SPE Distinguished Lecturer Program
[Tlporpamma BblaatoLMECS NEKTOPDI

.
(AL
; ,I“Il:!umulllunu] ?
Y

The SPE Distinguished Lecturer [Mporpamma BblgaroLLNeCs NIEKTOpPLI

Program is funded principally through a SPE cnoHcupyeTtcs rnasHbiM ob6pasom

grant from the SPE Foundation. yepes rpaHT PoHaa SPE.

The society gratefully acknowledges

the companies that support this O6uecTBO BnarogapuT KOMNaHuu,

program by allowing their professionals KoTopble OKasbiBalOT NOALEPKKY

to participate as lecturers. nporpamMmme, Hanpaefida CBOUX
cneynanncToB An4 y4acTusl B HEN B

Special thanks to the American KayeCTBE NIEKTOPOB.

Institute of Mining, Metallurgical, and

Petroleum Engineers (AIME) for its Ocobas bnarogapHoOCTb

contribution to the program. AMEpPUKAHCKOMY UHCTUTYTY TFOPHOMW,

MeTannyprmieckon n HedoTAHOM
npombiwneHHocTn (AIME) 3a Bknag B

pa3BunTmne rnporpamMmmbi
Society of Petroleum Engineers

Distinguished Lecturer Program
www.spe.org/dl



. " E

Mature Fields : Keep Revisiting the Fundamentals
MecTopoXaeHust Ha No3aHen ctagun paspaboTku:
[TOCTOAHHbLIVN NEePeCcMOTpP OCHOB

Dr. Neil Williams

LokTop Heun Yunbamc

Oil Search Limited

Society of Petroleum Engineers

Distinguished Lecturer Program
www.spe.org/dl




Introduction - BBeaeHue

3T0 pacckas 0 MecTopoXXaeHWUMU, KOTopoe No
MHEHWI0 60NbLUMHCTBA NMoAE Haxoaunoch Ha
nocrneaHein cTagumn NCTOLLIEHUS: -

This is the story of a field most people
thought was in terminal decline:-

— Drilling had ceased — BypeHue nNpuocTaHOBIIEHO

— Rapid production decline — bbicTpoe cHmxkeHne gobblun

— Some partners had sold out - HeKOTOpre NnapTHepPbI BbILWIN U3 Oela
_ Shut in looking not far off — ?gg I\|7||T1/|e MecTopoXaeHusi 6bIno He 3a

Reservoir History Plot — Kutubu
"padomk nctopum fobbium Ha mectopoxageHun Kytyoy
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things were
looking grim !
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5 It looked like the field would
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Greater Kutubu Area — Toro A
Eonbmaﬂ nnowanb KyTy0
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lagifu Hedinia — Toro A Structure

XeaonHua — Ctpyktypa Topo A

Line of Section

JlnHunga paspesa

Seismic is very poor
quality in New Guinea
foldbelt and so not
many lines have been

MNNIOXOro KayecTBa,
noaTomMy 6bIS10
BbISIBIIEHO HE TaK

Cencmumnyeckume
nccnegoBaHus
P i i, CKnagyaToro rosca
-. ~ Hosow ['BUHEN oyeHb

MHOI0O JIMHUN



Crestal Cross Section
[TonepeyHbin

Hedimnia

Hedinia—3,/33T




Main sands
STOOIP
EUR

Peak oil rate
Gascap
Permeability
Porosity

Viscosity

Kutubu Vital Statistics
Oco00 Ba)Hble cTaTUCTUYECKME OAaHHbIe MO

MecTopoXaeHuno Kytyoy

Papua New Guinea’s largest oil field
*KpynHenwee HedpTaHOEe mecTopoxaeHue Nanya-Hosou [ BUHen

Toro A,B,C
about 600 MMstb
about 350 MMstb

130,000 stb/d

about 1.2 TCF OGIP
400 md

13%

0.3 cP

OcHoBHbIE NacThl Topo A,B,C
B3TH okosio 600
MIH.Oappenen HedTH

OueHka KoOHeYHoM okosio 350
MIH.Oappenen HedTH

[Tk 0oOblun HedTH 130,000
HopM.Oap.HedTU/CyT

[[@a3oBag warka okono 1.2 TCF
OGIP

[TpOHMLAEMOCTb 400 md
[TopucTocTb 13%

BaskocTb 0.3cP



Gas Drive or Water Drive ?
["a30HaMoOpPHbLIN PEXUM U BOAOHAMOPHbLIN?

Large gascap

Gascap expansion throughout
field life

Wells gas out, rather than
water out

The highest wells, those
nearest the gascap, should
gas out first

Hence placed wells downdip
near OOWC

Very little water production

KpynHas rasoBas Liarnka

PaclunpeHmne rasoBom LLanku Ha
NPOTSXXEHUN BCETO CPOKa
aKcnnyaTaunum MecTtopoXXaeHus

B ckBaxxnHax 4awle HabnogaeTcs
NPOPbLIB rasa. Hexenv Bobl

B cambiX BbICOKUX CKBaXXUHAX,
pacrnonaratroLLnXcst OKONo rasoBoM
LLIaNKW, ras Jo/mKeH NpopbiBaTbCs
B NepBYlo oyepeb

B pesynbTaTe 3TOro cKkBaXkuHbl

Obinn pacnonoXeHbl N0 NAAEHUIO
nnacta okosio BHK (OOWC)

KpaiHe Hu3kast 06BOAHEHHOCTb




Gas Drive or Water Drive ?
[ @30HaMOPHbLIN PEXUM NN BOAOHAMNOPHbLIN?

Melbourne SPE Conference KoHdepeHuma SPE B
1994:- Menb0OypHe 1994 r.:-

3 papers on Papua New 3 cTaTby¥ NOCBSLUEHbI
Guinea development ocBoeHuto [anya - Hoeoun

1 paper on aquifer ['BUHEn
hydrodynamics 1 cTaTbCcA NocesileHa

Emphatic conclusion that rmapoMexaHnke

region dominated by BOAOHOCHOW 30HbI

powerful aquifer flows oM artnyeckoe
3aK/no4YeHmne o Tom, YTO B
panoHe JOMUHUPYIOT
MOLLHbIE BOOHbIE MOTOKMU




Evidence for the Strong Aquifer
YKaszaHue Ha NpUCcyTCTBUE aKTUBHOW 3aKOHTYPHOM
obnactu

Strong aquifer should cause a
tilted contact

Some variation in OWC depth
across field

Some pressure anomalies

Some water found in a well
nearest the centre of the field

It looked like all the oil had been
swept to the east and SE side
of the field

AKTMBHasi 3aKOHTYpHasi obnacTtb A0MKHA
Bbl3blBaTb HAKNOHHbIN KOHTAKT a3

[1o MeCTOPOXXOEHMIO OTMEYalTCH
HeKoTopble n3amMeHeHusa rnyonHsl BHK

HabntogatoTcs HekoTopble aHOManmm
naBneHus

B ckBaxnHe, pacnonaratowiencs
Hanbonee 6N3KO K LEHTPY
MEeCTOopOXaeHns, obHapyXnsaeTcs Boga

Bbifio noxoxe, 4TO BCA HEPTb
nepemMecTunacb B BOCTOYHYH U HOro-
BOCTOYHYO YacCTb MECTOPOXOEHMNA

Conclusion

BbiBOA

A large part of the field, the
centre, was considered to
have been water swept and
was therefore not a drilling
target !!

CumnTanock, YTO KPYMHbLIA y4aCTOK
MECTOPOXAEHUSA, Er0 LEHTP OblIS
OXBa4y€eH BOAOWN, MOITOMY OH He

paccmaTpuBarncs Kak 00bekT
bypeHus!!




The Feared Central Water Channel
Takoun nyrarownn LeHTpanbHbIN BOOAHOW

| Water in |
Centre s L — Centre

[a3 B Bona s Base
LleHTpe Kposns nnacra LeHTpe MNogowea



The Beginning of the Rethink
Havyano nepeocmbiCcneHuns

— A full petrophysical review — MonHbIh neTpoduanyeckuin

— A full facies study 0030p

— All the above fed into — [NonHoe nccnepgosaHne gauun
simulation — Bce Bbillenepe4vncrneHHble

— New simulation built NaHHble BBeaAeHbl B MOOENb

— A seismic review — [locTpoeHa HoBaa moaenb

— O030p cencMmnYecknx adaHHbIX



Rethink — continued
[lpogomKeHne nepeocMbICIEHNS

— A full RFT review:-

All the original data was on the

one straight line

All the post production data
was not

Huge amount of detail in the
post production RFT data
revealing subdivisions within
sands

This data had not been
interpreted

Ultimately changed our
completion philosophy,
leading to more zone splitting

— [lonHbIM 0630p AaHHbIX NOSTYYEHHbIX B
pesynbTate NpUMeHeHNs
onpoboBaTend nnacToB
MHorokpartHoro gencrema (RFT):-

Bce ncxoaHble aaHHbIe 5
HaxoaunNUcb Ha OHOW NPSAMON
NUHUN

A BCe OaHHble, Mosly4YeHHbIe nocne
0oObIYn - HET

OrpomMHoO€e 4Yncrio 3aNeMeHTOB B
OaHHbiX RFT, nonyyeHHbIX nocne
000bIYM, BbISBUNW HAaNn4yme cekuum
B MNecYaHukKax

AT AaHHbIE He
NHTEPNPETUPOBANNCH

B kOHEeYHOM uTOre nomMmeHsinachb
KOHLENUns 3akaH4MBaHUSA, 4TO
NpuBESIO K DonbLueMy
pacLenneHnto 3oH



Well Performance Review
OB30p TEXHONOrMYECKNUX rnokasaTenen cKBaknH

This is a gas drive system
However the highest well on the structure had not gassed out
Instead it was the best well in the field

738000 739000 740000 744000 745000 746000 747000 748000 C
2 2 P ~ ncrtemMma
Highest Well = ra3oHarnopHOro
on structure
suct pexnma

0000626

OpaHako, npopbiBa
rasa B camMou
BbICOKOWN CKBaXXUHE
CTPYKTYpPbI HE
Habnganoch
3aT0 37O ObIna
camas nyJllas
CKBaXkMHa
MECTOPOXOEHUS

0006826

©o
N
o
@
o
o
o

0009826 000.826

0005826

Toro A Structure

@ Toro A Penetration

000826

0 1000 2000m
[ E—




Alternative Theories to the Dynamic Aquifer
Model
AnbTepHaTUBHbIE TEOPUN MOOENN
OVNHaMWYHOWN 3aKOHTYPHOW 0biacTu

Compartmentalisation
Pa3bunBka Ha ONoKu

Measurement uncertainties Uil
[TorpelHOCTU n3MepeHUs this case
Permeabillity variations Hexenate

NbHbI B
NAaHHOM
cnyyae

3ameHeHna npoHnLaemMocTu



Compartmentalisation ?7?
Pa3buBka Ha B1I0KnN??

Compartment behaviour had -
been observed in the other
New Guinea Highlands oil
IS

This applies to Moran and
Gobe fields — no dynamic
aquifer needed to explain
their performance

Did we really want a different
theory for Kutubu ? Was it a
special case ?

brnoyHoe cTpoeHne HabngaeTca m
Ha Apyrux HedTAHbIX
MECTOPOXAEHMAX B 0O6NnacTu
BblCOKOropbs Hosow [ BuHeun

OTO NMPUMEHUMO K
mecTopoxaeHnam MopaH n 063 —
anga oobAcHeHUa nx
aKcnnyaTaumMoHHbIX XapakTepPUCTUK
ONHaAMUYecKkasa 3aKoHTypHas
obnacTb HE HYyXHa

[lencTBUTENBbHO NN HaM HYXXHa
apyras teopusa ana Kytyoy? MoxHo
NN cYMTaTb 3TO MECTOPOXKOEHME
OTAESIbHBIM CITy4aem?



Competing Theories

KOHKypupyroLine Teopun

Strong aquifer with
tilted contact

AKTUBHas
3aKOHTYpHasi obnacTb
C HaKJTOHHbIM

KOHTaKTOM doba3s

Compartmentalised
System

Cucrtema ONoOYHOro
CTPOEHUS




Reasons against Tilted Contact
ApPrymMmeHThbl MPOTUB HAKITIOHHOIO KOHTaKTa oas

« Compartment behaviour
obvious in nearby fields Moran
and Gobe

» Worried about having a *
different theory for Kutubu

« Some parts of Kutubu obviously
compartmentalised so why not °
all ?

« Seismic data and well
performance suggested .
potential compartmentalising
faults exist

bno4Hoe cTpoeHne ABHO
NpoCNeXmnBaeTcst Ha bnusnexawnx
mecTopoxaeHusix MopaH n 063

Becnokonna BepoOATHOCTb
CYLLECTBOBAHMA OAPYron Teopuun ans
mMecTopoxaeHusa Kytyoy

HekoTopble y4acTKn MeCTOpPOXOEeHNS
KyTyby aBHO pa3buTtbl Ha 650K, HO
no4yemy He Bce?

Cencmmyeckme gaHHble U
TEXHOJIOrn4eckme nokasaTenu
CKBaXkMHbI Npegnonaranu
CyLleCTBOBaHNE pPas3rioMoB
noTeHuuanbHO pa3dbnBaroLLnX Ha
ornoku



Reasons against Tilted Contact
AprymeHTbl MNPOTUB HAKIMOHHOIo KOHTakTa dgas

° |ntriguing anomalous performance  JlioOonbITHOE aHOManbHOE noBegeHune
ckBaXxuHbl IDT5

of well IDT5 « (Camas BbicOoKasa CKBaXXMHa
« Highest well on structure CTPYKTYpbI
» Oxunpanocb 4To 3TO ByOeT
*  Would be expected to gas out nepBasi CKBaXVHa, B KOTOPOA
first Npon3onaeT NpopbIB rasa
« BmecTo 3Toro oHa crana nydwen
 |nstead it’'s best well in field ! CKBaXXVHOW MGCTOpO)K,U,eHVlﬂ!!

 Psapgom pacnonaranacb BTopas
nyyuwasa CKBaXkuHa

* No water production in centre of « OrtcytcTtBMe otbopa BOAbI B

LEeHTPanbHOM 4YacTu MeCTOPOXOEHUS

OKOJO 30HbI, Fe BEPOSATHEN BCErO

might be HaxoAnNach AMHAMUYHAs 3aKOHTYPHas
obnacTtb

 Mopgenb npegnonarana Hanun4ymne

centre of the field Hed TN B LieHTparnbHONM YacTu

NMAaCTOONND\NYNAaWing

« Second best well was nearby

field near where dynamic aquifer

« Simulation suggested oil in the



Seismic Review — ldentifying Compartments

O0630p cencMmnYecKnx JaHHbIX — BbIABIIEHNE OTAENbHbIX OOKOB

Toro A Structure

Pre Seismic Review Post Seismic Review

A review of available seismic data pointed to the fact that significant, potentially
compartmentalising, faults exist that had not been previously recognised

It soon became apparent that the North lagifu region was unappraised and may
contain significant volumes of unaccessed oil

O0630p UMEHLUNXCH CENCMUYECKUX AaHHbIX YKa3biBan Ha aKT CYLLECTBOBAHUS 3HAYUTENbHbIX,
NOTEHLUMaNbHO PacUneHsoLLIMX Pa3rioMOB, KOTOPbIE A0 3TOro He onpeaensnch

Bckope ctano o4eBnaHo, YTo paiioH CeBepHoro Narndy He nony4nn COOTBETCTBYHOLLYIO OLIEHKY W
eCTBeHHble 0O0beMbl paHee HeaoCcT




The First Appraisal Well — IDT 9ST2

[lepBada oueHOYHaa CKBaXXUHE

Drilled IDT-9ST2 in North lagifu
region
Found water in the Toro !
BUT..................

Unusually high water
confirmed compartment
theory !

However also discovered
a deeper reservoir

CkBaxuHa IDT-9ST2 npobypeHa B
paioHe CeBepHoro Narudy
B Topo o6HapyxeHa Boaa!
HO..................
UpesamepHO BbICOKUMN

YPOBEHb BOALI NoATBEPAUN
Teopuio pa3bueku Ha 6r1oku!

TeM He MeHee Obis OTKPbIT
Gonee rny6okuin nnact

Y285000 Y286000

Y284000

Y28/000
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IDT 95T2
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Action - Meponpuatus

» It was decided to drill updip of the Bb1110 NPUHATO pelwleHne Oyputb BBEPX
highest well in a mature gascap NO BOCCTAHUIO 11/1aCTa OT CAMOU BbICOKOH
drive field !!! CKBa)kKuHbI Ha 3perioMm MecTopOoXaeHUu,

KCnnyaTupyemoro B pexxmve rasosou
wankn!!!

* Drilled 4 up-dip deviated * B uenTpansHon Yactn panoHa
wells into the central «CKIMOHHOro K BOAOMPOSABIEHUAM»
“water-prone” region . npoOypeHo 4 cKkBaXXMHbl MO BOCCTAHWUIO

Mnracta C OTXo040M OT BEPTUKASIN -

— Drilled IDT-4ST1 — MpoGypeHa IDT-4ST1

* Found oil in Toro A, B, C - no water
= « H 6 T
_ Drilled IDT-22 A,eg),TE,OBc:ESylieTHa Ha yyacTkax Topo
« Found more oil - no water Mpo6ypeHa IDT-22

— Drilled IDT-23 « O6HapyxeHo Gonblue HedhTH, BOAbI
» Gas swept, no water HeT
— Drilled IDT-23ST2 [MpobypeHa IDT-23
* Found more oil, some trapped or * BbiTecHeHue rasa, Boabl HET
“perched” water Mpobypena IDT-23ST2

« OBHapyxeHo bonbLle HedTH,
HebonbLLIOE KONMMYECTBO 3aXxBa4YEHHOM
NN «BUCAYEN» BOObI




New lop loro

Oil in
Centre

@ Existing Well - Toro C Penetration
@® New Well (Oil) - Toro C Penetration
@ New Well (Gas) - Toro C Penetration

tructure

» All 4 central wells were

PYKTypHasa kpoBns Topo C

Toro C Structure

Nagifu 6XST1
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found to be in separate
compartments !!!

» The central oil pool
extension had been
supporting the
structurally high wells
which had not gassed
out as early as expected

bb1710 06HaPyIKEeHo,
y70 Bce 4

L{EHTPAIbHLIE
CKBa)XUHb!
pacriosiararorcs Ha
oraesibHbIx briokax!!!
PacwupeHne
LLeHTpanbHON 3anexu
HedTU Nnoaaepxmeano
CTPYKTYPHO BbICOKUE
CKBaXXUHbI, NPOpPbLIB
rasa B KOTOpPbIX
npousoLuen no3agHee,
yem ObIno




In 2001 things were looking grim....
B 2001 r. cutyaums Bbirnggena MpadHo

Reservoir History Plot — Kutubu
"padouk uctopumn 0obblum Ha mectopoxxaeHun Kytyby
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By 2006 things were looking good
K 20006 r. cutyauusa kasanacb HeEMNMoOxXou

Reservoir History Plot — Kutubu

['padmk nctopmm gobulum Ha mectopoxageHun Kytyby
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Other Actions - [lpo4ne paboThbl

Resurrection of old wells ® BoccTaHoBneHme crapbix
shut in and forgotten CKBa)XMH, 3aKPbITbIX U 3a0bITbIX

e He 3abbiBaTbh 00

— Do not forget “watered out wells” i ”
0OBOAHEHHbIX CKBaXXMHaX

Workovers | « KanutanbHbli pEMOHT
— Often a low cost, high return » YacTo HM3KO 3aTpaTHoe
. aC’t!VIty BbICOKOAOXOOHOE |
Wireline MeponpusaTue
— Keep checking all zones « Kaportax

— Imbalance of reinjection can

create opportunities * llpogomkaTb NPOBEPKY BCEX

30H
Development of » Ouc6anaHc paboT no
undeveloped zones oBpaTHO 3aKayke MOXeT

— You need to break the ice..... CO3AaTb HOBbIE BOSMOXHOCTU

* Pa3paboTka HEOCBOEHHbIX 30H

« Bam HeoOxoanmo cnomaTtb
neq.....



Highlights

* At the end of the round of drilling
discussed above Kutubu
production levels had recovered to
24,000 bopd, the highest capacity
since late 2001 / early 2002

» Have added over 10,000 bopd of
capacity

 Have added 10 to 20 MMstb
CEEIWES

Lowlights

*The severe tectonic stresses
which create the compartments
also cause occasional collapsed
casing

*Need to keep doing things else
field goes back onto decline

Kno4yeBble MOMEHTHI

* K KOHUY nporpammbl OypeHud, KoTopas
paccmaTpuBanacbh paHee ypoBHU A06bIYM Ha
mecTopoxaeHun Kytyby nocturnu 24,000
bappenen HedTn B CYyTKK, camas BblCOKasd
npon3sBoanTeNbHOCTb € KoHua 2001 / Havana
2002 rr.

* [pnpocCT Npon3BOAUTENBHOCTU COCTaBWUII
cebiwe 10,000 6appenen HedTN B CYTKM

* [lpupocT 3anacos coctasun ot 10 go 20
MUINUOHOB Dappenen HedTn, NPpUBEAEHHON K
HOpPMasibHbIM YCITOBUAM

Cnabble mecTa

*CUNbHbIE TEKTOHNYECKME HaNPsSKEHNS,
pasbuBLUME NNacT Ha 6oKK, TakKe Bbi3BaNu
cnydanHoe cmsaTne obcagHOM KONOHHbI

*Heobxoanmo npoaomkaTtb BbINONHEHNE
paboT nHaye godblya Ha MECTOPOXOEHMN
CHOBa ynaget



Conclusions - BbiBoAb

Beware of “dynamic aquifers” & -
tited contacts
Step back from the detail and loole
at the regional issues occasionally
Performance of “outlier” wells is
often an omen
Keep going back to basics:-
— Are all zones perforated ?
— Wells change, even “dead”
wells
— Keep testing old wells
Simulation
— If it tells you there has to be
more oil there, that's good
— If it can’t see more oil maybe
there’s a new compartment,
which is even better
Keep revisiting the fundamentals *

OcTeperanTtech ‘AMHAMUYHbBIX 3aKOHTYPHbIX
obnacTten” n HakNOHHOro KOHTakTa gas
OTcTynuTe OT Aetaneun n nHorga obpawantecb
K pervoHarnbHbIM npobnemam
TexHonornyeckme nokasatenn “060cobneHHbIX”
CKBa)XWH 4acTo crnyxaT npeas3HameHOBaHMEM
[MpogomkanTe Bo3BpaLlaTbCA K OCHOBAM:-
— Bce nn 30HbI nepdopupoBaHbI?
— CKBaXXMHbl MEHSOTCS, JaXe “MepTBble”
CKBaXXUHbI
— [NpooomkanTte NpoBOANTL UCMbITAHUSA
CTapbIX CKBaXXUH
MoaoenupoBaHue
— Ecnun oHa roBoput Bam, 4TO 30€Cb OOMKHO
ObITb 6onbLUE HEPTU — 3TO XOPOLLIO
— Ecnun mopenb He BUAUT HEPTU, BEPOATHO
CYLLEeCTBYET HOBbIN DNOK, YTO eLle ny4ylie
[lpogoomkanTe nepecmaTpmBaTb OCHOBHbIE
doakTblI!!



A Final Note
3aKnto4YnTeENbHOE NPUMEYaHme

Interesting to note that IDT
23ST2, our newest well, the
highest well on structure, is

the only well still producing
at solution GOR...

Many appraisal opportunities
remain in Kutubu

NHTepecHO oTMeTuTb, 4YTO IDT 23ST2
Halla camasi nocrnegHAas CKBaXXnHa u
Camasi BbICOKASI CKBAXMHA CTPYKTYDbI
ABNsieTCA eAUMHCTBEHHOU CKBaXXMHOWN, rae
nobbiya 4o cux Nop BedeTCs B YCNOBUAX
rasocogepXaHus nnactoBon HeTMU...

Ha mecTtopoxaeHun KyTtyoy octaeTcs
MHOro BO3MOXXHOCTEN Ans NpOoBeAeHUS
OOMNOMHUTENBHOW pa3Beaku
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