.

Takke «HeypaBHOBELLIEHHYIO U-06pagHyto Tpyby»
MOXXHO BCTPETUTb NpW BypeHur NNOTHOro CTBOSA,

T.K. CUCTEMA TOXXE NPeacTaBngeT cobon «OypeHme ¢
OBOVHbIM rpaaueHToM». BO Bpemst MpOBEPKM NMpUTOKa
MPUMOBEPXHOCTHOIO ra3a Haf, YCTbEM CKBaKMHbI C
nomoLpto ROV (MoaBoaHbIv annapaT ¢ AUCTaHLMOHHBIM
yNpaBfeHNeEM) «HeypaBHOBeLLIEHHaA U-obpasHas Tpyba»
MOXXET 3aTPYAHVTb MAEHTUMDUKALMIO Hauas1a MOCTYMNeHs
MPUMOBEPXHOCTHOIO ra3a, YTo MOXKET MPUBECTU K
HEKOHTPOMPYEMOMY BbIOPOCY rasa Ha NMoBepxXHOCTb U
HapyLLIUTb 3KOJIOMKO akBaTopu BypeHms.

YuntbiBas NMpeacTaB/ieHHble (hakTbl, LESbIO NCCeqoBaHnin
SABISIETCA NMPOBEAEHNE TEOPETNHECKOrO aHaM3a Npobiem,
BO3HUKAIOLLMX 3a CHET ahdekTa coobLIArOLLX COCya0B
(nnn U-tube adhdhexT) BO Bpems CTRPOUTENBCTBA MOPCKNX
CKBaXKVMH, @ TaKKe OLEHKa pe3ysIbTaToB N3bICKaHM
NabopaTopHbIX 1 MONEBLIX UCMbITaHMI KianaHa

FlowStop, no3soastoLLas ynpasidTb HEYPaBHOBELLIEHHOM
U-06pazHoi Tpybow BO BpemMst BypeHnst MMNIOTHOMO
CTBOJA, U BypEHUM C ABOVHbIM MPaayieHTOM.

B ka4vecTBe MeTOO0B NOy4YeHns MHpopMaumm
MCNOMb30BaH KOMMNEKCHbIVM MOAXOMA, KOTOPbIN
BKJTKOYAET: aHa/N3 POCCUIMCKOIO 1 3apyDeXKHOro onbITa;
aHaIN3 INTEPATYPHbBIX 1 3IEKTPOHHBIX MCTOYHVKOB,
npoBeaeHne nabopaTopHbIX 1 MOMEBLIX NCCEO0BaHNNA.

OcHoBbl U-tube acbdpekTa B 6ypeHunn

Mpexae YemM NPUCTYNUTb K aHanmM3y COBCTBEHHbIX
nccnegoBaHnin HeobxoayMo BCMOMHNTL Ba30BbIE
NPUHUMMNbI OENCTBUS HEYpaBHOBELLEHHOM U-0BpasHowm
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The complexity of the constructing offshore wells is
further increased by deep water drilling. One promising
solution to this problem is the dual-gradient drilling
technology, which regulates the differential pressures
(MPD - Managed Pressure Drilling) in the well and
reservoir system [13].

Whereas in traditional drilling the circulating system
functions as a counterbalance U-tube, then the dual
gradient drilling system is unbalanced. The unbalanced
U-tube situation has a significant impact on most drilling
and well control operations. Successful drilling with a
subsea system to lift the drilling fluid from the seabed
depends on the efficient handling of the U-tube.

Also, the “unbalanced U-tube” can be found when drilling
the pilot hole, because the system is also a dualgradient
drilling system. When verifying shallow gas inflow above
the wellhead using an ROV (Remotly Operated Vehicle),
an “unbalanced U-tube” can make it difficult to identify
the beginning of a shallow gas flow, which can lead to an
uncontrolled release of gas to the surface and disturb the
ecology of the drilling area.

Taking into account the facts presented, the purpose of
the research is to conduct a theoretical analysis of the
problems arising from the effect of the of communicating
vessels (or U-tube effect) during the construction of
offshore wells, as well as to evaluate the results of
laboratory and field tests of the FlowStop valve, which
manages and controls the unbalanced U- tube during the
drilling of the pilot well and drilling with dual gradient An
integrated approach was to obtain the information, which
includes: analysis of Russian and foreign experience;
analysis of literary and electronic sources, laboratory and
field research.

Basics of the U-tube Effect in Drilling

Before starting to analyze own research, we need

to remember the basic principles of the unbalanced

U-tube. Resembling the letter “U” the U-Tube concept
(communicating vessels) is two vertical tubes are connected
horizontally at their base; liquid with the same density

are added to these tubes, and both columns will have
equal levels. In a U-tube, the ratio of the levels of liquids

is inversely proportional to the ratio of their densities. Al

this makes the U-tube an ideal tool for simulating the
conditions in a wellbore with a drill string placed in it. While
one column represents the interior of the drilling string (DS),
the other represents the annular space (AS) between the
borehole wall and the DS. When the base U opens, it can
be considered that this is the opening of the check valves in
the bottom hole assembly (BHA) (see Figure 1.A).

The main provisions of a U-Tube for a AS-DS system:
1. If there are two different fluids in the inner part of DC
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B bYPEHVE

Tpybbl. HanomnHas 6yksy «U» koHuenumsa U-Tube
(coobuaroLme cocyabl) MpeacTaBnseT cobom age
BEPTUKaSIbHbIE TPYOKN, COEANHEHHBIE FOPU3OHTATBHO
B MX OCHOBaHWN; XXUAKOCTb C OAVHAKOBOW MIOTHOCTHIO
nobaBndeTcs B 3TU TPyOKM, 1 oba ctonbua dyayT MMeTb
OOVHaKoBble ypoBHU. B U-06pasHol Tpybe OTHOLLEHME
YPOBHEN >XXMOKOCTEM 0BpaTHO NPONOPLUMOHANBHO
OTHOLLIEHWNIO UX MIOTHOCTEN. Bce aTo aenaet
U-obpasHyto Tpydy naeanbHbIM MHCTPYMEHTOM O/15
BOCMPOU3BEOEHNS YCIOBUI B CTBOJIE CKBaXKMHbI C
nometeHHom B Hen BK (BypunbHOM KonoHHon). B To
BpPeMS], Kak 0uH CTONOEeL, NpeacTaBseT BHYTPEHHIOK
yacTtb BK, gpyron npeactasnsaet K1 (konbLeBoe
NPOCTPaHCTBO) MeXOy CTEHKOWM CKBaXKMHbI U BK.
Korga ocHoBaHne U OTKPbIBAETCS, 3TO MOXXHO CHMTaTb
OTKPbITVEM 0BpaTHbIX KNanaHoB B KOMMOHOBKE HM3a
BypunbHOM KoNoHHb! (KHBK) (puc 1.A).

OcHoBHble nonoxenus U-Tube ona cuctembl CC-BK:

1. Ecnm Bo BHyTpeHHen Yactn BK n Kl ecTb ase
pPasHblE XXNOKOCTW, TO HanpaBfeHe TedeHnsa ByaeT
13 06/1aCTW BbICOKOIO AaB/IeHNS B 00/1aCTb HU3KOIO
naBneHus.

£
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and annulus, the direction of the flow will be from the
high pressure area to the low pressure area.

2. If the system is not closed (the well is open), the light
liquid will flow out of the system until the pressure in
the system stabilizes.

If the system is closed (the well is shut-in), the pressure
at the bottom (bottom hole area), where both sides of the
U-tube are connected, should be equal. Consequently,
the pressure in the DS and the pressure in the AS will
depend on the fluid on each side and the reservoir
pressure at the bottom of the well [5].

U-Tube Effect when Drilling a Pilot Well

The choice of points for drilling prospecting and
exploratory wells according to engineering geology
data does not exclude the complete absence of gas
accumulations beneath the sea floor. The approaches
of companies drilling offshore wells to minimizing the
risks of penetrating shallow gas deposits in drilling
intervals without a subsea BOP (blowout preventer)
are ambiguous in world practice. Some must drill
pilot holes in accordance with the requirements of

_- BypunbHas
KOMOHHa
Drill string

MopBoaHbIv annapar
ROV ¢ gncTaHUMOHHbIM
ynpasieHriem
Remotly Operated Byposolii pacTsop co
Vehicle LiamMmom
Drilling mud with
cuttings

Lonoto
== Drill bit

Puc.1: KoHuenumsa U-obpasHon Tpybbl Npu BypeHnn Ha Mope. A - U-o6pasHas Tpyba B CUCTEME «CTBOJ1 CKBaXKMHbI - BypuribHas KOJOHHa»
(CC-BK). b — BypeHue ¢ ABOMHbIM rPagvieHTOM C MOMOLLIbIO MOABOAHOrO Hacoca. B - BypeHue mmnoTHOro cteoia ¢ BblIopocomM 6ypoBOro

pacTBopa Ha OHO MOpS

Fig.1: U-tube concept when drilling offshore. A -U- tube in the wellbore-drill string (WB-DS). B - Dual gradient drilling with a subsea pump.

C - Drilling a pilot hole with the release of drilling mud to the seabed
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DRILLING

2. Ecnu cuctema He 3akpbiTa (CKBaXKMHA OTKPbITa), TO
nerkast XUaKocCTb ByAeT BbITeKaTb U3 CUCTEMbI
00 Tex Nop, Noka AaBfieHne B CUCTEME He
CTabuMsmnpyeTcs.

Ecnn cnctema 3akpbiTa (CKBaXKMHaA 3aKpbITa), TO
OaBieHne B HXXHEN To4Ke (Ha 3aboe), rae CoeauHeEHbI
06e CTOpOHbI U-06pasHon Tpybbl, AOMKHO ObiTb
oagnHakoBbIM. CnegoBaTesbHO, gaBneHue B bBK n
nasnenve B K 6yayT 3aB1CETb OT BUOA XXUOKOCTU Ha
KaXKOoM CTOPOHE M M1acTOBOrO AaB/eHVs Ha 3aboe
CKBaXKMHbI [15].

U-tube adbchekT npu 6ypeHumn NMsIoTHOro cTeoNa
Bbibop To4ek ans 6ypeHns MOUCKOBBIX 1 Pa3BeA0qHbIX
CKB&XXWH MO AaHHbIM UHXXEHEPHOWM reosiorn He
NCKJTIIOHAET MOJSIHOMO OTCYTCTBUS ra30BbIX CKOMMIEHIN

B MPUOOHHOM YaCTu Ha HOBbIX 0bbekTax. Moaxoapl
KOMMMaHW, OCYLLECTBNSIOLLMX BYPEHNE CKBaXKUH Ha
Lenbde, No MUHUMN3ALIN PUCKOB BCKPbITUS 3anexel
NPUOOHHOMO rasa B nHTepaanax dypeHusa 6e3 MNrNBO
(nogBoOaHOE NPOTUBOBLIOPOCOBOE 060PYAOBAHNE)

B MMPOBOW MPakTUKe HeOAHO3Ha4YHbI. KTO-TO
BbIHY>AeH OypUTb MUAOTHbIE CTBOJIbI B COOTBETCTBUM
¢ TpeboBaHVAMM 3aKOHOAATENbCTBA, CTPAaX0BbIX
opraHmMsauun nan cTaHgapToB BYPOBbIX KOMMaHUN.
Haxke npu Hann4mm MHopMaLmn NOCsie BCEX BUOOB
NpoBeAeHHbIX reodn3anYeckx paboT, BKIOHas
BbICOKOpa3peLLatoLLmMe CENCMMYECKME NCCNeq0BaHNS,
€0MHCTBEHHbIM NOSTHOLEHHBIM NCTOYHVMKOM MOJSTYYEHNS
MHopMaLMM 06 OTCYTCTBUN PUCKOB BCTPEYM CO
CKOMMEHNSIMI MPUAOHHOIO rasa aBnseTcs OypeHme
MUAOTHBIX CTBOJIOB (CKBaXKMH).

B MrpoBoOWM ncTtopumn raszo- 1 HedhTeaoOblyM CyLLECTBYHOT
NpPUMepPBbIl, KOFAa HECBOEBPEMEHHOE OBHAPY>KEHNE
NMPUNOBEPXHOCTHOIO rada NpPUBOAMIIO K HAPYLLEHMIO
3KOJI0MN 1 MPUOCTaHOBKE BypoBbIX paboT. B 1993 roay
Ha wenbde CounanucTrdeckon Pecnybnnki BeeTHam
Ha [NMBY «Actinia» nponsoLen BbIBPOC NPUOOHHOO
rasa. AHanornyHeln cnyyam 6ein Ha [MMNBY «SEDCO 700»
B 2009 rogy y nobepexbs Hurepum [11].

6FT: asas Fi-4 ana

BbllleykasaHHble BbIGPOCHI

NpUBENN K 3Ha4YUTESIbHOMY et e i
oTpuLaTeIbHOMY
BO3OENCTBUIO Ha
9KOJOMNYECKYHKD OOCTaHOBKY
B parioHax paborT,
OCTaHOBKaMm BypeHus,
OrPOMHbIM (PUHAHCOBBIM
3aTpatam Mo NpoeKkTam B
uenom (npoctou MNBY, cynos
obecneyeHnst, beperoBom
6a3bl 1 T.4.), a TaKKe K
HeOHX0VMMOCTU NMepecMmoTpa
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local legislation, insurance companies or drilling
company standards.

Even with all types of seismic works carried out,
including high-resolution seismic studies, the only
fullfledged source of information on the absence of
risks of encountering shallow gas accumulations is
drilling pilot boreholes (wells).

There are several historical examples when the
untimely detection of shallow gas led to environmental
disruption and the suspension of drilling operations. In
1993, on the shelf of the Socialist Republic of Vietnam
at the SSDR Actinia, a shallow gas was released. A
similar case was at the SSDR SEDCO 700 in 2009 off
the coast of Nigeria [11].

The above-mentioned releases led to a significant
damaging impact on the environment in the area,
halting of drilling operations, huge financial costs
to the project (down time of SSDR, vessels, shore
base, etc.), as well as the need to review the project
documentation and business plans of the operator.
Regarding the possibility of similar problems in
Russian oil and gas companies, it should be noted
that the presence of accumulations of shallow gas
were detected during the drilling of Russia offshore
wells (e.g. the Sea of Okhotsk). [8]

Therefore, even with the information available on the
low risk of detecting shallow gas, pilot drilling should
always be planned. Only a comprehensive approach
to minimizing geological risks will allow trouble-free
drilling of wells on shelves. In worldwide offshore
drilling, a pilot borehole is drilled with the release of
drilling mud to the sea floor with inflow valves above
the wellhead using an ROV (Figure 1B).

An “unbalanced U-tube” can make it difficult to identify
the onset of a shallow gas entry (see Figure 2a), which
can lead to uncontrolled gas release. When balancing the
U-tube, i.e. in the absence of drilling mud flow from the
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Purc.2: YcTbe ckBaxkvHbI Mpy BypeHnr nHTepeana Ans NoCafKn KOHAyKTopa nocne
rMOPOMEXaHNYECKOrO BYPEHNS MO, HanpaBeHVe
Fig.2: The wellhead while drilling the interval for the conductor casing
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MPOEKTHOW AOKYMEHTaLMU 1 BUSHEC-MIaHOB KOMMaHUM-
onepaTopoB. BO3HNKHOBEHME COOTBETCTBYIOLLIMX
NPoBAeM y POCCUNCKNX HEDTEra30BbIX KOMMaHUM

Tak »Ke BO3MOXXHO. Hampumep, Haimume CKoneHum
NMPWOOHHOMO rasa 0bHapy>XeHo Npu ByPeHN MOPCKIMX
ckBakMH B OXOTCKOM Mope [8].

MoaToMy gaxke npu HanM4Mm MHopMaLmm

O HE3HAYNTETBHOM PUCKE OBHapY»KeHNs
NPUNOBEPXHOCTHOMO rasa BCerfa A0J/HKHO
nnaHnpoBaTtbcs 6ypeHne NMAOTHbIX CTBOJIOB, T.K.
TO/IbKO KOMMIEKCHbIM MOAXOA, K MUHUMU3ALN
FE0STIOrMYECKMX PUCKOB MO3BOSIUT Be3aBapuinHoO BypuTb
CKBaXKMHbI HA MOPCKOM LUenbde. B MMpoBOI NpakTuke
CTPOUTENBLCTBA CKBaXKMH HA MOPE MUIOTHBIA CTBOJ
BypuTcs ¢ BbIBPOCOM BYpPOBOro pacTeopa Ha OHO
MOpPS, C NPOBEPKaMU MPUTOKa Ha, YCTbEM CKBaXKMHbI C
nomoulpto ROV (pnc.1B).

«HeypaBHoBeLLleHHasa U-obpasHad Tpybka» MOXET
3aTPyOHUTE MAEHTUMOUKAUMIO HaYaa NoCTyMIeHUs
NPUNOBEPXHOCTHOMO rasa (p1c 2a), YTO MOXET
NPUBECTU K HEKOHTPOIMPYEMOMY BbIGpOCyY rasa. I1pu
ypaBHoBeLUMBaHUM U-obpasHon Tpybku, T.e. npu
OTCYTCTBUM TEYEHNS BypOBOro pacteopa U3 obnactu
BbICOKOrO AaBneHus (oasnenHue BHyTpn BK Ha oHe Mopsi)
B 006/1aCTb HM3KOro gasneHns (oasneHve B Kl Ha gHe
MOpSl), MPUTOK NPWUAOHHOIO ra3a Ha YCTbE CKBaXKMHbI
CYUTBIBAETCS OTHETIMBO O (puc. 26).

U-tube acbdpekT npm 6ypeHun ¢ OBONHbLIM
rpagueHTom

[MPOMBILINEHHBIN MPOEKT, HANPaBEHHbI Ha
co30aHne TEXHOI0TUM BypeHUs MY HaMNYM ABYX
rpagveHToB OaBrieHns, CTapToBasl B Havasle 1996

r. TexHonorvs npeaHasHadYanachb 4as NpuMeHeHNs

B CBEPXIJTyOOKOBOOHbIX YCIOBUSIX MPU BbICOKOM
NIacTOBOM [aBfIEHNN U HU3KOM MPaaneHTe OaBNeHNs
paspblBa nnacTa (Takue niacToBble YCIOBUS
BCTpeyaroTcs B MeKCMKaHCKOM 3a/IMBE U B Pa3fINYHbIX
yacTax Wwenbda 3anagHon Adpuke).

2800 ¢
| HavanbHbin pacxog — 2271 n/m
2400 | MnoTtHocTb pacTBopa — 1857 kr/m®
MnoTHocTb Mopckoit Boap! — 1030 kr/m®
2000 {-._ Initial flow rate — 2271 I/m
| Mud weight — 1857 kg/m?
1600 | T Sea water density — 1030 kg/m?

Pacxog, n/m - Flow rate, I/m

L] 5 10 15 0 5 30 35
Bpemsi, MuH - Time, min

high-pressure area (pressure inside the well bore at the
BHA) to the low-pressure area (pressure at the well bore
at the sea floor), the inflow of near-surface gas at the
wellhead is considered distinctly (Fig.2b).

U-Tube Effect when Drilling with Dual Gradient
In early 1996, a joint industrial project was launched
aimed at creating drilling technology with two pressure
gradients. The technology is designed for use in
ultradeep-water conditions with high pore pressure and
low fracture pressure gradients (such are found in the
Gulf of Mexico and in various parts of the West African
shelf). Without this technology, the industry will not be
able to develop reserves in such conditions.

In comparison to traditional drilling technology several
additional benefits were noted, such as: better well
control in difficult conditions, fewer casing strings,
increased completion capabilities (larger tubing
diameters can be used) and reduced drilling costs
[1,3,10,121].

At the very beginning of the development of the dual
gradient drilling technology, it was discovered that
when the drilling mud, coming from the AS, is lifted
from the seabed to the drilling rig, DS experiences an
extremely high pressure (up to 35 MPa) increase. This
is formed due to the U-tube pipe and depended on
the difference in the density of the drilling fluid in the
DS and in the riser from the wellhead to the drilling
platform and the depth of the seabed.

This drilling fluid head provides an effective hydraulic
power that helps the mud pumps send the fluid

through the DC, BHA, and drill bit. This explains the low
pressures developed by mud pumps on the surface.
However, when the circulation stops, for example, when
you run in hole or the well flow checked, the imbalance
in the U-tube will be equalised at a rate of up to 2.4 m3/
min for 15 to 20 minutes (Figure 3).

'

KoHeuHbIln ypoBeHb — 1357 M.
Final fluid level — 1357 m.
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Puc.3: pathmkin CKOPOCTU 1 YPOBHS NafeHns 6ypoBoro pacteopa BHyTpu BK npu HapaluvsaHmimn
Fig.3: Graphs of speed and rate of driling mud changes inside the DC when building up

62 | ROGTEC

www.rogtecmagazine.com
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Bes paHHoM TexHOOrMM BypoBO MOAPSOYMK HE CMOT
Obl OCBaMBaTh 3anachbl, BbISBAEHHbIE B MOOOOHbBIX
YCMOBUSAX. BbIM NOMyYeHbl MOAOXKUTENbHbIE
pesynbTaThl MO CPaBHEHWNIO C TPaOULIMOHHOMN
TEXHONOIMEN BypeHns, TakMe Kak: JTydline nokasaresm
KOHTPOSI CKB@XKMHbI B OC/TOXXHEHHbBIX YC/TOBUSIX,
MeHbLLIEE KO/IMYECTBO 0BCaAHbIX KOJIOHH, paclUnpeHme
BO3MOXXHOCTEN 3aKaH41BaHWs (MOXXHO MCMONb30BaTb
onbwnn anameTp HKT) CKBaXKWH 1 yMEHbLLEHNE
cTonumocTu bypennsa [1,3,10,12].

B camom Havane paspaboTku TEXHONOrMM BypeHns

C ABOWHbIM rPaaneHTOM Obl/10 BbIICHEHO, YTO MpW
nogbeme nocTtynatoLero n3 K ckBaXkuHbl 6ypoBoro
pacTBopa OT MOPCKOro aHa Ao OypoBOM yCTaHOBKM - B
BK pasBrnBaeTCs 4pesBbiHaNHO BbICOKOE AaBeHne
(BMnoTb oo 35 Mrla). OHo obycnoeneHo U-obpasHom
KOHMMrypaupen Tpybbl 1 3aBUCUT OT PasHuLbI
NNOTHOCTEN BypoBOro pacteopa B bK 1 B pansepe Ha
y4aCTKe OT YCTbs CKBaXXWHbI [0 OypOBOM NiaThopMbl U
r1y6UHbI MOPCKOro aHa.

Takon Hanop BypoBoOro pacTeopa obecnednBaeTca
rMAOpPaBMYECKON MOLLIHOCTBIO BYpPOBbIX HACOCOB,
Nno3BOJIAOLLEN MPOAaBNTb pacTBop veped bK, KHBEK
1 00N0TO. VIMEHHO 3TUM OOBACHATCS HU3KNE
OaBfeHNs, pasBMBaeMble BYPOBbIMU HACOCaMK

Ha NMOBEPXHOCTMU.

TeM He MeHee, Koraa UMpKyNsums npekpaliaeTcs,
Hanpumep, NPW HapaLLMBaHU MHCTPYMEHTa UK
npoBepKe NPOSIBNIEHNS B CKBavKMHE, AMcHanaHc B
U-o06pasHol Tpybe BbipaBHMBAETCS CO CKOPOCThIO
BM10Tb 40 2,4 M3 /MUH B TedeHne 15 - 20 MuH (prc. 3).

,EI,aHHoe BblpaBHBaHWE OaB/ieHNA B CUCTEME «CTBOJT
CKB2XKUHbI - BK» HegonycTuMo, Tak Kak
OHO HEMWHYEMO MPUBEOET K CHYDKEHUIO
3ab00MHOr0 JaBeHUsa 1 OMacHOCTU
rasonposAB/IeHNS.

This alignment of pressure in the “wellbore-DC” system is
unacceptable, as it will inevitably lead to a reduction in Kill
pressure and the danger of gas production.

Downhole Valve

To balance the pressure in the U-tube while drilling,
leading international service companies have designed
downhole valves to stop the flow from AS to DS. But the
problem of the flow of the drilling fluid during the drilling
of the pilot barrel or drilling with a dual gradient with DS
in the AS was solved only in 2001 with the help of the
FlowStop [14] downhole valve. When the mud pumps
stop the circulation in the DS-AS system, FlowStop
stops the flow of drilling mud not only from the control
unit to the rig but most importantly from the rig to the
control unit. This downhole valve is located above the
bit and is pre-adjusted (by changing the thickness of
the spring) to a certain calculated opening pressure by
changing the characteristics of the spring. According
to this calculation, two factors influence the opening
pressure calculation of the FowStop — water depth and
density of drilling mud.

The FlowStop valve principle is represented in Figure 4.
The valve has two stages of opening. The first stage is
the opening of the choke (Fig. 4B). The second stage is
to close the choke and open the valve (Figure 4B).

As the flow rate of the mud pump increases and the
opening pressure builds up, the spring is compressed
and the cylinder moves down to the support shoulder.
This opens the valve and the flow of drilling fluid rushes
down. If it is necessary to check for inflow from the well,
then the driller reduces the pump flow, therefore, the
pressure inside the drilling unit and the opening pressure
decrease, which in turn leads to the closing of the valve

BxogHble gaHHble - Input

3ab60oWHbIN KJianaH
[ns ypaBHOBeLLVBaHNS OaBfeHus B

U-o6pasHom Tpybe BO BpeMs BypeHus

C OBOVHbIM rpaaveHToM, BeayLLyMim
MEXQyHaPOOHBIMA CEePBUCHBIMM

KOMMaH1sMK ObIN CNPOEKTMPOBaHbI
3ab0WHblE KNnanaHbl, NO3BOASKOLLME

oCTaHaBmMBaTh nepetok 13 Kl B BK.
OpHako okoH4YaTesIbHO Npobnema
nepeToka 6ypoBoro pacteopa ¢ bK B

KIT npu 6ypeHnn 6bina pelieHa TOMbKO
B 2001 rogy C MOMOLLbKO 3a60MHOIO

knanaHa FlowStop [14]. MNpu ocTaHoBKe
OypPOBbIX HACOCOB U LIMPKY SN
OypoBoro pacteopa B cucteme bK-
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ny6uHa Boapl, M - The depth of the water, m 2000
nybuHa 3a6os, M - Well depth, m 2700
MnoTHOCTL pacTBopa, kr/M® - Mud density, kg/m? 1297
MnoTHOCTbL MOpCKoW Boabl, Kr/M® - Seawater density, kg/m® | 1030

PacuyeTHble 3HayeHus - Calculating values
Dasnenue sHyTpu BK B 1. P1 (puc. 1B), Mla o5 401
Pressure inside DS P.1 (Figure 1B), MPa ’
Daenenne B Kl B T. P2 (puc. 1B), MlMa 20.188
Pressure inside AS in T. P2 (Figure 1B), MPa ’
PasHnua pasneHns otkpbitus FlowStop (P1-P2), MlMa
Difference pressure opening FlowStop (PP1-P2), MPa 5.233
Tabnuua 1: PacuyeT gaBneHus OTKpbITUS knanaHa FlowStop
Table 1: FlowStop valve opening pressure calculation
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B bYPEHVE

KIT FlowStop ocTaHaBMBaeT NepPeTOK BypoBOro
pacTtBopa He Tos1bko 13 Kl B BK, HO rnasHoe 13 bK
B KI1. JaHHbI 3a60MHbIN
KfanaH pacnosaraeTtcs

LLI
Haf, ONIOTOM U 3apaHee Pk
perynMpyeTcst Ha Brymea
onpeneneHHoe pacyeTHoe Sleeve
JaB/eHVe OTKPbITUS C KnanaH
MOMOLLLBIO N3MEHEHWIA Valve
XapaKTepUCTVIK MPYXXNHbI. Egﬁg%;
MpumMep pacyeTa aaBneHus

Lvnnnnap

oTKpbITNSA FlowStop
npencTaesneH B Tabnuue

1. CornacHo gaHHOMy
pacyeTy Ha AaBneHve
OTKPbITUS JAHHOTO KJlanaHa
BANSIOT ABa hakTopa —
rnybrHa Mopst 1 NIOTHOCTb
BypOBOro pacTeopa.

Mpy>xwvHa
Spring

MpuHUMN paboTbl KanaHa
FlowStop npenctasneH

Ha pucyHke 4. KnanaH A
MMeET ABe CTyMneHn
OTKPbITVS. [epBas CTyneHb
- OTKpbITWE WTyLepa (prc.4b). BTopas cTyneHb —
3aKpbITVE LWITYLEPa U OTKPbITUE KNanaHa (prc.4B). Mpw
yBEIMYEHNM pacxoda BypoBOro Hacoca 1 Co3gaHmm
OaBNeHNS OTKPbITUS MPYXXNHA CXXUMAETCS, U LUANHAPD
nepemMeLLaeTCst BH3 [0 OMOPHOro 3anie4nka. pu
3TOM MPONCXOOUT OTKPbITUE KanaHa, U MoTOK BypOoBOro
pacTBopa ycTpemnseTcs BHM3. Ecnn Heobxoanmo
NPOBEPUTL Ha MPUTOK 13 CKBaXKMHbI, TO OYPUSILLLK
YMEHbLLIAET pacxof HacoCoB W, CNe[oBaTesbHO,
CHW>XaeTcs aaBneHne BHyTpW BK 1 gaBneHne oTkpbITLS,
YTO B CBOK 04epedb NPUBOAUT K 3aKPbITUIO KflanaHa

n wryuepa (puc.4A). MNMyTb 08 oBMKEHUS BypPOBOro
pacTBoOpa Yepesa LUTYLEP WK KnanaH-unamHap
3aKpbIBAETCS, HYTO MOMOraeT UCKIYUTL ancbanaHc B U-
obpaszHom Tpybe B cucteme «Kl-bK». [1ns Toro, 4tobsbl
3aHOBO OTKPbITb KflamnaH 1 HavaTb

LLITyuep npv 3agaHHOM AaBnieHnn
The choke at designed pressure

Working barrel

OnopHbIi 3anneunk
Butting shoulder

and choke (Fig. 4A). The path for the movement of the
drilling fluid through the choke or the valve-cylinder

| | : j
LLiTyuep oTKpbIT LLITyuep 3akpbIT, KnanaH NoSIHOCTbIO OTKPbIT
The choke is open The choke is closed, the valve is fully open

Puc.4: MpuHumn paboTel knanaHa FlowStop  Fig.4: FlowStop Valve Principle

is closed, which helps to eliminate unbalance in the
U-tube in the AS-DS system. To reopen the valve and
start drilling, it is necessary to increase the flow of the
mud pumps and build up the opening pressure in the
FlowStop.

The Figure shows the results of laboratory tests of

the FlowStop 1-Stage Downhole Valve conducted in
collaboration with Halliburton. The tests used a standard
BHA with FlowStop downhole valve and seawater.
During the first test (12:15-12:20) the flow rate was
increased to 3,785 I/min and the activation pressure
was 10.3 MPa (blue area in Figure 5). You can visually
observe that the pressure inside the DS stabilizes within
1 minute after the pumps are turned on. The valve was

OypeHmne, HEOBXOAMMO YBENNYNTL Byposoe I'ny6v|H|: BOAB!, Pj?/cl\;(;ﬁ’ —
PACXOR, ByYpOBbIX HACcOCOB 1 _cyaHo The depth of the  Consumption Interval
CcO30aTb fgaBsieHne OTKPbITUSA BO Dr||||ng vessel N — [
FlowStop. ‘

2012 DD llI 1988 215.9 mm
Ha pvicyHke 5 npeacTasneHbi 2014 2073 660.4 mm
pe3ynbTaThl Ta6OPATOPHbIX 2015 | SantaAna 2035 660.4 mm
VCMbITaHUM OOHOCTYMEHYaTOro (Chevron) 5300-5700 (2305-3457 m)
3abowHoro knanaHa FlowStop, 2017 660.4 mm
MPOBEACHHBIE COBMECTHO C 2018 | Don Taylor 1310 660.4 mm
komnaHwven Halliburton. [Ong (Noble) (1393-1943 m)
MCMbITaHWA NCMOb30BasINCh 201 Petronas 1981 : 3

CTaHOapTHas KOMMOHOBKA HI3a
BypunbHo konoHHbl (KHBK) ¢
3aboVHbIM KianaHoMm FlowStop n
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Tabnuua 2: VIcTopust MPOMbILLIEHHBIX UCTbITaHWA 3a60MHOro KianaHa FlowStop
Table 2: History of Industrial CulleStop Culle Valve Trials
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MopcKas Bofa. Bo Bpems nepsoro Tecta |REENzuoRenl] T
(12:15-12:20) npu yBENMYEHMN pacxoda Yoix g TI0 AR rmm
0o 3785 n/MyH naBneHve akTueaLmm T T - ._mm H
cocTasuno 10.3 MlMa (cuHas obnacTts Ha ) |mw e g
puc.5). BuoHo, uto aaeneHne BHyTpn BK | ! m:::_ R .I‘r-—l_ o  —
CTaBUIN3MPYETCS B TedeHne 1 MUHYTbI | BbipaumHEaR ____f, £ 7 -—"".Q\\;_- -1 b
rocre BK/IYEHMs HacocoB. KnanaH i e | B . \
TECTVPOBASICS OAHOCTYMEHYATbI, PR aeee— —ei—1— G
MO3TOMY He Hab[AaIOCk BTOPUYHOMO | |+ i 4= o i ==,
CcKayka JaBJieHNs MOCe OTKPbITUS - I | - \E\\
KnanaHa. [lanee Hacocs! b1 7T ﬁ‘?_"_ﬂ““""" T S T
BblK/tO4eHbl (12:21 o 12:24) n ;mﬂ mﬂ:’:“ '
faeneHve B BK yaepxxnsanocs B ~t - umanawa FlowStop e i
npenenax 5 Mna (kpacHast 061acTb Ha T il {romxo amn .

| nasimoro Tecral |
puc.5). Bo Bpems BToporo TecTa (12:24- i i ARABRRASES T |
12:29) pacxop, 6bin yBennyeH [0 2839 S
N/MyH. [laBnenHne akTvsaLym Taioke Puc.5: ®yHKUmoHabHbIe UCTbITaHus 3abonHoro knanaxa FlowStop
coctaswia okoso 10.3 Mla. Hacocs! I _ T

Obnn BbIKMOHeHbI (12:38 0o 12:40) n
naeneHvie B BK yaep>k1Banoch Takxe B
npenenax 5 Mna, 4To CBUOETEbCTBYET

0 cTabumaaumm notoka B U-obpasHom The first

-| test was
Tpybe B cucteme «KIN-BK». discontinued
Mpennonaraetcs, YTO 3a60MHbIi S
KnanaH ByaeT Takxe aKTVBMPOBAaTbCA leveled up.

g

1 npu 5000 n/MWH. KnanaH ocTaeTcs
OTKPbITbIM MPW PaCXOAe HACOCOB HE
Hke 1700 n/MuH.

fi Repeated flow
rate variation to
demonstrate the

|/T he test, with the
| flow rate of 2839 I/

"1 min, demonstrates
the stable FlowStop stability of the
valve activation system
profile

. el { W , il

T e T

o\ x':
N Y

e

-

i 1

"'-I--:-'_\nll. =

b — LY S

: T T N
) I -y
S — g =
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VicTopurst MpOMBILLNEHHBIX
VCMbITaHW 3aBOMHOro KianaHa
FlowStop npuveepeHa B Tabnuie 2.

| The test, with the
flow rate of 3785 =]

I/m demonstrates | The valve remains ||

the stable FlowStop open while the flow

| valvg activation | ratedropsdownto || @ |
\ profile 1700 I/min (for this

T T LS e B i
I test only)

|
1

e

Hpm NCNbITaHNAX OCHOBHbIE UEenn
Onepatopa, a UMeHHO cTabunmaaums

= g - |

«U-tube» athbhekTa B cnucteme bK-
KT, 3KOHOMWS BPEMEHW, BbIABIEHNE
NPWOOHHOMO rasa - 6blV AOCTUTHYThI.
Kpome Toro, 6ypoBor nogpsaymk no MHKINHOMETPUM
BO BpeMms UCMblTaHnin Ha 6ypoBoM cyaHe Santa Ana
NoATBEPANI BbICOKOCKOPOCTHYIO TENEMETPUYECKYIO
CBSI3b CO CKBXKMHOM MPU UCMOMIb30BaHUM 3a60MHOIO
knanaHa FlowStop.

®rHaHCcOoBbIV aHaIN3 NPUMEeHeHUs

knanaHa FlowStop

B Tabnuue 3 npeacTtaBneH aKOHOMUYECKUI adhexT
1CMOMb30BaHNSA 3abOMHOro KnamnaHa npu «GypeHnmn ¢
BblI6pocom» (P&D) nHTepsana nog anameTp 660.4 Mm
npw rayéuHe Bogpl 2035 M. OCHOBHbIE MOTepu BypPOBOro
pacTeopa npu «6ypeHu ¢ BbIBPOCOM» MPOUCXOAAT

BO BpeMsi HapalLBaHUs MHCTPYMEHTA, MOArOTOBKM U
3amMepa MHKIMHOMETPUM, a TakKe BO BPEMS MPOBEPKM
Ha nepenvs.

CnepnoBaTesbHO, NPW UCMOb30BaHNN 3a00NHOMO
knanaHa FlowStop npu 6ypeHnn nHTepBana CKBaXKMHbI

www.rogtecmagazine.com

Fig.5: Functional tests of the FlowStop downhole valve

tested as a single stage, so there was no secondary
pressure surge after opening the valve. Then the pumps
were turned off (12:21 to 12:24) and the pressure in the
DS was kept within 5 MPa (red area in Fig. 5). During the
second test (12: 24-12: 29) the flow rate was increased
to 2839 | / min. The activation pressure was also about
10.3 MPa. The pumps were turned off (12:38 to 12:40)
and the pressure in the DS was also kept within 5

MPa, which indicates the stabilization of the flow in the
U-shaped pipe in the “AS- DS” system. It is assumed
that the downhole valve will also activate at 5000 | / min.
The valve remains open at a pump flow rate of at least
1700 |/ min.

The history of industrial testing of the FlowStop downhole
valve is shown in Table 2. During the tests, the main goals
of the Operator, namely stabilization of the “U-tube” effect
in DS-AS system, saving the daily rate of SSDR and
identifying shallow gas were achieved. Directional drilling
contractor, during a field test on the drillship Santa
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B bYPEHVE

A. MNoTteps pacTBOpa BO BpeMsi HapalmBaHUs

BxopfHble AaHHble B. MoTeps pacTBOopa BO BpeMsi NOArOTOBKU K 3amepy

Fny6uHa Boabl 2,035.5 m WUHKJIMHOMETpUn
Fny6uHa ckBaXkuHbI (OT gHA Mopsi) 1,249.7 m - PacyeT ¢ yyeTom BbiTecHeHus Bo3ayxa u3 BK ansa cesasm ¢ MWD
Bo3aywHbiii 3a3op Gyp.nnarcgopmbi 25 m Pacuet o6bemoB
MnoTtHocTb Gyp.p-pa P&D (Hau.) 1,917 Kr/ m® BHyTpeHHWI 06bem BK 59.64 m°
MnoTtHocTb Gyp.p-pa P&D (cT.pa36.=1) 1,498 Kr/ m® Kon-Bo 3amMepoB UHK. 10 wr.
MnoTHOCTbL MOpPCKOIi BOAbI 1,031 Kr/ m® MoTeps pacTBOpa BO BpeMsi 3amMepoB 626 m°
WHTepBan P&D 1,152 m
[nvHa ceeun 36.6 m B. MoTtepsi pacTBOopa BO Bpemsi 3amepa MHK/IMHOMETPUM U
YacTtoTa 3amepoB (MHKIMHOMETpUS) 3 Cseu/m® NPoBEepPKU Ha nepenns
MpoBepka Ha nepenus 5 MuH/cBeva Pacuet o6bemoB
CtoumocTb 6yp.p-pa (1917 kr/m3) $535 $/m3 Bpemsi/3amep WHK. 10,51 MuH.
CtoumocTb hakTnyeckas 6yp.p-pa $282 $/m? OGLiee Bpems 3aMepa UHK. 1,84 u.
Pacxopn 5,685 n/MuH Bpewmsi/lpoBepka Ha nepenvs 10 MuH
CyTouHasi cTaBka Gyp.nnardopmbl 550,000 $/peHb O6uiee Bpemsi NPOBEPKX Ha Nnepenuse 2,62 4.
BHyTpeHHui1 06bem GypunbHbIX TPY6 0.018 m%/m OGLiee BpeMs 3aMepa UHK. U Nnepenvs 4,5 u.

PacueTHble 3HauyeHus Totals
HapawwuBaHue nHcTpymeHTa 31 wr. O6bem coxp.oyp.p-pa 1000 ™m?
Pa3Huua paBnenunsa BK-KIM 9.71 MMNa Cymma coxp. 6yp. p-pa $ 282,000
MapeHue ypoBHa Gyp.p-pa BHyTpu BK 600 m Coxp.Bpemsi 6ypoBoii $ 102,248
MoTeps p-pa 3a ogHO HapawmBaHue 119 m»®

Tabnuua 3: PacyeT akoOHOMWM 3aTparT npu «BypeHnn ¢ BbIbpocom» ¢ FlowStop

98-1249 m (0T aHa Mops) 1 rnybuHe Boabl 2035 M
byposas komnaHusa (OnepaTtop nNpoekTa) cmorna obl
coxpaHuTb 0bbeM pacTeopa 1000 M3 1 CIKOHOMUTL
384 248 nonnapos.

3aknoueHue

1. CornacHo TEOPETUYECKOMY aHamMay npobnema
“U-tube” adhdekTa B cucteme BEK-KI1 BCTpeyaeTcs
npw BypPeHU NUNOTHORO CTBOJ1A UK Npu BypeHnn

C OBOVHbIM rpagneHToM. [mucbanaHc cucTemMbsl Npu
OypeHn MMIOTHOrO CTBOIA MOXKET MPVIBECTU K
HETOYHOM UAEHTU(MUKALMM HANMYMS MPUAOHHOIO rasa
1 NOCNEOYIOLLEMY HEKOHTPOMPYEMOMY BbIOPOCY, a
npw BypeHnn C ABOWHbIM MPAANEHTOM - 3HAYNTESIbHBIM
noTepsiM BypoOBOro pacTeopa.

2. B MmpoBoW npakTuke BypeHns n30bpeTeHbI
3aborHble knanaHel (Hanp. FlowStop), koTopble
nomoraroT KoHTposmpoBaTh “U-tube” adhdexT.

[Mpy aTOM KOHTPONb “U-tube” ahhekTa No3BONAET
n36exaTtb 3HaYMTENbHbIX MOTEPL BYPOBOrO pacTeopa
1N C3IKOHOMUTL AeHbr Oneparopa npy CTPOUTENLCTBE
rNyOOKOBOOHbBIX CKBaXKMH.

3. JlabopaTtopHble dyHKLUMOHABHBIE NCMbITAHUS
OOHOCTYNeH4aToro 3abonHoro knanaHa FlowStop
NO3BONINNN ONPEAENNTE PEXUMbI NOAa4M BypOBOro
pacTBopa, Npu KOTOPbIX 3a60MHbIN KianaH OTKPbIBAETCA
1 3aKpbiBaeTcs. KnanaH akTMBUPYETCS Npy AaBEHUN
10.3 Mrla npw pacxoge 6ypoBoro NpoMbIBOYHOIO
pacTteopa He Hxe 1700 n/MuH. 3abonHbIN KnanaH
NePEKIIOHAETCH U3 OTKPLITOrO PeXMa B 3aKPbITbIN U
Haob0opPOT 6€3 KAKNX-TMOO TEXHUKO-TEXHONOMMHECKIX
npobnem.
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Ana, confirmed with a high speed telemetry link to the
well using the FlowStop downhole valve.

FlowStop Valve Financial Analysis

Table 3 presents the economic effect of the use of a
downhole valve when drilling through a kick interval with
a diameter of 660.4mm at a depth of water 2035m. The
main losses of the drilling fluid during the kick occurs
when RIH, preparation and measurement of directional
survey tools, as well as during overflow testing.

Therefore, using the FlowStop downhole valve when
drilling a well interval of 98-1249 m (from the sea floor)
and a water depth of 2035m, the drilling company
(Project Operator) can save 1000 m® of mud and save
$384,248.

Output

1. According to the theoretical analysis, the problem

of “U-tube” effect in the DS-AS system occurs when
drilling of the pilot well or in drilling with a dual gradient.
The imbalance of the system in drilling of the pilot well
can lead to inaccurate identification of the presence of
shallow gas and subsequent non-control blow-out, and
in drilling with a dual gradient significant losses of the
drilling solution.

2. Downhole valves (eg FlowStop) have been invented in
world drilling practice, which help to control the “U-tube”
effect. At the same time, controlling of the “U-tube” effect
avoids losses of drilling fluid and saves the Operator’s
money during the construction of deep-water wells.

3. Laboratory tests of the FlowStop single-stage
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A. Mud losses while making connections

Inputs

B. Mud Lost to Pump Up Survey

Water Depth 2,035.5 m - Consider pump out air bubble to communicate with MWD

Well Depth (BML) 1,249.7 m - Need to displace entire string

Air Gap 25 m Calculated Values

Original P&D Mud Weight 1,917 Kg/m? String Volume 59.64 m?

P&D Mud Weight 1,498 Kg/m?® Surveys 10 unit

Seawater Density 1,031 Kg/m? Mud Lost for Surveying 626 m?

Pump & Dump Interval 1,152 m

Stand Length 36.6 m

Survey Frequency 3 Sample C. Observe annulus for Flow and Fill String for Survey

Flow Check 5 Min / stand Calculated Values

Mud Cost (16.0ppg) $535 $/m? Time/Survey 10,51 min

Adjusted Mud Cost $282 $/m? Total Survey Time 1,84 hour

Flow Rate 5,685 I/min Time/Flow Check 10 min

Spread Rate 550,000 $/ day Flow Check 2,62 hour

Drillpipe Capacity 0.018 m*/m Total Survey and Flow Check Time 4,5 hour
Calculated Values Totals

Connections 31 unit Total Mud Savings 1000 m?

PSI Differential 9.71 MPa Total Mud Savings $ 282,000

Fluid Level Drop 600 m Total Rig Time Savings $ 102,248

bbls mud lost per connection 11.9 md

Table 3: Cost savings calculation for «blow out drilling» with FlowStop

4. MpoBeaeHHbIE NONEBbIE UCTbITAHMS 3aDOMHOIO
KnanaHa B pasHbIX MOPCKUX YCNOBUSX 1 B Pa3HOE
BpeMsi MoaTBEPANIN (DYHKLMOHANBHOCTb 0BpaTHOro
KnanaHa B 3a4aHHOM PeXnme.

5. MNony4eHHble pe3ynbTaTbl MPOMbBIC/IOBbLIX UCMbITAHNIA
3aboMHOro KnanaHa, a MeHHo: ctabunnaaums «U-tube»
apekTa B cucteme BK-KIT; akoHOMUS BpeMeHU Ha
OypeHne; 0OCTaTOYHO YETKOE BbISBMIEHME NPUOOHHOMO
rasa - No3BOSISOT PEKOMEHOOBATL 3ab0MHbIN KnanaH
119 TPOMBILLSIEHHOMO MPUMEHEHMS.
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downhole valve prooved the mud flow regimes in which
the downhole valve opens and closes. The valve is
activated at a pressure of 10.3 MPa with a drilling fluid
flow rate of at least 1700 | / min. The downhole valve
switches from open to closed mode and vice versa
without any technical and technological problems.

4. Field tests of the downhole valve in different offshore
conditions and at different times have confirmed the
functionality of the check valve in specified modes.

5. The results of the field tests showed the downhole
valve had a stabilization of the “U-tube” effect in the
DS-AS system; saving time for drilling; sufficiently clear
identification of bottom gas - allow to recommend a
downhole valve for industrial use.
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