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Application of Differentiating

Technologies:
< Coil Tubing Drilling
< Through Tubing Rotary Drilling

< Subsea Through Tubing Rotary
Drilling

< Underbalanced Drilling

< Managed Pressure Drilling
< Extended Reach Drilling
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NMpnmeHeHune OudpdepeHUMpPOBaAHHbLIX

TexHonorum:
bypeHue c npumeHeHnem NHKT

PotopHoe 6ypeHue yepes HKT

™

< Mopckoe poTopHOe bypeHue yepes
HKT

BbypeHue Ha genpeccum
BypeHue ¢ KOHTponem aaBrieHUA
HaknoHHo-HanpaBneHHoOe OypeHune

BbiCcOKMe gaBneHnAa U BbICOKUe

TeMneparypbl
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Drilling Highly Depleted Gas Reservoirs in the
Australian Cooper Basin
(Underbalanced with Coiled Tubing)

bypeHune ckBaXuH B KpanHe UCTOLLEHHbLIX
ra3oBbIx nNnacrtax ABCTpanumnckoro baccemHa
Kynep
(bypeHue Ha penpeccum ¢ npumeHeHmem 'HKT)

Information supplied courtesy of Santos Ltd.

UHdopmaumnsa nrobe3Ho npegocraBneHa
KoMnaHuen Santos Ltd.
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The Challenge

TpyoHaqa 3apgava

Field producing for ~ 30+ years

Long production tails at low production rates.
Large well spacing across field.

Gas acceleration into economic cut off.

Existing technology in the Cooper Basin no longer
applicable due to high depletion.

[1oOblvya Ha mecTopoxaeHun Begetcst bonee 30 net
[nuTtenbHble NnageHns Oobblun Npu HU3KKUX geduTtax.

BonbLloe paccTosiHne mexay CKBaXkKuHamm Nno BCemy
MECTOPOXXAEHMUIO.

YckopeHue gobblum rasa npmeena K 3KOHOMUYECKOMY
npeneny peHTabenbHOCTH.

CyuwiecTByloLwine TexHonormn B baccenHe Kyrnep bonblue He
NPUMEHSIIOTCSH BBMOY KPpaWHEro NCTOLLEHMSA NacToB.



The Reservoir

[TnacT

- Highly depleted Gas Reservoir — 700 to 1500

psi
- Reservoir Temperature — 280 to 315°F
- Reservoir Target Depth — 7800 ft
- Interbedded Sand, Shale and Coals (instability
Risk)
- Historical reservoir damage (Skin)

- Existing wells were not all Fracture Stimulated
when drilled originally.

- KpanHe UCTOLLEHHbIN ra3oBbiv NnacTt — oT
48.26 0o 103.42 atm

- INnactoBaa temnepatypa — ot 137.8 0o
157.2°C

- MNpoekTHasa rmybuHa — 2377 m

- [lepemexatoLlimnecs cnou necyaHuka,
[MUWHUCTbIX CraHUEB W YrofbHbIX MacToB
(pUCK HEYCTONYMBOCTH)

- daHHble no noBpexaeHuto nnacta (CKuH)

- 'PI1 npoBeaeH He Ha BCeX CKBaXXMHax rocrie
BypeHus.
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Well Candidates

CKBaXuHbI KaHaOnOaThl

Well Set-Up Depth ft Pressure | Temp EMW (ppQg)
CkB. TunctBona | MMy6uHa m (psi) Deg F | OkBuBaneHTHas
Rasnenne, | 1oy NMNOTHOCTb
atMm C 6ypoBoro
pacTtBopa (Kr/n)
1 Sidetrack 7700/ 740 280 1.84
BokoBown cTtBon 2346.9 51.02 137.78 0.22
2 Sidetrack 7700 1200 290 2.99
BokoBou cTBOn 2346.9 82.73 143.33 0.358
3 Sidetrack 7800 900 280 2.21
BokoBown cTtBon 2377.4 62.05 137.78 0.265
4 New Drill 7800 1200 280 2.95
HoBbin cTBON 2377.4 82.73 137.78 0.353
5 New Drill 7600 1500 315 3.79
HoBbIn cTBON 2316.48 103.42 157.22 0.454




Underbalanced Drilling
bypeHue Ha genpeccuun
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Wellbore Stability

- Geo-mechanics Study of Coal
Stability across field

Reviewed calliper logs

Review any openhole completions in
area.

- Study key findings
+  Coal sections high risk of instability for all

trajectories but potentially more stable in a
N/S direction (opposite to sands/shales).

F Mud weight required to hold coals exceeds
the fracture gradient

Risk of wellbore stability increases with
increasing depletion.

Thick coal sections should be avoided were
possible, if not, should not be intersected at
high deviation.

F Wellbore pressure should be carefully
monitored to avoid sudden pressure
changes.

+  Ensure adequate hole cleaning.
F  Use controlled drilling rates.
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[ eomexaHn4yeckoe nccrnegoBaHme
YCTONHYNBOCTU YTOJIbHbIX MJ1aCToB MO
BCEMY MECTOPOXOAEHUIO

3yyeHune kaBepHOrpamm

N3yyeHune Bcex criyqyaeB 3akaHUYMBaHUS
CKBa)XMH B OTKPbITOM CTBOIE.

AHanmM3 OCHOBHbIX pe3yribTaToB
nccrnenoBaHm4A

BbICOKMIM pUCK HEYCTONYMBOCTU B YrOSibHbIX Nyiactax
HabngaeTca No BCEM HanpaBreHUsIM, HO
noTeHUmnanbHO OHKN Bonee cTabunbHbI MO
HanpasneHnuto C/IO (B oTnn4vmne ot necyaHukos/
[MIMHUCTbIX NNacToB).

[MnoTHocTb BypoBOro pacteopa, Heobxogumas ans
yaepKaHus yronbHbIX NNacToB, NPeBbILaeT
rpagneHT gaBneHnsa rmapopaspbliBa

PucKk ycTOMYMBOCTM CTBOSA CKBaXXMHbI BO3pacTaeT
No Mepe UCTOLLEHUs nnacTa.

Mo BO3MOXXHOCTU, HEOB6XO0AMMO n3beraTb MOLLHbIX
YrosibHbIX NSAcTOB, €CAN 3TOr0 caenaTb He yaaeTcs,
Torga ux nydlle NpoxoauTb NpU HE 3HAYNTENBHOM
OTKITOHEHUMW.

[aBneHne B CKBaXxMHe HEOOX0ANUMO TLATENbHO
KOHTPONMPOBAaTb BO U30EXaHUN PEe3KUX U3MEHEHNI
OaBneHus.

HeobxoomMmo NpoBOANTL COOTBETCTBYHOLLYHO OYMCTKY
cTBOna.

Mcnonb3oBaTb KOHTPONMPYEMbIE CKOPOCTU BypeHus.



Hole Cleaning Considerations

PacyeTbl MO OYUCTKE CTBOIA

Well 1 - 2” Overgauge Hole
Well 1 -5 2" Casing

CkBaxuHa 1 - 5v2" obcagHasi KONIOHHA

CkBaxuHa 1 — 2" ckBaXXnHa guameTpom
6onblle guameTpa gonora

el ﬂ
= =u 8 ,
'E il -
Led l‘"\._ i
£ = . — Gas velocty \\
:E‘ i — Liguid “elocity © e —
3 i S,
T = - 182 ft/min |
: . : . éﬁ 723 ft/min
o 1500 3000 4300 #8000 7500 000 .' -
Depth {ft} ~

- Koacbcbmu,meHT BbIFGCA Wama (CTR)

1 — (CKOpOCTb ocaxaeHua /cpegHasa CKOPOCTb
MHOroda3Horo noToka)

- 0.55 gocTtato4yHo Ang BepTMKanbHbIX
CckBaXkunH, 0.9 OndA ropn3oHTanbHbIX CKBaXWH

- Cutting Transport Ratio (CTR)
- 1 — (Slip Velocity/Mean Velocity of
Multiphase)

- 0.55 adequate for vertical, 0.9 adequate
for horizontal wells

Doe:;:Z:Te 512" (4.982") 6 1/8” (OG)
Sand /necyaHuk - 0.1” 0.74 0.57
Sand / nec4yaHuk— 0.04” 0.82 0.73
Coal / yronbHbin — 1" 0.3 -0.07
Coal/ yronbHbin — 2" 0.01 -0.52
Coal / yronbHbin — 3” -0.02 -0.83




Underbalanced Drilling Envelope

[Ounana3oH bypeHna Ha genpeccum

npeo6nafaHueM ruapocTaTuyeckoro aaeneduss G npeobnaaaHueM TpeHus

N
S l,) N V)

]c Hydrostatically Dominated Friction Dominated

Maximum Motor Flowrate

Minimum M tor Flow rate MakcumanbHbIV pacxop ABUraTens
o Mvmumaanbl pacxo.q ABuraTens Reservoir P{essure NMnactoBoe gaBneHue
0 = -
(:,s) 5 I Target Pre§sure PacyeTHoe pnaBrneHue
g E | || | | || || Flowrate 1
QO g Pacxop 1
Flowrate 2
/ \ Pacxop 2

Minimum Hole Cleaning Rate
MuHuManbHas pacxop Npu O4YUCTKe CTBOSIAa CKBaXXUHbI

Gas injection rate
Pacxop rasa npun HarHeTaHuUun



Coiled Tubing versus Jointed Pipe

Coiled Tubing

Jointed Pipe

No connections made during trips

Connections require gas injection shutdown
causing pressure peaks

Higher pressure containment

Pressure of rotating diverters limited

Stiff wireline makes MWD systems simpler
in gasified fluids

MWD systems not reliable in gasified
systems

No snubbing systems required

Pressure deployment requires snubbing
unit

Maximum hole size 6” (dependant on CT)

No hole size limitation.

Hole cleaning more critical

Hole cleaning can be assisted by rotation

Potential for pipe collapse in high pressure
wells.

Special drillstring connections required for
gas fields.

Thru-tubing drilling work possible

Thru-tubing work requires special rig floor
tools on conventional rigs

BOP stack smaller

BOP stack requires rotating diverter system

Limited drag for outreach

Ability to drill longer horizontal sections




Coiled Tubing versus Jointed Pipe

[HKT n obbiyHaga konoHHa HKT

Coiled Tubing

FHKT

No connections made during trips

HapawwmsaHnus Tpy6 B npouecce CI10 He
npoucxoauT

Higher pressure containment

[MoBbILLIEHHAA YCTONYNBOCTbL K BO34ENCTBUIO
JaBrneHus

Stiff wireline makes MWD systems simpler
in gasified fluids

XKecTkui kapoTaxkHbI Kabenb yrnpoLwaeT CUCTEMBI
KapoTaxka B rnpouecce bypeHusi CKBaXWH,
cofepkalLmnx razoobpasHble nomabl

No snubbing systems required

Maximum hole size 6” (dependant on CT)

He TpebyeTca npumeHeHus cuctem criycka Tpy6
no4 AasneHnem

Hole cleaning more critical

MakcumanbHbI onameTp cTBosa 6” (B
3aBsucumocTu ot MHKT)

[MpombiBKa cTBONa 6onee KpUTHUYHA

Potential for pipe collapse in high pressure
wells.

CyLuecTBYeT BEPOSATHOCTb CMATUA TPYO B
BbICOKOHAMOPHbIX CKBaXXMHaX

Thru-tubing drilling work possible

BoamoxHo bypeHue dyepes HKT

BOP stack smaller

Bnok NpoTMBOBLIGPOCOBLIX NPEBEHTOPOB MEHbLLE
no pasmepy

Limited drag for outreach

BypeHue orpaHn4mMBaeTcst CONPOTMUBINEHNEM O
CTEHKM CKBaXXMHbI




Coiled Tubing versus Jointed Pipe

[ HKT n obblvyHaga konoHHa HKT

Jointed Pipe

OObiuHaa konoHHa HKT

Connections require gas injection shutdown
causing pressure peaks

[Mpn HapalwwmBaHM HeO6X0ANMO OCTAHOBUTL 3aKauky
rasa, B pesynsrate 4Yero HabnogarTcs CKaykn OaBreHus

Pressure of rotating diverters limited

[laBrneHuve BpallaroWwmxcs OTKINOHUTENEN OrpaHNYEHO

MWD systems not reliable in gasified
systems

Cuctembl KapoTaxka B npoLecce dypeHnda He HageXHbl B
razoobpasHbIX cuctemax

Pressure deployment requires snubbing
unit

[Mpu paboTe ¢ gaBrneHnem Heobxoamum KOMMNEKC
obopynoBaHua onga cnycka-nogbema Tpy6 noa
AaBneHnem

No hole size limitation.

HeT orpaHnyeHnn no gnameTpy CTBosa CKBaXkUHbI.

Hole cleaning can be assisted by rotation

[MpoMbIBKa CKBaXXMHbI MOXET OCYLLIECTBNATLCS NPU
MOMOLLIM BpaLLeHuUs

Special drillstring connections required for
gas fields.

Ha rasoBbIx MECTOPOXAEHUAX TPEOyeTCsl NPUMEHEHNE
crneunarnbHbIX COEANHEHUN KONMOHHbI OYypunbHbIX TPYO

Thru-tubing work requires special rig floor
tools on conventional rigs

[Mpwn pabote yepe3 HKT Ha 0Obl4HbIX BypOBbIX
HeobXx0AnMO NCMOMb30BaTh cneunanbHble UHCTPYMEHTDI
Ha OypoBOU NoLaaKkm

BOP stack requires rotating diverter system

Ability to drill longer horizontal sections

[1ns 6rnioka npoTMBOBLIGPOCOBLIX NPEBEHTOPOB
TpebyeTcsa NnpMMeHeHMe BpallatoLencss OTBoASLLEN
CUCTEMBI

Bo3moxXHOCTb BypeHus 6onee anuHHbIX
FOPU3OHTarbHbIX Y4aCTKOB
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Drilling Design Envelope

Cpena nNpoekTupoBaHMA npouecca dypeHus

Underbalance needed 50-100 psi
Drill approx 200 — 250ft

(60.96 — 76.2 m)

|_

Drilling medium selection — 4% KCL
/ Nitrogen Mist

Directional — Low inclination < 30° ,
N/S azimuth

Hole Cleaning parameters

- Minimum Fluid velocity —
120gpm (454.25 n/MuH)

- Cuttings Transport Ratio —
>(0.55 (0.7 sidetracks)

Minimise ROP and coal thickness.

Openhole Completion based on
Risk Assessment outcomes. Assess
hole stability in production case over
time.

|_

|_

|_

Heobxoaumas genpeccua 3.45 — 6.89 atm
Byputb npumepHo 61 — 76m

Bei6op 6ypoBoro areHTa— 4% KCL / xugkum
asoT

HanpaeneHne — manbin yron HaknoHa < 30°,
asnmyT C/IO

I'Iapameprl OYNCTKN CTBOJ1a CKBa>XUHbI

- MuHMMarnbHas CKopocTb hrronga —
454.25 n/MuH

- KoadodpumumeHT BbiHOCA wnama— >0.55
(0.7 ana BOKOBbIX CTBOSOB)

MuHUMmM3aunsa mexaHn4eckom CKOPOCTHr
OypeHnsa n MOLWHOCTb YrofnbHOro nnacTa.

3akaH4MBaHME B OTKPbLITOM CTBOS1€ Ha OCHOBE
pe3yneTaTtoB No oueHke puckoB. OueHka
YCTOM4YMBOCTU CTBOSIA CKBAXXUHbI C TEYEHNEM
BpeEMEHM B npouecce Aobbiyn,



Sidetrack Set-up

Cxema 3apeskn 6oKOBOro cteona

TUSING HARGER

GROUND LEVEL

Santos

Well1,2 &3

& 437 Openhole
= /B AHL approx 250ft
& ‘Window exit performed by Workover Rig.

MWax Inclination through Coale 30 dag.

§ %" casing shoe
17ppt. J




New Drill Set-up

Cxema bypeHunsa HoBOro creona

Santos

Well 4 & 5

TUBING HANGER

GROUKND LEVEL

& 4% Openhole
« B AHL approx 2501

& ‘Well driled conventionally and cased down to top
of resenyoir

45", 11.6ppt, L3
Casling Shos

E %WHole TD

Proposed 4 =00 hole




Well Preparation & Casing Exit

[MoarotoBKa CKBaXXMHbl U Bbixoad obcagHoN K

Existing wells drilled and
completed ~30 years ago

|_

5 14”, 17Ib/ft, L80 Casing String "

2 3/8” Tubing and Production
Packer to be removed.

|_

Whipstock Set and Milled using !

Workover Rig.

Setting Depth critical (avoid
milling across shale/coal).

Short rathole requirement

|_

CyLlecTByOLLME CKBaXUHbI ObINn
NpobypeHbl U 3aKOHYEHbI NpUMepHO 30
neT Hasag.

O6cagHas kKornoHHa - 5 ¥2”, 171b/ft, L80

2 3/8”" HKT n akcnnyataumMoHHbI nakep
HeobxoaAnMO U3BIEeYb.

Habop oTknoHUTENen n BarnbLeBaHUE C
npumeHeHnem yctaHoskn ans KPC.

KpunTtnyeckas rmybuHa cnycka
(Heobxoanmo nsberatb NpoBeaEHUS
dope3epoBOYHbLIX paboT B 30HE MUHUCTLIX
YroSibHbIX NacToB).

TpeboBaHue Kk KopoTkomy Lypdy noa
KBagpaT



Surface Equipment Set-up

PaccraHoBka HazeMHoro obopynoBaHus

(s )
N

Fluid Tank

000
[

Underbalanced
Separator




Downhole and Surface Data

,D,aHHbIe BHYTPUCKBaXNHHbIX N HA3EMHbIX UC

1000 10
900 9
800 1 Reservoir Pressure T8

700 - IImactoBoe JaBJICHUC

600 -

500 Annulus Pressure

Pressure (psi)
(&)
(PAOSNIN) O

400

300

200

100

JlaBneHue Ha wryuepe

Time



Drilling Results

PesynbTaTbl bypeHus

- Drilled 5 wells through
formation successfully
underbalanced although
experience lower pressures in
certain wells than anticipated.

- No instability over coal
sections seen whilst drilling —
drilled 21 ft coal with no issues.

- Gas rates achieved or
exceeded on 3 of 5 well
candidates.

- 5 ckBaXkMH BbINK ycneLwHo

NpoOypeHbl Ha genpeccun,
O[HAaKO, B HEKOTOPbIX
CKBaXXMHax AaBneHue obino
boriee HU3KNM, YeM
oXuaanocs.

- B npouecce bypeHus

YronbHbIX MPOMNSIacTKOB
HEeYyCTOUNYMBOCTb HEe
Habrnoganacb — 6e3 npobrem

npobypeHo 6.4 M. yroribHOro
nnacrTa.

- Ha 3-5 ckBaxuHax-kaHauaaTax

0ebuTtbl No rasy
COOTBETCTBOBASIN UMK
npeBbILLIanu
3annaHnpoBaHHbIE YPOBHMN.



Drilling Results

PesynbTaTbl bypeHus

- H|gh erosion effects seen on F OTmMevyaeTcsa cunbHoe BIngHue IpPO3nNn

Ha OypoBoOe [0SI0TO BBUAY KpanHe

drill bits due to highly )KECTKMX YCIOBUIA U TemnepaTyp.

abrasive environment and

temperature. - MT'mapoanHammnyeckoe MogenMpoBaHue

BbISIBUINO HYIEeBble CKUH-GaKTOpbI MO
- Reservoir modelling shows BCEM CKBa*WHaMé Mo KOTOPbIM
- : NPOHMLIAEMOCTb Oblnia OCHOBHbLIM
zero skins achieved on all paKTOPOM NPy NORYYEHUM ebuTa

wells, ywth permgablllty major (NecyaHble NnacTsl MoryT

factor in rate achievement KoppenupoBaTbCA NO BCEMY

(sands can be correlated MECTOPOXOEHUIO, €CINN OHU HEe

across field but not SABNSATCA HEOQHOPOAHLIMMW).

heterogeneous). + INepcnekTneHble OypoBbIe MNoLaaKu

: . _ onpenenarTca no punbTpayMoHHO-

- Reservoir quality to dictate €MKOCTHbLIM CBOMCTBaM, a He

future locations. Not a TEXHONOrnemn ynnoTHUTENBbHOIO

. - bypeHud, nposogmmon b6e3 yyeTa
blanket infill technology in KayecTBa Nnacra, U NPUMEHSAeMON Ha
this particular field. [aHHOM KOHKPETHOM MECTOPOXAEHM.



Rate Results

PesynbTaTbl o 4ebuty

O Existing
. CyuwecTtByowmm

B Expected
Oxunpgaembin

B Actual
dakTnueckum

Well 1 Well 2 Well 4 Well 5 Well 3
CkB.1 CkB.2 CkB.4 CkB.5 CkB.3



Coll Tubing Drilling
bypeHue ¢ npumeHeHnem [ HKT
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Case History of
Offshore Colled Tubing
Managed Pressure Drilling

OnbIT NPUMEHEHUSA MOPCKUX
yctaHoBok [ HKT npu bypeHun ¢
KOHTPOJEM JaBleHUs



Project Background

icxogHble AaHHbIE MO NMPOEKTY

Field
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Project & Well Objectives

Llenn npoekta n cTpouTenbLCTBa CKBaXMH

- Project Objectives

- Perform all work with zero HS&E
incidents

- Prove feasibility of CTD and DAPC
on GA

F Access incremental reserves

- 3adayu npoekma
- BbInonHeHmne Bcex paboT ¢ HyneBbIM

WATER

L P S —

- Prove technical feasibility. A A M CNTYaumM, ceAsarHblx ¢
- Dual casing exit - MoaTBepKOeHME LEenecoobpasHoCTy
- Drill required build/turn oypeHus ¢ npumeHeHmnem MHKT u
- Determine reach and ability OypeHWsi C KOHTPONEM AMHaMNYECKOoro

: : 3aTtpybHOro gaBneHnsa Ha
- Complete with slotted liner & packers MECTOPOXIGHNN GA

- ObocHoOBaHUE mexHu4yeckou - TNony4vyeHne npmnpocTa 3anacos
ocywiecmeumocmu ripoeKkma.
- Bbixog oBorMHOM 00CagHOW KOMOHHBI

- bypeHne HeobxoaANMOro HaknoOHHOro
ydacTka /moBopoTa

- OnpegeneHne oTxoaa oT BEPTUKarnn n ero
BO3MOXXHOCTU

- 3akaH4yMBaHWeE C MOMOLLIbIO XBOCTOBUKA C
IHenerskiMmmm nnonelzdmMmm M nakenamm



Drilling Challenges

[Tpobnembl OypeHus

+ High inclination from 3,000ft to KOP (10,870ft)
- 4” production tubing w/3.25” internal restrictions

Revision 0
- Pore pressure of 407pptf EMW T e w
- Shale stability requirements of 570pptf EMW 7200 | | FordaEid
- 3HaunTenbHbIN yron HaknoHa ot 914.4 M 0 TOYKK 0] = *e ——r
Hayara oTKIMoHeHus1 (3313.8 m)
7300 -
F 4" akcnnyataunoHHas HKT ¢ 3.25" BHYyTpeHHUMMU —
CYXXEHUAMU CeYeHUs
£73507
. 'é T ——e Tay Sand C
- MopoBoe gasneHune - 407pptf akBnBanNneHTHON £ 7400
NNIOTHOCTM BYpoOBOro pacTteopa g
o ‘1’ .:. Tay Sand B
I TpeboBaHusA K ycToM4YMBOCTU cnaHues - 570pptf © 7450
9KBMBANEHTHOM NSIOTHOCTMN BYpPOBOro pacTeopa
Unit LW Mud HW Mud o TRy
Mud Weight Ppg/ 8.4 /1.006 11.0/1.318
7550 Tay Shale
gcm3 %‘F
PV Cp 12 20 7600
YP Pa 10 22 —@- 0 Dey —9—0Deg —0— 60 Deg
Static BHP psi/bar | 3,220/222 | 4,200/ 289 P ——PoePs  —FacGud
Static O/B psi/bar | 270/18.62 1,250/ 86.18
Dynamic BHP psi/bar | 3,890/268.2 | 5,090/ 350.94
Dynamic O/B psi/bar | 940/64.81 | 2,140/147.55




Managed Pressure Drilling System

Cuctema bypeHusi ¢ KOHTpPoONeM gaBreHUS

- Novel mud technologies
Investigated to reduce ECD with
higher mud weights

F Previous experience of MPD in
Alaska in 1999

+ Manual technique of maintaining
constant BHP in 2.992” slim-holes:
reduced over-balance from
1,600psi to 300psi

- Automatic system preferred to
manual manipulation

- MPD components:
- Automated choke manifold

- Electric high pressure pump tied
into platform electrical supply

- Computer control & modelling
system

DAPC Fluid Pump s

2 )
N

Mud Pump

)
h

Skpsi Lg-o—0—&
Choke
Manifold

Coiled Tubing
Injector Head

Combi BOP

Skpsi
DAPC

oo Choke .
ZE—8 \ranifold | | SkPsi

=]
Shaker

Transfer
Pump

E

Mud Pits

Tree




Cuctema bypeHusi ¢ KOHTpPoONeM gaBreHUs

Novel mud technologies investigated -
to reduce ECD with higher mud
weights

Previous experience of MPD in Alaska
in 1999 -

Manual technique of maintaining
constant BHP in 2.992” slim-holes: -
reduced over-balance from 1,600psi to
300psi

Automatic system preferred to manual =
manipulation

MPD components:
- Automated choke manifold

- Electric high pressure pump tied into
platform electrical supply

- Computer control & modelling system

HoBble TexHONOrMMN NPUroToBrieHNa BypoBbIX
pPacTBOPOB ObIfN U3Yy4EHbI Ha NpeaMeT
CHWKEHNS SKBMBANEHTHOW MIOTHOCTU
LMPKYnsuum OypoBoro pactesopa npu 6onee
BbICOKOM MNOTHOCTM BYpOBOro pacteopa

[Mpeabloywum onblT NpoBeaeHns dypeHus ¢
KOHTpOJieM agaBneHusa Ha Ansacke B 1999 r.

Py4yHon cnocob nogaep’kaHns NOCTOSAHHOIO
3Ha4YeHnsa 3abOMHOro gaBrieHUsa B CKBaXXKMHaX
Manoro gunametpa - 2.992”; cHuxeHue
penpeccun ¢ 110 go 20.68 atm

ABTOMaTM4ecKkasa cuctema npeanovYTuTerbHeEN
PYYHOMY YnpaBfieHunto

KOMMOHEHTbI cUCTEMbI OYpPEHUSI C KOHTPOMNEM
NaBneHust:

- ABTOMaTU3MPOBAHHbIN LUTYLEPHbLIN MaHUGONbA,

- QneKTpMYeCcKui HacoC BbICOKOro AaBneHus
NOAOKITHOYEH K CUCTEME ANEKTPOCHabXeHUs
nnatgopmbl

- KomnbtoTepHoe ynpaeneHve u cuctema
MOZenNMpoBaHus



Main Risks

OCHOBHbLIE PUCKMU

Project: [lpoekm:
> Inte]gration of drilling onto the » NHTerpaumsa cuctembl BypeHus Ha nnatgopme:
plattorm: POB, space, HS&E NINYHbINA cocTas naTtdopMbl, MPOCTPAHCTBO, Th n
» Re-instatement of drilling 00C
equipment & modifications > sggagnggﬂﬁ;l"e OypoBoro obopynoBaHus
» Timing: impacts of other events in
- » ['pachuk paspaboTkm npoekTa: BNuUsHUeE apyrnx
W ”.the sequence, project setup ngcﬁ)eny?omax Mepongmqmﬁ, nnaH npoe%/a
e>b et v o CKBaXUHa:
e)?sé?%né%t' ygér rtgsig\',vvsvor wiae » Bbixog o6cagHOM KONOHHbI: UCMNbITAHUS Ha
P =, P , _ nroLlagkax, MMpoBasi MpakTuka, aKcnepTHas
» Build Section; BHA design, bit oLeHKa
design, supplier experience > HaknoHHas cekuus: ausaiiH 3a60MHON
» Running the Liner: liner design, KOMMOHOBKM BYpUIbHOW KOMOHHbI, AN3alH
running procedures & equipment, A0noTa, onbIT NOCTaBLUMKa
swelling elastomers » Cnyck XBOCTOBMKA: AU3ariH XBOCTOBMKA, NOPAOOK
» Mud: New mud design required to onepauumn no crycky n obopyrnosaHue,
pass PST at 250micron HabyxaroLmit anactomep
> Differential Sticking: mud design, » bypoBo pacTsop: sl NPeooNeHws

CTaHOAPTHOro AaBfieHnsa npu 3HavyeHnm 250

best practices MUKPOH TpebyeTcs HOBbIN CocTaB BypoBOro

> PAI?% New (taquiprggqt sprlead, pacTeopa
IMItea experuse, aaditional > MpuxBaT nog gencTeMem nepenaga OaBreHUs:
'?’ﬂglFs)g%ﬂitfygrreeﬁgegilci:t?/rgplexny' CCE)CTaB 6ypoBOro pacTeopa, F|)'|ep9110|3017| onbIT
! : " » DAPC (KOHTpOnb AMHaMU4eCcKoro 3atpybHoro
Eﬁemsp%?esr%tlon/ failsafe ability of D,aBJ'IeISVIFI)Z BQCCTaHOBKa HOBOTO O60€)¥D,OBaHVIFI,
y OrpaHNYEHHbIN OMbIT, AOMOMHUTENLHOE

obopynosaHue, bonee BbICOKUI YPOBEHb
cnoXxxHocTn. CTabunbHOCTb, HAAEXHOCTb U
Oe3aBapunHasa paboTta CUMCTEMbI



Lowlights

Hepo4yeTbl

- Cancellation of second well just
prior to mobilisation

- Significant delay to the project
start date

- Well time exceeded original time
& cost estimates

- Increase in costs due to delays &
operational setbacks

- Mobilisation over the winter L
months resulted in longer rig up
than anticipated

- Contamination of the completion
fluid resulted in considerable
delay

- Stuck pipe resulting in second
sidetrack 2

- Drilling difficulties — problems with
transfer of weight to the bit

- Platform modifications were not =
complete prior to mobilising

T

- OTMeHa BTOPOM CKBaXXWH
HenocpeacTBeHHO nepen
nepemelieHmnemM nnatdpopmbol

- CyllecTBeHHasa 3adepxkKa rno
Ha4aribHOM JaTe NpoeKTa

- Bpemsi BypeHusi CKBaXKMHbI MPEBLICKNO
nepBoOHavarnbLHO NnaHMpyeMmoe Bpems
N CMETY pacxoaoB

- YBenu4yeHue pacxoaoB 3a cHeT
3aepXKeK 1 onepaLmoHHbIX cO0eB

[lepemelleHme nnatdopmMbl B 3SUMHUI
nepuod npueeno K 6onee AnUTeNsHOMY
nepuoay MoHTaxa nnatgopMbl, YeMm
oXuganocb

3arpsasHeHme XNaKocTu ans
3aKaH4YMBaHUA CKBaXXWH MPUBESIO K
CYLLECTBEHHOMY OTCTaBaHWUIO OT
rpaduka

[MpuxBaT TpyObl NpuBEN K 3apeske
BTOpPOro 60KoBOro cTeona

CrioxHocTu npu 6ypeHun — npobnema
nepenaym Harpysku Ha gosioTo

[lepeobopynoBaHme nnatopmbl HE
ObINO 3aKOHYEHO A0 NepeMeLLEeHNd
naTtgopMmbl



Highlights

BaxxHble pakThbl

- Hynesoe konuyecTtBo crniydaeB no Tb n OOC

F Zero HS&E inciden y
ero HS&E incidents - [ebunt 0b6e3BoxxeHHON HedPTV yBenu4uncs

- Dry oll production rate tripled BTpoe, npu atom TO 1 B goBedeHbl 40
while minimising BS&W (<7%) MUHMYMa (<7%)

: : . - [NpeBocxogHoe ob6beanHeHne paboTbl
- Excellent integration of the project  ppoekTHou rpynnbl ¢ rpynnoit Ha nnatdopme
team with the platform during the re- BO Bpems NOBTOPHOro BHeApeHUs npoLecca

introduction of drilling onto the bypenna Ha nnatcopme
platform - YcnewHoe nposeaeHne paboT no bypeHuto ¢
g : npumeHeHnnem M'HKT, HaunHas c bypenus
uccessfully implemented CTD on  nepBoit ckBauHbI Ha Nnatdopme B 1996r.:
the first well on the platform since paCC'&?HOBKa 0685(3)/ 8BaHgﬂéﬂM;Hbllg ccgggaa
1996: equipment spread, POB, niarqopmel, ne yAoBaHue nnarmopmsil,
Iatformqmrc))dificatic?ns use of OBM MCONb30BaHIE BYPOBOTO pacTBOPa Ha
P :  US yrneBogopoaHON OCHOBE
- Proved all technical criteria - MoaTBepXaeHbl Bce TEXHNYECKMe KpuTepum
- Proved the application of MPD - OBocHOBaHO npoBefeHne bypeHus C
- Drilled at up to 43 /100ft to a KOHTPONEM AaBIEHN5

. R - MapameTpbl OypeHusa — o 43 /1009, ¢
maximum inclination of 98 MaKCAMANEHEIM YITIOM HaKJIoHa 98qD

- First 2-3/8" keystone slotted liner & |+ Meppoe npumerenme TpaneumesnagHoro 2-3/8”

swelling packer deployment XBOCTOBMKA C LLENEeBbIMU NPope3daMn r

- Successiul application of WARP - ?’iggf;?)g?'l?ml:nael(:e?:we OypoBbIX pacTBOPOB
mud redycmg operational WARP, cHXaruwmx onepaumoHHYH CINOXXHOCTb
complexity and cost (upfront & v 3aTpaThl (MPeaynpexaeHne 1 PeMOoHT)

maintenance)



Summary

KpaTkne BbiBOAbI

- Performed all work with  BbinonHeHne Bcex pabot ¢ Hynesbim
zero HS&E incidents KONM4YeCcTBOM aBapUUHbLIX CUTyaLun,

- Production from well cBA3aHHbIX ¢ TB 1 OOC

exceeded Orlglnal hlgh = YDOBeHb ﬂ,06b|ql/| n3 CKB&I)KI{IﬁbI 5
case I'IpeBbICI/IJ'I I'IepBOHa‘-IaﬂbeII/I BbICOKUUA

YPOBEHb

- YcnewHoe BHegpeHne n NHTerpayus
meToaa oypeHus ¢ npumeHenmem [ HKT

- OBbocHOBaHbI psaa MeETOA0B DypeHUs C

- Successful
Implementation &
Integration of CTD

- A number of CTD npumeHeHuem MHKT n ncnonb3osaHune
techniques & equipment onpeneneHHoro o6opyaoBaHNS
proven - OnpepeneHbl achdekTnBHbIE OypoBbLIE

- Successful driIIing & PacTBOPbI 1N pacTBOPbI A1
Comp|etion mud defined 3akKaH4YMBaHUA CKBa>KUH

- Successful MPD - YcneliHoe BbINomnHeHne dypeHus ¢
implementation KOHTPONeM JaBreHus

: - OnpeneneHbl npobenbl B
- Gaps in technology & TeXHonorn4yeckom caepe 1 B cepe

equipment identified for
future applications 8%3534%?\”33%9 011 UX YCTPaHEHWs B



Summary

KpaTkne BbiBOAbI

- CTD, UBD and MPD can all + bypenue ¢ npumeHeHunem 'HKT, 6ypeHune

be utilised cost effectively
as a means of accessing
stranded reserves

- UBD can increase
productivity in wells and
reservoir reserves

- MPD can successfully
manage differing pressure
regimes in depleted
reservoirs

- CTD can be effectively
used as an enabling
technique for UBD and
MPD

Ha genpeccun n DypeHne ¢ KOHTPOeM
OaBfieHNs MOryT 3KOHOMUYECKU
9MPPEKTUBHO MCMNOSIb30BATLCA B
KayecTBe CcpeacTB OocTyna K
TPYAHOOOCTYMNHLIM 3anacam

- bypeHue Ha genpeccun MoxeTt
YBENUYNTb NPOAYKTUBHOCTb CKBaXXWNH Y
Ao6bblvy NNacToBbIX 3aMnacoB

- bypeHue ¢ KOHTponem gaBneHud
NO3BOSIAET yCrnewHo pabdboTtaTtb npu
N3MEHEHUN PEXMMOB JaBlIEHUS

- bypeHune c npumeHeHnem [ HKT moxeTt
9PPEKTUBHO UCMNOSMb30BaTbLCA Kak
METO[, COCOOCTBYOLLMA NPOBEOEHUIO
BbypeHust Ha genpeccumn n BypeHns ¢
KOHTPONeM OaBneHuns



Summary

KpaTkne BbIBOAbI

- Good planning is essential
(as well as the right target)

- Good training is essential

- Multi well campaigns
increase rewards and
Improve economics

- Well complexity should be

minimised at the start of
campaign

- Requires good cooperation
between Operators and
Service Providers

- MNMpaBunbHoOe nnaHnpoBaHue pabor

ABNSIETCA OCHOBoMNosararwmm (Tak xe
KaK U NpaBUNbHbIN BbIOOP 00BLEKTA)

KpanHe BaXXHO Ka4yeCTBeHHOe OOy4yeHue
nepcoHana

NpoBeaeHne kKamnaHMn nNo
CTPOUTENbLCTBY rPyMnbl CKBaXXWUH AaeT
Oornee BbICOKUE pe3ynbTaTtbl U
NoBbILaeT 3KOHOMMUYECKUe nokKasaresnu

- CNOXHOCTMN Npu cTpoUTenbLCTBE
CKBaXXWH HEOOXOAUMO CBeCTH K
MUHUMYMY YXKe B Havyane npoBefeHus
KOMMaHuun

Heob6xoanmo TecHoe coTpyaAHNYECTBO
MeXxay 40O0biBaloWMUMM U CEPBUCHBLIMM
KOMMNaHNAMM



senefgy

Questions?
Bonpochl ?



