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TO ENHANCE LIQUID HY DROCARBON PRODUCTION
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UZBEKISTAN — NORTH URTABULAK: A CASE STUDY

Crus DJIMOT, MeHe Kep IO pa3BUTHIO NpoeKToB Tethys Petroleum Limited
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Cmus dauom, mereoxncep no Paseumuro nPoexKmos
Tethys Petroleum Limited (wacmo 2pynnsl KOMNAaHuil
Tethys Petroleum). /o nepexooda 6 Tethys Cmug
pabomann 6 zpynne Komnanuii Baker Hughes 6
meuenue 22 nem na npoexmax na Ceeeprommope,
8 Agppuice u nedaeno — 6 Llenmpanvroit Asuu. Cmug
00aa0aem ooUUPHBIMU SHAHUAMU U ONBLINOM 6
obaacmu nposedenis 6yPosuLx pabom, a 6 nocseoHee
B8peMA U YNPABICHIU NPOCKIMAMUL, NPOECOCHU

U KOOPOUHAUUU UHIMEZPUPOBAMNHBLY CePEUCHBLX
KOHMPAKIMOB. -

METOAbI IIOBBIIINEHU A HEOTEOTIAYN
HA 3PEJIOM MECTOPOKJIEHHN N
B PECIIYBJINKE Y3BEKHCTAH

DPPEKTUBHOCTD TEXHOJIOTUU PA/TUATIBHOTIO
OypEHM YKE JABHO CUUTAETCS CIOPHBIM BOIIPOCOM
B OTpacau. B atMocdepe aTux nporuBopeunii Tethys
Petroleum Limited B 2010 rogy Ha4a1a KAMIIAHUIO 1O
BHEJJPEHUIO TEXHOIOTUU PAJJUATIBHOTO OYPEHUS C
LEJIBIO TTOBBIMIEHN I HE(PTEOTAAYN HA MECTOPOXK/ICHUHN B
THO3AHEH CTAIUU pa3paboTKH B Peciybinrke Y36E€KUCTAH.
J151 Y30€KUCTAaHA 3TO HNEPBBII ONBIT UCTIOIb30BAHUSA
JAHHOM TEXHOJIOTUU.

Kommnanus Tethys Petroleum Limited 3annumaeTcs
Pa3BEAKON U JOOBIYEH HEDTU U I'a3a. B HacTosIICe
BPEMS B [IEHTPE BHUMAHHN A KOMITAHUH — LleHTpanbHas
Azusg u npuHaiexamue Tethys Petroleum npoeKkThl
B Kazaxcrane, Ta/KUKHCTAHE U Y36EKUCTAHE. DTO
€IMHCTBEHHAA HE3ABUCUMAsA KOMITAHH S, KOTOPAs
pPaboTaET BO BCEX ATUX TPEX peCIyOINKAX.

Hedranoe mectopoxaenne CeBepHblr YPTAOyIak
HAXO/IUTCS HA I0T€ Y36EKUCTAHA U ObIIO OTKPBITO
B 1972 rofy € r€OJIOTUYECKUMU 3A1TACAMU HE(PTH
OpUOIU3UTENBHO 124,2 MiH 6appenert. Ha cerogHAmHuiI
JIEHBb HA CTPYKTypPE NPO6YPEHO 119 CKBAXKUH, U
OCTATOYHBIE 3ATACHI, ITO OLIEHKAM CIIELTUAINUCTOB,
COCTABJIAIOT 7,3 MJIH Oappeert.

MeCTOPOXKIEHHE IIPEACTABIAET COOOIM KAPOOHATHYIO
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Steve Elliott is currently General Manager of Tethys
Production Uzbekistan (Part of The Tethys Petroleum
Group of Companies). Prior to joining Tethys, Steve
was with the Baker Hughes Group of Companies for
22 years, working in the North Sea, Africa and latterly
Central Asia. Steve bas detailed knowledge and
experience of drilling operations, with recent focus
on project management and the execution and co-
ordination of Integrated Services contracts.

The effectiveness of radial drilling technology has
long been a contentious issue within our industry,
and it was into this climate of controversy that
Tethys Petroleum Limited in 2010 embarked upon
a campaign of radial drilling to enhance oil recovery
from a mature oil field in the Republic of Uzbekistan.
This would be the first application of radial drilling
technology in Uzbekistan.

Tethys Petroleum Limited is an oil and gas
exploration and production company currently
focused on Central Asia with projects in Kazakhstan,
Tajikistan and Uzbekistan. It is the only independent
oil and gas company operating in all three Republics.

The North Urtabulak oil field in southern Uzbekistan
was discovered in 1972, with calculated oil in-place of
approximately 124.2 million barrels (“MMbbls”).

To date, 119 wells have been drilled on the structure,
and remaining oil thought to be in the region of
7.3 MMbbls.

The field is a carbonate reef structure of Jurassic age,
with an average reservoir thickness of approximately
320 m.

In March of 2010, Tethys Petroleum Limited via its
subsidiary Tethys Production Uzbekistan acquired the
Contractor rights to the North Urtabulak Production
Enhancement Contract, whereby the Contractor
is obligated to implement new technologies and



BbICOKOTEXHONOIM4YHO,
KAYECTBEHHO, B CPOK!
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PU@OBYIO CTPYKTYpPYy FOPCKOro Bo3pacra, Co CpeiHeNn
MOIITHOCTBIO IIJIACTA OKOJIO 320 M.

B mapre 2010 roxa Tethys Petroleum Limited uepes
cBOe JouepHee npegnpusatue Tethys Production
V36€KUCTaH NPUOOPEIIa IPABA NOAPAIUHKA IO IOTOBOPY
006 yBEJIMYEHNH JOOBIYH HA CEBEPHOM YPTAOYIAKE,
COINIACHO KOTOPOMY NOAPSTIUK OOA3YETCS BHEAPUTD
HOBBIE TEXHOJIOTUU U METOJWUKHU MOBBIIIECHUS JOOBIYH
JKUJKHUX YITIEBOAOPOAOB HA MECTOPOXKAEHUU CEBEPHBIN
Vprabyinak. B cBOIO ouepens, NOAPAAYNK ITOTydaeT
IIPABO HA IIOJIYYEHUE CBOEH JIOJIN YBEJIMYEHHOMN
(IpUpPAaIIEHHO) JOOBIYU. Mozienb 1acTa CEBEPHOTO
Vprabynaka, co3gannas Tethys Petroleum rmpu nomomu
nporpamMmHoro obecnieuenus Petrel/Eclipse B 2010
TOAY, IOKA3aJ1a IPUCYTCTBUE 3HAYUTEIBHBIX 34ITACOB
OCTABIIENCA HEPTHU, OOBIIAA YACTh KOTOPBIX OKA3471ACh
«3AMEMJIEHHOM» MEX/TY CYIIECTBYIOMUMHU CKBAXKUHAMU.
CHUTYAIUIO OCTIOKHSIN MHOTOYHCJIEHHBIE TTOBPEXIECHUA
NpU3a00HHON 30HBI CKBAXKUH U UCTOILIEHHOE HA JAHHBINA
MOMEHT JABJICHUE IVIACTA HA MECTOPOXAeHUN CeBEPHBINA
Vprabynaxk.

B TaKMX yCJIOBUAX TPEOOBAIOCH HANTH PEIIECHUE,

IPU KOTOPOM OCTABIIHECS 3AI1ACHI HE(PTU MOIJIN OBbITh
U3BJIEYEHBI HANOOJIEE PEHTAOETBHBIM CIIOCOOOM.

Tethys Petroleum 1 ee IpeAMIECTBEHHUKH 10

JIOTOBOPY O MOBBIIEHUY HE(PTEOTAAIN COBMECTHO

C TOCYIAPCTBEHHON HEPTSIHOM KOMITAHUECH
«Y36€eKHePTEra3» paHee yKe UCIOIb30BAIU TEXHOIOIUHU
TOPU3OHTAIBHOTO 6yPEHUS U 3APE3KH OOKOBBIX CTBOJIOB
C [IEJIBIO U3BJICYCHUS JIOTIOJIHUTE/IBHBIX 3211ACOB

new techniques to enhance liquid hydrocarbon
production from the North Urtabulak field. In return
the Contractor receives an allocation of this increased
(incremental) production.

A Petrel/Eclipse reservoir model of North Urtabulak

HedTH. TeM HE MEHEE 3TH KAITUTAJIOEMKHE U JIOBOJIbHO
PHUCKOBAHHBIE METO/IBI OBUIH IPU3HAHBI DJKOHOMHYECKH
HE3(P(PEKTUBHBIMHU B YCIIOBUSIX MECTOPOXKACHHU S
CeBepHBbIH YPTAOYIaK, yYUTBIBAS €I'O UCTOIMEHHOCTb.

Taxske Ha MECTOPOXKICHUH MTPEATIPUHIMAINCH [TIOIIBITKH

CTUMYJIMPOBAHUS IPUTOKA HE(TH MPH IIOMOITTH
KHUCJIOTHOM OOpabOTKH, HO PE3Y/IBTATHI IIOKA3AJIH, YTO
CTUMYJIMPYIOIIUH PACTBOP PACTIPOCTPAHSIICS IO Ty TH
HAaNMEHBIIIETO COIIPOTUBJICHUS, TO €CTh YCTOMYHBO

10 HIZKEJICKAITUM ITPOAYKTUBHBIM 30HAM ILIACTA.

VYUTBIBAsI BBIIECKA3aHHOE, OKU/AJIOCh, YTO PA/IUATIBHOC
OypeHue NO3BOAUT KOMITaHUHU Tethys 60see apHEeKTUBHO

Y TOYHO ITOJTyYUTh AOCTYII K 3aAEMJIEHHON HEPTH
W/WJIHN K TEM YITIEBOJOPOAAM, KOTOPBIE PAHEE ObIIN
HEZOCATAEMBL

OCHOBHOM 06J1ACTBIO UCTIOIB30BAHUS PAIUAIBHOIO
OypEHUsI 10 CETOAHSAIIHETO IHS ObLIIN MAJIOACOUTHBIC
1 UCTOIICHHBIE MECTOPOXKICHUS C HU3KOM
MIPOU3BOJUTEIBHOCTBIO M HETTTYOOKMMHU (MeHee 2750 m)
CKBXUHAMU. B painanbHOM 6ypeHnn 3PMOEKTUBHO
HCIIOJIb3YETCSI MOJU(PUITHPOBAHHAS TEXHOJIOT U

ru6koit HKT 1151 6ypeHnst GOKOBBIX CTBOJIOB IMAMETPOM

50 MM U IPOTSKEHHOCTBIO 10 100 M OT OCHOBHOI'O
c1BOJ1a. OCHOBHAS LI€JIb STOI'O METO/1A 3AKJIIOYACTCS B

VIIYYIICHUU IPOU3BOIUTEIBHOCTH OCHOBHOH CKBAKHUHBI

3a cyeT OypeHus PaJuaIbHbIX CTBOJIOB 34 IIPEJEIIbI
TOBPEK/IEHHO ITPU3a60HOM 30HBI M OOECIICYEHU N

>

commissioned by Tethys Petroleum in 2010 indicated
the presence of significant volumes of remaining oil in
place, much of which was ‘trapped’ between existing
wells — a situation exacerbated by severe near-
wellbore skin damage and the currently pressure-
depleted condition of the North Urtabulak reservoir.
A solution was therefore required whereby these
remaining oil reserves could be accessed in a cost-
effective manner.

Tethys Petroleum and its contractual predecessors
to the Production Enhancement Contract with
the state-owned oil company Uzbekneftegaz, had
previously implemented horizontal drilling and
sidetracking technologies as means of accessing
additional oil reserves. However, these capital
intensive and relatively high-risk technologies were
no longer considered to be cost effective for the North
Urtabulak reservoir in its current state of depletion.
Similarly, acid stimulation of the reservoir had also
been attempted at North Urtabulak, although it was
found that the stimulation fluid tended to follow
the path of least resistance, which is invariably into
the lower productivity zones of the reservoir. It was
therefore hoped that radial drilling might allow Tethys
to more efficiently and more accurately access trapped
and/or previously inaccessible hydrocarbons.

Radial drilling’s principal application to date }
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JIOCTYIIA K HEZIPEHHUPYEMBIM y9aCTKaM I1JIACTA.
B HacTOsAIIIEE BpEMS 3TA TEXHOIOTUS TPUMEHSETCS
TOJIBKO B BEPTUKATBHBIX HJTU TTIOYTH BEPTUKATBHBIX
CKBKUHAX, XOTS TTPOJIOTIKAIOTCS UCCIIETOBAHUS IO
JTOPA6OTKE STOM TEXHOJIOT'UH JIJI5I UCTIOIb30OBAHUS B
HAKJIOHHBIX U TOPU3OHTAIBHBIX CKBAKMHAX. Permenus
I10 BBIOOPY CKBAKMH-KAHN/IATOB TIPHHHUMAIOTCS
COBMECTHO OIIEPATOPOM H TTOAPITIUKOM 10O
pPaguaIbHOMY OYPEHHIO, BOCHOBHOM B 3ABUCHMOCTH
OT MEXAHUYECKOT'O COCTOSTHUS CKBAKUHBI 1 €€
TIPOU3BOICTBEHHOT'O ITOTEHITUAIA.

[1pu BEIGOPE CKBAKUH-KAHIUTATOB JIJIS
pPaguanbHOrO GYPEHUS MPUHUMAIOTCS B PACYET
CJIEIYIONIHE KITIOUEBbIE MOMEHTHL.

MEXAHMNYECKUE ITAPAMETPBI

Pa3mep KOTOHHBI. CYIECTBYIOINIEE Ha CETOHS
060PYIOBAHUE TSI PATUAIBHOTO OYPEHUS TO3BOJISIET
paboTaTh B KOJIOHHAX HAPYKHBIM JIMAMETPOM

5-1/2 mrorima u BblIe. OG0PYAOBAHUE TAKKE ITO3BOJIAET has been in marginal and mature fields with low
pPaboTaTb B OTKPBITHIX CTBOJIAX HOMUHAJIBHBIM productivity and shallow (<2750 m) wells. Radial
JuameTpom 4-1/2 IrorMa 1 BhILIE. drilling effectively applies modified coiled tubing

HeckoIBKO 006CcaJHBIX KOJTOHH. CYIIECTBYIONAS technology to penetrate lateral holes of 50 mm in
CHCTEMA PAAUATBHOTO OYPEHM S ITO3BOJIAET BBIPE3ATH diameter up to 100 m from the original wellbore. The
OKH4 TOJIBKO B OHOM KOJIOHHE. Ppe3epoBKa yepes principal objective of this technique is to improve the
HECKOJIBKO O6CAJHBIX KOJIOHH HEBO3MOKHA, YYUTHIBASA production profile around the original wellbore by
CYIIECTBYIOIIYIO CUCTEMY (DPE3EPOBKU. penetrating beyond the damaged skin zone and by

Mapxka KOJIOHH. JI0JI0Ta U3 KapOu/1a BOIb(ppama, accessing trapped pockets of hydrocarbons. At present
HCIIOJIb3YyEMBIE IS (PPEZEPOBKU OKOH B KOJIOHHE this technology can only be applied in vertical (or near-
MOTYT OBITh UCITOJIb30BAHBI TOJIBKO B OOCAJHBIX vertical) wells, although research is ongoing to adapt
KonoHHaX Mapku N-80 (kaTeropus «/I> B pOCCUNCKON this technique to deviated and horizontal wells. Suitable
KJIACCU(DUKAIII) UJTA HIKE. well candidates for radial drilling are mutually agreed

ToAMHA CTEHKH KOJIOHHBI. [Ipy HhIHENTHEN between the operator and the radial drilling contractor,
KOHCTPYKIIMU BO3MOXHA (PPE3EPOBKA KOJIOHHBI C based principally upon the mechanical condition of the
MAaKCUMaJIbHOM TONIMHON 10 MM. well and its production potential.

IIeMeHT 3a KOJIOHHOH. /1151 YCIIENTHOM (Dpe3epOBKU The principal factors to be taken into consideration
OKHa B KOJIOHHE OOOPY/IOBAHUEM PATUATBHOTO when selecting suitable well candidates for radial
OypEHM S HEOOXOINMO XOPOIIIEE CIIETITICHHE drilling operations are as follows.

LIEMEHTA MEX/y KOJIOHHOU U Hopoaoun. Ilpu

C1A00M IEMEHTAIIUU MOT'YT BO3HUKATD CJIOKHOCTHU MECHANICAL FACTORS

WY CHOU IPU TUAPABINYECKOM IIPOMBIBKE. * Casing Size: The current radial drilling equipment can
KauecTBO 11eMeHTaXa OOBIYHO OLIEHUBACTCS IIPU operate in production casing sizes of 5-1/2” OD or
UCTONb30BaHMU AKL, greater. The equipment can also operate in 4-1/2” or

HaxkJI0OH CKBa>KHHBI. [TOCKOJIbKY Pa/IMaJIbHOE greater in-gauge open hole.

OypeHUE UCTIONB3YET 3(PPEKT I'PABUTALINH, YKIIOH » Multiple Casing Strings: The current radial drilling
CKBAXHUHBI HE JIOJKEH MTPEBBINIATH 60 IPaIyCoB OT configuration can only penetrate single strings of
BEPTUKAJIN. casing. Overlapping casing strings cannot be milled

I'myOGnHa cKBaKHUHEIL. CyIIIECTBYIONAs CUCTEMA with the existing cutting system.

COCO6HA PabOTATH IPU MAKCUMAIBHOH ITTyOHHE * Casing Grade: The tungsten carbide bits used to mill
CKBaXMHBI 3000 M. casing exits are limited to casing grades of N-80

IITypd B ckBaKkuHE. [[7151 OCAXK/ICHUS BBIMBITOT'O (Russian grade ‘D’) or less.

[UIaMa IO/ OTKJIOHUTEJIEM HEOOXOAUM HIYP(d  Casing Wall Thickness: In its current design, the
r1youHoI 10 M. maximum casing wall thickness able to be milled is

TeMmmepaTypa Ha 3a00€ CKBaKHHEI. He I0/pKHa 10 mm.
npesbinaTh 120 °C. * Casing Cementation: In order to successfully initiate

JdasireHue Ha 32a00€ CKBa KHHBI. He JI0JKHO a casing exit, the radial drilling equipment requires
npeBbIaTh 6500 psi (GyHTOB HA KB. AIOHM). a good cement bond between the casing and the
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IINTACTOBBIE U TEOJIOTHYECKHE ITAPAMETPDI

HaK/JIOHHBIE IVIACTBI. [171aCThI C 60JIBIINM YITIOM

MaJCHUA B LIEJIOM HE ITOAXOAAT IS PAJUAIbHOI'O
OypeHMs, OCO6EHHO T€, TAE HAOMIONAETCA PA3HAs
HOpI/ICTOCTb MC)K,[LY 6III/13IIC>K3H_II/IMI/I IUIACTAMUN.

HecormacHbI€ HAILIACTOBAHM A. PAIIHMAIbHBIC

U3MEHEHHU ST, BHIKJIMHUBAHHUS X HECOIIACHBIE
HAIUTACTOBAHUS OGBIYHO IPUBO/ISAT K 33/ICPXKKAM HJTH
ITOJTHOM OCTAHOBKE IIPOIIECCA TPOMBIBKH.

Musnepaausanusa. F3BeCTKOBASA U KDEMHHUEBAS

MHUHEPATHU3AUSA B KAPOOHATAX U TIECKAX MOXKET OBITh

IIPUYHHOU HYJIEBOM IIOPHUCTOCTH, YTO [JEJIACT CKBAXKUHY

HE NOAXOMASIIECH JIJIS1 PAUATIBHOTO Oy PEHUSL.

KaBepHO3HEFIE H IOPHUCTHIE (POPMHUPOBAHHU .

[TOCKOJIBKY IPOHUKHOBEHHE I'MIPOMOHUTOPHOL

CHCTEMBI TPEGYET OMPEICIICHHBIX IPAHUIT, KABEPHO3HbBIC

U ITIOPUCTBIE (POPMHUPOBAHUS B [IEJIOM HE MOAXOAAT JJIs
pagnuaabHOrO GypEHUSL.

PoIxuIbIe 1I1ACTBI. [IDOMBIBKA PBHIXJIBIX IJIACTOB

B L1E€JIOM IPUBOAUT K BBIMBIBAHHIO ITOPOJI, YTO
NPENATCTBYET NPOABUKEHUIO IIPOMBIBOYHOI
KOMIIOHOBKU.

OBanopuThI. COMN, TUIIC U AHTU/IPUTHI B LIEJIOM

HE NOAAAI0TCS HPOHUKHOBEHUIO TMJJPOMOHUTOPHOM
CTpyen.

st mecTopoxieHUs1 CeBEPHBIN YPTAOyIaK KEPHOBBIE

MPOO6BI INTACTOBBIX ITOPOJ, OBIJIN OTIIPABJIEHEI B
J1260PATOPUIO CUCTEM ParanbHOro 6ypenus (RDS)
JUIA SKCIIEPUMEHTAIbHBIX MUCIIBITAHWI. Ha camom
MECTOPOXK/AECHNH ObLIN UCIIOJIB30BAHBI AIPETaT C
ru6xort HKT komnanuu RDS B CO4€TAHMU CO CTAHKOM
10 KAIIPEMOHTY CKBAKUH X]-450, B3ATBIM HA IIOA P
KoMIaHuew Tethys.

Iocne BBI6Opa MOAXOASANNX CKBAXKUH PAAHUATIBHOE

OypeHUE IPOUCXOAUT CICAYIOMUM OOPA30M:

1.

8.

9.

Imymenue CKBaXMHBL MOHTAXK YCTAHOBKU /11
KAaIIPEMOHTA CKBAKMHBL ITogbem Tpyo6.

CITYCK B CKBAXKUHY CKpEOKa U 111a6JI0HA JIIs
06CaIHBIX TPYO.

IMpucoegunenue orkaoHuTeNs K HKT u ciiyck Ha
HEOOXOJUMYIO INTYOUHY.

OpHEHTUPOBAHUE OTKJIOHUTEIA (IIPU
HEOOXOJUMOCTH).

MonTax ru6kor HKT 1 cTosika (I'ycaka).

Cryck ppesa u ppe3epoOBKA OTBEPCTHS B KOJIOHHE.
CIyCK B CKBa>KMHY KOMITOHOBKH C HACATKOH,
IPUCOEANHEHHON K 100-METPOBOMY I'HOKOMY
nuIaHry v ru6koit HKT.

Bypenue cTBona AuamMeTpoM 50 MM U
IPOTSXKEHHOCTBIO 10 100 M.

IToBOpOT OTKIOHUTEIA HA 90 I'PalyCOB.

10. IToBTOp 11ar0OB 6—9 10 3aBEPIICHUS GYPEHUS BCEX

YCTBIPEX CTBOJIOB.

11. TToxbeM OTKJIOHHUTEJIS IO BTOPOI'O YPOBHS (€ECINU

HEOOXO/IUMO).
DTa Iporeypa MOXKET TOBTOPSITHCS ITPU Oy pPEHUN HA

JIF060M HEOGXOAMMOM KOJIMUECTBE YPOBHEH.

BbICOKOTEXHONOIM4YHO,
KAYECTBEHHO, B CPOK!

formation. A poor casing bond generally results

in difficulty or failure in jetting operations. The
competence of the cement bond is generally assessed
by CBL.

» Wellbore Inclination: Since the system relies upon
gravity to seat the radial drilling, the well inclination
should not exceed 60 degrees from vertical.

* Wellbore Depth: The present system is designed to
operate at a maximum depth of 3000 m.

* Wellbore Rathole: A rathole of 10 m is required to

allow the jetted debris to settle beneath the deflector

shoe.

Bottomhole Temperature: BHT should not exceed

120 Deg C.

» Bottomhole Pressure: BHP should not exceed
6500 psi.

RESERVOIR & GEOLOGICAL FACTORS

 Dipping Formations: Steeply dipping formations are
generally not suitable for radial drilling operations,
particularly where there are porosity differences
between adjacent formations.

» Unconformities: Facial changes, pinch-outs and
unconformities generally result in a stalling or
stoppage of the jetting process.

* Mineralization: Calcitic or siliceous mineralization
in carbonates and sands can result in zero porosity
which renders the well unsuitable for radial drilling.

 Cavernous and Vuggy Formations: Since the forward

penetration of the jetting system relies upon some
lateral constraint, cavernous and vuggy formations
are not generally suitable for radial drilling
operations.

Unconsolidated Formations: jetting of

unconsolidated formations generally causes

washouts which impedes forward progress of the
jetting assembly.

Evaporites: Salts, gypsum and anhydrite are generally

not penetrable by jetting action.

In the case of the North Urtabulak reservoir, core

samples of the reservoir rock were sent to Radial

Drilling Systems’ (RDS) laboratory for pilot testing,

At North Urtabulak the RDS coiled tubing unit was

operated in conjunction with Tethys’ contracted

XJ-450 truck-mounted workover rig. }
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B nporecce pagnanbHOro 6ypenus no ruokum HKT
LUPKYIHUPYET (PUABTPOBAHHASA (<10 MUKPOH) BOZA, 4
nepgopanus JOCTUTAETCA 32 CUET BBIOPOCA BOJBI UEPE3
COIJIA TIOJ] BBICOKUM JIABJIEHUEM, COOTBETCTBYIOIIUM
MPOYHOCTH HA CKATHUE NOPOJ, I/1ACTA. CAEPKUBAHHE
cTpyu rubkorit HKT 1 KOHTPOJIb Ha HOBEPXHOCTHU
MHO3BOJIAIOT NOAAEPKUBATD IOCTOIHHOE HATIPSXKEHHNE
TUOKOTO IIVIAHTA B PAJJUATIBHOM CTBOJIE. DTO
HATSKEHUE BMECTE C TOYKOU BBIXO/IA M3 KOJIOHHBI JAET
BO3MOXKHOCTB OOPA30BAHUIO TOJIBKO NPSIMOI IMHUN
MIPU BBIXO/IE U3 KOJIOHHBI [P YCJIOBUH COXPAHEHHU S
3TOr'O HATSKEHUA. B KApOOHATHBIX (M KAPOOHATHO-

CLIEMEHTHPOBAHHBIX) IJIACTAX MOCJIE OYPEHUA GOKOBBIX

CTBOJIOB MOKET UCHOJIb30BATHCS KUCIOTHAS IPOMBIBKA
10%-M pacTBOPOM COJIAHOM KMCJIOTHL B cpeiHeM Ha
OypEHME KAXKIOTO CTOMETPOBOIO HGOKOBOT'O CTBOJIA
MNOTPEOOBAIOCH MEHEE [IBYX 4aCOB HA CEBEPHOM
Vprabynaxke.

Bceero as paguanbHOro 6ypeHus Ha CEBEPHOM
Vprabynake 6bLI0 BBIOPAHO MATh CKBAXKUH,
IPEACTABISIONNX U3 ce6s1 OOCAKEHHBIE U
HEOOCAKEHHBIE, HAXOAAIMMECA B PA3HBIX YACTAX
MECTOPOXKAEHUA. BCe CKBAKMHBI ObLIIN BEPTUKAILHBIE
WJIU IIOYTU BEPTUKAIbHBIE. Ha 4eTBIPEX CKBAKMHAX-
KAHJUATAX ObUTH IPEANPUHATHI IONBITKU 6y PEHUSA
4JeThIPEX GOKOBBIX CTBOJIOB HA OJHOM YPOBHE, 4 HA
ckBakuHe NU-116 — 1o 4eTsIpe GOKOBBIX CTBOJIA HA
JBYX YPOBHSAX. 34 UCKJIIOUEHUEM CKBAKUHBI NU-44, rne
YA7I0Ch IIPOOYPUTB JIUIIB [jBA GOKOBBIX CTBOJIA, HA BCEX

Upon selection of suitable well candidates the radial
drilling procedure is as follows;
1. Kill well. Rig up workover unit. Retrieve existing
completion string.
2. Runin hole with casing scraper and casing drift
assemblies.
Connect deflector shoe to tubing and run in hole to
required depth.
Orient deflector shoe (if required).
Rig up coil tubing unit and gooseneck.
Run in hole with casing cutter and initiate casing exit.
Run in hole with jet assembly connected to 100 m
flexible hose and coiled tubing.
Perforate 50 mm diameter hole up to 100 m in
length.
9. Rotate deflector shoe through 90 degrees.
10. Repeat steps 6 through 9 until all four laterals are
completed.
11. Raise deflector shoe to second level (if required).
This procedure may be repeated for as many
additional levels of penetration as required.
Throughout the radial drilling process the coiled
tubing string is circulated with filtered (< 10 microns)
water, and penetration is achieved through high
pressure jetting via nozzles matched to the compressive
strength of the formation. By maintaining control of the
coiled tubing from surface the jetting string is held in
constant tension thus permitting only straight forward
departure perpendicular to the original wellbore. In
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OCTAIBHBIX CKBAKMHAX 6YPEHHUE OKA32JI0Ch YCIICIITHBIM 1
ObLIIU IIPOOYPEHBI GOKOBBIE CTBOJIBI JNTMHOM OKOJIO 100 M
HAa BCEX IIJIAHUPYEMBIX YPOBHSIX. Bce 60OKOBBIE CTBOJIBI
0111 06paboTaHbI 10%-M PACTBOPOM COJISIHOM KHUCIOTBI

carbonate (and carbonate-cemented) reservoirs, a 10%
HCl acid wash can be applied after drilling each lateral.
On average, it took less than two hours to complete the
radial drilling of each 100 m lateral at North Urtabulak.

cpaasy nociie 6ypeHus. Pe3ybTaTel pagnualbHOTO
OypEeHUs1 HA MECTOPOXK/ACHUU CEBEPHBIN YPTAOyIaK
TMIOK43aHbI HA CJIEAYIONIEH CBOJAHOM AT PAMME.

NU-87 — ¢ 60KOBBIM OTKPBITBIM CTBOJIOM,
PACIIONIOKEHHAA Yy Th IOJKHEE LIEHTPA MECTOPOXK/ICHUS.

Bcero npobypeHO YETBIPE PAIUATIBHBIX CTBOJIA, KAXKbIA

JUIMHOU 98 M Ha 111y6urHE 2450,9 M. [IeOUT CKBAKHUHBI

YBEJIMUMIICS C 56,6 6Gappereit nedtu B CyTKH (6HC) miepes

paguanbHBIM GypeHueM 10 69,8 GHC TTocie Hero. TakuM
06pa3oMm, JO0ObIYA YBEJINYHIIACh HA 13,2 O6HC (23%).

NU-79 - BepTHUKa/IbHAA CKBAKIHA, PACIIOJIOKCHHAS
4yTb K CEBEPY OT LIEHTPA MECTOPOXKIEHHUA U
€IMHCTBEHHAsI OOCA’KEHHAS CKBA’KMHA, HA KOTOPOH
IPOBOAWJIOCH PaIMaIbHOE OypeHure. Bcero mpooypeHo
4 GOKOBBIX CTBOJIA, KAK/IBIE ytHOM 100 M.

B ¢BsA3M ¢ BOSHUKIIMMU IIPH OYPEHNU OTUX CTBOJIOB
CJIOKHOCTSAMU, JIBA U3 HUX OBUIM IIPOOYPEHDI HA
ry6uHe 2436,7 M, a 1Ba APYTUX HA INTYOUHE 2476 M.
ITpearonaraeTcs, 4YTO BO3HUKIINE TPYJHOCTHU ObIN
CBSI32HBI C IVIOXHUM KaY€CTBOM IIEMEHTAKA MEXY
06CaTHOM KOJIOHHOM M IOPOJOM. [Ie6UT HE(PTH HA ITOM

CKBaKHHE BBIPOC C 10,6 Gappeiett B CyTKU /10 54 6appenet

B CYTKH [IOCJIE PAJUAJIBHOI'O OypeHus. Takum 06pa3omM,
YBEJIMUEHME COCTABIAET 43,4 6appener B CyTKU (409%).
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In total, five well candidates were selected for the
radial drilling trial at North Urtabulak. These were a
combination of cased-hole and open-hole completions
located in different parts of the field. All wells were
vertical or near vertical. In four of the well candidates
one level of four laterals were attempted and in well
NU-116 two levels of four laterals were attempted. With
the exception of well NU-44 (where only two laterals
were achieved), in all the remaining wells four laterals
of 7100 m were successfully achieved at each level. All
laterals were treated with a 10% hydrochloric acid wash
immediately after drilling.

The results of radial drilling at North Urtabulak are
summarized in the chart below.

NU-87 — is an open-hole sidetracked well located
slightly south of centre of the field. In total, four laterals
(each of 98 m in length) were radially drilled at a
depth of 24509 m. Oil production from this well has
increased from 56.6 barrels of oil per day (“bopd”) prior
to radial drilling to 69.8 bopd after radial drilling. This
represents an increase of 13.2 bopd (23%).

NU-79 —is a vertical well located slightly north of
centre of the field, and is the only cased-hole well
candidate on which radial drilling operations were
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NU-92 — HEOO6CAKEHHAS CKBAKUHA Pe3ynvmamuot npumenenus paouaisnozo oypenusn, %
C 3APE3AHHBIM GOKOBBIM CTBOJIOM - Post RD production incremental in percent
Ha4 BOCTOKE MECTOPOXKeHUS. Becero
po6ypeEHO 4 6OKOBBIX CTBOJIA, s
KaK/IbIU AIMHOI 100 M Ha TI1yOrHE
2457 m. [1ebuT HE(PTU HA ITOH h—-
CKBaKHUHE BO3POC € 64,1 10 79,2 6HC
MOCJIE PAJHUAIBHOIO OYPEHMS,
YTO COCTABIISIET YBEJIMUYECHUE
IPOU3BOIUTEIBHOCTH HA 15,1 6HC
(24%).

NU-44 — HeO6CAKEHHASI CKBAKIHA
C 32PE3aHHBIM OOKOBBIM CTBOJIOM
H4 CEBEPO-3aI1/IE MECTOPOKACHUSL.
[Tpu 6ypeHnn pauaaTbHbIX
CTBOJIOB BO3HUKJIN CEPhE3HBIE
TPYAHOCTH, IPETIOIOKUTETHHO
CBSI3aHHBIE C TEM, YTO CKBQ)KI/IHQL " = =
paHee 1oABEPIaAIACh KUCJIOTHOMN N HL-TE NUET LT wLE
06paboTKe. JaHHAS KUCJIOTHAS Creancumvt,/ Wells
06pabOTKA U TIOCJIEAYIONIEE
YBEJIMUECHUE JUAMETPA CTBOJIA, CKOPEE BCETO, 1

1 -

Jlobbiua 6 npoyenmax /Bopdy/percent
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MOCJIYKHJIM [IPUYMHOU HEBO3MOKHOCTHU LIEHTPOBKU performed. In total, four laterals were drilled (each
OTKJIOHUTEJIA B CKBAXKUHE. TeM HE MEHEE YAATIOCh 100m in length). Due to difficulties in initiating these
32pe34aTh 1BA GOKOBBIX CTBOJIA B 3TOM CKBAKUHE (OIUH laterals, two were drilled at 2436.7 m and a further
JUIMHOM 94 M 1 BTOPOI — 23 M) Ha INIyOHHE 2451,3 M. two were drilled at 2476 m. It is believed that the
HecMOTps HA TO YTO yAJIOCh TPOOYPUTD JIUIITHb problems encountered in drilling the final two laterals
J1Ba 6G0OKOBBIX CTBOJI4, IEOUT CKBA’KUHBI YBETTUYHIIC may have been due to a poor cement bond between
¢ 50,9 10 94,9 6HC, T.c. Ha 44 6HC (86%). the casing and the formation. Oil production from

NU-116 — HeJaBHO [MPOOGYPEHHAsE BEPTUKAIbHAST this well increased from 10.6 bopd to 54 bopd after
CKB2)KHA HA CEBEPO-3aI1a/I€ MECTOPOXKIECHUSL. DTA radial drilling. This represents an increase of 43.4 bopd
CKBa)KMH4, I10 CyTH, HUKOI/]A HE JOObIBAJIA CKOJIb- (409%).
JINOO 3HAYMMBIX OObEMOB HE(PTH, YTO, IO OOIIEMY NU-92 - is an open-hole sidetracked well in the east
MHEHUIO, CBSI3aHO C €€ PACIIOIOKEHUEM B TOM YaCTHU of the field. In total, four laterals were drilled (each
MECTOPOXK/ACHUS, I7I€ HAOIIOJACTCI UCKIIOYUTEIBHO 100m in length) at a depth of 2457 m. Oil production
HU3Kas IIOPUCTOCTD U IMPOHUIIAEMOCTb IIOPOJ, from this well has increased from 64.1 bopd prior to
[Ipeanonaranock, 9To 6ypeHue OOKOBBIX CTBOJIOB B 3TOM radial drilling to 79.2 bopd post radial drilling. This
CKBA)KMHE, BO3MOKHO, [IO3BOJINT BBIMTH 32 IIPE/ICIIbI represents an increase of 15.1 bopd (24%).
HU3KOIIPOHHUIIAEMBIX ITIOPOJ, U OOECIICYHUT JOCTYII K NU-44 - is an open-hole sidetrack in the north-
3aracaM 60see IPOAYKTUBHOM YACTH MECTOPOXKICHHSL west of the field. Some considerable difficulties were
Bcero 6pU10 3ape3aHo 110 4 GOKOBBIX CTBOJIA HA IBYX encountered in initiating laterals in this well and this
YPOBHSX, KAK/IbIH yTHHOIM 100 M. HecMOTps HA TO YTO thought to be because the well had been previously
B 3TOM CKBA’KMHE OBLIIO IPOOYPEHO 8 GOKOBBIX CTBOJIOB, acidized. This acidization and consequent hole
HAJIeK/IbI HE ONIPABAATNUCE. [I]pOU3BOANTEIBHOCTD enlargement undoubtedly affected the ability of the
CKBQ)XUHBI /IO PA/TUAJIBHOI'O OYPEHMS COCTABIISIA deflector shoe to centralize in the wellbore. However,
1,25 6Hc, TTocyie — 5 6HC. we did still manage to drill two laterals in this well

B niesiom pasinanbHOE 6ypenne Ha CEBEpHOM (1x94 mand 1 x 23 m) at a depth of 2451.3 m. Despite
VpTrabynake MOKHO CHHUTATD JJOBOJIBHO YCIICITHBIM. only having achieved two laterals in this well, oil
32 BO3BMOXKHBIM UCKITIOYCHUEM CKBAXHUHBI NU-116 production increased from 509 bopd prior to radial
(110 O6OCHOBAHHBIM IPUYMHAM, CBA3AHHBIM C drilling to 949 bopd after radial drilling, resulting
KOJIJIEKTOPCKHUMH CBOMICTBAMM), BCE CKBAKHHBI, in an increase of 44 bopd (86%).
IIPEAIIOJIATAEMBIE JIJIS ITUX IKCIIEPUMEHTAIBHBIX NU-116 —isa newly-drilled vertical well in the north-
UCTIBITAHUH, TOKA32JIM 3HAYUTE/IbHBIN POCT west of the field. This well has never really produced
IIPOU3BOAUTEIBHOCTHU B PE3YIBTATE PA/TUAIBHOIO any significant quantities of oil and the consensus of
OypeHus. OTHAKO CJIEIYET 3aMETUTD, YTO XOTS opinion is that the well is located in a part of the field
MIPOU3BOAUTEIBHOCTb MHOTUX U3 3TUX CKBAXKUH, with exceptionally low porosity and permeability. It
I7ie IPOBO/IUIIOCH PAJIUATIBHOE OYPEHUE, BIOCIECTBUU } was hoped that laterals drilled from this well might }
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TEXHOJIOI'NH

yIIaJ1a, MBI [TOJIATAE€M, YTO ITO CIYYUJIOCh, CKOPEE,
BCJIEACTBUE OOMIETO MA/ICHUS IVIACTOBOTI'O JABJICHUS,
HEXEJIU 10 IPUYHHAM, CBA3a4HHBIM C CAMUM
paanaIbHBIM OYPEHUEM.

Hau6o5ee BaXKHBIM BBIBOJJOM 3KCIIEPUMEHTAIbHBIX
UCHBITAHUN PAIUAJIBHOTO 6ypeHus Ha CEBEPHOM
Vprabyiake CleIyeT NPU3HATh TOT (PAKT, YTO
3aJIOI'OM YCIIEITHOI'O OCYIIECTBIEHNS PAOOT IO
paguaIbHOMY OYPEHUIO SABJISAETCS IPABUIBHBIIN
BBIOOP MECTOPOXKJEHHU U CKBAXUH. K mpumepy,

HA 3TAIIE IIJIAHUPOBAHM A HAIII OAPSAYUK I10
pagruanbHOMY OYPEHUIO IIPEAYIIPEK/IA HAC O TOM,
4TO TEXHOJIOTUA PAJJUAIBHOTO OypEHUS HAauboiee

3 HEKTHBHA HA MECTOPOK/ICHU X, TTI€ IIIACTOBOE
JABJIEHUE COCTABIIAET HE HIDKE 70% OT MEPBUYHOTO.
KoneuHo ke, CeBepHbIN YpTaOyIaK HE HOAXOAUT

O/ 3TOT KPUTEPHH, UTO, BEPOATHO, U IPUBEJIO

K TOMY, UYTO JJEOUT CKBA’KUH HA MECTOPOXKICHUHN
MOCJIE TOJbEMA B PEZYIIBTATE PASHUAIBHOIO OYPEHUSA
HE COXPAHUJICA HA 3TOM ke ypoBHE. M x0T Tethys
Petroleum 1 6bp112 OCBEIOMJIEHA 06 3TOM HPEISTCTBUH,
KOMIIAHM S NIPENOYJIA JOKA3ATh 3PHEKTUBHOCTD
TEXHOJIOTUU CBOEMY NAPTHEPY «Y36€KHEPTEraA3y»,
4TOOBI O6ECIEUYNTBD JOCTYII K APYTHUM IIPOEKTAM 1O
PEabUINTAIIIN MECTOPOXKICHUN KaK B Y30EKHUCTAHE,
TAK U B JPyTUX PETMOHAX.

MBI CTOJNIKHYJIUCH C TPO6JIEMAMHU NTPH OYpPEHNUH
PaAUaJIBHBIX CTBOJIOB TOJIBKO HA TEX CKBAXKMHAX,
KOTOPBIE HE COOTBETCTBOBAJIN OJTHOMY UJIU
HECKOJIBKMM KPUTEPUSM, OITMCAHHBIM BBIIIIE.

B yactHOCTH, Ha CKBakuHE NU-44 BOZHUKIN
TPYAHOCTH C YBEJIMYEHHBIM JIMAMETPOM CTBOJIA

B PE3YJIBTATE PAHEE IIPOBEJEHHOM KUCIOTHOMN
06pPa6OTKH, YTO IPUBEJIO K HEBO3ZMOKHOCTU
LEHTPOBKH OTKJIOHUTEJIS B CKBAKMHE. CXOKHUM
06pPa30M BO3HHUKJIM IIPOOIEMBI IIPU 33PE3KE
PagnaIbHBIX CTBOJIOB HA CKBAXXUHE NU-79 B CBA3U

C IIJIOXUM Ka4€CTBOM LEMEHTAKA MEXy OOCATHOM
KOJIOHHOI M IIOPOJIOH. DTO €IIE Pa3 NOAYEPKUBAET
BAKHOCTD X HEOOXOAYIMOCTb TOYHOI'O IIJIAHUPOBAHU S
Y BBIOOPA CKBAKHWH JJO HAYAJIA PAAHUATIBHOIO OypPEHUSL.

B 3akioueHue XxoTesaoch Obl JOOABUTD, YTO,
HECMOTPS HA UCTOLIEHHOCTD IJIACTOBOI'O JABJICHUS
Ha MECTOPOXKJAEHUH, UCIIBITAHNA HA CEBEPHOM
Vpradynake, HECOMHEHHO, JOKA3AJI1, YTO PATUATIBHOE
OypEHME MOXKET SIBJISITHCS HE TOTBKO SKOHOMHYECKHU
3(PEKTUBHBIM METOIOM, IIO3BOJISIONINM YBEJIUYUTh
MIPOU3BOIUTEIBHOCTD K O6ECTIEYNTD JJOCTYII K
«3aIEMJICHHBIM» YTTIEBOZIOPOIAM, HO U KPATYAHIIIUM
IIyTEM JJOCTHKCHU S JAHHBIX LIEJICH. DTOT METOZ,
IIO3BOJISAET JOOUTBCS TOYHOI'O Pa3MENIEHU S OOKOBBIX
CTBOJIOB U PACHIMPEHHOI'O BCKPBITUS IIJIACTOBBIX TTOPO/]
10 CPABHEHUIO C TPAJAUIIMOHHOM ntepdopanueit. Tethys
Petroleum njaHUPYET BHEPATb U UCIIOIB30BATh ITY
TEXHOJIOTUIO ITIOBCEMECTHO HA CBOUX MECTOPOXKCHHUIX
KaK B Y36EKHUCTAHE, TAK U HA IPYTUX IPOEKTAX
KOMIIAHUU B LIeHTpanpbHOM A3UN.  ©
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extend beyond this poor poro-perm area and access
reserves in a more productive part of the field. In total,
two levels of laterals (each of 4 x 100 m) were radially
drilled from open hole. However, despite having
drilled a total of 8 laterals from this well, results have
been somewhat disappointing. Oil production prior to
radial drilling was 1.25 bopd, and after radial drilling it
increased to 5 bopd.

Opverall, the radial drilling trial at North Urtabulak
can reasonably be judged to have been a success.
With the possible exception of NU-116 (for justifiable
reservoir-related reasons) all well candidates in the
trial demonstrated a significant uplift in production as
a result of radial drilling. It must however be said that
whilst production from many of these radially-drilled
wells has subsequently dropped off, we believe to be
due more to reasons of an overall decline in reservoir
pressure than to any radial drilling related factors.

By far the single most important lesson-learnt
from the radial drilling trial at North Urtabulak is
that careful field and well selection are paramount
in assuring the successful outcome of radial drilling
operations. For example, we were advised by our
radial drilling contractor during the planning phase
that radial drilling technology is most effective in
fields which retain at least 70% of the original reservoir
pressure. The North Urtabulak field certainly does not
fulfill this criterion, which is probably why the post-
radial drilling uplift in production was not sustained.
However, Tethys Petroleum was well aware of this
impediment but was keen to prove the effectiveness
of the technology to Uzbekneftegaz as a means of
securing additional field rehabilitation projects in
Uzbekistan and elsewhere.

The only well candidates in which we had problems
initiating and progressing radially drilled laterals
fell foul of one or more of the well selection criteria
outlined above. Specifically, well NU-44 suffered
from hole enlargement as a result of a previous acid
stimulation, which resulted in an inability to centralize
the deflector shoe in the wellbore. Similarly, we had
problems in initiating laterals in NU-79 due to a poor
cement bond between casing and formation. Again,
this re-emphasizes the need for careful planning and
well selection prior to the commencement of radial
drilling operations.

In conclusion, and despite the pressure depleted
condition of the reservoir, the trial at North Urtabulak
proved emphatically that radial drilling can be a cost-
effective and time-efficient application to increase
production and to access trapped hydrocarbons. It
allows accurate placement of laterals and extended
horizontal penetration over conventional perforating.
It is a technology which Tethys Petroleum Limited fully
intends to implement elsewhere, both in Uzbekistan
and within the Tethys Petroleum Group’s other assets
in Central Asia.



