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Tethys Petroleum: OnbIT MprMeHEHSt TEXHOIOMV
pagmnanbHOro dbyperus: CeBepHbI YpTadynax

Tethys Petroleum on Radial Drilling
Technology Case History: North Urtabulak

MeTopabl NoBbILIEHNA HediTeoTAa4M Ha 3penom
MecTopo)xaeHuu B Pecny6nuke Y36exucran

OPPHEKTUBHOCTb TEXHONOMMNW pagmnanbHOro
OypeHus y>Ke faBHO CHUTAETCHA CMOPHbIM BOMPOCOM
B oTpacnu. B aTtmocdepe sTux npoTMBOpEUni,
Tethys Petroleum Limited B 2010 rogy Havana
KaMnaHuio No BHEAPEHUIO TEXHOOMMN paananbHoro
OypeHns ¢ Lenbto MOBbILWEHNA HedTeoTAa4qM Ha
MECTOPOXAEHUN B MO3OHEN cTaaun paspaboTKkn

B Pecnybnuke Y3bekuctaH. na YsbekncraHa ato
nepBbI OMNbIT UCNONB30BaHUA LAHHOW TEXHOMOMMN
paguanbHOro 6ypenHus.

Komnarus Tethys Petroleum Limited 3aHnmaeTca
pa3Beakom 1 gobbiden HedpTK 1 rasa. B HacTosLee
BPEMS B LEHTPE BHMMAaHNA KOMNaHuu - LleHTpanbHas
Asna n npuHagnexawme Tethys Petroleum npoekTbl
B KazaxcTaHe, Tagxukuctane n YsbekucrtaHe. 310
€[MHCTBEHHAas He3aBuncKMasa KoMMNaHns. KoTopas
paboTaeT BO BCeX 3TUX Tpex pecnybnmkax.

HedTaHoe mecTopoxxaeHne CeBEPHbIN

YpTabynak HaxoguTca Ha tore YabekuctaHa

1 6bINO OTKPbLITO B 1972 roay C reonorm4ecknmm
3anacamu HeddTn NpubnanTenbHO 124.2 MunamoHa
Bappenen. Ha cerogHAWHNN OeHb, Ha CTPYKTYpe
npobypeHo 119 ckBaXKMH, 1 OCTATO4YHblE 3amnackl Mo
OUEeHKaM crneynanmcToB COCTaBAAT 7.3 MUNNMOHA
bappenen.

60 | ROGTEC

Enhanced oil recovery from a mature field
in the Republic of Uzhekistan

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 320m.

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
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MecTopoxxaeHne npeactaBnaeT cobon kapboHaTHYO
pudoByto CTPYKTypy KOpcKoro Bo3pacTta, Co cpeaHen
MOLLHOCTLIO MnnacTta okono 320 MeTpoB.

B mapTte 2010 roga, Tethys Petroleum Limited,
4epes CBOe AodepHee npennpudaTue Tethys
Production Y36tekucTtaH, npnobpena npasa
nogpsaavmka no [JJorosopy 06 yBeANYeHUN
nobbivn Ha CeBepHoM YpTabynake, COrnacHo
KOTOPOMY MoapaaynK o6sa3yeTcsa BHEAPUTb HOBbIE
TEXHOMOMMN U METOLNKN MOBbILIEHNS A06bI4M
XKUOKNX YrINeBo4OPOL0B HA MECTOPOXAEHNN
CeBepHbil YpTabynak. B cBoto ovepeab,
noaopaAYMK NoflydaeT NpaBo Ha NosyyYeHne CBOEN
00/ YBENNYEHHON (MpuUpalLeHHOoM) 0o6bI4n.
Mopenb nnacta CeBepHoro Yprabynaka,
cospaHHas Tethys Petroleum npu nomoLun
nporpaMMHoro obecnevenuns Petrel/Eclipse B
2010 rony, nokaszana npucyTCTBME 3HAYUTESbHbIX
3anacoB ocTaBllencd HedTu, bonbllasd YacTb
KOTOpPbIX OKasaflacb“3alleMIeHHON” Mexay
CYLLLEeCTBYOLMMU

CKBaXKMHaMMU.

CUTYaLmMio OCHOXKHSN 66 60s1e€ 3OHEKTUBHO 1 TOYHO HAUTU
LOCTYI K 3aLLeMIeHHOW HeMHTU U/nin
K TEM Yr7ieBoAopO4aM, KOTOPbIE paHee
Obl/I HEAOCSraeMebl

MHOTOYNCIEHHbIE
NoOBPEXOeHMs
npn3abonHon

30Hbl CKBaXXWH U
NCTOLLIEHHOE Ha
OaHHbIA MOMEHT
naBfieHue nnacra

Ha MECTOPOXAEHWNM
CeBepHbi YpTabynak.

B Taknx ycnoBusx TpeboBanoch HalTu pelleHmne, npu
KOTOPOM OCTaBLUMECS 3anacbl HedTu MOrnun 6biTb
n3BneveHbl Hanbonee peHTabenbHbIM CMOCOOOM.
Tethys Petroleum n ee npeallecTBEHHUKN NO
OOroBOPY O MOBbLIWEHNN HEDTEOTAAYN COBMECTHO

C rocyapCTBeHHON HEPTHAHOM KOMMaHnen
Y36ekHedTEras paHee y>xe ncnonb3osanm
TEXHOMOMMN FTOPU30HTANBHOIO BYypPEeHUs n

3ape3kn BOKOBbIX CTBOJMIOB C LIENbIO N3BNEYEHNS
OOMONHUTENBbHBIX 3anacoB HedTU. TEM He MeHee, 3T
KanuTanoeMKne 1 0OBOSIbHO PUCKOBAHHbBIE METOAb!
ObINN NPU3HAHbI SKOHOMUNYECKN HESDDEKTUBHBIMU

B YCNOBUAX MecTopoxxaeHns CeBepHbIi

YpTabynak, y4nTbiBas ero NCTOLEHHOCTb. Takxe

Ha MECTOPOXAEHUN NPEANPUHMMANNCH MOMbITKM
CTUMYIMPOBAHNA NPUTOKA HEDTU MPU MOMOLLN
KNCNTOTHOM 00paboTku, HO pe3ynbTaThbl NokKasanu,
4YTO CTUMYNUPYIOLLMIA pacTBOP pPacnpoCTpaHSancs

no MyTW HAMMEHBLLErO COMPOTUBNEHUS, TO €CTb
YCTONYMBO MO HKENEXaLMM NPOAYKTMBHbIM 30HAM
nnacta. YuuTbiBas BbILLIECKA3aHHOE, 0XKNOAnochk, 4To
pagunanbHoe 6yperHne no3BoanUT KoMnaHuu Tethys
6onee aPHEKTUBHO M TOYHO NOAYHNTb AOCTYN K
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more efficiently and more accurately
access trapped and/or previously
inaccessible hydrocarbons ”

obligated to implement new technologies and 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
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 has been in
marginal and mature fields with low productivity and shallow
(<2750m) wells. Radial drilling effectively applies modified
coiled tubing technology to penetrate lateral holes of
50mm in diameter up to 100m from the original wellbore.
The principal objective of this technique is to improve
the production profile around the original wellbore by
penetrating beyond the damaged skin zone and by
accessing trapped pockets of hydrocarbons. At present
this technology can only be applied in vertical (or near-
vertical) wells, although research is ongoing to adapt this
technique to deviated and horizontal wells. Suitable well
candidates for radial drilling are mutually agreed between
the operator and the radial drilling contractor, based
principally upon the mechanical condition of the well and
its production potential.

The principal factors to be taken into consideration
when selecting suitable well candidates for radial drilling
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CkBa)xuHbl - Well Symbol

| Tethys Production Y36ekuctaH - Tethys Production Uzbekistan

@ HarHetatenbHble ckBaxkMHbI - Pumping Wells

1% [asmdTHble cKBaXKWHbI - Gas Lift Well

KapTa nosepxHocT nnacta - Top Reservior Structural Map

CeBepHblin YpTabynak - North Urtabulak

Macturab 1:12864 - Scale: 1.12884

0129 267 386 514 _B4im

PucyHok 1: CeBepHblin YpTabynak — CKBaXKuHbI, NpearofiaraeMble Ais paamansHoro OypeHns

Figure 1: North Urtabulak - Radial Driling Well Candidates

3aleMneHHon HedpTn n/unn K Tem yrineBogopogam,
KOTOpble paHee Obi HEOOCAraeMsbI.

OCHOBHOWM 061aCTbiO NCMONB3OBAHWS
paguanbHoOro bypeHnsa 00 CErofHALIHEro

OHS 6bINn ManofebuTHble U UCTOLWEHHbIE
MECTOPOXAEHNSA C HU3KOW NPOU3BOOUTENBHOCTBLIO
1 Hernybokumn (MeHee 2750 M) ckBaxknuHamu. B
pagnanbHoM BypeHun adPeKTUBHO NCMONb3YeTCA
MoaMULMpPOBaHHasa TexHoaormga rmbkoro HKT
ons 6ypeHnss 60KoBbIX CTBOMNOB AnameTpom 50

MM 1 NPOTAXXEHHOCTBLIO 40 100 M OT OCHOBHOTO
ctBona. OCHOBHas Leb 3TOro METOAA 3aK/OHaETCH
B Y/yHLLIEHNN NPOU3BOAUTENIBHOCTY OCHOBHOW
CKBaXXMHbI 32 CHET OypeHmnsa pagmnanbHbIX CTBOIOB
3a npeaesnbl NoOBPeXO4eHHOM NPU3abonHON 30HbI 1
obecnedeHnn 0OCTyna K HeAPEHNPYEMbIM yHacTKam
nnacTta. B HacTosiLlee BpeMs aTa TeEXHOMOrmns
NPUMEHSIETCS TONbKO B BEPTUKANBHbIX UM MOYTY
BEPTUKABbHbIX CKB2XXNHAX, XOTHA MPOAO/IKATCS
1NCccnefoBaHns No opaboTke 3TOM TEXHONOMMW ANS
MCMONBb30BaHUSA B HAKTOHHbBIX U FOPU3OHTaSIbHbIX
CKBaKMHax. PelueHus, no Belbopy CKBaXKMH-
KaHaMOaToB, NPUHUMAKOTCSA COBMECTHO OMepaTopoM t
nogpaaYMKOM MO pagmanbHOMY BYPEHMIO, B OCHOBHOM,
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operations are as follows;

Mechanical Factors

» Casing Size: The current radial drilling equipment can
operate in production casing sizes of 5-1/2” OD or
greater. The equipment can also operate in 4-1/2” or
greater in-gauge open hole.

» Multiple Casing Strings: The current radial drilling
configuration can only penetrate single strings of casing.
Overlapping casing strings cannot be milled with the
existing cutting system.

» Casing Grade: The tungsten carbide bits used to mill
casing exits are limited to casing grades of N-80 (Russian
grade ‘D’) or less.

» Casing Wall Thickness: In its current design, the
maximum casing wall thickness able to be milled is 10mm.

» Casing Cementation: In order to successfully initiate a
casing exit, the radial drilling equipment requires a good
cement bond between the casing and the 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.

www.rogtecmagazine.com
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B 3aBMCMOCTWN OT MeXaHN4YeCKOro COCTOAHNA
CKBa>KMHbI 1 ee Mpon3BOOCTBEHHOr o noteHunana.

Mpu BbIGOPE CKBAXKNH-KAHAMAATOB ANs paavanbHOro
6ypeHus, MPUHUMAaIOTCS B pacyeT cneayloune
KJTHOYEBble MOMEHTbI:

MexaHnyecKue napameTpbl

» Pasmep KOMOHHbI: CYLLIECTBYIOLLIEE HA CErOaHs
obopynoBaHvie ANs pagnanbHOro BypeHns Mo3BONAET
paboTaTb B KOJJOHHAX HapYy>XHbIM AnaMeTpom 5-1/2
aronma v Beile. ObopyaoBaHVe Takke NO3BONAET
paboTaTb B OTKPbITbIX CTBOMAX HOMUHABHbLIM
anameTpoM 4-1/2 groima Unn BbiLLE.

>

v

Heckonbko ob6caaHbIX KOOHH: CYLLECTBYHOLLLAS
cucTema paavanbHoro BypeHns No3BonseT
Bblpe3aTb OKHA TO/IbKO B OHOW KOMNOHHE.
dpesepoBKa HYepe3 HECKONbKO 0BCaaHbIX KOMOHH
HEBO3MOXKHA, Y4MTbIBasi CyLLIECTBYHOLLYIO CUCTEMY
hpe3epoBKM.

>

v

Mapka KOfToHH: Jof10Ta 13 Kapbuaa Bofibdpama,
NCMNOSIb3yeMble 419 (DPE3EPOBKN OKOH B KOJIOHHE
MOTyT ObITb MCMOMB30BaHbI TOSIbKO B 06CaAHbIX
KonoHHax Mapku N-80 (kateropus “I1” B pOCCUNCKOWN
Knaccudukaumm) Uam HAXKE.

Radial Drilling Services, Inc.

i and can be used as con-

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

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

» Wellbore Rathole: A rathole of 10m 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

drilling |
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PaaunanbHoe 6ypeHue ABndeTca 3GPEeKTUBHLIM METOAOM MOBbILLEHWUSA
HedpTeOTAaUM CyLEecTBYOWMUX HePTAHbIX WM Tra30BblX CKBaXKUH.
B ropusoHTanbHOM MNOCKOCTM B CTOPOHbI OT OCHOBHOFO CTBOJIA
dopmmpytoTca 6OKoBbIe CTBOJbI A/IMHON A0 100 M, KOTOpble CO34atoT
[OMNONHUTENbHbIE KaHa bl ANA NPUTOKA XKUAKOCTb, a TaKKe NO3BONAOT
NPOBOAUTL XMMMYecKne 06paboTku, NP 1 3akauky napa. Komnaxusa
RDS — mupoBoi nnpep B paauanbHom bypeHun — npobypuna
6onee 5000 60KOBbIX CTBOJMIOB C WCMO/Ib30BaHWEM COBCTBEHHOM
3aMaTEHTOBAHHOMN TEXHOOTUMN.

Radial Drilling is an efficient method to optimize production in exist-
ing oil and gas wells. 100 meter laterals extend horizontally from the
well bore to create permeability channels for enhanced production

Wellheads

duits for chemical treat-
ments, fracs, and steam
injection. With over
5,000 laterals jetted with
its patented technology,
RDS is the world leader
in Radial Drilling.

Paiianan Opunnnnr Cepsuces UHK.

4921 Spring Cypress Rd | Spring, Texas 77379, USA | Poccws, TatapctaH, 423450, r. AlbMeTbeBCK, Y. LLleBueHko 48 ==

office: +1 (281) 374-7507 fax: +1 (281) 374-7509
www.radialdrilling.com

tel: +7 (8553) 300 058, 300 996 fax: +7 (8553) 300 056, 300 994 Eels
www.radialdrilling.ru
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» TONLLMHA CTEHKN KOMOHHbI: MPW HbIHELLHEN
KOHCTPYKLMN, BO3MOXKHa (Ppe3epOBKa KOJIOHHbI C
MaKCUMaNbHOW TONLWLMHON 10 MM.

» LleMeHT 3a KONOHHOW: ANS yCreLwHOoW (hpe3epoBKU
OKHa B KOJIOHHE 060pyAOBaHNEM PaananbHOro
OypeHnsa HeobxoaMMO XOPOoLLIEE CLEMIEHNE
LeMeHTa Mexxay KONoHHOW 1 nopogown. Npn cnabown
LeMEeHTaLMM MOTyT BO3HUKATb CIOXKHOCTU UM COoun
npw rmagpasnnyeckon nNpomeiBke. Kavectso
LeMeHTaxka 06blHHO OLeHMBaeTCs Ucnonbays AKLI.

» HaknoH CKBaXKMHbI: MOCKOMBKY pagnansHoe
BypeHne ncnonb3yeTt apdeKT rpaBuTaLmn, yKNoH
CKBaXXMHbI HEe [OKeH NpeBblwaTh 60 rpagycos
OT BepTuKanu.

» [NybrHa CKBaKMHbI: CyLLIECTBYHOLLAA cnucTema
CnocobHa paboTaTb NPy MakCUMabHOM ryoOuHe
ckBaKMHbI 3000 MeTPOB.

» LLlypdh B CKBaXKMHE: AN OCaXKAEHWS BbIMBITOMO LiaMa
Nof, OTKIOHUTENEM HeobXxoauM Lypd rnybrHom 10 M.

» TemnepaTtypa Ha 3ab0e CKBaXKWHbI: HE JO/HKHA
npesbiwaTb 120°C.

» [laBneHue Ha 3a60e CKBaXKWNHbI: He JOKHO NPeBbILLaTh
6500 psi ((DyHTOB Ha KB.AKOMM).

MinacToBblie M reosorMyecKre napameTpol

» HaknoHHble NnacTbl: MNacTbl ¢ 60MLLUMM YoM
nafeHus, B LESIOM, He NMOAXoaaT ANa paananbHOro
OypeHusi, ocobeHHO Te, rae HabnoaaeTcs pasHas
MOPUCTOCTb MeXIy 6nManexxallymMy nnacTamu.

» HecornacHble HannacToBaHvst: haumabHble
N3MEHEHNS, BbIKIIMHNBaHNS U HECOrNacHble
HannacToBaHWst 0ObIMHO MPUBOAST K 3a4epyKKaM Ui
MOJSIHOM OCTaHOBKE MpoLIecca MPOMbIBKU.

» MyHepannaaums: N3BECTKOBasA UM KPEMHMEBAS
MUHepansaumsi B kapboHartax 1 neckax MOXeT ObITb
NPUHMHONM HYNEBOW MOPUCTOCTHU, HYTO AENaeT CKBaXKNHY
HenoaxoasdLlen ansa paguansHoro ypeHuns.

» KaBepHO3Hble 1 MOPUCTbIE (DOPMUPOBAHIS: MOCKOSBbKY
MPOHVKHOBEHWE MOPOMOHUTOPHOM CUCTEMBI TPebyeT
OnpefeNeHHbIX MPaHnLL, KaBepPHO3HbIE U MOPUCTbIE
dhopMMpoBaHNS B LIEIOM HE MOAXOOAT ANs
paguanbHOro GypeHust.

» PbIx/ible NnacTbl: MPOMbIBKa PbIXJIbIX MJIaCTOB B LIEJIOM
npmBOoANT K BbIMbIBAHWIO MOPOMO, YTO MNPEnATCTBYET
npoABMXEHNIO I'IpOMbIBO‘-IHOI7I KOMIMOHOBKW.

» OBarnopuTbl: COMM, TUMNC U aHMOPUTbLI B LISSIOM He
noaJatoTCs MPOHUKHOBEHIO MAOPOMOHUTOPHOM CTRYEI.
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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 Driling 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.

I
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PucyHok 2: [lethnektop 1 ropn3oHTaibHOE CTRYMHOE
nepdopupoBaHme

Figure 2: Deflector Shoe and Lateral Jetting

Upon selection of suitable well candidates the radial drilling

procedure is as follows;

1. Killwell. Rig up workover unit. Retrieve existing
completion string.

2. Runin hole with casing scraper and casing drift
assemblies.

3. 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 100m

flexible hose and coiled tubing.

Perforate 50mm diameter hole up to 100m in length.

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).

NOo ok
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MecTtopoxxaeHue CeBepHbin YpTabynak
MpousBoaAuTENbHOCTb CKBa)XXUH A0 U NOciie paananbHOro 6ypeHun

North Urtabulak Field Pre and Post Radial Drilling Production

100

90

Oil Production / bopd

[obblya HedhTn oo PbB
Gross oil before RD

Mpon3soacTBo HepTH /OHA

NU-44 NU-79 NU-87

[obblya HedTn nocne Pb
Gross oil after RD

NU-92

NU-116

Homep ckBaxkuHbl - Well Number

PucyHok 3: CpaBHuTebHasa avarpamma Npon3BOANTENBHOCT CKBaXKVH paaviaibHOro 6ypeHms

Figure 3: Radial Drilling Production Comparison

[ns mectopoxxaeHna CesepHbii YpTadynak, KepHoBble
npPoObl NNACTOBbIX MOPOL, OblN OTNPaBEHb! B
naboparoputo Cuctem PagnansHoro bypenus (RDS) ans
3KCNepUMEHTaNbHbIX MCMbITaHnn. Ha camom
MECTOPOXAEHNM OblIN UCMONb30BaHbI arperaT ¢

rnokmum HKT komnaHum RDS B codeTaHum CO CTaHKOM
MO KanpeMOoHTY CKBaxkKMH XJ-450, B3ATOM Ha nogpsaq,
kKoMMaHven Tethys.

Mocne Bbibopa NOAXOASALLMX CKBaXKMH, paanasibHoe

OypeHre NPONCXOOUT CredyroLLM 06pasoM:

1. TnyweHne ckBaXXMHbl. MOHTaXK YCTaHOBKM A5
KanpemoHTa CKBaXKWHbI. [oabem Tpyo.

2. Cnyck B CKBaXXMHY ckpebka 1 wabnoHa ans

obcagHbIx TpyO.

MpuncoeanHeHne oTknoHuTena kK HKT 1 cnyck Ha

HEOOXOANMYIO FNYyBUHY.

OpueHTUPOBaHME OTKITIOHUTENS (MPY HEOBXOAUMOCTW).

MoHTax rmbkoro HKT 1 cToska (rycaka).

Cnyck dpesa 1 hpesepoBka OTBEPCTUSA B KOJTOHHE.

CnycK B CKBaXKMHY KOMMOHOBKW C HAacaKom

npucoeamHeHHon K 100 METPOBOMY MMOKOMY LLAHrY

1 rmékomy HKT.

8. bypenwne ctBONa grnametpom 50 MM U
NPOTSAKEHHOCTLIO A0 100 M.

. ToBopoT oTknoHuTeNsA Ha 90 rpaldycos.

10. oBTOp WaroB 6-9 00 3aBepLUeHNs BypeHnsa BCeX
4-X CTBOSOB.

11. TNogbeM OTKIOHUTENA OO BTOPOro YPOBHSA (€Cnn
HeobX0aMMO).

w

NOo O
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This procedure may be repeated for as many additional
levels of penetration as required.

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

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 ~100m were
successfully achieved at each level. All laterals were treated
with a 10% hydrochloric acid wash immediately after driling.

The results of radial driling at North Urtabulak are
summarized in the chart above.

NU-87 —is an open-hole sidetracked well located slightly
south of centre of the field. In total, four laterals (each of
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B BYPEHUE

STa npoleaypa MOXeT NOBTOPSATLCS Mpu BypeHn Ha
NtO60M HEOBXOAVMOM KOJIMHECTBE YPOBHEN.

B npouecce pagmansHoro 6yperns no rmbkim HKT
LUMpKynMpyeT unbTpoBaHHas (<10 M1KpPOH) Boaa, a
nepopaums 0OCTUraeTCcs 3a CHET BbIOpOoca BOOb! HEPES
conna nop, BbICOKMM AaBfeHNEM, COOTBETCTBYOLLIVM
MPOYHOCTU Ha CxxaTue nopop nnacta. Caep)xmBaHme
cTpyv rndkon HKT 1 KOHTPOSIb Ha MOBEPXHOCTU
NO3BONAIOT NOAAEPKMBATbL MOCTOSIHHOE HaNPSXKEHME
rMOKOro LWNaHra B paguanbHOM CTBOJE. ITO HATSXKEHME,
BMECTE C TOYKOW BbIXO4a U3 KOMOHHbI AaET BOSMOXXHOCTb
06pa3oBaHMIO TOMBKO MPSAMON MHUK MPU BbIXOAE U3
KOJOHHbI MPW YCNIOBUN COXPaHEHWSI 3TOM0 HaTSXKEHNS.

B kapboHaTHbIX (1 KapboHaTHO-CLEMEHTUPOBAHHbIX)
nnacrax, nocne dypeHns BOKOBbIX CTBOJIOB MOXXET
NCNONb30BaTbCA KMCNOTHasA NpombiBka 10% pacTtBopoM
CONSIHOM KMUCNOTbI. B cpeaHem, Ha BypeHne Kaxxagoro
100m BOKOBOro CcTBOMA MOTPEOOBANOCH MEHEE 2-X 4acoB
Ha CeBepHOM YpTabynake.

Bcero ona pagmaneHoro 6ypeHus Ha CeBepHOM
YpTabynake 6b110
BbIOpAHO NSATb CKBaVKIMH,
NPEACTaBAAOLLMX N3
cebs 06CaKeHHbIE

N HEOBCAKEHHDIE,
HaxoOsaLMeCs B pa3HbIX
4acTaX MECTOPOXXAEHWSI.
Bce ckBaXuHbI Ob1nn
BEPTUKaNbHbIE NN
MOYTU BEPTUKASIbHbBIE.
Ha 4eTbipex CKBavkmMHax-
KaHovpaTax 6bim
NPeOnPUHATBI MOMbITKA
OypeHVst HYeTblpex BOKOBbLIX CTBOJIOB Ha OAHOM YPOBHE, a
Ha ckBaxknHe NU-116 — Mo 4eTbipe 6OKOBbLIX CTBOMA Ha
OBYX YPOBHsIX. 3a UCKNtoveHnem ckBaknHbl NU-44, roe
yOanocb NpobypuTb N1LLb ABa GOKOBLIX CTBOMA, Ha BCEX
OCTasbHbIX CKBaXXMHAxX BypeHne oka3anoch yCreLUHbIM U
Ob1n NPOBYpPEHbI 6OKOBbIE CTBOSbI ANIMHHOM 0KONO 100M
Ha BCex NnaHMpyeMbiX YpoBHSX. Bce GOKOBbIE CTBOSbI
Obl 06padoTaHbl 10% pPacTBOPOM CONAHOM KUCNOThI
cpasy nocne bypeHuns. PesynsTtatsl pagnanbHoOro
BypeHrsa Ha MecTopoXxaeH CeBepHbIn YpTabynak
nokKa3aHbl Ha cnenyoLLEen CBOOHON anarpamMme.

NU-87 — ¢ 6OKOBbIM OTKPbITbIM CTBOJSIOM, PaCrONOXKeHHas
YyTb KOXKHEE LIEHTPa MECTOpOXAEHUS. Bcero npobypeHo
YeTbIpe paanasibHbIX CTBOSA, Kaxxabii LSIMHHOM 98 METPOB,
Ha rnybuHe 2450.9 M. [ebnT CKBaXKNHbI YBENHUICA C
56.6 bappenel HedTK B CyTKK (BHC) Nepen paavaibHbIM
BypeHrem 0o 69.8 BHC nocne Hero. Takm 0bpasom,
[o6blHa yBenmdmnack Ha 13.2 6HC (23%).

NU-79 — BepTrKa/ibHasd CKBaXKMHA, PacrofIoXKEHHas Yy Tb
K CEBEPY OT LiEHTPa MECTOPOXKOEHWS 1 eOMHCTBEHHAA
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all well candidates in the trial
demonstrated a significant uplift in
production as a result of radial driling. @@

98m in length) were radially drilled at a depth of 2450.9m.
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 performed. In total,
four laterals were drilled (each 100m in length). Due to
difficulties in initiating these laterals, two were drilled at
2436.7m and a further two were drilled at 2476m. It is
believed that the problems encountered in drilling the final
two laterals may have been due to a poor cement bond
between the casing and the formation. Oil production from
this well increased from 10.6 bopd to 54 bopd after radial
drilling. This represents an increase of 43.4 bopd (409%).

NU-92 —is an open-hole sidetracked well in the east of

the field. In total, four laterals were drilled (each 100m in
length) at a depth of 2457m. Qil production from this well
has increased from 64.1 bopd prior to radial drilling to 79.2
bopd post radial drilling.
This represents an
increase of 15.1 bopd
(24%).

NU-44 —is an open-hole
sidetrack in the north-
west of the field. Some
considerable difficulties
were encountered in
initiating laterals in this
well and this thought to
be because the well had
been previously acidized. This acidization and consequent hole
enlargement undoubtedly affected the ability of the deflector
shoe to centralize in the wellbore. However, we did stil
manage to drill two laterals in this well (1 x 94m and 1 x 23m)
at a depth of 2451.3m. Despite only having achieved two
laterals in this well, oil production increased from 50.9 bopd
prior to radial drilling to 94.9 bopd after radial drilling, resulting
in an increase of 44 bopd (86%).

NU-116 —is a newly-drilled vertical well in the north-west of
the field. This well has never really produced any significant
quantities of oil and the consensus of opinion is that the
well is located in a part of the field with exceptionally
low porosity and permeability. It was hoped that

laterals drilled from this well might 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 100m) 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.
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DRILLING H

0B6CaKeHHast CKBaXKMHA, Ha KOTOPOW MPOBOAMIOCH
pagvanbHoe bypeHne. Bcero npobypeHo 4 60KOBbIX
CTBONMA, KaxxapI anvHHom 100 m.

B cBA31 C BO3HUKLLMMM NpW BYPEHUN 3TUX CTBOSIOB
CIIOXKHOCTSAMU, ABa U3 HUX BbIIM NPOBYpPEHbI Ha
rnybuHe 2436.7 M, a ABa Apyrnx Ha raybuHe 2476 m.
[NpepnonaraeTcs, YTO BOSHUKLUIME TPYAHOCTY Obinn
CBSA3aHbl C NIOXVUM Ka4eCTBOM LIEMEHTaxKA MeXay
obcagHOM KONMOHHOM 1 nopogon. Jebut HedhTn Ha

3TON CKBaXKMHe BbIpoc ¢ 10.6 Bappenen B cyTkn o 54
Oappenelt B CyTKX Nocne paamanbHoro bypeHns. Takum
06pas3omM yBenmnyeHne coctaBnseT 43.4 6appenen B
cyTkmM (409%).

NU-92 — HeobcaXkeHHasi CKBaXKMHA C 3ape3aHHbIM
OOKOBbIM CTBOJIOM Ha BOCTOKE MECTOPOXXAeHUSs. Bcero
NpobypeHo 4 60KOBbLIX CTBONA, Kaxxabln AavMHHOM 100

M Ha rnyounHe 2457 M. [JebnT Hedh T Ha STON CKBaXKNHE
BO3pocC ¢ 64.1 0o 79.2 6HC nocne paguanbHOro bypeHus,
YTO COCTaBNSET YBEMNYEHWE MPON3BOANTENBHOCTIN Ha
15.1 6HC (24%).

NU-44 - HeobCcaKeHHas CKBaXKMHa C 3ape3aHHbIM
OOKOBbIM CTBOJIOM Ha CeBepPO-3anafie MeCTOPOXKAEHNS.
Mpu Bypernn pagmanbHbIX CTBOMOB BO3HUKIIM CEPbE3HbIE
TPYAHOCTW, MPEANONIOKNTENBHO CBA3AHHBIE C TEM, YTO
CKBaYKMHa paHee noaBepranach KUCNOTHOM 06paboTKe.
[aHHas kucnoTHast obpaboTka 1 nocnenytoLlee
yBeIMHEHME OMamMeTpa CTBOJa, CKOpee BCEro, U
MOCNY>KUMI MPUHMHON HEBO3MOXKHOCTW LIEHTPOBKM
OTKJTIOHUTENS B CKBaXKMHE. TeM He MeHee, yaanoch
3apesaTb ABa 6BOKOBbIX CTBOMA B 3TOM CKBaXKMHE (0OMH
OJIMHHOM 94 M 1 BTOpOW — 23 M) Ha riybuHe 2451.3 M.

He cMOTpst Ha To, 4TO yaanock NpobypuTb NLLb ABa
BOKOBbIX CTBOMA, AEOUT CKBaXKMHBI yBenmdunca ¢ 50.9 oo
94.9 BHc, T.€. Ha 44 6HC (86%).

NU-116 — HemaBHO NpobypeHHas BepTUKaIbHas CKBavKMHA
Ha CeBepO-3anafe MeECTOPOXKAEHMA. DTa CKBaXKMHA,

Mo CyTW, HNKOrAa He O00bIBaNa CKOMb-NMO0 3HAYUMBIX
06BbEMOB HEPTU, YTO, MO OBLLIEMY MHEHMIO, CBA3AHO C

€€ PacrofIOKEHNEM B TON HACTV MECTOPOXAEHNS, e
HabNtOOaETCSA UCKITOUMTESNBHO HN3Kas MOPUCTOCTb U
MPOHMLI@EMOCTb NOpPOA. [Npeanonaranock, YTo BypeHve
OOKOBbIX CTBOJIOB B 3TOM CKBAXKMHE, BO3MOXKHO,

MO3BOT BbITY 3a Npeaesbl HU3KOMPOHMLAEMbIX MOPOoL,

1 0becneqnT OOCTYN K 3anacam 6onee NpoayKTUBHOM
4acT MECTOPOXXAeHMA. Bcero 66110 3ape3aHo no 4
BOOKOBbIX CTBOMA Ha ABYX YPOBHSIX, Ka>KplA ASMHHOM

100 M. He cMOTpst Ha TO, YTO B STOW CKBaXKMHE ObI1o
MpobypeHo 8 BOKOBLIX CTBOSOB, HAOEX bl HE OMpPaBAACh.
[NPOM3BOANTENBHOCTb CKBaXKMHBI A0 PaanaibHOM0 BypeHns
cocTtaBnsana 1.25 6He, nocne — 5 6HC.

B uenom, pagmansHoe bypeHne Ha CeBepHOM
YpTabynake MOXHO cHMTaTb JOBOMBHO YCMeLlHbIM. 3a
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PucyHok 4: PagnanbHoe 6ypeHne — paclunpeHHoe
BCKPbITVE MJIaCTOBbIX MOPOA No CPaBHEHNIO C
TPaaULOHHBIM

Figure 4: Radial Driling — Extended penetration compared
to traditional perforation

Overall, 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 fulffill 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.
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BO3MOXXHbIM UCKJTKOHEHMEM CKBavkmHbI NU- 116 (no
0BOCHOBaHHbIM MPUHMHAM CBA3aHHBIM C KOJSITEKTOPCKMMM
CBOWCTBaMM), BCE CKBaXKMHbI, MpeanonaraemMble ans
3TUX 3KCMNEPUMEHTANBHBIX UCMbITAHWK, NoKasanu
3HaYNTENBHbIA POCT MPOM3BOAUTENBHOCTU B pe3yfbTaTe
pagnanbHoro dypenunsa. CnegyeT, OOHaKO, 3aMETUTb, YTO
XOTS MPOV3BOAUTENBHOCTb MHOMMX U3 3TUX CKBaXKMH,
rAe NPOBOAMIOCE paavaibHOe BypeHne, BNOCNeACTBUM
yrnana, Mbl rnosiaraem, YTto 3TO CIy4nIOCk CKopee
BCNEeACTBWE ODLLEro NaaeHmst N1acToBOro AaBieHvs,
HEXENN MO NPUHMHAM CBA3aHHbIM C CaMnM paananbHbIM
OypeHmem.

Hanbonee BaXKHbIM BbIBOOOM 3KCMEPUMEHTaIbHbIX
NCnblTaHUA pagnanbHoro dypeHnsa Ha CeBepHOM
YpTabynake cnegyeT npuaHaTh TOT (haKT, YTO 3a510roMm
YCMELLHOro OCYLLECTBIEHNS paboT Mo pagnansHOMy
OypPEHMIO ABMAKOTCA NMPaBUIbHBIA BbIOOP MECTOPOXKOEHUS
N CKBaXKMH. K MprMepy, Ha aTane niaHMpoBaHns Halll
noapsiAYvK Nno paguansHOMy OypeHuo npedynpexxaan
Hac O TOM, YTO TEXHOMOMS PaamManbHOro BypeHns
Hanbonee addeKTMBHA HA MECTOPOXXOEHNAX, FOE
NnacToBoe AaBneHne
COCTaBNSET HE HIDKE

70% OT NepBUYHOIO.
KoHe4HOo »xe, CeBepHbIN
YpTabynak He NoaxoauT
nof aTOT KPUTEPUIA, HTO,
BEPOATHO, 1 MPUBENO K
TOMY, YTO AEOUT CKBaXKWH
Ha MECTOPOXXOEHUM MOcne
nogbema B pesynbrare
pagnanbHOro BypeHnst He
COXPaHWUICS Ha 3TOM XXe
ypoBHe. U, xoTta Tethys Petroleum 1 6bina oceegomMneHa
06 3TOM NPEensTCTBMM, KOMMaHWA nNpeanoyna aokasaTb
3P PEKTUBHOCTL TEXHOOMN CBOEMY MapPTHEPY
Y3bekHedTeras, 4tobbl 06ecne4nTs OCTYN K APYrnM
npoeKTam No peabunuTaumm MECTOPOXXOEHNI, Kak B
Y3bekuncTaHe, Tak 1 B APYrnx pernoHax.

U CKBa>XVH

MbI CTONKHYIMCh C NpobeMamm Npy BypeHn paananbHbIX
CTBOJIOB TOJIbKO Ha TEX CKBXKMHAX, KOTOPbIE HE
COOTBETCTBOBA/ M OOHOMY W/ HECKOJBKUM KPUTEPUSM,
onuncaHbIM BbllLe. B YacTHOCTW, Ha ckBadknHe NU-44,
BOSHVK/M TRYOHOCTU C YBENMHEHHBIM AVAMETPOM CTBOMA B
pesynsTare paHHee NPOBEAEHHOW KVUCNOTHON 00paboTKW,
YTO MPUBESIO K HEBO3MOXXHOCTU LIEHTPOBKN OTK/IOHUTESNA

B CKBaXKMHE. CXOXKM 06Pa30M, BO3HUKIIM NPOBAEMBI MPpK
3apeske pagnanbHbIX CTBOMOB Ha ckBaxknHe NU-79, B
CBSA3M C MIOXMM Ka4ECTBOM LIEMEHTaDKA MexXay 0OCaaHON
KOJIOHHOW 1 Mopoaor. 3TO ellg pa3 NoaqepKmBacT
Ba&KHOCTb 1 HEOOXOANMOCTb TOYHOIO MIaHMPOBAHUS U
BbIObOpAa CKBaXXMH 0 HaYana pagnanbHOro OypeHmst.

B 3axntoveHne xotenock 6bl 4OOaBUTb, YTO, HE
CMOTPA Ha NCTOLLEHHOCTb M1aCcToBOro gaBneHnA Ha
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careful field and well selection are
paramount in assuring the successful
outcome of radial drilling operations. 99

In conclusion, and despite the pressure depleted condition
of the reservair, the trial at North Urtabulak proved
emphatically that radial driling 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.
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MECTOPOXKAEHNN,
NCMbITaHMS Ha
CesepHom YpTabynake
HEeCOMHEHHO fokasanu,
4YTO paguansHoe
OypeHmne MoXxeT
ABNATBCHA HE TOSIbKO
9KOHOMUYECKM

3 PHEKTUBHBLIM
METOLOM,
MO3BONSAOLLMM
YBENNHUTL NMPOU3BOAUTENBHOCTb U 06EeCneYnTb 4OCTYN
K “3alleMneHHbIM” yrneBogopodam, HO U KpaTyaninm
nyTemM AOCTVIKEHUSA OaHHbIX LIenen. OTOT METOA,
NO3BONSET JOOUTHCA TOYHOMO pas3MeLleHmsi BOKOBbIX
CTBOJIOB 1 PaCLUMPEHHOIO BCKPbITUSA N1ACTOBbIX MOPOL
Mo CPaBHEHUIO C TpaauUMOHHON nepdopaupen. Tethys
Petroleum nnaHnpyeT BHeOPATb U UCMOABb30BaTb 3Ty
TEXHOMOMNIO MOBCEMECTHO Ha CBOMX MECTOPOXKAEHUSIX,
Kak B Y36eKnCcTaHe, Tak U Ha ApYrux npoekTax
KomMnaHum B LieHTpanbHom Asunu.

buorpathua asTopa

CTuB INUOT 3aHMMaEeT JOMKHOCTb MeHemkepa no
pasBuTUiO NpoekToB Tethys Petroleum Limited (vactb
rpynnel komnaHuin Tethys Petroleum). o nepexona

B Tethys, CtuB paboTan B rpynne KomnaHuin Baker
Hughes B TedyeHue 22 net Ha npoekTax Ha CeBepHOM
Mope, B Adbpuke 1 HegaBHO — B LleHTpanbHom Asuu.
CtuvB obnagaeT OOLLUMPHBIMI 3HAHUSAMW U OMbITOM B
obnacTn npoBedeHnsa BypoBbIx paboT, a B nocnegHee
BpEMS U YNpaBAeHUst MPOeKTamn, NMPOBEAEHS

N KOOPAMHALNN NHTErPUPOBaHHbBIX CEPBUCHbIX
KOHTPaKTOB.
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Komnanua Hanko - Ball e AMHCTBEHHbIN
MOCTaBLUMK XMMUYECKUX peareHToB A1
HedTerasoBoMn Ao6bl4M M NepepaboTKu.

Ha Bcex aTanax npovsBoACTBa— C NEPBLIX LLIAMOB Mo I
pa3paboTke CKBaXMHBI [10 CaMOA CIIOXHO NEPErOHKN 1

oumcTkv Bogbl - komnanms NALCO Gyaet ¢ Bammn psgom.

Mb! OCTaBMM BaM MtoOble XMMUYECKIE PeareHThI Ans
HedhTenobbun. Mbl 3HaeM, kak paboTaTth B SKCTPEMasbHbIX
YCIIOBMSIX, @ HaLLW MPOdheCCMoHasbl, HaLLM TEXHOMOMAN 1
MeCTHast MHPaCTPYKTYpa - K BaLLMM YCIyram.

3aBog NALCO B KoranbiMe BbInyckaeT MpoayKLvt 1 3aTem
[OCTaBMSET €€ B Camble yAarneHHble panioHbl 3anapHo
Cvbupn. A ele KoranbiMckiii 3aBo — 3TO HaaexkHas
TexHuJeckas 6asa ans HaLvx KBanMuLMpOoBaHHbIX
creyvan1cToB, paboTatoLLmx Mo BCEMY PErVIOHY.

TexHorornm MMPOBOTo YPOBHS. HanpaBneHHOCTb Ha pasBUThE
pervoHa. MpucyTtctame Ha MecTax. C komnanven NALCO Bbl
BorbLue He ByaeTe 1ckaTb, KTO PeLunT BaLuy npobrembl no
rMocTaBkam XMMUYECKIX PeareHToB Ans Ao0bluM HedhTu Mrasa.
Ml yxxe 3aech, ¢ Bamu, B 3anagHo Crbmpu. M rotoBbl
MPEeLOCTaBUTb MOMHbINA CMIEKTP YCITyT.
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