Some Scientific Articles

The monograph presents a part of US Patents and some Scientifically Articles created
by the author during research work under few very important topics:

1) Technologies which are connected with the solution of Actual Problems in
Offshore drilling — Preventing of Explosions on Sea platforms and Killing of the
Uncontrolled Fountains, which arose after explosion.

2)Innovative technologies for Oil Production Optimization & Enhanced QOil Recover.
Information presented in this Monograph will be useful for big Oil & Gas Companies
like Halliburton, Schlumberger, Beaker Hoses , BP, Gas Prom etc.

Simon Tseytlin - Doctor of Science in Petroleum
Engineering.The author has strong experience and expertise
in creation of new Technologies and Software connecting
with the solution of problems in relation to the Oil and Gas
industry. Created and patented several the Technologies
connected with Offshore Drilling and Enhance Oil
Production.
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Cucrema
OIITUMU3AINU AOOBIUYM HePTH

yright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

OcHOBHBIE IPEUMYIIIECTBA TEXHOAOTHH
ncrema Onrumusanmu Ao6eran HedTH (

CHripkeHne ra3oBoro gakropa

YMmeHpIeHrE 00pa30BABIINXCA KOHYCOB BOABI M I'a3a
3ameAreHTE CHIDKEHUA IIAACTOBOTO AABACHUS

VYBeanuenue koneunoro KIMMH

AomnosHuTeAbHAA AOOBINA HeDTH 0€3 KAITUTAABHBIX BAOYKEHHH

3HaunTEABPHOE YBEAUEHIE AcOuTa HedTH

© Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved
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YcaoBua adppexruBaHOro ucnoabzosanua COA

COA mosxer 661TB 3¢ PEeKTUBHO UCIIOAB30BAH
IIPH CACAYIOIIMX YCAOBHAX:
B He(pTAHbIX 3anexax ¢ seicoxkum I'D (>100 M3/T) 7]

3a00MHOM gaBrieHUW HUXKe AaBreHus HacbiweHUs (P,,6< Py.c)

B CAyYa€ IIOABACHUA [A30BbIX KOHYCOB , IIPUBOAAINNX K POCTY Iro

npu Bcex cnocobax Ao6biun HedTu:
¢pOHTaHHOM, ra3nMPTHOM, HACOCHOM
HAa HAYAABHOM 3TAIle Pa3paboTKku HeTAHOM 3aAeIKH
Ha cTapbiX He(hTAHbLIX MECTOPOXAEHUAX
[do6bi4a HedhTn U3 HePTAHLIX OTOPOUEK Fra30BbIX MECTOPOXAEHUN

Cseytlin Software Consulting, Inc.

OcHoBBI TexHororuu COA

q)yHAaMeHTaAbeIe 3AKOHBI q)I/ISI/IKI/I

HaAwuune cBA3M HHAMKATOPHOM KPUBOI IPUTOKA HeTH C
OLTUMAABHBIM 3A00HBIM AABACHHEM, OTAMYHOM OT HYAS
BonbWMHCTBO MEeTOA4OB ONTUMU3ALIMWN HACbILWEHHbIX Fa30M
HepTAHHBbIX pe3epByapoB OCHOBLIBAlOTCA Ha moaenu dorens
TeopeTtuyeckue acnektbl COM

ITpumenenue 3a60MHOIO YCTPOICTBA AASL IIOAACPIKAHIA OIITUMAABLHOIO
3200ITHOTO0 AABACHUA

yright 2003, Tseytlin Software Consulting, Inc.
All rights reserved
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CONEID
COA, : OcHoBa — Moaeap Poreasn

BonbWHUHCTBO CyLIeCTBYOWMUX METOAOB YBENNYEHNSA 00bIYM HedTH
6asupyroTCA Ha MOAenu UHANKAaTOPHON KpuBoii ®Porens

.
‘
|

Q

Q

OrpaHuyeHIs IPAMEHIMOCTH MOAEAN D OreAsi BCAEACTBHU TOTO, UTO:
He yuutsiBarorcs naacToBsie ceovictea u PVT xapaktepuctuku dnovaa
VIBeprKAAETCH, UTO ACOUT HeTH BCETAA MAKCHMAABHBIN IIPH yCAOBUH

P 0

optimal

BcAeACTBIM 5TOr0 HEM3MEHHOE IIPUMEHEHIE TOABKO AAHHOM MOACAH MOKET
BBI3BATH 3HAYNTEABHOE CHIDKEHHE AcOnTA HehTH, BpeMEHM PAGOTHI CKBAYKIHEI B
doHTAaHHOM pesKuMe U K03 HuIreHTa H3BACUCHUA HeTH

pyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

dusuueckue ocHoBbI COA'
cﬂeﬂleLl.Wle HeratTuBHble sABNeHus

MOryT MUMeTb MeCTO B cly4ae, ecnu 3abonHoe AaBneHue Huxe
AaBneHuns HacbiweHus (P, <P,..) :

CkuH adbcpexT

30Ha HU3KOWM
HedTeHacbIWEHHOCTU U
NPOHULIAEMOCTH

30Ha BbICOKOM
ra3oHachbILEeHHOCTH 1
NPOHMLAEMOCTH

3oHa BbiCOKOBAI3KOM HedhTn
[Fa3oBbIV W/MNYU BoAsIHOW KOHYCbI
Bapbepbl BA3KOW,
manonoaBUXHOW HedTn
Bo3MoxHocTb nepexopa
HedTAHON CKBaXWHbI B ra3oBbIA
pexum

opyright 2003, Tseytlin Software Consulting, Inc.
served
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AokazaresbcTBo cymecrBoBanusa MK

C MaKCHMaAbHBIM AeOuTom HedTH ipu P, 70

CorAacHO ypaBHEHHIO PAAMAABHOTO TTOTOKA: k(P,S,) ~otaocuteasman
IIPOHUIIAEMOCTE HeTH

H(P) —Bszkocts HedT!

h(P) — naTepBas nepdoparmmn

Bo(P) — 065émusLi K09 drment

for P> R,p, when Pd= AP T= 0] T HIAACTOBOM HedTH
when P=P, =0=0,. K —maAexc npoaykTHBHOCTH

opt
P; —iaactoBoe AaBaeHmE

for P< P, when Pd=> K {l= 0

AP - penpeccust

i

Pl
Porrminm.

PZ

Q, (pax) oy’ . Q, (Vogel)

2003, Tseytlin Software Consulting, Inc.
rved

AokazareabcTBO cymecrsoBaHusa MK

C MaKCHMaAbHBIM AeGuToM HedpTH ripu P, o #0 (npososxenne)

3a6.

Mpu Bbicokom P makcuManbHbIA Ae6UT HedhTn AoCTUraeTCcsi NPU OTAIMYHOM OT Hyns
3a6oiHOM AaBneHun (P, #0), 4TO 3aBUCUT OT cCrieAyHLIUX TEKYLIUX NapaMeTpoB:

MnacToBbIX XapakKTepucTuk — PVT napameTpsbl chntonaa: (pacreopumocts RS(P); naacrossrit
OIIPEACAAFOIINX OTHOCUTEABHBIE o6 bémmpii dpaxrop meyru By(P);
IPOHHUIIAEMOCTH B 3aBUCHMOCTH OT
nedrenacsimennocy k (S,); HAACTOBBI 06BEMHBII razossii axrop B (P);

0(So, g
ragonacemernocTH k,(S,); Bskocts nedru ,(P), Basxocts rasa iy (P);)
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Teoperuueckue acrextsr COA

AHAAOTHYHBINA BBIBOA MOYKET GBITH CACAQH IIPH YNCACHHOM PEIICHUHN
ypasuennii Muskat (onmcreiBaroT ocHOBHBIE 3(p(hEKTHI HECTALMOHAPHOI
dpusbTpany He(PTH U ra3a B IAACTE).
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GOR [cft/bbl]
* Kpussre uamenenus aeoura gparonaa u I'® moAyyueHbI B pe3yAbTaTe PeIIeHNA
ypaBHeHmii Muskat Ipy H3MEHAFOIIMXCA 3HAUCHUAX 3a00MHOI0 AABACHHA

© Copyright seytlin Software Consulting, Inc.
All rights reserved

Teopernueckue acmexrsl COA (mpoAosxeHme)

AHanus B3aMmMOCBSi3U NNIaCTOBOro AaBreHusi, Aeé6urta Hecptu n NP c koacpcpmuumneHTOoM
n3BneyeHus HedTn Ha TPEX Npumepax:
pumep | (kopuyHeBbIit) — 3a6oiiHOe AaBneHWe NoadepXuBanoch Ha yposHe P g (t)=0.25-Pf(t)
990 aHen, AeOUT HedbTn cHU3MUNCA Ao 6 6ap./cyT --> Ko3ahULMEHT KoHeYHoN HedhTeoTaaumn ~4.25%

1440 aHew, koacpcpnLMeHT KoHeuHoOW HedbTeoTaaum ~9.8% (6onee yem yasouncs!!)

Ko¢dunenr koneunoii Hedpreoraaun yseanunacs or 4.25% Ao ~6.2%,
[P cHusunca
[e6ut HedbTh BbIpoc ot 130 6ap./cyT. to 250 6ap./cyT.
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COA - 3ab60iiHO€E yCTPOICTBO

= [pu BbicOKuX 3Ha4yeHus P B cKBaXXMHy noctynaeTt AByxca3Hasa cmecb
C BbICOKMM COfiepXXaH1eM rasa.

= [InvHHasA KONoHHa rasoHachbIleHHOro dnonaa B CKBaXWHe NposiBnsieT
cebs Kak cylecTBEHHO HENMMHENHasA U MHEPLIMOHHasi cCocTaBnsAoLlas, YTo
obycnoBnuBaeTr npobnemy 3anasabiBaHUsA B CUCTEME yNpaBneHus
AdpchekTUBHBLIN KOHTPONb 3a perynupoBHUEM 3a00MHOIO AaBNeHUs
CTaHOBUTCS YCIOXHEHHbIM

= [poaBuXeHne KOHTPONbLHOroO CUrHana 3agepXuBaeTcs Ha HECKOMbKO
AECATKOB CEeKYHA (CKOPOCTb 3BYKOBOW BOJIHbI B HAaCbILEHHOMW ra3om
xugkoctn ~50-100 m/cek, T.e. Gonee HU3KasA, YeM B XUOKOCTU UMK rase).

= B pesynbTaTte B cucteme “iwityuep — CKBaXuHa —nnact”’ MoxeTt
pa3BUTLCA NONoXxutenbHas obpaTHasa CBA3b, YTO AecTabunuanpyet
pexvm Ao6bluM 1 co3pgacT TPYAHOCTU B NoaAepXXaHMM onTMManbHoOro
3aboWHoro gaBneHus.

ITpumeHeHue 3a60MHOrO 1ITYyLIEPA CHUXKAET HeraTuBHble 3pPeKThbl
obpaTtHon cBsA3n. OQHaKo NPOCTON 3a60MHbIN LWITYLLEP CO CTPOro
AeTepMUHUPOBAHHOW XapaKTepPUCTUKOMN HAaCTPONKN HE MOXKeT
ObITb AOCTAaTO4YHO 3(hHEKTUBHbLIM.

© Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

COA — 3a06oiiHbIe YCTPOKCTBA (mpososienue)

* Pa3paboTaHO HEeCKOJSIbKO BapMaHTOB 3a00MHbIX
YCTPOWUCTB, NO3BONAKLMNX NPOBOAUTL 3chheKTUBHYHO
M TOUYHYHO perynupoBKYy 3a60MHOro AaBfieHUsA C Lenbio
ero nogaepKaHUsA Ha ONTUMaribHOM yPOBHeE.

* YcTraHOBKa 3abGOMHOro yCTpOMCTBa B CKBaXXUHe
O4YeHb NPOCTa U OCYLLECTBISAETCHA C UCNONIb30BaHUEM
CTaHOapTHOW MaHApenw.

* CnycK B CKBaXXMHY 3a60MHOro yCTpOMCTBa,
CMOHTUPOBAHHOIO C MaHApenbo, NPOBOAUTCA Yepes
repMeTUYHbIN NNyGpMKaTop Ha NPOBOJIOKe 6e3
rNyLweHUA CKBaXXWUHbI.

© Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved
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IPR well 838 IPR well 615
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HHAUKATOPHBIE KPHBBIE, 3aMePEHHBIE HA KPYIIHOM HE(PTEra30KOHAECHCATOM
MecTopokAeHnH 3anasHor Cubupu — Ayrunenkoe (275 cKkBaXuH)

BoABIIHMHCTBO U3 HUX UMEIOT MAKCUMAABHBIN AeOUT HedTH NPpH 3260iHOM AABACHUU, OTAMYHOM OT
HyAS

Bcaeacrue Bricokoro I'® oueHb CAOYKHO ITOAAECPIKHBATE OIITHMAABHOE AaBAeHHE Oe3 3a60itHOro
yCTpoiicTBa

{ © Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

COA — dakruueckue IIPUMEPBI HHAUKATOPHBIX KPUBBIX
(poaosskeHHE)

JkcnepuMeHTanbHasa UK, npuBeaéHHas B SPE

craTtbe Hassan:

CkBaxuHa, pacnonoxeHHas B AGy-flabu (OAJ),

XapaKTepupyeTcA MakuCManbHbLIM Ae6UTOM

HedTh (1863 T/CyT.) NPM OTNMYHOM OT HYINA 3Ha4eHNM
abONHOro AaBNEHMA.

. 9
J — TeKywWwuin UHAEKC NOAYKTUBHOCTY; X - actual measurements

Jy — MHAEKC NPOAYKTUBHOCTM Npu P=Pbp;
P= 2620 psi —nnacTtoBoe AaBrneHue;
Ppo= 2500 psi —gaBreHue HacbILWeHuUst;

P — Tekyuiee 3a6oitHoe aaBneHue.

/

MoppepxaHue 3a6OMHOro faBreHUs Ha

ONTUMarnbHOM pexuMe NO3BONUIO Obl

yBenuuuTb A4o0blvy HedbTn Ha

=131 1./cyT. (7%) wnn ~47260 1./ron
npu $60/6ap. 3To cOOTBETCTBYET
20,7MnH JONONTHUTENLHOW ro40BOWN

NPUGLINY TONbLKO ANA 3TOW OAHOWN

CKBaXMHbI)

4

°

© Copyright 2003, Tse onsulting, Inc.
I rights reserved
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U N f W)
Mpumepbl NpakTU4YeCcKOro Ncrnosib3oBaHNA
TexHonoruu COJ4

Pesyasrarer ucnbrranmii COA B ra3andTHON CKBaYKHHE

HA MECTOPOKACHUH LueALQ)a Mexkcukanckoro 3aanBa: Oxrabps 1997 — Mapr 1998

PH
we
ol
FGOR/10

OIL,BBL/D; PH,PSI.FGOR/10,MCF/10/BBL

1011 10/11 10721 10/31 1140 11/20 11/30 12/10 I 1719 1129
DAYS

© Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

=
ITpumeps! npakTudeckoro ncrnoab3zoBanusa Texuororun COA (MpoaonxeHue 2)
PesyAbTaThl THAPOAMHAMMYECKHIA HCCACAOBAHMIA IMMAOTHOM CKBaKUHBI N2 289 mecroposxaerus Koxaymasak
/36€KHCTaH) AO U ITOCAE YCTAHOBKH B Hell 3a6oitnoro ycrpoiictea COA & 05.01.2001

MposeaeHo “MYBAPEKHE®TEIA3” Kokaymanak, cks.No 289
1 2 &) 4 5] 6 7 8 9 10 11 12 13

Bpems | 12.16.00 | 01.07.01 | 01.17.01 [ 01.30.01 | 02.24.01 | 02.26.01 | 03.27.01 | 05.15.01 | 06.23.01 | 07.10.01 | 07.31.01 | 08.08.01 | 09.07.01
3amepos

Pycr.psi 2,864 2,135 2,111 2,140 2,183 2,183 2,184 2,187 2,164 2,164 2,154 2,140 2,136

Debut 842 885 931 909 887 889 888 861 873 851 848 839 832
XKUAKoCTM
bbld

Nebut
rasa
MSCfd

ro
scf/bbl

O6son-
HBHHOCT,
%

Hcnosssosanue COA B cxs. 289 nossoanso yseanunts cyrounyio Ao6sray nedpru na 18% ot 780 ao 920 6ap.,
cHU3UTbL D Ha 15% ot 6000 to 4500 ky6. cbyT./6ap. , a 06BoAHEHHOCTL NpoAyKumn Ao 0%.
* 3aGoiinoe ycrpoiicrao COA GEIAO YCTAHOBACHO B CKBAYKHHE AAS TIOAACPIKAHIS ONITHMAABHOTO 3aGORHOT0 AABACHHS
crabuanszanuy paGoTI CKBaXKHHBL
* Cxun-5¢pcpeT B IpH3aGOiHOI 30HE GBIA CHIDKEH 1 ra30BbIil & BOAAHOI KOHYCBI YAAACHBI M3 30HBI IiepOpamn
* Pcnioassosanne COA B cxs. 289 Aano BosmoxuOCTL mosyanTs 32 9 mecsnes 2001 roaa oxoao 37 500 Gapeacii

. AomoARMTeABHOI HedyTn (mAm oxoro $1 Million rpu pacuére $25/6ap.).

pyright 2003, Tseytlin Software Consulting, Inc.
All rights
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Ao6braa sxuakux YB B musoTHOI ckB. Ne 289 Kokaymasak
6e3 COA B aexabpe 2000 r. u c COA B auBape-urose 2001 r.

c

5y
—E R

o6o0pydoecaknuem COJ

20002.

Vil Mecsuyst
20020071 [llamei nposederius
) 2U3POOUHaMUNECKUX
akmuseckul yposeHs e Taaceai]
o6isu xudkux YB ¢ COLI

aKmuseckuil U npozHo3UpyeMsill ypoaeHb 00GsNU
XuOKux YB Ge COLl, coanacoeabii & HITIY.
«MySapetremezasy 10.01. 2001 2.

B oaxmuseckue danksie
—— @akmueckuil ypogeHs 006bMU O Pacyemtible senuduHs
) Hegpmu ¢ COLJ
DaKmudecKu(i U MPOZHOILPYeMbIil yPoGeHs B06bIHU
Hegpmu 6ea COL
© Copyright 2003, Ts

tlin Software Ce
All rights reserved

nsulting, Tnc.

AnHaMuKa A0OBIUM KUAKUX ¥YB Ha cks. Ne 289

Mm-ua Koxaymasax Ao 1 mocae npumenerusa COA

OuHamMmuka BoBbIivM
wugkux YB Ha cke. Ne 289 m-a Kokgymanak
40 u nocne npumeHerdna COMO

Hasana

| Caspicans sadessaman cuecs T8
Visomon: naazanieill s Kpyason|
Macuimate 18 pus S
DanNeCKIT YpCaeHE Sobt
uscy VB & npumen:

o s e

iposeipyerd ypossis DGkt
e L

posncsupySinl ypossts gobui
egau © P GO

2006 romsr
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I'IporpaMMHoe obGecnevyeHne TeEXHONOrum

MaremaTH4eCKIe MOAEA MHOTO(a3HOIO IMOTOKA
daronAa B cucreme “raact — 3a6oiiHoe

o = D Boxsholo  |2000.8000 82000 B :
YCTPOKCTBO — CKBA)KHHA — YCTHEBOMU IITYLIEP” AAS el [ e p—
OIIPEACACHUA OIITUMAABHOI'O pEeXKuMa AOﬁbltul, B U:E! !:;E !;!Ei g:EE
mapamMeTpoB 3a00MHOI0 yCTPOUCTBA U 1000.0800  9.1880 .8 0.1088

P P yerp: ~ 20,0000 9.2000  9.0901  0.1000
IPOTHO3UPOBAHUA YBeAHMYEeHUA AOGhIYH HedTH. 138000 373,000 23,6000

i me e sdm b

B MoaeAb maacra: pelleHue ypaBHeHus mglgg ” ”m 0,600

Muskat ans kBasu-ctaumoHaHoro 2D unu e 008 20000 L2008 012
Wnu gna HectaumoHapHoro 1D cny4yaes.

= [loToKka B cCKBaXkuHe: moaenb Aziz v ap.
m_MoaeAb 10TOKA B 3260HHOM yCTPOICTBE

COA paspabGorana Hamu
= YcTbeBOM wryuep: moaeas Gilbert ans | m R M ca

AByx(a3HOro paroraa i T T
AneMeHTbI CUCTEMBI B3auMoyBsi3aHbl U Q| - -
oTBeYarT ycroBuam ,anneHVlﬁ u CKOpOCTeﬁ i
NMOTOKOB pearibHbIX ob6bekToB

oM o L |lﬂ

B om G ] INS

ESC fo exit

Run the sinulation progran

3TN Mmopenu pa3p360TaHbl KaK gunasioroBblie nporpamMmmbl ans nepcoHasbHoro

KOMNbHTepa, NO3BONsALMe NPOBOAUTL BCE HEOOXOAMMbIE pacyéThbl Ans
NpakTU4ecKon peanusauumn TexHonorum COO

¢ L.\ "

ITpumenenue Texuosorun COA-

CyMMHupOBaHUE 0’KUAAEMBIX PE3YABTATOB

YBenuyeHue Tekywien fo6bIYM HedTH
CHMxXeHue TeKylllero ra3zoBoro gakropa
CHMXKeHMe TeKyLe 06BOAHEHHOCTU NPOAYKLUMN

YBenuuyeHue koadpuumeHTa KOHEYHON HedhTeoTAaUM ANs
CKBaXXMHbI U1 MECTOPOXAEHUA HedpTU

YpaneHue razoBoro 1 BOAAHOro KOHYCOB
Ctabunusauma paboTbl CKBaXXUHbI

ITpeaoTBpanienue Npe>KxA€BPEMEHHOIL TTOTEPH TIAACTOBOTO AABACHHA U
SHEPIrUHu

YBenuyeHue cpoka paGOTbI CKBaXWH

ITpeaoTBparieHIe MOABACHHA B IIPU3a00MHOII 30HE IIAACTA YIACTKOB
BBICOKOBA3KOIO (PAFOHIAQ

BosmoxxHOCTE AOOBIBATE HE(DTH U3 He(PTAHHBIX OTOPOUEK rA30BBIX
MECTOPOKACHUIT

Tseytlin Software Consulting, Inc.
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ITpumenenue Texuororun COA-

CYMMI/IPOBaHI/Ie O’KHUAAEMBIX PE3YABTATOB
(TIpoAoAsKeHHIE)

YBeaunuenue ko3¢ duieHTa Ha3oBoi MPOHUIIAEMOCTH 110 HedTr
VYBeanuenue HHACKCa IIOPOAyKTI/IBHOCTI/I ImAacra

YBenuyeHue o6wen achheKTMBHOCTU paboThbl rasnudgTa u
HacocoB

CHwKeHre PACXOAOB IACKTPUYECKOM S9HEPIuu, HOTpebAAEMOI HaCOCaMU
¥ ra3AuG THBHIMI KOMIIPECCOPAMU

Yny4dweHune nogbEma cnonpga B CKBaXnHe

ConyTcTByloLEe NONOXUTENbHOE BO3AeNCTBYE Ha psa

HeraTMBHbIX NPOLIECCOB, MPOUCXOAALIMX B NPU3abOMHON 30He
NpU CHUXEHUU JaBreHus:

CHuXeHMe BbIHOCA NecKa U3 nnacra, MexaHM4Yecknux noBpexaeHnin
nnacTy U NoTepyM MM NPOHULLIAEMOCTU B pe3ynbTaTe paHee
MMeBLUNXCHA YNPYruX HanpsbkeHUn u gedopmauunmn

Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

W \ .L!

DxoHomuueckasa apdexruBHocTh COA

JkoHomuueckasi achcpekTMBHOCTL NpumeHeHnsa CO[l gocTuraeTcs Kak
pe3ynbTaT BCeX BbllleyKa3aHHbIX COCTaBMNAIOLWMNX, CBA3AHHbIX C
yny4leHuem ycnoBuin 4obbiumn HedTH

Yucao CKBa’>XUH, HPI/IFOAHI)IX AAA Bii)q)eKTMBHOI‘O HCIIOAB30BAHUA TEXHOAOI'HMH
COA, orpomuO

CO[1 npumeHUM Npu Bcex cnocobax fobbiun HehTh: (hoHTaHHOM,
rasnugTHOM, HAaCOCHOM

[aHHaa TexHonorusi MoXxeT ObITb UCNONb30BaHa Kak B npoLecce
pa3paboTky HOBbIX He(hTAHbIX MECTOPOXAEHUN, TaK 1 Ans
ynyyleHUsa paboTbl 6onee cTtapbix HePTAHbIX CKBAXWUH

Bo3mosxublii sxoHOMuUecKHii 3 dexT or BHeApeHHsa COA moxxer
GbITH BBIpa>keH B MUITTTMOHAX AOMNOJTHUTENbHLIX 6Gappenewn
HedTn 6e3 BypeHUs JONONHUTENbHbLIX CKBaXUH U/unu
CTpoOUTeNbCTBa AOMONHUTENbHbLIX AOPOroCTOSALWMX

o PLIOPHBLIX COOPYKEHUN ANs A00bIYM HeTH.

© Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved
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MpakTuyeckue warn no BHegpeHuto TexHonoruu COL

1. AHaau3 paGoTBI CKBAYKUHBI HA IIPEAMET BO3MOXKHOCTH IIPHMEHEHHA HA

Hei rexHosorun COA
* 3anoasnenue (hOPMBI C BOIIPOCAMH, CIIEIIHAABHO Pa3pabOTAHHBIMU AASl PACYETHOM ONCHKH
* IIpoBeAeHHE KOMIBIOTEPHOIO MOACAUPOBAHMsA, OCHOBAHHOI'O HA OAYYEHHBIX AAHHBIX 110 HCTOPHHI M
TEKYIMM ITapamMeTpamM paboThl CKBAXKHHBI
* CocraBaeHne 3aKaroueHHsA 110 TpuMeHEMOCTH COA AAf TIPEAAOIKEHHOM CKBAXKHHBI

2. Ecnu oTBeT No nepBoMy NYHKTY “Aa”, To Aaétcs oueHkKa
noteHumnansHoro acdekra or BHeapeHus COM
* npoae,qel-me pac‘-léTOB MO KOMNbIOTEPHbLIM MOAENAM C Uernbio NPporHo3a ysennveHus ,qeGMTa
Hed)TN U APYrMX oXnaaeMbiX NO3UTUBHbLIX pe3ynbLTaToB Npu ucnonb3osadnn COM Ha
HaMe4YeHHOM K paboTe cKBaXuHe
3. Bbibop cooTBeTCTBYHOLWErO AU3anHa 3abonHoro yctpomncrtea CO[l
M pacy4éT ero onTMMmanbHbIX MapaMeTpoB, YTO Ga3upyeTcA Ha
pe3ynsratax MoaenupoBaHUA cornacHo nyHktam 1 u 2.
4. UsrotoBneHue BbIOpaHHOW Bepcun 3abonHoro yctpoucTsa CO[,
coeAMHeHWe ero ¢ MaHApernbio U AoCTaBKa Ha CKBaXUHY

* B03MOXHO noTpebyeTcss HeKoTopasi KOPPEKTUPOBKA Pa3MEPOB YCTLEBOrO WTYyLEepa unm
ra3l1|/|(*)THle KnanaHoB, 4ToO 633MpyeTc;| Ha pe3ynbraTtax npoae,qéHHoro MoaenupoBaHus
Pa6oTbl CKBaXWHbI

5. dkcnnyaTauusi CKBaXXuHbI B ONTUManbHOM pexume pa3paboTku ¢
yctporctBom CO[l, Kak aieMeHTOM 3TOW TEXHOJNIOTMYECKOW CUCTEMbI

O Copyright 2003, Tseytlin Software Consulting, Inc.
All rights reserved

COMFIDENTIAL

AaApHeHIIe MyTH Pa3sBUTHA U COBEPILICHCTBOBAHISA
TexHororuu COA

= AaAbHeiIne HAIIPABACHUA Pa3BUTHA U BHeApeHusA TexHoAoHHu COA Ha
MECTOPOYKACHHH

Crapns 1: MogTeepxaeHne KOHUENTYanbHO-pPacYéTHONM Moaenu
Ha pearnbHbIX CKBaXWHaX (BbIMOMHEHWE yKa3aHHbIX 5 MyHKTOB
npeabiayliero cnavaa)

Craausa 2: AonoanureabHas moauduxamusa rexaosoruu COA
IPUMEHHUTEABHO K YCAOBHMAM KOHKPETHBIX CKBaXKMH (6oaee
AeTann3npoBaHHoOe KOMMbHTEpPHOE MoAdenupoBaHUe, KOPppPeKTUpoBKa
napameTpoB 3abouHoro yctponctea COM mn ap.)

Craans 3: MNepexoa K NPOMbILNIEHHOMY BHEAPEHMWIO TEXHONOMMM Ha
MeCTOpOXAeHUU

m [lanbHeWlune HanpaBneHUs coBepLleHCTBOBaHUA TexHonorum COAQ
VYTOUuHEHNE MATEMATHUECKIUX MOAEAEH AASA PA3AMYHEBIX THIIOB 3aA€XKeil

[anbHelwas pa3paboTka KOMNbLIOTEPHbLIX MOAENUPYIOLMX NPOrpamMmm
(bonee yno6HbIx ansa nonb3oBatens GUI, AmanoroBbix XxapakTepucTuK

1 Np.) ANSA NPakTU4eCcKOro UCNnorb30BaHUA
Beoa B AeicTBUEe HOBbIX MoAudUKaLUA 3a60MHOro yCTpoMCTBa C
BO3MOXXHOCTLI0O aBTOMaTU4€CKOW CaMOHACTPOMKU.

Sopyright 2003, Tseytlin Software Consulting, Inc.
1l rights reserved
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CONFIDE
Ycunemrnoe npumenenue COA B

Typxkmenun

‘ Well 261: 11/01/2007 - 01/20/2008 ‘

Oil Flowrate Qoil, GOR, and WOR vs. Time

[==Q oil, bbl/day === GOR/50 +- WOR*20|

600 ~
500
400

WOR(m3/m3)*10

Qoil (m3/day), GOR(m3/m3)/50,

ST S TS PO R S TR RN o
S, ET RN 0T AN 07 N PN DT N qR” N WD N
NSRS ST NS\
TOP tool Date Surface Choke D changed
installed from 13.6 mm to 14 mm
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OnTumusauus Jo6biun Hedtn
(Onucanue HoBow TexHonorun TOP™)
AsTop a.7.H. C.O.UeATnuH

NpumeHseMocTb u OcHoBHbIe Mntockl

Mpeanaraemas HoBas TEXHOMOTWS A4Ns ONTUMM3aLWK o6blun Hed TV (Janee HasbiBaemas
“TOP” — Technology for Optimization of Production) B ocHoBHOM npvMeHMMa ANs NNacToB C
BbICOKMM rasocogepxxaHnem (GOR>600 cft/bbl). OHa ncnonbayetcs korga 3aboliHoe AaBneHve
HIKe AaBNeHUsi ra3oHachILLEeHNs (Pootom<Poubble pt) @ Taloke Npu 06pa3oBaHMM ra3oBbiX KOHYCOB.
TOP npumeHMMa ans Bcex crnoco6oB Aobblun — (hOHTAHHOTO, ra3-nMdTa U HAaCOCHOro cnocoboB.
OpHako oH Hanbonee adhpekTMBEH ANa (hOHTAHHOro cnocoba Aobblun 1 ra3-nudrTa.

MatenT CLUA HOoMep 7,172,020, koTopbii 6bin BbiaaH 6 deBpansa 2007 roaa, 3awmwaeT Bce
OoCHOBHbIe nonoxeHus TOP-TexHonoruu. Takxe B npouecce nonyveHus Poccuiickui
naTeHT.

a2 United States Patent (1) Patent No.: US 7,172,020 B2
Tseytlin 45y Date of Patent: Feb. 6, 2007

(34)  OIL PRODUCTION OPTIMIZATION AND
ENHANCED RECOVERY METHOD AND
APPARATUS FOR OIL FIELDS WITH HIGII
GAS-TO-OIL RATIO

(75) Inventor: Simen Tseytlin, Middle Village, NY
(Us

W NateHT CLUA Homep 7753127B2

55 Patent-UST753127.pcl - Adobe Reader oy E B h ™ [E=c x|
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g E/e | Tools | Sign | Comment

US007753127B2
.
a2 United States Patent (10) Patent No.: US 7,753,127 B2
Tseytlin (45) Date of Patent: Jul. 13,2010
(54) BOTTOMHOLE TOOL AND A METHOD FOR 5105889 A 41992 Misikov
ENHANCED OIL PRODUCTION AND 5752570 A 51998 Shaposhnikov
STABILIZATION OF WELLS WITH HIGH SSN00 A 2199 Spah
GAS-TO-OIL RATIO 5927402 A * 7/1999 Benson et al. oeves 166/65.1
SOM4S A+ W10 Busscarctal, . 16625015
(75) Inventor: ~ Simon Tseytlin, Middle Village, NY 5967234 A 101999 Shaposhnikov

(Us) 772020 B2 22007 Tseytlin

(73) Assignee: Tseytlin Software Consulting, In..
Middle Village, N (US)
* cited by examiner
(*) Notice:  Subject to any disclaimer, the term of this -
atent s extended or adjusted under 35 Primary Examiner—Kenneth Thompson
U.S.C. 154(b) by 183 days. Assistant Examiner—Cathleen R Hulchins
(74) Attorney, Agent, or Firm-— Boris Leschinsky
(1) Appl. No: 12/103,793
7 ABSTRACT
(22) Filed:  Apr.16,2008
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rate from an oil well with high gas-to-oil ratio and stabilizing
thereof in case of occurrence of a gas cone or gas
ditions are disclosed. The resistance of the adiu
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gNILINSNGD ®

OcHoBHble nntockl TOP:

e YBenuuvMBaeT TeKyllyto fo6blvy HedTn

e YBenuuusaeT Ko3achdULUMEHT HedpTeoTAAYUM NNacTa U BCEro MeCTOPOXAEeHUs
e YMeHbluaeT NPOLEHT BOAbI U ra3a B A0ObIBaeMoi HeddTH

OononHutenbHble nntocbkl TOP:

YANVHHAET XN3Hb CKBaXWUHbI

YMeHbluaeT (MM NONHOCTLIO YoUupaeT) ra3oBble U BoAsiHbIe KOHYCbI
3apepxvBaeT nageHne NNacToBOro AaBreHus

Ctabunuanpyet A406blvy U3 CKBaXUHbI

Mo3BonsieT npenoTBpaTUTL NpeXAeBPEMEHHYIO NOTEPIO 3Heprum nnacra
Y6upaeT o6nacTu noBbileHHOW BA3KOCTM B NPM3aboMHOM 30He

YBenuuunsaeT Ko3(h(pULUMEHT OTHOCUTENBLHOM NPOHMLIAEMOCTU NflacTa no HedTn
YBenuuuBaeT Ko3adppmuUneHT oTaaum nnacrta

YBenuuusaet 3ch¢peKTUBHOCTb ras-nudra U HacocoB

YMeHbluaeT 3aTpaTbl 3N1IeKTPO3IHEPrun HaHacocbl U KOMNpeccopbl AN ras-nudgTa
YMeHbluaeT BbIMbIBaHUe Mecka U3 nnacTa, MexaHu4eckue noBpexaeHUs n notepro
NpoHMLIaeMoCTH NnacTa

3Ta TeXHOMorMsi OCHOBbLIBAETCS Ha pelleH TOYHOW MaTemMmaTM4yeckon moaenu (Ha
CUMynATope) BCeN CUCTEMbI «CKBaXKMHA-NNACT», KOTOPasa yYnTbiBaeT BCe €€ KOMMNOHEHThI.
370 No3BonsieT NpoBeAeHMe MOMHOro aHann3a NpoLEeccoB, KOTOPbIE MPOVNCXOAAT B CKBaXWHe,
npn3aboiiHON 30He 1 B NnacTe, YTO B CBOO oYepeab NO3BOsSAeT MakCUMU3MpoBaTb Ae6UT 1
yBenuunTb Ao6blYy Gnarogapsi ToMy, 4TO AaBreHne NoAaepKMBaETCA Ha ONTUMarnbHOM YPOBHE.

OcHoBHoe HoBoBBeZieHue TOP: MakcMMarnbHbIN AeOUT AocTuraeTcs npy onpeaenéHHom
3a6OHOM laBNeHNK, KOTOPOE TOYHO BbIYUCNAETCA CUMYTNIATOPOM M HaXo4UTCA MexXAy
HyneMm U NnacToBbIM AaBreHreM. dTa BeNIMYMHA Ha3biBaeTCA ONTMMaNbHbLIM AaBNEHUEM
Popt (Pur. 1). Ecnin 3a6oiiHoe AasneHne nagaeT Hke AaBNeHns rasoHacbILLeHns, To npu
BbICOKOM ra30HaChILLEHNN OTHOCUTESIbHAs MPOHULIAEMOCTb Mo HeddTU NaJaeT, NOCKOMNbKY
yBENMUMBaETCs ra3oHaChILLEHHOCTb U3-3a rasa BbIAENEHHOTO U3 HedpTu. BsizkocTb HedhTH Takke
yBenuyvMBaeTCs 13-3a fera3avpoBaHmns. ATO NPUBOAUT K YMEHbLUEHWIO KoaddurumneHTa Ao0blun
nnacTa, NockomnbKy aTOT adhdeKT cunbHee AeNCTBYET Ha A00bIYY, YeM yBENnUYeHHast Aenpeccus.
B pesynbTaTte ymeHbLUeHVe 3a60WHOrO AaBNEHNS HUXE AABMNEHNS ra30HACHILLEHNS MOXeT
NpYBECTU K yMEHbLUEHMIO AebuTa, a He K YBENUYEHUIO, Kak MPOrHO3UpYeT nonynspHasi Moaenb
dorens.

Takum o6pasom Npu yMeHbLLIEHUN 3aB0MHOro AaBNeHNs U3-3a yBenuveHns Aenpeccum B nnacre
CHavana aebut yBenuumsaetcsi. OfHaKo Ha4yMHas ¢ onpeaenieHHoro AaBneHns (HasblBaeMoro
onTUMarbHbIM) AEOUT HEePTU HAUMHAET YMEHbLLATLCS, HE CMOTPS HA YBENUYEHNE Aenpeccum,
4YTO MPOTMBOPEUUT LLUIMPOKO M3BECTHOW MoZenu dorens. MprunHoi aToro ABNsSieTcs To, YTO
nocne TOro kak onTuManbHoe 3aboiHoe AaBneHne AOCTUTHYTO, BIMSHUE YMEHbLUEHNS
KoadhmumeHTa 4o6bI4M ABNSETCA AOMUHUPYIOLLUM.
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DaKT cylecTBOBaHUA ONTUManbHOro AaBrieHus Gbin Aoka3aH Kak TeopeTuyecku npu
noMoLLM MoAernu, Tak U MPaKTUYeckn NyTEM NpoBeAeHUs NoneBbIX 3KCNEePUMEHTOB. IT0
onTumarnbHOe AaBrieHe 3aBUCUT OT NapaMeTpoB Nnacta (MPOHNLLaeMOoCTb, MOPUCTOCTb,
HacblWeHHOCTb U AaBnerue), PVT xapaktepuctuk drtonga ( Rg(P,T) —pacTBopuMOCTb rasa B
HedTu; Bo(P,T) — oil formation volume factor; By4(P,T) — gas formation volume factor; po(P,T) —
BA3KOCTb HeTU; g(P,T) — BA3KOCTb rasa), 1 ApYrux XapakTepucTuK CUCTEMbI «CKBaXKMHA-NMNacT».
MakcumanbHbli AebuT gocTuraeTcst NyTém NMoAAepXaHUsa pexuMa nnacta, B KOTOpoM
MVUHUMU3NPYIOTCSA HeraTuBHblE 3dhdeKTh! B Npu3aboiiHoii 3oHe (Pur.2). Tn HeraTvBHbIe
adhpeKTbl BO3HWKAIOT U3-3a NPUCYTCTBUS ra3a B CBOGOAHON hopMe, KOTOPbIN BblAENUcs 13
Hed TV 1 GnokpyeT NOToK HedTK, a TaKkke n3-3a GOPMUPOBAHUS 30H BA3KOWN Aera3vpoBaHHON
HedTu. MicnonbaoBaHue AaHHOTO MeToAa Takke 3ameansieT nageHue AaBreHns MyTEm
YMEHbLUEHUS paHHero BblAeNeHns rasa 13 NnacTa; oH Takke ymeHbLiaeT BennyinHy GOR. 9Tto
npoaneBaeT XU3Hb CKBaXWHbI U yBeNMUYMHaeT koadduuneHT HedbTeoTAauM.
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®ur.2 — HeratuBHble adchbekThbl B NpUNIacToBomn 30He

Mpennaraemble MaTemaTMyeckne MoOAe RO3BOSAOT TOYHO BbIYUCIIUTL ONTUManbHbIN
pPexvM Ans cyliecTBYHOLWMX NapaMeTPoOB nnacTa u Bcel cMcTeMbl, 4To6bl o6ecneynTb
MaKcuManbHy Ao6bivy. B 106aBoK K BblYMCNEHNIO Py , 3T MoAenu 1 cooTBeTCTByoLIMe
KOMMbIOTEPHBIE CUMYNATOPbLI NO3BONAOT ONpefenuTb Apyrine napameTpbl ONTUManbHOro
pexwuma (T.e. ONTUManbHbIA HanNop Ans ra3-nudTa, MOLLHOCTbL Hacoca U T.4.), BbIYUCIUTb
BakHble NapamMeTpbl Ae3aiiHa MOBEPXHOCTHLIX U NMOrpyXaeMbiX YCTPOWCTB (CM. HUXKeE), a Takke
npenckasatb OXUAAEMbIN NPUPOCT A0ObIYN. TakKe 3TU BbICOKOTOUHBIE CUMYNIATOPLI MO3BONSIOT
NPOBECTY ANArHOCTMKY TEKYLLLEro COCTOSIHWS CKBaXWUHbI M NpeAckasaTb ee noBeeHne B
6yayLuem, Bknoyas aebut, nasnexnne, GOR, n koadduumeHT fobblum (Npumep Ha dur.3).

3Ta TEXHOMNOrMsi OTHOCUTENBHO NETKO NMPUMEHSIETCS MYTEM MCMONb30BaHUS MOTPyKaemMoro
yCTpOMCTBa KOTOpOE No3BONSAET afanTUBHO yNpaBnaTb 3aboiiHbIM JaBrneHnem BO BpeMsi 400bIun.
370 yCTPOWCTBO aBTOMaTUYECKW NOAAEPXKUBAET AABMNEHME PaBHbIM (Mnv BRnskumM) K
onTUMAarnbHOMYy AaBneHunto Poy.B pasnuyHbIX YCnosusx Ao6bIuK.

KonuuecTtBo ckBaxuH, B kOTOpbIX TexHonorna TOP Bbi3oBeT ynyylieHune - orpoMHo. TOP MoxHO
NPVYMEHSATb Kak Npu paspaboTke HOBbIX MECTOPOXAEHWI, TaK U ANS YIyYLIEHUS CYLLEeCTBYIOLLNX
CKBaXXMH. DKOHOMMYECKUNIA 3P EKT OT UCMONb30BAHUSA ITOWM TEXHONOMMU MOXET ObITb BbIpaXeH B
[OMOMHUTENBHBIX HECKOIIBKMUX MUIMMOHAX BGappeneit HeTU UNU COTEH MUINTIMOHOB [OMNNapoB
6e3 Heob6XxoAMMOCTN BypeHNs AONOMHUTENbBHBIX CKBaXWH UM CTPOUTENBCTBA OPMLIOPHBIX
nnaTtopm.
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®ur.3 —Pe3ynbTaThbl KOMNbLIOTEPHON CUMYNALMK: Ae6UT, NnacToBoe AaBneHne u GOR B
3aBUCUMMOCTH OT KoachduumneHTa Ao6bIYU
CHavana ckBaxuHa pabotana B HeonTumasnsHOM pexume (Ppot # Poyt); 3aTEM OHa bbina
nepeknioyeHa B oNTUMAarbHbIA PEXnM, Koraa Py noaaepxusaeTcs 6nmsko K Pog

PesynbTatkl ucnons3oBanusa TOP Ha npakTuke

1) CksaxuHa A1, lOro-BocTto4Has A3us (Hambonee no3aHun Tect, 2007-2008)

[o6biua yBenuyeHa c 148 no 318 6appenen B AeHb

GOR ymeHblueHa ¢ 38440 cft/bbl go 12440 cft/bbl

WOR ymeHbleHa ¢ 0.27 go 0.05

KoadhduumeHT no6bI4M 3HAUUTENBHO YBENUYUIICA NOCKONbKY CKBaXMHa Obina
cTtabunusmpoBaHa u ymeHbleHbl GOR n WOR

e 3apaBa Mecsiua 4o6bITo HedhTH AononHuTenbHo: 11,443 bbl (6onee $1,000,000)

2) [nyGokas (6onee 4 kM) o WopHasa CKBaXuHa c ras-nudrom B MekcukaHCKOM 3anvBe

e GOR ymeHblueHa ¢ 3282 po 1272 cft/bbl

e WOR ymeHblueHa ¢ 9.5 % o 0.43 %. , T.e. peanbHasa Aobbiya HedTH yBenuuunacb

e T[locne cHATUA ycTporicTBa TOP co ckBaXuHbI Gb1N10 3amMey4eHO BHe3anHoe
yBenuueHuve geburta, nockonbky TOP noMorna o4ncTuTb Npu3aboiiHyto 30Hy OT
rasoBbIX U BOASAHbIX KOHYCOB, yMEHbLUUIA BA3KOCTb HepTH, U ynyylwmna
NPOHULIAEMOCTb 3TOW 30HbI ANA He(PTH, B TO e BpeMs yXyALNUB NPOHULLAeMOCTb AN
rasa.
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3) CkBaxuHa 289 B Y36ekucTtaHe (MecTopoxaeHue Kokaymanak

e Wcnonb3oBaHue TOP yBenuuuno exeaHeBHy Ao6bivy Ha 18%, ¢ 780 go 920 bpd,
ymeHbLwuno GOR Ha 15% c 6000 go 4500 cft/bbl, u conepxaHue Boabl [0 HYNA.

e Ycrpoicteo TOP 6b1no yctaHoBneHo B Tpy6ax AnsA noaaepxaHus onTuManbHoOro
3ab6o0iHOro AaBneHns U cTabunusauum Ao6bIYN U3 CKBaXKUHbI.

e Bbin ymeHbLleH CkMH-3heKT B Npu3aboiHOM 30He, a Takke yopaHbl ra3oBble 1
BOAsIHblE KOHYca B nepdopaLMOHHOM 30He.

e MWcnonb3oBaHue yctpoictsa TOP no3sonuno Ao6biTb gononHutensHo 37,500
Gappenen Hedh)TU 3a AEBATUMECAYHbIN Nepuoa.

Qil Flowrate Qoil, GOR, and WOR vs. Time

|==Q oil, bbl/day === GOR/50 + WOR*20
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TOP tool Date Surface Choke D changedT
installed from 13.5 mm to 14 mm

dur. 4 — PesynbTaThbl TeCTUpoBaHUs TexHonormn TOP (ckBaxuHa A-1, loro-BocTo4Has
A3uns)
YacTo 3agaBaemMble Bonpockl npo TOP:

Bonpoc 1: U3 yero coctout TOP TexHonorua?

TOP cocTouT 13 cneaytoLmX KMto4eBbIX KOMMNOHEHTOB MCMOMb3yeMblX BMeCTe:

e TeopeTuyeckas OCHOBa U NpaKTU4YeCcKoe AoKa3aTenbCTBO cyllecTBoBaHMs IPR-kpuBon ¢
onTUMasnbHbIM 3a60MHbIM JaBNEeHUEM OTANYHBIM OT HyIs

e HabGop matemaTnyeckux Moaesel n KOMMbIOTEPHbBIX CUMYMSITOPOB AJ1s BCe CUCTEMbI
“Surface Choke — ckBaxuHa — ycTpoiictBo TOP—pesepsyap”

e [lorpyxaemoe yctpoiictBo TOP ansa nogaepxaHus 3a601MHOro AaBrneHns Ha onTUMarnbHOM
ypOBHe

e WrepaTvBHas npouenypa ANs NpuBeAeHUs CKBaXKWHbI B XKenaemoe COCTOsIHUe:!
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MN3mepeHus -> MporoHka cumynsiTopa -> PekoMmeHAaumum no ynydiienuio -> Cnepytowias
uTepaums...

Bonpoc 2: Moyemy Mbl He MOXeM YNpPaBnsATbL CKBaXMHON C MOBEPXHOCTU, NPOCTO NyTemM
ucnonb3oBaHua surface choke?

Korpa GOR Bbicok, B Tpybax nosiBnsieTcst AByx-hasHasi CMECb C BbICOKMM Cofep>KaHneMm rasa.
[NnHHasA KONOHHa ra3avpoBaHHON XNAKOCTU AENCTBYET Kak CUSbHbIN HEMUHERHbIN
3aepXMBatoLLMIN KOMMOHEHT 1 BbI3bIBAET FMCTEPE3NC B YNpaBstoLwen cucteme.
PacnpocTpaHeHve ynpaBnsioLero curHana 3afepXXvBaeTcsl Ha AeCATKU CEKYHA (CKOPOCTb 3ByKa
B rasupoBaHHoi Boge ~50-100 m/c, T.e. HUXe YeM B XXMOKOCTU unu rase). NMoatomy
adppekTUBHOE yrnpaBneHve 3aboiiHbIM JaBlieHNeM CTaHOBUTCS CIIOXHbIM. B pesynbTtaTe
cuctema “choke — ckBaxmHa — NnacT” MOXET MOMYYUTb NMOJNIOKUTENBHYIO CBSA3b KOTOpast
Aectabunuanpyet pexum Jobbiun, 1 AenaeT TpyAHbIM NOAAEPXUBaTb onTUMansHoe 3aboiHoe
fAaBneHune. CKBaXnHa MOXeT NepeKnioYnTLCS B ra3oBbli PEXUM.

Mcnonb3oBaHve 3aboiHoro ynpasneHusi n36aBnsieTcs oT aTUX HeraTuBHbIX addekToB. OaHaKo
npocTol 3ab0MHbIN LWITYLLEp C NPOCTOW YNpaBnstoLLen XapakTepUCTUKOA MOXET He BbiTb
focTaToqHo adhdpekTnBeH. MNoaTomy Mbl paspaboTanu 6onee crnoxHoe MHoronapameTpuyeckoe
3Y c 6onee rmbko MeHsIEMOI XxapaKTEPUCTUKOM , KOTOPOE NO3BONAET NoAAepPXKMBaTb
cTabunbHyo paboTy cucTembl , Grniarogapsi OTpULATENbHON CBA3U U HE NMO3BONSIET CKBAXUHE
NEePEKMIYNTLCS B ra30BbIf PEXMM. KpoMe Toro NoBEPXHOCTHBIA LUTYLIEP WCMONb3yeTcst BMECTe
¢ 3aboiHbIM ycTporcTBoM TOP no3BonsieT npyMepHO YCTaHOBUTb NMPOMEXYTOK BEMUYUH
3a601MHOro AaBneHus!, K ONTUMarbHOM BENUYMHE, U NO3BOMISET NOAAEPXNBaTL CTabUNbHY0
pabouyto Touky Ha kpuson IPR.

Bonpoc 3: KakoBbl npakTuyeckue waru npumeHeHus TOP?

e Lar 1: MpoBepka ecnu TexHonorua TOP npumeHMMa K KOHKPETHOW CKBaXuHe
o 3anonHeHve opmMbl ¢ BONpOcaMu no npumeHmmoctn TOP.
o KomnbloTepHoe MoaenunpoBaHe OCHOBLIBAsICH Ha NpeJoCTaBneHon nHdopmMaLlum n
MNCTOPUW CKBAXWHBI.
o OkoHuaTenbHoe pelleHne 1 NpeaocTaBneHne pekoMMeHJaL MM no NPUMEHMMOCTH
TOP Ha paccMaTpyBaeMow CKBaXWHe.
e llar 2: Ecnu Ha ware 1 pewexo, 4yto TOP npumeHnma, TO crieaytoLumii Lwar - onpeaenexHue
noTeHUManbHbIX ynyyweHuin 6narogaps npumeHexnunto TOP
o KomnbloTepHoe MoaennpoBaHue ANs NPOrHO3MpOBaHWUSA NOTEHLMAaNbHOro
yBenuMyeHus 4obblun HedTU U ApYrux BbIrof oT ncnonb3oBaHust TOP Ha gaHHowm
CKBaXuHe
e Lar 3: BbiGop KOHKPETHOro An3anHa yCTpOWCTBa M BblYMCIIEHUE ONTUMarbHbIX ero
napaMeTpoB OCHOBLIBAsACb Ha pesynbTaTax KOMMbIOTEPHOro MOAENUPOBaHNA Ha warax 1 n 2
e Llar 4: lNMpon3BoACTBO BbIOPaHHOW BEPCUM YCTPOMCTBA, YCTaHOBKa ero Ha MaHapenb 1
focTaBka Ha 3aboi.
o B 3aBMCMMOCTM OT pesynbTaToB MOAENMPOBaHUS MOTyT NoTpe6oBaTbCs HEKOTOpble
noAcTporkn noBepxHocTHoro choke n gas-lift valves
e llar 5: Ha npoTshKeHWn HeCKomnbKMX AHEW Nocre yCTaHOBKM yCTpocTBa HeO6X0AMMO
HabntofeHne 3a CKBaXKMHON a Takke KOMMbIOTEPHOE MOAENUPOBaHVe AN NpuBeaeHUs eé B
caMblii ONTUMATBHBIA PEXUM.
e Llar 6: SkcnnyaTtaums CKBaXWHbI B ONTUManbHOM pexume [o6bl4un ¢ perynspHbiMmu
npoBepKkamMu Ansa NoaaepXKn ONTUMAanbHOro pexumMa.

Bonpoc 4: Mouyemy TOP yBenuuuBaeT ko3addpuumeHT Ao6LIYNT?
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Wcnonb3oBaHne TOP gns ckBaxwvH ¢ Bbicokum GOR no3BonsieT nogaepxumeats 3a6oinHoe
[aBrieHne Ha oNTUManbHOM YPOBHE. OTO NPUBOAUT K ONTUMM3ALIMM HE TOSbKO TeKyLLeln Ao6blum
(nebwuta), Ho 1 0O6bBIYM HA NPOTSHKEHUM BCEW KMU3HU CKBaXKUHbI, NpU 3TOM He no3sonss GOR u
cofepxXaHuio BoAbl NOAHMMATLCSA. OTO B CBOIO 0Yepedb 3aepXKvBaeT npoLecc nageHus
NnacToBoro AasneHus. B pesynbrate yanMHHAETCS XW3Hb CKBaXMUHbI, HA NPOTSHKEHUW KOTOPOWA
NPOUCXOAUT aKkTMBHas Ao6bIva.

B T0 e Bpems 3TO 3ameansieT aheKT AeraampoBaHus (TepeXos pacTBOPEHHOrO B HedbTu rasa
B cBoGoAHYt0 hasy). Kak cneacTeume, npouecc yBenuieHns BA3KOCT HedTH U1
COOTBETCTBYIOLLErO YMEHbLUEHUs1 MOBUMBHOCTU HETU B MNacTe Takxe 3aMeanseTcs.

Kpome Toro, paHHee curnbHOe AerasupoBaHve HepTu yMeHbLIaeT 06beM HE(TU 1 yBENUYMBAET
ee MMOTHOCTb; YTO B CBOIO 0Yepelb YMEHbLLAEeT HaChILLEHHOCTb HedpTh B NnacTe u
OTHOCWTESIbHYO NPOHULLAEMOCTb.

MopaepxuBaHne 3a6OMHOTO AaBMeHUst Ha ONTUManbHOM YPOBHE CTABUNNSUPYET CKBaXUHY,
yBENMUMBaET CpefHo Ao6blvy He(TH, M NPEefOTBPAaLLAET NEPEKTIOYEHNE CKBAXKMHbI B ra3oBbiii
pexum.

Bce aTo npuBoanT k 3ameTHOMY yBenuyeHuto (bonee, Yem Ha 10%) koadpcuumneHTa fo6bIuK
pesepByapa.

Bonpoc 5: Ha ckonbko adcpekTuBHOCTL TexHonorun TOP 3aBucuT ot cnoco6a fo6b1un?

TexHonorua TOP moxeT 6bITb NpuMeHeHa k ntobomy cnocoby nobbiun. OagHako, 6rnarogaps
HEKOTOPbIM ee 0CO6EHHOCTAM, ee 3h(PEeKTUBHOCTL MOXKET OTNNYATLCA ANA PasHbIX METOA0B.
PoHTaHHble CKBaXMHbI — 3TO Hanbonee noaxoasimne kaHanaatel Ans TOP, nockonbky Bce Tpu
13 criegytoLmnx akTopoB MOryT ObITb YAOBAETBOPEHbI.

Ha BTOpoM mecTe — ckBaxuHbI C ra3-nmtom. OBbIYHO OHM XapakTeprn3oBaHbl HU3KUM
NnacToBbiM AaBMNeHNeM U/Vnm HU3KUM Cofiep>KaHneM rasa n/unu BbICOKUM CofepxaHuem Bofbl.
OpfHako 4acTo CIMLLIKOM MHOFO rasa 3aka4ynBaeTcsi B CKBaXKUHY, YTO MOXET NPUBECTM K
06pa3oBaHmio ra3oBbIX KOHYCOB Wi (POPMUPOBAHUIO ra3oBoro cknH-acpdpexTa. Vicnonb3oBaxune
TOP nossonsieT yMeHbLUNTb 3T HeraTuBHble achdekTbl Gnarogaps ocnabneHunto NO3NTUBHO
feedback.

HacocHasi goGblva — 3To HavMeHee noaxoasaLwWwmnin kaHamaaT ansa TexHonorun TOP. Hacocbl
06bI4HO MCMOSIL3YIOTCS B CKBaXMHAX C HU3KMM NNacToBbIM AaBNeHWeM U/Unu BbICOKUM
cofepxaHuem BoAbl. Hacockl He NOAXOAST AN BbICOKOro coAepxaHusi raza. ObblyHO 15% aTo
MakcuMarnbHoe cofepxaHuve rasa (no o6bemy) noaxoasilee Ans HaCOCHOM 00bIYK.

B HekoTopbix cnydasix TOP moxeT 6biTb 9dheKTMBHO UCMOnb3oBaHa Ans HACOCHOW A06bIYM
nyTem noACTPONKMN NPOU3BOANTENBHOCTM HAacoca K NPOM3BOAUTENBHOCTY pesepByapa. B atom
cryyae 4acTto HeT HeobXoAMMOCTM UCMONb30BaTL Norpyxaemoe yctpoircTBo TOP, Tak kak
NpOCTOe M3MEHEHVEe NPON3BOANTENBHOCTM Hacoca MoxeT yopaTb addpekT positive feedback
KOTOPbI MPOUCXOANT M3-3a HecoBnadeHNs. 3aMmeTbTe YTO MHOTVE CKBaXWHbI 060pyAOBaHHbIE
Hacocom MoryT paboTaTb Hea(PMEKTUBHO, UM NEPEKIIOYATLCS B ra3oBblii PEXUM KU3-3a
HenpaBwnbHON MHTepnpeTauun 6naroaaps IPR kpusoi ®orensi. 3T0 MOXET NPUBECTM K
3aHWKeHHOMY 3a60MHOMY JaBneHuto, v B pesynbTaTe, kK (hOpMUPOBAHMIO Fra30BbIX KOHYCOB U
obpasoBaHuio ra3oBoro CkMH-adhdekTa. B pesynbraTe 3T0 MOXET paHblUe BpeMEHU «yOuTb»
CKBaXMHY.

B peanbHOCTK, TONBbKO BCECTOPOHHMIN aHanNM3 BCEX NapameTpOB KaXaA0N KOHKPETHOWM CKBaXXWHbI
No3BONUT onpeaennTb 3hdeKTBHOCTbL Ucnonb3oBaHus TOP ans cywecTByOLWUX YCrOBUI U
cnocoba gobblun.

For initial testing one should select a flowing (fountain) well that satisfies most of the selection
criteria for TOP well candidates, as listed above. After that, the TOP methodology could be
expanded with certain adjustments to pump wells, as well as to gas and gas-condensate wells.
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Bonpoc 6: Mouyemy aTa TexHonorus ewle He HAXOAUTCS B LUMPOKOM KOMMEpP4Y€eCKOM
MCnonbL30BaHUN?

OTa TexHororus akTMBHO padpabaTbiBanack Ha NPOTsHkeHUW nocnegHnx 12-15 net u Tonbko
HeaBHO AOCTUINA KOMMepPYeCKon cTaamn. 3a aTo Bpems pa3nuyHble KOMMOHEHTbI 3TON
TEXHOMOrMM TECTUPOBANUCh Ha NpaKTVKe 1 nokasanu mHoroobelatwme pesynbTaTbl. OaHako
Mbl HE XOTENV BBOAUTL €€ B KOMMEPYECKOE UCTONb30BaHME Noka OCHOBHbIE 3f1eMeHTbI “Know-
how” He 6bINN NONHOCTBIO NOHATBLI, PACCMOTPEHBI, 1 3aLLULLIEHbI.

NarteHT CLUA Homep 7,172,020 BbiaaHHbIN 6 heBpans 2007 onucbiBaeT U 3awmLiaeT Bce
OCHOBHbI€e acneKTbl 3TOW TEXHONOIUM, BKINOYas Teopuio, pesynbTaTbl MOAENVPOBaHWS, U
[OW3aliH Norpyxaemoro yctponcTea. Poccuinckuii naTeHT HaxoauTcs B cTagum pa3paboTku.

B po6aBneHune k aToMy, rnaBHble KOMMNOHEHTbI TEXHOMOIMM, Tak1e Kak An3aiiH Norpyxaemoro
YCTPOWCTBA U NaKeT KOMMbIOTEPHbIX CUMYNIATOPOB MOCTOSIHHO YNy4llanuchb B TeHeHUe aTuX neT.
OJHOBPEMEHHO C 9TUM 3HAYUTENIbHO BbIPOCIM LieHbl Ha HedbTb Grarofapsi BOSIHEHWIO BO BCeM
MVpe 0 HeAOCTaTOYHOCTM 3anacoB dHeprun. CTanu NoNb30BaTbCst NOMNYNSPHOCTLIO HOBbIE
KOHLIeNLUMUN «pa3yMHbIX CKBaXXWUH» 1 NOXOXWEe TexXHoMnornm. 3To Co3aano naeansHyto cpeay aAns
NPeAsioxeHns AaHHON TEXHOIIOMMN AN KOMMEPYECKOTrO UCMOMNb30BaHUS.

MpunoxeHue:

1. NatenT CLUA Homep 7,172,020 (6 dheBpans 2007) npo TexHonoruio TOP

2. MarteHTt CLUA HOMep 7753127B2
3. HoBas TexHonorus Ontumusauumn Jo6bium u3 Mnactos Coaepxawmx Hedptb ¢
Bbicokum MNazoBbIMm ®aktopom , Bypenune n Hedptb , 08 2012 c1p.34-36
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METO/bI 1 VCTPOVCTBA JUIA
OINPENEJIEHVA TAPAMETPOB
'A3OIMPOABJIEHVA Y TTPEJTOTBPAIITEHA
B3PLIBA HA CKBAXXHWHE

Tseytlin Consulting Inc.

ABTOD:
Hp. C. Lentiana

Kparkoe onucanue ouorpadpun u
npodeccrnoHasbHOro onbitTa A-pa C. Ieritamaa

A-p C. IefirAns 3akoHurA MOCKOBCKHII HH)KEHEPHO-(PU3IIE CKII
HUHCTUTYT, IIOAYyYUB CTEIICHb Marucrpa (,t)IISII‘ICCKIIX HayK.

Oxn Hauaa cBoro Kaphepy B Hayumo-mCCACAOBATEALCKOM HHCTHTYTE
KOCMHIYECKOM IpombimseHHOCTH Ne 1 B KauecTBe HAYIHOTO COTPYAHIKA
B Aaﬁopa'ropnn AAEPHBIX U ITAA3MEHHBIX ABHFRTCAEﬁ.

B 570 5xe Bpemsa oH 3akaHuMBaeT MOCKOBCKHII ITOCYAAPCTBEHHBII
YHHUBEPCHUTET K IIOAYIACT CTCIIEHb MATHCTPA MATEMATHKH.

Uepes tpu roaa A-p C. LleiTANH 3aIIATHA AUCCEPTAIINIO, HAIIICAHHYEO
10 PE3YABTATAM IIPOAEAAHHOI UM HAYIHO-HCCACAOBATEABCKOI PaGOTEI,
IIOAYYHB CTETICHb KAHAMAATA (DU3HUECKIX HAYK.

3a Bpemsa cBoel PO eCcCHOHAABHON Kapbephl, A-p Lleirann
Pa3paboras psA MHHOBAOHHBIX METOAOB ¥ TEXHOAOTHIA B 00AACTII
I‘CO(,I)I/ISI/I“ICCKHX, TEOTEXHUYECKNX U TMAPOAVMHAMHYECKHUX HAYyYHBIX
HICCACAOBAHHIA HA HE(PTAHBIX U TA30BBIX CKBAXKHHAX.

Ero 1pyA0Bas ACATEABHOCTH BKAFOUAET MHOIOACTHIOO PaboTy
KOHCYABTAHTOM (ppaHIy3cKoi Kommanuu Geoservices.
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ITpososrxenne

B 1992 TOAY OH 3aIUIIACT BTOP)IO AIICCCPT'ALIIIIO Ha ITOAYYCHHE CTCIICHHU
AOKTOPA HAyK B 00AacTH ra3oHedTeA0OLIUN, TEMA AMCCEPTAIIN:
“MeTOoABI OOHAPY>KEHNA Ta30IPOABACHIA HA PAHHEH CTAAUN U
TC]\(OI‘HOI/IH&]\II/I‘-ICCKPIC aC‘-ICTI:I B FCOI/ISI/I'-ICCKI/IX nu
IEOTEXHIUYECKHUX MCCACAOBAHUAX CKBAYKIH.

ITocae mepeesaa B CIITA B 1993 roay A-p Lleiitaui paGoTas B HECKOABKHX
3aITAAHBIX HE(DTEAOOBIBAFOIINX KOMIIAHUAX, STOT IIEPHOA BKAIOUaeT 15-
AETHHIA OIIBIT Pa0OTEI KOHCYAbTaHTOM Kommannu Baker Hughes INTEQ,

TA€ OH paspaﬁoraA HECKOABKO aKyCTHYECKHX CHCTEM MOACAVPOBAHMIA.

C 1995 110 2001 rr. 0H paboTas B AOAYKHOCTH CTAPIIEro HAYIHOIO

coTpyAHnKa Komnaaun Petro-Energy International , LLC.

BoAbmmHCTBO 3THX PE3YABTATOB IIPEACTABACHEI B OuGAHOTEKE AAHHBIX 110

CucremMam I\IOACAHPOB’&HI/IH HOBBIM TEXHOAOTI'HAM (CMOTPI’ITC MOW Cam’

www.tseytlin-c

A-p LeitranH BEICTyIIaA ¢ AOKAaAaMu HA 10 MeskAyHApOAHBIX 1 20
BCECOO3HBIX KOH(pepeHuaX. OH ABAAETCA aBTOPOM Ooaee 60 HayIHBIX
TpyAoB u 20 marenToB, B ToM uncAe 8 marenros CIIIA B cdhepe
reo(pU3NIECKIAX NCCACAOBAHMIL, OypeHNA CKBAXKIH 1 He(PTeAOGHIUN.

I'VAABH TEMBI 1 00beM 13 pETECHUA

BD BPel\‘lﬂ ( 'Pell]lﬁ lle¢Tﬂllle MAHM I'a30BbIX CKBA’KHWH HHOI'AAd BOGHUKAET l'al?()np()ﬂBAellIle,
IIepeMEIIAFOIIEECs OT HAACTA-KOAACKTOPA K 3206050 CKBAXKHHBL.

TazonposBAeHHE HauMHAETCA B (hopMe Ta30BOM maukm (yuarure, uro 100% coaeprxanme rasa
IIPEACTABAAET CO IIy3BIPH YHUCTOTrO ra3a, 0% CoAepIKaHMe ra3a ABAAETCS MAYKOMH JHCTOM
Hed)TH), KOTOPAs 3aTEM HAYMHACT BCIIABIBATE B 3aTPyGHOM IPOCTPAHCTBE CKBAKHUHEI, C
OAHOBPEMEHHBIM BEITCCHCHUEM M 3aMENICHIEM OypOBOro pacTBopa.

ECAI‘I BbI CBOEBPE]\JEI{]{D HE Oﬁliﬂpy')Kl/lBﬂeTe AQHHOE ABACHHE, I'a3 MOKET AOCTUT'ATH y ThA
CKBA’>XHUHBbI 1 CTAHOBUTHCA np[lql‘ll[()ﬁ BKPB[BH M BOBHUKHOBCHUA lleI\‘OIITPOAI‘leeN[OI'O
donTaHa.

B cayuae ecAr CKBa’KHHA CBEPXY r€PMETH3MPOBAHA MPEBEHTOPOM, 1 HAYMHAETCS ABHIKEHHC
IIy3BIPs Ta3a BBEPX, €CAM HE 00€CIeInTh BO3MOKHOCTH PACIIHPEHHS 00 heMa IMy3bIps rasa,
9TO MO’KET NPUBECTH K BHIPABHUBAHIIO IIAACTOBOTO AABACHUA M AABACHHA HA YCTHE
CKBayKHHBL.

OAHOBPEMEHHO C STHM, AABACHHE Y 3460 CKBAYKHHBI yBEAUHTCA B ABA PA34 I10 CPABHEHUIO
C UICXOAHBIM 3HAYCHUECM (AaBAel‘ll’le B n_\"ﬂblpe rasa IArcC Be MAKOCTU B CKBAKHUHE I1IOA
Iy36Ipem).

D10 ABACHME, ECAM OCTAETCA HE3AMEUEHHBIM, MOYKET IIPHBOAUTD K THAPABAMIECKOMY Pa3phIBY
IIAACTA, BEIXOAY BCEH KHAKOCTH U3 CKBA>KHHBI B ITAACT-KOAACKTOP, HATIOAHEHUIO CKBAYKHHBI
ra3oM M, KaK CACACTBHE, K B3PBIBY U HEKOHTPOAUPyeMOoMy hOHTaHY.
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POAOAKEHN

H3zobperenue, B 0011eM, MIMEET OTHOIIEHHE K OYyPEHMIO HEPTAHBIX U FA30BBIX CKBAYKHH
M, B YACTHO AKYCTUYECKOMY OOHAPY KEHNIO M AMKBHAAIIMN I'a30IIPOABACHMSA.
HIHOrAQ ra3onposiBACHUIE MOJKET IIPUBOAUTD K HEPEryAupyeMoMmy (OTKPBITOMY) BEIGpOCY,
KOTOPBIii, KAK M3BECTHO, ABASETCA IIPUYHMHON 3HAUNTEABHBIX II0BP €>KACHHIA
0060pyAOBaHMs1, B3PBIBOB, II05KAPOB, THOEAN PAGOTHHKOB 1 BO3MOYKHOI'O BBIACACHHS
SAAOBHUTBIX MAM TOKCUYHBIX [A30B.

HPCACTQB/\CHHOC IIBOGPeTeH]ﬂe ]'[PeAAZII"'ACT METOABI 1 CTP(H‘ CTBA AAA ()GHZIP)"/Kﬁﬂflﬂ
ra3sonpOsABACHNA HA PAHHEH CTAANN, 4 TAKXKE AAs HEIIPEPHIBHOIO OIPEACACHIA
M3MEHAFOIIMXCA IAPAMETPOB Ia30IPOABACHHA I10 MEPE €I0 PACIPOCTPAHEHUA B
HANPABACHHUH K IIOBEPXHOCTH, BRAFOYAFOIIIX PA3MED, IOAOYKEHIE OTHOCHTEALHO
CKB)KIHBI, COAEPIKAHNE I'a34, CKOPOCTB IIEPEMEINEHNs U IIPEATIOAATAEMOE BPEMsL
AOCTIDKEHHA IIOBEPXHOCTH.

Tounas u AOCTOBepHAA MH(OPMALHSA B OTHOIICHAN STUX IIAPAMETPOB ABAACTCA
KPUTHIECKIM (PAKTOPOM B IPUHATHI CBOEBPEMEHHBIX MEP 110 AUKBHAALIAH
FﬂSOnPOﬂBAeI{]Iﬂ B CKBA’>KHUHE, YTO 06_ CAABAUBAET CHU’KECHHE U, B KOHEYHOM CUeTe,
HCKAHOYCHUE pl/lCKa B3PBIBB nu Heper‘_\ IIP_\"e]\:lOrD BBIGPOCR N3 CKBA’KUHBbI.

ITocae TOro Kak ra3onpoABACHIE 00HAPY KEHO, HPUHIMAIOTCA IKCTPEHHBIE MEPHI 10 €0
AMKBHMAAIIMNA B CKBA)KMHE. BypeHne, Kak MPaBHAO, IIPEKPAIIAETCA, IPOTUBOBHIOPOCOBBIA
IIPEBEHTOP 3aKPHIBACTCA ¥ HAYMHAFOTCS OTIEPAIINH 110 YCTPAHEHHUIO ra30NPOABACHHA.
3HaHwe NAPAMETPOB I'a30MPOABACHHSA [I03BOAAET ITOAACPIKMBATE 3a00HOE AABACHTE
BBIIIIC AABACHUSA [TAACTA W HUYKE AABACHUSA THAPOPA3PHIBA.

M3obperenue Takske 00€CIeUNBAET BO3MOXKHOCTE KOHTPOASA I'a301IPOABACHMI,
BO3HHIKAFOIIEr0 BO BPEMs CIIyCKOIIOABEMHBIX PAOOT, KOTAA 3 CKBAYKHHBI M3BACKACTCS
YACTh OGVDHABHBIX TDVO.

pé bIAKHW K CO3AAHUIO 1. GGTCHHH

OCHOBHOIT IPUHITAII ACHICTBHA YCTPOIMCTBA IIOX0K HA IPUHIIUII ACHCTBUA
THAPOAMHAMUYECKOTO AOKATOPA.

A.’\ﬂ pcmenvm 3apaaun, B 3'ATI)§'6H()N[ nl)(lCTI)'AHCTBC Yy CThsA CKBAYKHUHBI nepn()AnqecKn
COBAAFOTCA yIPyIHe IPOAOABHBIC BOAHBI (AABACHHIT) AAUTEABHOCTBIO OKOAO 5-10 cexyHA ¢
wacroro 10-20.

BTH BOAHBI PACIIPOCTPAHAOTCA BHH3 110 3aTPYOHOMY IPOCTPAHCTBY CKBASKHHBI CO
CKOPOCTBIO 3ByKa (mpubansureabno 1200-1500 m/c) 1 oTpaskaeTcs OT BepXHEN U HUDKHEH
IPaHMIIBI FA30BOM ITAYKHU, OTPASKEHHBIC BOAHBI IIEPEAAFOTCA HA TIPUEMHUK,
PACIIOAOKEHHBIH B BEPXHEH YACTH 3ATPYOHOI0 MPOCTPAHCTBA CKBAYKUHBI (TIOA
IIPOTHBOBHIOPOCOBBIM IIPEBEHTOPOM).

3HaHue CKOPOCTH PACTIPOCTPAHEHHA BOAHBI M BPEMEHH BCTYIIACHHS OTPAsKEHHBIX
TPAHMUII FA30BO¥ ITAYKH BOAH, II03BOAAET C GOABIIONM TOYHOCTEIO ONPEACAUTE PasMep
Ta30BOM MAYKH U €€ MECTOIIOAOYKEHHUE B CTBOAE CKBAYKUHBI.

IToBTopenue nsmMepeHuii Yepes HEKOTOPBIC IEPUOABI BDEMECHH II03BOAACT OIIPCACAUTE
HOBOC [TOAOYKEHUE ra30B0M ITAYKH, CKOPOCTh I'a30MPOABACHMS, A TAK)KE OIICHUT!

Yurure, 9T0 B CAydae OTCYTCTBHA Ia30BOM MAYKH, IPUEMHHK OYAET PErHCTPUPOBATE
B():‘\Hy, ()‘rpil')KCHHyTO orT abos CKBAa>KHUHBI.

HsmepenHas pasHUIA MEXKAY 00bEMAaMH ITOCTYIIAFOIIET0 1 BEIXOAAIIETO Gypo:
PACTBOPA IIO3BOASET PACCUMTATH COAEP’KAHUE I'a3a B Ia30BON IMAYKeE.
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OTPA’KEHUA YIIPYTUX BOAH AABACHHS B KOABILIEBBIX H KPYI'OBBIX KaHAAAX,
COAEPIKAIIINX AHOMAABHO BA3KYFO (HEHBIOTOHOBCKYFO) )KHAKOCTE U Fa30BYIO
IIaYKYy, IPUBOAUTCA B cTaThe A-pa C. Ietiranna «PacnpocrpaHeHne BOAH
AABACHHA B AAMHHOM BCPTHKﬂAbHOM KaHaAe€, COACPK&LL‘CM Ta30BYIO IIAYKY».
HoxeHepHO-usudeckmiz skypHas, Tom 58, aasaps 1990r., crp. 20-26.

Cucrema ypﬂBHeH"ﬁ, KOTOpPasi OIIMCBIBAET AAHHOE SABACHHE:

Koad dpunmeHT oTpaskeHu:A OT FPAHMUIL Fa30BO IAYKIL:
K, = (pc), —(pc)g
(pc), +(pe)g

CI\'OPOCTL 3BYKaA AASL raSO)KllAKOCTHOii cMecu:
@

(p; +(A—a)p,)*( +
(e (£

CACA_VCT OTMETHUTH, YTO CKOPOCTh 3ByKad B Ta30)KUAKOCTHOW CMECH MEHbIIIE
CKOPOCTH 3ByKa B UMCTOM Ia3e

PCSAI) AThbl MOACAMPOBAHUA ITAPAMETPOB

CKBAKHHDBI

Prpals10®

10
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OAOAKCHHN

oustic method of blowout early revealing during drilling.
Experiment. Theory.
Q.

o,
10 m7seec

with gas pack

coaff. of reflaction

ITpoaosxeHue

T=(5-10) cekyHAbl —ANUTENbLHOCTL UMNYyNbea; TT=(10-.
MexXay umnynscamu;

t,-BpeMs BCTYNNEeHNsi OTPaXKEHHOTO OT BEpXHEW rpaHuLibl ra3onposiBNIEHNS CUTHaT:
BpeMs BCTYMfeHNA OTPaXXeHHOro OT OT HWKHEN rpaHnLbl ra3onposBrieHns curHana;
BPEMSI BCTYMEHNS OTPaXXeHHOro OT 3ab0si CKBaXWHbI CUrHana;

) MAHYTbI — UHTepBan
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HAsA CXEMA YCTPOMNCTB:

Ha Puc.1 npuBoAuTCaA CXeMaTHueCKoe u300pa’keHue OCHOBHBIX
9AEMEHTOB:

1 - Gypuabnas Tpy
oBas N2

4 - npesenTop (IPOTUBOBHIGPOCOBLIIL);

5 — AATYMK AABACHHA;
6 — perncrpupyrommii mpubop;

7- IepCOHAABHBIIH KOMITBIOTED;

yrIpaBACHUA;
AMpyeMas KOAOAKA;
11 — xonTeiinepsI AAsi GypoBoro pactsopa;
12 - AaTunKk AaBA€HMA.
TBYIOIIMIA KAAIAH 8 CPAGATHIBACT IIOA BO3ACICTBHEM
BACHHA 9, PE3KO U3MEHAA MAOIIAAL IIPOXOAHOTO CEUEHHA
u 06 beAnHsAA 3 yOoHOE AHCTBO 2 1

QKHUHY, C HCIIOAb30BanieM oGbema 11. Boansr

AaBA€HHA OBICTPO PACIIPOCTPAHAIOTCA BHHUS3 0
TPOCTPAHCTBY CKI KMHbI U YACTUYHO OTP:

i rpaHuI ra30Boi nauKy 3.
PErHCTPUPYET OTPAXKEHHBIE BOAHBI, 4 PErHCTPUPYIOIIMIl IpuGop 6
CUMTHIBACT 3HAYCHMsA BPEMCHH BCTYIIACHUA BOAH tl, t2 1 mep
STH 3HAYEHUs HA KOMIIBIOTED 7, KOTOPBII ONPEAECASET TEKYIIMe
3HAYEHHA APAMETPOB, TPeGyeMbIe AAS TAPAHTHH AMKBHAA

OIIPOABACHUS B CKBAKHHE.

Results of Experiment of Gas Kick Detection and
Localization Hvdroacoustic Method.

t; — time of arrival of reflected wave from upper border of gaseous pack
tz — time of arrival of reflected wave from lower border of gaseous pack
ts - time of amival of reflected wave from bottom hole
Fig 3
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OAOAKCHMN

Ha PlleH]\'e 3 ITOKa3aHbI pexyABTaTb[ BKCnePH!\‘leHTaAbHOTO HCCACAOBAHUSA HA
OIIPEACACHHE TTAPAMETPOB Ia30BbIX MAYEK, BCIABIBAIOIINX 110 3aTPyOHOMY
IIPOCTPAHCTBY CKBa>KUHBI. FICCACAOBAHIIE TIPOBOAMAOCH HA
axcnepumenTaAbHOM 2000 M CKBaYKHHE, 3ATIOAHEHHOM OyPOBBIM PACTBOPOM C
naoraOCTEIO 1200 Kr/M. Uepes orBepcrre B GypHABHOIL TPy6e ra3zosas mauka
BBIKAYMBAAACE C IIOCACAYFOLIMM IIEPEMEICHIEM AO 3ATPYGHOIO IPOCTPAaHCTBA
crBOAA. AMameTp CKBaXKHHBI cocraBasA 0,2 M, OyprabHOI TPYOEI - 0,114 M.

Ha Puc.3 npuBOAMTCA YETHIPE M300PA>KEHNUs, IIOAYICHHBIE 10 PE3YABTATAM
SKCIIEPUMEHTOB, KOTOPhIE COACPIKAT YETHIPE KPUBBIX M3MECHEHIH AABACHUA HA
BXOA€ OypUABHOM TPYOBI BEIXOAE U3 3aTPYOHOr0 IMPOCTPAHCTBA (110,
IIPOTHBOBBIGPOCOBEIM IIPEBEHTOPOM).

Ha Puc. 3.1 yeTko BUAHBI H3MEHEHUs AABACHUs], CBA3AHHBIE CO
CPaGATHIBAHIEM IIOPIITHEH 1 KAAITAHOB HACOCA.

CpaBHEHHE ABYX HEPBBIX KOAeOanmit Ha Puc.3.1 u Prc.3.2 103BOAACT YBUACTH
3aTyXaHHe KOACGAHUIT AABACHUA HA BBIXOAC KOABLIEBOTO KAHAAA IIPH
BO3HUKHOBEHIH B CKBAYKHHE I'a30IIPOABACHIIA.

10 YKa3bIBAET HA I'A30IIPOABACHHAE B CKBA’KHHE.

ITpoaoaxeHnEe

BrICOKOYACTOTHBIE H3MEHEHHA AABACHUSA, CBA3AHHBIEC C PA0OTOM KAAITAHOB
HACOCA, TAKXKE OIIPEACACHHO BHAHEI Ha Puc. 3.1. Takne n3MEHEHUs ABAAFOTCA
AOTIOAHHUTEABHBIM MPU3HAKOM BO3HIKHOBEHHA Ia30IPOABACHUA.

ITepBoe n3o6parkenue Ha Puc.3.1 COOTBETCTBYET CAyJar0, KOTAA Ia30BasA
[TAYKa OTCYTCTBYET B 3aTPyOHOM IPOCTPAHCTBE CKBAXKUMHBIL HabAroaasoch
peskoe yBesnmyeHre (hpOHTA HATHETAHNUA, COOTBETCTBYIOMIEE 3AKPBITHIO (MAK
OTKPBITHIO) KAAIIAHA U OTPASKEHUIO OT 320051 CKBAYKHHBI.

Ha Puc. 3.2 9eTKO pa3sAMYArOTCA OTPAXKEHUA OT BEPXHEH M HIDKHEH IPAHMIT
ra3oBOii MAYKH OTPAXKEHHE OT 32601,

Tperbe n ueTBepTOE N300pasKeHMs cooTBeTcTBYOT 30 11 45 MUHYTAM C HauaAa
MCCACAOBAHMHA, W IIOKA3BIBAIOT BCIABITHE I'a30BOM AYKH B HAIIPABACHHH
YCTB# CKBA)KWHBI 11 yBEAMUEHHE €€ AAMHBIL. MHOrOUnCACHHBIE H3MEHEHNUs
HaOAFOAAAMICH TIOCAE TIPAMOTO OTPAXKEHHOTO MMITyABCA, KOTOPBIE OBIAK
CBA3AHBI C MHOYKECTBEHHBIMH OTPAKECHHAMH OT IPAHUII ITAYKH 1 320051,
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LUHIDKEHME PUCKa BBIOPOCA M B3PhIBA IIPU OYPOBBIX PADOTAX,
umbix BP ma mo

HUCITOAB30BAHUA IIPEAAATACMOITO METOAQA.

Key Finding #4
The influx was not recognized until hydrocarbons were in the riser

T I Based on Real-time Data
= Flow Out (calbrated)

Flow In(rig pumps)
- DP Press (1ig pumps)

Indication #1
.
J17V U‘\

ey

20:52-Flow
|

tarts

¥
" |Indication #2

0 \\ ‘

000 "
Flow indications:

=#1: Drill pipe pressure

increased by 100 psi,
(expected decreased);
~39 bbl gain from 20:58
to 21:08

Indication #3
I

= #2: Drill pipe pressure
increased by 246 psi with
pumps off

— Flow out does not

v
ulative Gain

immediately drop

o bbl

after shutting down
pump

—50aM imueh
= Senuser

=i

1508M » semmetar ik

= #3: Drill pipe pressure
increased by 556 psi with
pumps off: ~300 bbl gain

= No.well control actions taken

ITpoprosxeHue

Key Finding #5
Well control response actions failed to regain control of the well

3000 7] Based on Real-time Data First indication of well control respon

— Drill Pipe Presssure (psi) 49 minutes and 1000 bbls after initial influx
2500 4
2000 4

1500 -

1000

500

o

21:30_——p—

ssion about
“Differential Pressure”

Explosion at 21:49

Pumps shut down

Pressure increase due
to annular activation

- TP calls WSL, getting mud back,

- AD calls Senior TP, Well blowing

Mud and water raining onto deck

diverted to MGS, closed or was
closing annular

out, TP is shutting it in now

21:32
21:34
21:36
21:38
21:40
21:42
21:44
21:46

=}

21:48

10
o~
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ITpoarosrxenme

Ecan 661 Ha ckBaxuHe BP MCrioAb30BaA0OCE Hallle YCTPOICTBO, 2 TAKXKE
IPEAAATAEMBIIA METOA OGHAPY KEHHs I'a30IIPOABACHHA 1 OIIPEACACHIA
TIAPAMETPOB T'a30NPOABACHHUS, B3PBIB HA MOPCKOH OypoBOi IAaTdOpMe MOXKHO
GBIAO IPEAOTBPATHTE.

ITpurox He PACITO3HABAACH AO TEX IIOP, IIOKA B BOAOOTACAUTEABHOI KOAOHHE
TIPHCYTCTBOBAAY YTA€BOAOPOABI. COrAacHO IIPHBOAMMBIM BBIIIIE CAatiaam 15 m
16 c MoMeHTA BOSHHUKHOBEHHS Ia30IPOABACHHSA B CKBAYKHHE AO B3PBIBA
MPOIIAO DOABIIIE YaCa, 00HEM IIPUTOKA 32 3TO Bpems yBeAnmunacsa ¢ 39 Ao 300
Gappeaeii.

Kosonna GypuAbHEIX TPY6 OBIAA YACTHYHO M3BACYECHA, B ADYTHE METOABI HE
PaboTary NAM ABAAAKUCH MAA0I(DDEKTHBHBIMH.,

Mpb1 MOYKeM HCITOAB30BATE. AMITVABC AABACHUA, cozaaaemmﬁ HAIumM

&! OﬁCTBOBl n OHC(, AATH BOSHUKHOBCHHEC FZSOHOHBACHI/IH KOI'Ad OHO
COCTABAsIET MEHEE HECKOABKHUX 02 €AEH 1 HAXOAWUTCA BO3AE 32005 CKBAYKUHBI.
D10 0becreunBaeT AOCTATOYHO BEI\JCHH AAS TOI'O, YTOOBI Sill\' )BITH HeBeHTO
C ﬂeHDI[l[EC!\'H]\l OﬂeeACHHEI\A 3HAYEHUN 114 D)AMETPOB I‘aSOﬂOHBAeHH}I u
HA OCHOBAHUM 3TON MH(AOPMALINNA AUKBH, OIIPOABACHUE B
CKBAYKHAHE 0€30I1ACHBIM CITOCO0OM.

BosmoskHaoCcTH IIpEAAATAEMO METOA

OCHOBHEIE OTAUYMS HALIEH METOAUKH OT

1. OGHapy>keHne ra30MPOABACHIA HA PAHHEH CTaAuH. MbI MOKkeM
HACHTHGUITIPOBATE TA30MPOABACHUE TIOUTH CPA3y K€, IIOKA OHO ABAACTCA
COBCEM HE3HAYUTEABHBIM (MEHEE OAHOIO Gappeasn).

2. OnpeaeseHHE TEKYIIUX IIAPAMETPOB I'a30TIPOABACHMsA, BKAIOYAA
IIOAOYKEHIE BEPXHEH 1 HIDKHEH IPAHMII, PasMep, CKOPOCTh, COACPIKAHIIE
ra3a ¥ Bpems MMOABACHHS Ia3a HA YCThE CKBAXKUHBI,

3. 3nanne TEKyIuX HApAMETPOB Ia30IPOABACHHA 00eCIIeunBacT
BO3MOYKHOCTH BBIIIOAHUTD IIPOMBIBKY CKBAYKUHBI (AAA AUKBHAALIAN
Ta30NpPOABACHNA B CKBA’KHHE) C 60A€€e BBICOKOM CTEIIEHBIO TOYHOCTH 1
3hheKTUBHOCTH. DTO IIO3BOAAET IIOAACPIKIBATE 3a00iHOE AABACHHE

Py >Pp =Py, BO BpEMA AMKBHAATIAY T'A30TPOABACHUA.

4. Texnororusa sdeKTUBHA BO BPEMA CIIyCKOIIOABEMHBIX OIIEPAIIHIA C

OypPHABHBIMU TPYyOaMH, KOTAQ APYTHE METOABI He PaboTaroT, HO
BCPOSITHOCTL BO3HHUKHOBECHUA FﬂSOHpOﬂBAeHHﬂ SABASIETCA OYEHBb BHICOKOM.
5. TexHOAOTIA MOXKET 3(P(DEKTUBHO NPUMEHATHCA 5€3 AKTHUBHO
hYHKIIMOHUPYFOIIIX HACOCOB.

6. yCTpOﬁCTBO MOJKET ACTKO YCTAHABAWBATBECA B I'a30KAPOTAXKHYIO
CTAHIIUIO.
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OcHOBHBIE IIPEUMYINECTBA METOA

Takum 06pa3oM, IPEAAATAEMBII METOA MOYKET IIPEAOTBPAIIATE BEIOPOCHI 1
B3PBIBBI Ha OypoBOIi ycTaHOBKe. BHEApeHMe yCcTpoiicTBa obecneunBaer
6oAee 6e30ITaCHOE U BHICOKOKAUECTBEHHOE OypeHue.

Y10 0COGEHHO AKTyaALHO M BAYKHO NPH OyPEeHNN C MHHHUMAABHOM
ACHPECCHell HA IIAACT A GypeHH: B PABHOBECHBIX YCAOBUAX, IPUMEHEHUE
AAHHOIO METOAA 3HAYUTEABHO YBEAMYHMBAET TEMIIbI IIPOMBIIIACHHOMN
JKCIAYATAIUH CKBAYKUHBI, HOBBIIIAET IIPOU3BOAUTEABHOCTD PA3BEAOTHOIO
GypeHms 6AaroAapsi CHIDKEHHIO 30H MPOHUKHOBEHU.

MeToA 3HAYNTEABHO YMEHBIIACT PHUCK 3ATrPASHEHIA OKPY>KAFOIIEH CPEABI 1
YHCAO CAyYA€B IMOEAN PAGOTHHUKOB.

IleHHOCTH 5TOr0 METOAA CHABHO BO3PACTAET B CAYYA€ €ro NPHMEHEHHUA IIPU
meAb(oBOM GypeHIM, KOTAA CBA3AHHBIE C BEIOPOCAMME M B3PHIBAME ABAPHA
Ha MOPCKUX OypOBBIX mAaT(OpMax MOTYT IPUBOAUTE K HanO0AEe
AOPOTOCTOAIINM OCAOYKHEHUAM, OIICHUBAEMBIM B MHAAHAPABI AOAAAPOB.
TexHoAOrHA 0GECIIEUNBACT IOAYIECHIE KPUTHIECKOr0 HA00PA AAHHBIX AAS
LIEHTPOB yIPABACHU:A, PAGOTAIOIINX B PEAALHOM MacIuTabe BpeMeHH, a
TAKKE AASL KOHTPOABHOTO HAOATOACHUA 32 CKBAXKHHAMU B PE)XKAME PEAABHOTO
BpPEMEHH.
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EM MWD Simulator for Harizontal and Inclined Wells.
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EM MWD Simula

EM MWD Simulator
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“MeroA raymmeHusa OTKpBHITOrO QQOHTAHA
IIOIYTHOI'O I'd34, BOSHUKAFOIEIO ITOCAE
B3pbIBA HA MOPCKOH HEQTEIPOMBICAOBOH
IIAaTghopme, ¢ HCITOAB30BAHHEM
TeAeCKOIIHIeCKOro 6Aoka mraar"’

B'l‘OpZ

A-p C. Lletrrama

AKTYaABHOCTB TEMBI 1 00beM U300peTeHuA

ITpeacraBAeHHOE M300pETEHNE OTHOCHTCA K METOAY M CHCTEME IIPEKPAIEHIA
SKCIIAYATAIIMN MAM “TAyIIeHH:A” meAbgOBOil HEPTAHOM CKBAXKUHBI IIOCAC
B3PBIBA HAU BEIOPOCA, KOTOPKIH MIPUBEA K 00Pa30BAHHUIO OTKPHITOTO
(meperyaupyemoro) ¢oHTaHA ra30HEDTAHON CMECH U3 OCTABIICHCA YACTHA
CKBAKHUHBL.

Yacro Bo Bpems OypOBBIX AU PAa3BEAOYHBIX PA0OT HA HE(DTAHBIX U Ia30BbIX
CKBA’KMHAX BO3HUKAET IPOHUKAIONIEE B CKBAYKHHHOE IPOCTPAHCTBO
Ta3oNpOABACHUE, KOTOPOE 3aT€M HAUYMHAET PACIIPOCTPAHATLCA B 3aTPyOHOM
IPOCTPAHCTBE CKBA’KHMHEI, BBITECHsAA U 3aMelas OypoBoii pacTBop.

AaHHOE ABACHHE, ECAM OCTACTCA HE3AMEUCHHBIM, MOKET IPHBOAUTE K
THAPABAWYECKOMY Pa3phIBY IIAACTA, BBIXOAY BCEH JKHMAKOCTH M3 CKBA’KHHBI B
ITAACT-KOAAEKTOP, HATIOAHEHHIO CKBA’KWHBI I'a30M H, KaK CACACTBHE, K B3PHIBY
¥ HEKOHTPOAUpyeMomy hOHTaHY.

D10 MOXKET ABAATHCA IPHUMHOMN THOEA AFOACH, 3ATPA3HEHUA OKPY>KAFOIIEH
CPEABI M 00Pa30BAHMIO HEKOHTPOAUpPyemoro donTana, Takoi
HEKOHTPOAMPYEMBIii ()OHTAH OYEHH TPYAHO ITIOAABUTH, ITOCKOABKY YCTHE
CKB>KMHBI HAXOAUTCSA TIOA OYeHb 6oAbIIM AaBAeHueM. 1o mepe Tor0, Kak
MOpCKHE OypoBBIe PAGOTHI HA KOHTHHEHTAABHBIX MIEAB(AX CMEINAFOTCA BO
BCe boAee 1 Gosce rAYOOKHE BOABI, AAHHAA MPOOGAEMA MHOTOKPATHO
YCAOIKHAETCA, ECAU B3PBIB IIPOMCXOAUT HA TAyOHHE.
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POAOAKEHUE

l\/IeTOA Hpe;_\yCl\[ﬂTpIIB‘[leT IIOCACAOBATCABHYIO YCTAHOBKY OFPRHII‘IIIBRIOH_[H
IIOTOK TEACCKOITMYCCKHX INTAHI YBEAHIYHBAFOIICTOCA AII‘JIVICTPR BHH3 B
CKBA’KHHY, YTOOBI ITOCTENIEHHO CHUXKATH PQICXOA HUCTCYCHHUA )KUAKOCTH. BT"
IITAHIA COCEAHHAIOTCA MEXKAY C()ﬁ()i'l, oﬁpasyn TEACCKOITMYECKYIO CUCTEMY.
HoBaTopckmii METOA M300PETEHNA BKAFOYAET STAIBI CITyCKA CEPHH INTAHT,
HAaYHHAasA CO IITAHI'M HAMMCHBIIICTO AII&I\ICTPZ. IITranra masoro AHZI\ILTPZ
MOPKET BBOAUTHECA B CKBA’)KUHY C MEHBIITHMI 321prAHCHﬂ}1Bﬂl, YEM IITAHTH
GoABIIIErO Aﬂﬂhle'l’pﬂ. ITocae TOro Kak camasi MAA€HBKAs IITAHTA. YCTaHOBACHA
Ha CBOE MECTO, IIAOIIAAB IIOIICPEYHOr0 CEUEHHA CKBAYKHUHBI, AOCTYIIHAA AAA
IoTOKA He)TH, HEMHOIO YMEHBIIACTCA. 3aTEM, IIOCAE IIEPBOI IITAHIH MOLYT
TIIOCACAOBATEABHO BBOAUTHCA INTAHIA OoABIIErO AIIal\ieTP‘(l. ITocrenenno
00ABIIIAA YACTHh MAU IIOYTHA BCE HOHCPC‘IHOC CEYECHHNE CKBAYKUHHOWN prﬁbl
3AHUMAETCA TEACCKOIIMYECKHUM GAOKOI\I, COCTOAIITUM M3 3TUX IITAHI. ITocae
YCTaHOBKH Ol"PﬂH!llll[Bﬂ[()ﬂ_lHX ITIOTOK IITAHI' CKBA’KUHA MOJKET
FCPBICTIISI{POBHTBCH 3aKAQYMBAHHUCEM IICMCHTA B HPOCTPilHCTBO, ocCTaBLICECA
MEYKAY CKBAKMHOM 1 OGAOKOM IIITAHT.

YunTtbiBas TOT aKT, UYTO BEC TAKOH INTAHIH MOKET COCTABAATE OT HECKOABKHIX
COTEH KMAOTPAMM AO THICAY TOHH, IIOCKOABKY FAYOUHA CKBA>KMHBI ABAAETCA
GOABIIION, COIIPOTHBACHHE IIPH BBEACHUH IIEPBOJ INTAHIH B CKBAYKHHY
ABAACTCA HE3HAYUTECABHBIM MAM BOOGIIE OTCYTCTBYET. YUTHTE, UTO AAS
BBEACHHA KOHIIA TIEPBOIA IIITAHIH MOKET IIOTPEGOBATHCA BCIIOMOTATEABHOE
[EHTPUPOBAHME C UCIIOAL30BAHHEM U3BECTHBIX CPEACTB. IT0CKOABKY 0OmIHid
BEC TEACCKONMMIECKOT0 GAOKA INTAHT yBEAUUHMBACTCSA, AOGAaBACHHE
TIOCACAYFOIIIUX IITAHT OCYIIECTBAACTCA 0€3 BOSHUKHOBEHHs 3HAYUTEABHOTO
CONPOTHBAEHUSA.

AAsL METOAA TEKYIIIEr0 KOHTPOAS CITyCKA INTAHT B CKBAYKHHY MOJKET
nljl[N[E‘HHTBCﬂ CTp(’)ﬁCTB(’) III}]\‘[C})€H[IH BECA, yCTAHABAUBAEMOE HA Hil,\B('l,‘\H()ﬁ
yEOTCA IIPH CITyCKE

n.\zl'r(b()pme. TilK"t" _\'CTp(’)ﬁCTB’d IIOBCEMECTHO MCIIOA
A¥OOBIX IITAHT MAM TPYO B CKBaXkHHY. B cAyuae raymenus ¢onrana nedra
IIOCPEACTBOM IIPEAAATAEMBIX B PAMKAX AAHHOTO U300PETEHUA METOAOB, AAHHOE
)’CTp()ﬁCTBﬁ) OyA€eT II0OKA3bIBATH PasHUIYy MEX, BE€COM LITAHI (llpOTiL\KHB‘JHHe
Bcero 6Aoka BHHS) nu l\"()]\16HHHp()BﬂHHbl 3HAYCHUEM pi\SAl‘l‘lelX CHA,
BTAAKHBAIOIIIUX 0A0K BBCPV

OKOHYATEABHBII IPOIECC IPEAYCMATPUBAET MCIIOAB30BAHHIE BOAOOTACAAIOIIICH
KOAOHHBI, BHyTPEHHHIA AUAMETP KOTOPOIi, B GOABIIMHCTBE CAyYaeB, PaBEH
HAPY>KHOMY AMAMETPY CKBAKHHHOM TPYOBbI MAM HE3HAUYHUTEABHO IPEBBIIIACT
ator Anamerp. Konerr BOAOOTAEASIIOIIEH KOAOHHBI YCTAHABAMBAETCA HA
CKBOKHHE.
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Metoa, ABAAFOIMAIICA 00HEKTOM N300PETECHNA, BKAFOYACT
HIDKEYKA3aHHBIC HEOOXOAMMBIE M BCIIOMOI'ATEABHBIE JTAIIBI

A()CTZIBKZI I)HAH (’)rpunnqnsarﬂmnx IIOTOK IITAHI 8 l)ﬂl}HBL A"lk\l\!CTP()B C MCITOAB30BAHHUEM
CTAaHAAPTHOI IAAByU€i OypOBOM YCTAHOBKH 7 MAU CYAHA, HIMEIOIIErOCH MMOBAM30CTH OT MOPCKOM
mAaTgopmsI 6;

Pasmemenue CEKIIM BOAOOTACAAFOIIEH KOAOHHEI 5 HaA OypuabHOM Tpy6oi 4. Bayrpernmit
AMAMETP CEKITUH BOAOOTACAAFOMICH KOAOHHBI 5 MOYKET HE3HAYMTEALHO PEBBIIIATE HAPY>KHBIA
AMAMETpP HAPY>KHOH TPyObI 4. B pesyapTaTe 3T0r0, HHM>KHIM KOHEIl CEKITMH BOAOOTACAAFOIICH
KOAOHHBI 5 MOXKHO OYACT PACIIOAOKHTB BBIIIE YCThs CKBAXKUHBI HA PACCTOAHMN HECKOABKHX
merpoB. LlenTpupoBanue i huKCAIIHsA STOM CEKIIHH BOAOOTACAAFOIICH KOAOHHBI 5 MOryT
BBITIOAHATHCS, HAIPUMEP, IIPU OMOIIH YETHIPEXTPOCOBO OTTAXKH, MPUKPEIIAAEMOM K
HAPY>KHOI IIOBEPXHOCTH yCTHEBOI0 000PYAOBAHMA CKBAXKUHEI (cM. Prc.1) mAn mHBIM CriocoGom
(cm. Puc.5)

YcranaBAMBaeM IIEPBYIO OTPAHHYHMBATONIYIO MOTOK IITAHTY 8 B CEKITHIO BOAOOTAEAAFOIIEH
KOAOHHEI 5. AAsI 3TOT0, IEPBAsA CEKIUA IITAHTH 8 C AAMHOM, KOTOPasi NPUOANSHTEABHO
paBHAETCA BBICOTE OYpOBOI YCTAHOBKH MAW MEHBIIIE BBICOTBI OyPOBO¥, MOKET CITyCKAThCA
CTaHAAPTHBIM METOAOM, IPUMEHAEMBIM AASl CITyCKa TPYO. 3aTemM BTOpasA CEKIUsA IITAHTH §
TPUKPENAACTCA K KOHITy IEPBOH CEKIUY (HapHUMep, IOCPEACTBOM Pe3b00BOro dukcaTopa),
KOTOPas IIOCAE 3TOTO CITyCKAETCA B CEKITUIO BOAOOTAEAAIOIIEH KOAOHHEI 5. IIponecc crycka
INTAHT 8 U MPUKPEIACHUSA K HIM HOBBIX CEKITHI MOJKET TIOBTOPATHCA AO TEX IIOP ITOKA HIAXKHHA
KOHEII IEPBOY MTAHTH 8 HE IIOABUTCSA MOABCIICHHBIM U3 HUYKHEH YACTH CEKIIAN
BOAOOTACAAFOLIEH KOAOHHEI 5. AAAl rapaHTHH BBEACHNA GypPHABHOI TPYOb! 4, HepBas mranra 8 B
HEKOTOPBIX BAPUAHTAX KOH(MUIYPAIUH MOYKET UMETh MEHBIIIAI AUAMETP AU KOHYCOOOPasHBIA

KOHeEII;

Yerpoiicreo Byposan ycraHosKa
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BBoAUM HIKHMIL KOHEII IIEPBOI IITAHIU 8 B OypHABHYIO TPYOY 4 y yCThA CKBAYKUHBI.
Kpuruuecku Ba>KHBIM yCAOBUEM AASl BBEACHHE B CKBAYKUHY ABAAETCA IIOAACPIKAHIE BECA

IITAHTH 8, MPEBBIIAIOIINM CHAY €€ BRITAAKHBAHHA U3 CKBAYKHHEI, 110 MEHBIIIEH Mepe, C

HeGOABIINM 3aI1aCOM HAAEKHOCTH, OT 200 A0 500 k1. BcaeAcTBHE CBOEH MaAOI TIAOLIIAAK
IIONEPEYHOIO CEUYEHNUA B 3HAYUTEABHOTO BeCa (KOTOPBI MOXKET AOCTHTATE OT HECKOABKHX
COTE€H KHAOTPAMM AO THICAY TOHH), METAAAMYECKAs IITAHTA 8, KAK IPABHAO, Ge3 0coBBIX
npoGAem BBOAUTCA B GypuabHYI0 TpyOy 4. OAHAKO €CAM OCYIIIECTBUTE TAKOE BBEACHHE HE
IIOAy9aeTcsl, BeC GAOKA MOYKHO yBEAHYHBATH 3aMEHON HEKOTOPBIX BEPXHUX CEKIuii 6A0Ka
IITAHraMu GOABIIIETO AUAMETPA — YITHUTE YTO AAMHA, AUAMETP M IIAOTHOCTb IIITAHIH (B
3aBHCHMOCTH OT BEIOPAHHOI'O MaTEPHAAA) ABAAIOTCA I€PEMEHHBIMH, KOTOPBIE MOTYT
PeryAHpOBaTBHCA B 3aBHCHAMOCTY OT KOHKPETHBIX YCAOBUIA;

ITocae BBeA€HUs B CKBa)KHHY IEPBOI (HIDKHEIH) yacTu 6A0OKa IITAHT, HMEFoIIeit
MHHHMAaABHBIH AUAMETP, CAEAYIOLIHIL GOABIINIT AMAMETD IITAHIY, OOBIYHO, HAYNHAETCS
Ha BBICOTE HECKOABKHX COTEH METPOB HaA IIEPBOIi YaCTBIO.

TouHOEe MECTOIIOAOKEHHE TOUKH B GAOKE IITAHT, TAC OCYIECTBAACTCA YBEAMYECHUE

AMaMeTpa, BBIOUPAETCA OT KOHKPETHBIX YCAOBHIT Ka>KAOH CKBA)KUHBI COTAACHO 001IIemMy
TIPHHIIAILY, IPEAYCMATPHBAIOIIEMY TO, YTO BEC BCETO GAOKA AOAYKEH IIPEBBIIIATH CHABI,
BBITAAKHUBAKOIIUEC 61\0!\' M3 CKBA’)KHUHBI. KO[ epsaﬂ YacTh TEACCKOIIUYECKOI O ﬁAOK"]
IITAHT BBOAUTCA B CKBA’KHHY, IIOTOK )KHAKOCTH M3 CKBA’KWHBI CHIDKAETCA BCACACTBHE
yblCHbLLlCHIlﬂ IIOA€3HOM IIAOLIAAN HDHCPC‘IHOI‘O CeYCHUA;

3areM B CKBA’KHHY BBOAATCHA AOIIOAHUTEABHBIC IITAHIH C AAABHEHIIIIM yBEAUYCHHEM
API?JU\JCT})QI, AO TEX n()p TIOKa neszm IITAHTA HE AOCTUTHET ITOAOIIIBBI ]'[A'(lCTil—KOAACKTUP'
AW AMAMETP IITAHIH HE YPABHACTCA C AHAMETPOM CKBAYKHHBI, YTO IIOCTEIIEHHO
I'IP]/IB()A"T K ymenbmennm IIOTOKA JKUAKOCTH AO MUHHUMAABHOI'O 3HAYECHUA — CM. PI‘[C. 2.
B peAkHx cAyganx, KOrAa AMAMETP CKBAYKHHBI M AABACHHUE ITAACT3 AACKTOPA ABAAIOTCH
CAUIIIKOM GOABIITUMHU, A TAYOHMHA CKBAYKUHBI HE3HAYUTEABHOM, METOA-00BEKT
JICCA€AOBAHHA IIPEAYCMATPUBAET MCIIOAb30BAHUE INTAHT C G0ACE BHICOKON IAOTHOCTBIO K
BECOM, YeM y CTaAH, llﬂl'lPlIl\ieP, HM3TOTOBACHHBIX M3 CTAAU UAU B()Al:(bpﬂ]\rlﬂ
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AilHHhTi nl‘)()]ICCC MOZKET "l)(l,\();\'/f\"'(lTI)Cﬂ AO TEX nl)}), IIOKA AABACHHC HA )

PACXOA JKHAKOCTH HE CHUBATCHA AO YPOBHEIT, AOCTATOUHO GE30IACHBIX AASL TOTO, YTOOKL
CKBA’KHMHA AETKO MOTAA OBITH Zi(l[\'l)hrl"kl C UCITOAB30BAHHUEM CTi‘lI{AEll)TI{B METOAOB
Ileh[e]{TITp()B(lI{IT;L

A\ﬂ K()HCCI)BH.IIVI'[ CKBA’>KHMHBI, IIOABECHAA CECKIIUA B();\()(lTAC.\ﬂI()I].[t‘i KOAOHHBI 5 CIny
TaKIM 00Pa30M, YTO0BI BEPXHAA CEKIHA OypUABHON TPYOBI 4 COEAMHUAACH C HIDKHEH
YAaCThIO CEKITUN B(lA()()TAt‘.‘\}'lH)LLI(‘i"I KOAOHHBI 5 (PI[C.}). A()l‘l().‘\HIITe‘\BH()e C()nl)(’lTITB.‘\CI{VIC
IIOABEIIICHHOI CEKIIIH BOAOOTACAAFOIICH KOAOHHBI 5, COCAUHSAIOIIEH YCTHE CKBAYKHHBI C
GYPOBOI‘ YCTAaHOBKC 7, AOITOAHUTEABHO )"h[ei{bmk\eT Pil&‘k DA 1 yCTBeBOQ AaBACHHEC y
II0BEPXHOCTH MOPs. Tereps MOYKHO BBITOAHUTH IEMEHTHPOBAHNE CKBAXKHHEI ( Prc.4 ).
I_Iel\le]{Tl{BIii PﬂCTBﬂp IIOAQA€TCA qepe:} CTBbE€BOE ()60P AOBAHUE U MOXKET np(’)Tk\AKIIBi\TBCﬂ B
CKBA)KHHY AO TEX IIOP, II0OKA HE AOCTHTHET 326051, HE IPOHUKHET B 3aTPYGHOE IPOCTPAHCTBO
CKBA>KHUHBI 1 HE ]'I()Kp nep(p()pnpﬂBanlly}O CEKIUI0 9 Oﬁcﬂ,‘.\[l() 1 KOAOHHBI, U3 KUTOPO
ucrekaer HedTh. [Tocae 3aTBEPACBAHNSA IIEMEHTA ITOTOK M3 CKBA’KUHBI TOAHOCTHEO
IIePEKPHIBACTCS;

TTocae 5TOro CEKIusA BOAOOTACAATOIICH KOAOHHEI 5 MOKET OTACAATHCA (M30AMPOBATHCA) OT
CKBKUHBI. B HEKOTOPHIX BApHAHTAX KOH(DUIKPAIIMH, IT0 MEHBIIEH MePe, YACTh IIEMEHTA
MOJKET IPOCAYMBATECS YEPE3 3a30P MEKAY BEPXHEI IIOABECHOM CEKITHEI BOAOOTACAATOIIEI
KOAOHHBI 5 11 OypHABHOI TPy6oii 4, 00ecieunBas, TAKUM 00Pa30M, FEPMETHUHOCTD UX

COCAMTHCHWA.
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OcHoBHBIE [2 HMyITICCTBA METOAQ

IleAr MPEACTABACHHOIO NCCACAOBAHMSA 3AKAIOUAETCA B BHIITOAHCHUH
TAYIICHUs CKBAYKHHBI 0€30IIACHBIM, OBICTPHIM M HEAOPOIHM CII0CO060M,
YTOOBI IIPEAOTBPATHTE OOABIIIIE SKOAOTHYECKHIE B (DMHAHCOBBIE ITOTEPH,
KOTOPBIE OOBIYHO CBA3AHBI C AMKBHAAIIUEH BHIOPOCOB HA IIEAL(OBBIX
CKB)KHUHAX.

HexoTopele NpenMyIecTBa METOAA BBITEKAIOT U3 CTAHAAPTHBIX CAAGKHIX
cTopoH 11eAb(H0BOTO Oyperus: 1) Ha AHe MOPs OTCYTCTBYET BO3MOYHOCTH
BOBHUKHOBEHUSA OTKPBITOTO OTHA; 2) AABACHUE HA AHE OKEaHA AOCTHTAET
THICAY (DYHTOB HA KBAAPATHBIN AFOMM B MECTE UCTEUCHUA JKUAKOCTH; 3)
MBI BCeraa MOKEM ONIPEACAMTE BEC OAOKA INTAHT, KOTOPHIE MOYKHO BBECTH
B CKBA)KHHY.

LleHHOCTH 5TOr0 METOAA CHABHO BO3PACTAET B CAYyJA€ €r0 IPUMEHEHNUs
npu meAbGoBOM OypEHUH, KOTAQ CBA3AHHBIC C BEIOPOCAMH M B3PBIBAME
aBapuy Ha MOPCKHX OypOBBIX AaTOPMAaX MOTYT IPUBOAUTE K HauboAce
AOPOTOCTOAIINM OCAOYKHEHUAM, OLEHUBAEMBIM B MHAAHMAPABI AOAAAPOB.

[2 TKOC OITMCAHHC 6I/IOF21HI‘I u
HOCCCI/IOH‘JAI)HOI“O OIIBITA A-Pa C. ef;ITAHHzl

A-p C. Lleiirans 3akoHarA MoCKOBCKHIA HH>KEHEPHO-(DH3IYe CKIil MHCTHTY

IIOAYyYHB CTECIIEHb Marncrpa q)IlBllquKHX HayK.

OH HauaA CBOXO Kapbepy B Hﬂy‘IHO—HCCJ\CADBﬂTeALCKOl\{ HHCTHUTYTEC KOCMHYECKOH
IIPOMBINIACHHOCTH J © 1 B kKauecTBE Hay4YHOI'O COTPyYAHHKA B AaﬁOPﬂTOPIIH AACPHBIX
M ITAA3MEHHBIX ABHFZ\TCAC]:’L

B 570 %€ Bpema OH 3akaHUMBaeT MOCKOBCKHMIA TOCYyAAPCTBEHHBIH YHUBEPCUTET U
IIOAYyYA€T CTENIEHb MATHCTPA MATEMATAKH.

qepes TPH FOAA A-P C. LleiiTAWH 3aI0UTHAA AHCCEPTANUIO, HAITUCAHHYFO 110
peSyALTaT’aI\l HPOAEAaHHOﬁ ¥IM HAYyUHO-MCCACAOBATEALCKOH paﬁOTbl, IIOAYyYNB
CTEII€EHb KAHAUAATA (pHS!’llleCKllX HayK.

B 1992 roAy oH 3anmmaeT BTOPYFO AUCCEPTAIIUIO HA IIOAYYCHHE CTEIICHA AOKTOPA
HAyK B 00AacTH razoHeTeA0OBIuH, TeMa AuccepTanun: “MeToARI 0OHAPY>KEHUSA
Ta30IPOABACHUA HA RHHeﬁ CTAAUU W TEPMOTUAPOAWHAMHUYECKHUE PACYETHI B
I‘EO()HC!I/I'“IECKPIX N T€OTEXHUYECCKUX NCCACAOBAHUAX CKBAXKHH.

3a BpemaA cBOEH PO eCCHOHAABHOM Kapbepsl, A-p Lleirana paspaboras paa
HWHHOBAIIMOHHBIX METOAOB 1 TEXHOAOTHIA B 00AaCTH reocl)nsnllecxnx,
TE€OTEXHUYIECKUX U THAPDOAHMHAMAYECKUX HAYIHBIX HCCACAOBRHI/Iﬁ HA HC(i)TﬂHbIX n
TAa30BbIX CKBA’KHHAX (HOCCTHTC CaUT WWW.tsey
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Metox OnTumusanmnu Padorel Cucrembl CkBaxxknuna-2IH ,
DKcIJIvaTHpYyIoneid oqHnoBpeMeHnHo /IBa Iliacta

PykoBoacTBo Iloan3oBaTtensi CumyasaTopa (Optimum)

1. Haznauyenue u Bo3zmo:xknoctu CumyJisitopa.
Cumyasarop Optimum no3soJsier oneHuTh 3ppexTuBHOCTL NpMenennsa DLA
TEXHOJIOTHH K TaHHOH cKBaxkHHe . OH M03BOJIsIeT BYACTHOCTH ONPeIe/IUTh:
- 3a00ifHbBIE TaBJIEHHS 000X MJIACTOB;
- MX IeOUTHI , CyYMMAPHBIIi IeOUT CKAKHHBI , BOI0CO/IeP:KaAHNe MPOTYKIHH;
- HATIOP Hacoca;
- 1aBJIeHUE U ra30co/iep:KaHne Ha BXO/e HACOCA;
- IMHAMUYECKHii YPOBEHb CKBAKUHBI;
- ompeaeauTh ONTHMAIBHYIO TIyOHMHY ¥ MPOU3BOAUTEIbHOCTH Hacoca (B ciyyae
He00X0IUMOCTH);
- peryJMpoBaTh 3a00iiHble JaBJIeHHs U 1eOUTHI ¢ HOMOLILIO THAPO3AABUKKY;
- IPOU3BOAUTH AHAJIM3 PAGOTHI KAKI0I0 MUIACTA B OTAEJILHOCTH, OTK/II0Yas OIMH U3
IJIACTOB;
- 110 NOJIy4€HEHOMY HANIOPY ¢ MOMOIIBIO IMATPAMM, ONPeAeUTh YacTOTY IHTAHUS
Hacoca.

2. YcraHoBKa.
Mporpamma Optimum Mo:KeT ObITH YCTAHOBJIEHA HA KOMIBIOTEPHI €
onepauuonHoii cucremoii ' Windows XP SP2 niu nosee. [lpu ycranoBke cHavajia
oyner ckonupoBana .NET Framework 4.0 (ec/1u ee eme HeT Ha KOMIbIOTepe), a
3aTeM cama nporpamma. [locjie ycTaHOBKH NPOrpaMMbl, B CTApTOBOM MEHIO U HAa
paboyeM cTosIe NOSIBATCS NKOHKH JIJIs €€ 3aIycKa.

3. Unrepdeiic.
Ha BepxHeii 4acTH OKHA HAXOASTCH KHOIIKY /UIsl yIIpaBJeHus: nporpammoii: daii,
Coxpanuts, 3anyck u Boixoa. CiieBa u3odpakeHa cxeMa CHCTEMbI, BKIIOYAIOLIAS
CKBa:KUHY ¢ nepdopupoBanubiM yuactkoMm, HKT ¢ Hacocom u miactsl. CnpaBa
HAXOJATCS HECKOJIBKO CTPAHUI] ¢ BXOJHBIMHU JaHHBIMH, a TAK:Ke CTPAHHLA
pe3yJIbTaToB.

3.1. Ynpasiaenue Paiisiamu
IIporpaMMa Mo:KeT COXPAHATh HCXOJAHBIE JTaHHbIC H Pe3yIbTATHI BHIYHCICHUH B
HECKOJIBKHUX (paiijIax ¢ OJHUM M TeM ke HMeHeM, HO ¢ Pa3HbIMH THIIAMH
(pacumpenusivu). Hanpumep, Optim.dat (1anuble.
151 TOoro, 4TOOBI MEPEKIIOYUTHCS HA IPYTOii paHee CO3AAHHBI (aiisl ¢ JAaHHBIMH, U
TaK:Ke 3arpy3uTh paHee MOJy4YeHHbIe U3 Hero pe3y/ibTaThl BbIYHCICHHH, MOKHO
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BOCIOJIL30BaThCsA KHONKOH Paiin. Eciiu ee HamxaTh, 0TKpoeTcsl OKHO /1JIs1 BbIOOpa
¢aiina, u nocjie BbIOOpa NPOU30iiAeT 3arpy3Ka.

HoBgblie ¢aiiibl MOKHO CO31aBATh MyTeM CO3JaHUS KONUM TeKyulero ¢gaiija npu
nomouu kHonkH CoxpaHuTts. Ilocie HaxKaTHS KHONKH NMOSIBUTCS THATIOT0BOE OKHO,
r/ie KOIMMH MOKHO 1aTh HOBOE HMSl.

3.2 Hcxoanbie nannbie Mogean: CKBakHHA

4t Optimum

®aiin Coxparwrs 3anyck Bemoa

CkB3XH3 || Pesepeyap | Cisaxurroe oSopyacsanve | Pesynsram:

MecTopoxaerme TL
Crsaraa N= 7961
KyeT M= 86

3aBoit eepr) M 2600
Ovatep o/ mm 146
Ovametp HKT. M 73

3aTpyGhoe AaEnshne Ha yorse, MMa 1

- Ha3BaHue MecTOpOKIeHUSI

- Homep cKkBa:KMHBI

- Homep kycra

- 'myOuna ckBa:kuHBI (M)

- IuameTtp o0cagHoli KOJTOHHBI (MM)

- Anamerp HKT (Mm)

- 3aTpyOHoe naBJjienne Ha ycTbe (MIla)
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3.3 Mcxoanble fanHble Moaesn: Pesepyap
[ optimum ~ -_— - [P==r=)
®aiin Coxpamums 3anyck Bumea
Crpaoawia || PE3205V30 || Croasuros obopyacearue | Pesymrams
Hassanwe nnacra | BC-1 Hassamme nnacrall  BC-23
BepxnepeopaLym Innacta. M 2570 e
His neppopaum [ nnacta,m 2575 Hus neppopaww ll nnacra, M 2524
Tewnepatypa, C e
Tpormuaemocts | nnacta . md 10 Mporruzemocts linnacta .md 15
Topuctocts I nnacta, T \J0 Mopuctoc llnnacra, % 10
Tasosbi gakmop | nnacTa,w¥iv® 58 Tasosein garop Il nnacta. miie® 61
Mractosce asenarme ), MM 215 Nnactosce gasneswe | MMa 229
OBBoaHeHHOSTS InnacTa. % 4§ O6eoarerHocTs |InnacTa. % 47
Pagayc nporseHgeens | nnacra, v 0073 Paauyc nporesnosemn linnacta,m - 0.073
Mposmusedoéts sn Innscra . md 10 Mporwusemocts 3 n linnacra .md 15
fopuctocts 3n Innacra. % 10 Mapuctoem sn linnacta. % 10

OTtaeabHo 11s miaacta 1 (HHJKHEro) M TaKkue ke JaHHbIe sl 2
(BepxHero):

- Ha3zBanue niacra

- Bepx nep¢gopanun niacra (m)

- Hu3 nepdopauuu miacra (m)

- Cpennss Temmneparypa (°C)

- [lponnuaemocts miaacra (Ma)

- Ilopucrocts muacra (%)

- ['a30Bblii pakTop mWwiacta (M>/m’)
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- IlnacroBoe naBiaenune (MIla)

- O6Boanennoctsh (%)

- Papnyc 30ub1 npoHuKkHOBeHus1 (M) ( B ciiyuae orcyrerBusa 311, paguyc
PaBeH paauycy CKBaKHHbI).

- [IpoHnaeMocTh 30HbI IPOHHUKHOBEHHUSI MJIACTa (M)

- [TopucTocTh 30HBI NPOHMKHOBeHUS UIacTa (%)

3.4 Hcxoansble fanHble Mogean: CKBakKUHHOe 000pyA0BaHHe

[ optimum - -— - BT

aiin Corperwrs 3emycx Beooa

s | Pesspayep | Cimsnnios oonjaonarss | Pesymrant

Tpoussomymensiocts Hacocs, /eyt 500

FnySusia crycwa racoca, M 2265

PaokpeitocTs knansra, % 100
Danere vayoros HKT, MIa 1.5
Trytiea poranosknnakepa, M 2547
isenere vacowerms. MMz 85
Mnomacrs Heams, kr/ve 850
TamocTs soer, kr/in* (3020
ThnHacega ) 3LH 6072100

acTors s acaca, Fu 50

-IIpou3BOANTENLHOCTH Hacoca (M'/CyT) -

- 'nyduna cnycka Hacoca (m)

- PackpbiTocTh Kianana (%) — mjiomaab pacKpbITOCTH 110 OTHOLIEHHIO
K IUIOLIA/IN SIKOPS

- laBnenue na ycrbe HKT (MIla)- (0yddepHoe naBiienne)

- I'imyOuHa ycTraHoBKH nakepa (M)

- laBnenue nacoimenusi Hegru (Mlla)

- [limoTHoCTH HepTH (lcr/M3)

- IlnoTHOCTH BOABI (KI/M’)

- Tun Hacoca
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- Yacrora nutanust Hacoca (I'm)

Pabora c pesysbTaTaMu BbIYHCJICHHIT

r-n.- Optimum - - - =18

Geiin Coxpermm 3emycx Buooa

Crmaxowa | Pesepsyap | Ckesxamos obopyacssnme || PoayiTams |

| Copamm | [ Newa | | Mowan Buasa |

MecTopomasme
Creamma B
Kyer B
Bpeus zexpls Ha pemamd, ¥
Lasnesye- 44 dpmerse macoca, Mia
Safoimos gesnesmpe nmacTa I, Mis
SafoRnce Desmemue nmscma II, Mis @
Jmarsriccms yposens, 1 :
Bebwr sepmw, nnace I, w/cyr '
Bebur maawooTy, amacT I, M S/cyT
Hebur nedpmw, mmacr II, T/oyT :
Ietwr mamxooms, nnecr T, m 3/cye :
| Cymvapsst neGur megmi, =/eyT :
Cyrmsapsst nebur mumxooTv, M 3/0YT :
Oaznespe =2 sewone HET, M= '
Hamop nacoca, Mia :
Tasoconepmamue ma TpuMeMe HacGCA, i
Vpopess pasrasupoBamMs B CHE., M
Tun macoea

| n UacToTa muramMs macoca, Tn

Ha CTpaHuIlle Pe3yJbTaTOB MOKHO YBUACTH BblJa4y ¢ CAMbBIMHU
BAa:KHBIMH Pe3y/1bTaTAMM BbIYHCIEHUI:

Bpems BbIX0/1a Ha pe:KUM

JaBJjieHue HA npuéMe Hacoca

3a6oiiHoe 1aBJeHUs MIEPBOT0 M BTOPOIO MJIacTa
JuHamMu4yecKkuii ypoBeHb B CKBaKUHE

Jeout HedTH MEPBOro U BTOPOTO IJIACTA

JeOuT sKUAKOCTH EePBOro U BTOPOIO0 IJIacTa
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Hamop Hacoca

I'azoconep:xanue d¢uironaa Ha BXoJe Hacoca
YpoBeHb pa3ro3upoBaHus

Tun Hacoca

YacroTa nUTAHUS Hacoca,

a TaKKe KHOIIKH:
- locmoTpeTh pe3yJibTaThl MOJCTHPOBAHUS .
- CoxXpaHHUTh pe3yJbTAT B OT/eAbHBII daiia

- PacneyaTrars pe3yibTaT Ha IpHHTEpe
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Tranglate

Cnucok antepHatuBHbix TOP npumeHeHun gnsa yBenu4veHus
ae6uta HedpT M NoBblweHUs HedpTeoTAauYu CKBaXXUH

1. OcHoBHOE nNpumMeHeHue: NoaaepxaHne 3a60NHOTO AaBMNEHNSI B CKBaXXMHE HA
npegBapuTeNnbHO paccYMTaHHOM onTUMansHoM Popt ypoBHe Ans nonyyeHus
MaKcumarnbHOW TeKyLen Aobblum HePTU 1 NOBLILLIEHNST KOHEYHOW HeddTeOoTAau N
NIacToB AJ1A XCKBaXWH , YOOBMNETBOPSAOLLMX kputepuam TOP npunoxeHun (3tn
KpUTEPUN YeTKO nepeyncrieHHbix B TOP onvcaHue). 3To B OCHOBHOM
[OCTUraeTcsi 3a CHET CeAyLmMX ABNEHUIA:

a. YMeHbLUeHNs CKMH-addpekTa B BrmKHEN 30He CKBaXKMHbI
b. CHWXKeHNA BOASAHHbIX / ra30BbIX KOHYCOB BO3HUKLUMX B ONVKHEN 30HE
nnacTta.

c. MNopaepxaHne xopoLuen NOABMXHOCTM HedpTn HeobxoanmMon ans
3pheKTUBHOro NPOM3BOACTBA NyTEM PACTBOPEHUSI YPE3MEPHOTO rasa B
npu3abonHo 30He fAfacTa .

EcTb MHOro ckBaxviH No Bcemy MupY, KOTOpble NOAXOAAT AN 3TOW TEXHONOTUN,
N KOMM4YecTBa TaKuX CKBaXXMH MOCTOSAMHO pacTeT, Tak kak rnybuHa 6ypeHusi
yBENU4YMBaETCS, T. €. ra3oBbli-hakTop Bo3pacTaeT. Koraa CkBaXkuHbI
CTaHOBSATCH CTaplue, YBENMYNBAETCH ra3oBbli aKTop, MO3TOMY - €CIN CErOAHS
3TU CKBaXXMHbI He ABNSOTCA nogxoaawwmmmn ana TOP, oHM MoryT GbiTe NpUroaHbI
B camom bnwkariwem byayluem (Hanbornee BeposiTHble perMoHbl 3To Poccus,
Mekcuka, CeBepHoe mMope, BrivokHuii BocTok). 3Ta TeHOeHUMS yBenMyYeHus
rasoBoro aktopa wBOA0OCOAEPKAHUS YNIOMUHAETCS B MHOFOYMCIIEHHbIX
npogeccrnoHanbHbIX U34aHUI MO 3TOMY BOMPOCY.

2. BoccTaHoBrneHue ko3adduumeTa NnpoayKTUBHOCTU B 6rmM3nexalie 3o0He
CKBaXWHbI 33 CYET YMEHbLUEHUS CKMH-apdeKTa U CHMKEHUS ra3 / BOOO KOHYCOB
NyTEM . MOMELLEHUSI CKBaXWHHIO Mpubopa B CKBaXWHY B TEYEeHUU
OTHOCUTENBHO KOPOTKOro Nepvofa BpemMeHu, a 3aTeM yaaneHus ero nonyvyaem
yBenu4yeHve Tekylero aebuta Hedtu (y Hac ecTb NpakTUyeckMe npuMepsbl
3TOro NoNoXuTenbHoro addpekta Ha o PLLIOPHON CKBaXMHe B MeKCUKaHCKOM
3anuee )..

3. OXuBreHue "MepTBOMN CKBaXUH", KOTOPbIe ObINM 3aKPbIThbl U3-3a
YypesBblyanHo Bbicokoro (F® > 1024 M A3/ m ~ 3). Y Hac Bbin Takon crnyyan ¢
TOP B TypkmeHUCTaHe, Korga paHee 3akpbiTas ckBaxuHa (Ne 469) Havana
npoussoanTb 12-15 TOHH HedTK B AeHb nocne TOP MHCTPYMEHT Obin
ycTaHoBMeH (3 mMecsLa nocrne Toro, Takke Kak CKBaxuHa bbina 3akpbita u3-3a
HeahpeKTUBHOCTU 1 GonbLuoro MP).
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4. TOP cTabunusnpyeT pexum paboTbl CKBaXWH , YTO MOXET AaTb

3HaYUTENbHBIA NONOXUTENBHBIN 3 eKT Ha JoObIYY HedTH ( 3TOT adhdekT
00bsACHEH B HOBOM MaTeHTe, rAe NpuBedeHbl Bce AeTanuv no 3ToMy BOMPOCY).

5. Ha ocHoBaHuu 3dhpekThbl, NnepeuncrneHHble B nyHkTax 1-4 Bbiwe, TOP
MoXeT ObITb 3hcheKTUBHO ncnonb3oBaHa AnA Npou3BoAcTBa HedpTU U3
TOHKMUX Konewy HepTU (HePTSAHHbIX OTOPOYEK rasoBOro nnacra)B
COOTBETCTBYHOLMX CKBaXUHaxX. Peub nget o munnuvapaax ToHH HedTw,
KOTOpble He MOryT GbITb AOGbLITHI B HacTosiLiee BpeMsi U3-3a OTCYTCTBUA
noaxopsiwen 3hheKTUBHON TEXHOTIOTUM.

6. TOP MoXeT NOMO4b yny4lwnTb NPOU3BOACTBO HE(hTU HA HACOCHBLIX
CKBaXXMH, KOTOPble YacTO He MOryT ObITb JOMKHBIM 06pa3oM MCMONb3oBaHbI K3-
3a HECMOCOBHOCTY LUTAHTOBLIX Y 3MEKTPUYECKUX HACOCOB PaboTb B HYXKHOM
pexunme npu BbiCokMx [®. cnonb3oBaHNE CKBaXKMHHBLIX CUCTEM CIIEXEHUS Ha
ocHoBe TOP TexHonornm MoxeT MOMOYb B pELEHe 3TOro Bomnpoca .

7. TOP moxeT noMoYb yBenM4yeHue nedura Ha rasoKoHAEHCaTHbIX
MecTopoxaeHusaX. Kak 1 B HeTAHbIX CKBaKUHAX , CKMH-3DEKT YacTo umeeT
MECTO B Onvpkanien 30He nnacta CKBakuHbI . MOXHO rnokasaTtb, YTO B 3TUX
cnyyasx UK kpuBble Takke UMerT-MakCMMyM, TO eCTb CyLLECTBYET
onTumarnbHoe AaBreHve 3abosi. Ecnvi@To faBneHne coxpaHsieTcs, B HacTosiee
Bpemsi 4eOUT NPOAYKLMUM N KOHEYHOM KOS DULIMEHT HedpTeoTAaUN MOXKET OblTb
YBENWUYEH M ONTUMU3UPOBAH.
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Novel Patented Acoustic Methods and Devices
Early Detection Gas Kick And Determinate Its
Parameters Such As Its Location, Speed, Size, Time
Out Of The Well Exit, Overpressure Pressure Of
Formation.

Simon Tseytlin
Dr. of Sc., Chief Scientist
Tseytlin Consulting Inc.
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1. Goals of the Invention

Was developed TCI system for gas-kick detection and
prevention of well explosion provides methods and devices
for early detection of a forming gas kick, as well as for
continuous characterization of the changing parameters of the
gas-kick during its ascent to the surface, including its size,
position along the well, gas content, speed, abnormal
formation pressure, content H2S and projected time of arrival
at the surface. Gaining accurate and reliable knowledge of
these parameters is critical in taking timely steps to deal with
washing the gas kick, which will lead to reduce or elimination
of the risk of an uncontrolled blowout and wells explosion. If a
formation starts producing a gas pack during drilling due to
overpressure it is necessary to quickly introduce counter-
measures to prevent a full-scale blowout.
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2. Problems Solved

TCl technology allows to solve the problem.

The TCl solution employs the same principles as those of hydrodynamic sonar.
Elastic pressure waves lasting‘about 5-10 seconds are created periodically
with a frequency of 1-10 minutes at the head of the annular hole. The waves
spread down the annular space of the well with the speed of sound (1200-
1500 m/sec) and are reflected fromthe top and the bottom of the gaseous
pack (the gas kick). A receiver located at .the head of the annular space picks
up the reflected waves. Very accurate knowledge of the wave propagation
velocity and the arrival times of reflected waves from the boundaries of the
gaseous pack enable the calculation of the position and size of the gaseous
pack in the wellbore.

A fast-acting on-off valve is among the novel components of the TCl solution.
The valve is located between the collecting reservoir for drilling mud and the
exit from the annular space of the well below the preventer. Rapid opening
and closing of the valve permits abrupt changes in the flow resistance in the
outgoing pathway of the drilling mud but does not completely obstruct the
flow.
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Continue
Repeat measurements enable determination of the changing
position of the gas kick, its speed, and from that, a projected
time of arrival at the surface. (Note that if there is no gaseous
pack the receiver will record the reflected wave from the
bottom of the well. It will also be recorded with the gaseous
pack) .
This in turn allows for reliable prevention of uncontrolled gas
kick blowout, well explosions and improved safety of well
operation. This is important for offshore wells, where an
explosion can lead to an uncontrolled blowout, allow to
significantly decrease possibility of accidents while drilling and
to accelerate borehole building and significantly increase
efficiency and safety of drilling.
In addition, this method and the associated device will make it
possible to detect gas packs made of hydrogen sulfide gas, that
are even more dangerous than the regular gas packs because
the gas is highly toxic.

* Fig.l
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Explanation of Method

A rapid opening of the valve creates a negative pressure wave,
which proceeds down the annular space of the well. They
wave may encounter a gas kick, in which case two reflected
waves are generated (from'the upper and lower boundaries).
The data acquisition unit is configured to detect the time of
arrival of the wave reflected from the upper end of the gas
kick.

The purpose of the TCI prevention device is to increase the
efficiency of gas-kick detection and the accuracy of
determination of gas-kick parameters such as volume and
speed of ascent to the surface, to enable control, and to
thereby reduce the probability of an uncontrollable gas-kick
blowout and explosion.
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Foundations of the theory, on which the method is based (propagation,

attenuation and reflection of elastic waves of pressure in a long channel)
A detailed description of the solution is obtained for the problem of propagation,
attenuation and reflection of elastic waves of pressure in annular and circular
channels, containing non-Newtonian liquid and a gaseous pack. Detail is contained in
the article of Dr. S. Tseytlin. "Propagating pressure waves in a long vertical channel
containing a gaseous pack." Engineering and Physics Journal, Volume 58, January 1990,
p. 20-26. e

o

Fig.2

i

e i e e e

eLs7

2 = T
* The reflection coefficient from boundaries of gaseous pack depends from densities

and compressibility's fluids.

* The speed of sound in gas-liquid mixture is less than in pure gas. This guarantees
that reflection coefficient at the borders of the gas kick is strong enough. A simulator
was created, that shows the charts of propagation, attenuation and reflection of
elastic waves of pressure in a well containing a gas kick.
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Block diagram of the device for early detection of gas kick by
measuring attenuation noise of mud pump (Fig.3)

Hydroacoustic method of blowout early revealing during drilling.

‘{:!U Experiment . Theory.
M=l le] o
¢ =
a7 & 10 mrsec
7 gas pack
7 l i %/
o %’ without gas pack
(B o
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|
aP il Y c:f dg e
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Pictures on Fig. 4 were produced based on simulation:

T=(5-10) sec — length of pulse; TT=(10-30) min — time between pulses;
t1-time of arrival of reflected signal from top of gas kick;

t2-time of arrival of reflected signal from bottom of gas kick;

t3-time of arrival of reflected signal from bottom hole;
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Fig. 5 was obtained during an experiment.

Results of Experiment of Gas Kick Detection and
L.ocalization Hvdroacoustic Method.

t: —time of arrival of reflected wave from upper border of gaseous pack
tz — time of arrival of reflected wawve from lower border of gaseous pack
1tz - time of arrival of reflected wave from bottom hole
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Method extension

The present invention enhances the capability of
this method by allowing additionally to determine
the value of formation overpressure and to detect
hydrogen sulfide gas packs, providing the critical
extra data needed to prevent a blowout. The
present invention can be used when drilling
onshore and offshore oil wells. It will allow to
prevent blowouts and well explosions, which
usually cause human losses, damage to
environment and are hard and expensive to
suppress.
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Short description of Method

In case a gas pack starts forming at the bottom hole due to
overpressure it is very important to find out formation pressure with
the highest precision possible. This will allow you to determine the
best density of drilling mud to be pumped into the well in order to on
one hand, stop the gas forming at the bottom hole, and on the other
hand to prevent catastrophic hydro fracturing of the formation. If the
chosen density of the mud is not high ‘enough, it will not be able to
stop formation of the gas pack at the bottom hole, and may cause a
full-fledged blowout and explosion. If the density of the mud is too
high, it may cause hydro fracturing of the formation, in which case the
mud will escape into the fractured formation, increasing the flow of
gas into the well, and again causing a blowout and an explosion.
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Draft of the device for realize Methods

12 2
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Fig.6 shows a diagram of the device whose main elements are 1 - drill pipe, 2-well, 3 -
gaseous pack, 4 — preventer (BOP), 5 - pressure sensor, 6 — registration device, 7 -

computer, 8 - quick-acting valve, 9 - control unit, 10 — adjustable chock , 11 - containers
with mud. 12 - pressure sensor.
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Implementation Steps

Quick release valve (8) operates under the influence of the control unit (9), sharply altering the
flow cross-section area of the total canal, connecting the annular space (2) of the well with mud
reservoir (11), This results in a pressure wave that travels down the annular space of the well and
is partially reflected from the upper and lower boundaries of the gaseous pack (3). The pressure
sensor (5) registers arrival of the reflected wave, recording device (6) captures arrival times of
reflected waves t1, t2 and sends them to the computer ( 7), which identifies all the current values
of the parameters as required for secure removal of the gas kick from the well.

Here are the steps necessary when using the presented device (Fig.4) to measure the formation
pressure removal of the gas kick from the well:

1. The device, which includes a quick-acting valve ('8), is installed under the BOP ( 4) in the
killing tube and is used to generate a periodic pressure pulse that travels down the well and
is reflected from the bottom hole, and also from the upper and the lower borders of the
gas pack, if present. The period of the pressure pulse is chosen in order for the reflections
of the generated signal to subside, estimated at 10-15 seconds. The following steps are
performed automatically by the device controller ( 9) and the signal analysis software.

2. The reflected signal is captured by a pressure sensor and is analyzed by the computer (6) in

order to detect the gas pack reflections. When the gas pack is detected, the drilling stops,
BOP is closed, and the pump performance is reduced.



L.

World Oil

DRILLING, COMPLETIONS & PRODUCTION CONFERENCE

Continue

3. The reflected signal will contain reflections from the bottom hole and from the
upper border of the gas pack (2a). The reflection from the bottom border of the gas
back will be missing since the gas pack is still being formed by formation at the bottom
hole.

4. Choke diameter is automatically reduced to D2 (for example by 1 mm per
minute). This causes the downhole pressure to increase, gradually suppressing the
overpressure of formation. The pressure pulseis generated again. At this point, you may
or may not get a reflection from the bottom border of the gas pack.

5. We will continue reducing the choke diameter until we get a good reflection from
the bottom border of the gas pack (b). This indicates that the gas pack has stopped
forming at the bottom hole, and that the downhole pressure resulting from the choke
position has increased where it has become slightly higher than the formation pressure.

6. Finally, to determine the approximate formation pressure, we will add pressure
measured by sensor (5) on Fig.3 immediately before the choke to the pressure
generated by all the heavy drilling mud in the annulus between the gas pack and the
choke. Since the gas pack velocity is very slow in the beginning, we will have plenty of
time to determine formation pressure this way, and it will be very precise. Knowing the
formation pressure, it is possible to determine the best density of mud to use in order
to suppress the overpressure.
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Pictures for explanation of Method
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Detecting hydrogen sulfide gas (H2S) or carbon dioxide gas (CO2)

As far as detecting hydrogen sulfide gas (H2S) or carbon dioxide gas (CO2) inside gas packs,
due to their higher solubility compared to hydrocarbon gases, they start forming not at the
bottom hole like a regular gaseous packet, but somewhere on the way to the top of the well,
where the bubble point pressure is reached. When they are initially detected, the reflections
from both borders of the gaseous pack will suddenly appear. See Fig.6 for an example of the
received reflected signal. Because the gas pack appears further up in the well, this leaves less
time to react and to introduce countermeasures, and- in case of blowout can cause higher
losses in terms of human lives, environmental damage and equipment loss, since hydrogen
sulfide gas is poisonous and corrosive.

T Fig. 8

The present device allows detecting these gas packs, and since they will initially
appear not at the bottom hole, but higher up in the well, and since they will
immediately have signal reflections from both the top and the bottom borders, you
can make the call about these gases H2S or CO2 being present in the gas pack, and
make the correct decision about countermeasures.
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Main Advantages of the Methods

1. Thus the proposed methods can prevent blowouts and explosions at the rig.
The device for its implementation leads to a safer and higher quality drilling.

2. This is especially true, and-important, when drilling with minimal depression
on the formation or drilling at equilibrium, the use of which significantly increases
the speed of commercial use of well, improves the efficiency of geological drilling by
reducing the invasion zones.

3. This greatly reduces the risk of pollution of ecological environment and
employees loss of life.

4, The value of this method is greatly increased in its use in offshore drilling,
where the emergence of blowouts and explosions on offshore platforms can lead to
the costliest complications amounting to billions of dollars.

5. The technologies provide the critical set of data for real-time operation centers
and real time well monitoring.
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A Brief Overview of Background and Expertise of Dr. S. Tseytlin

* Dr. S. Tseytlin graduated from the Moscow Institute of Physics Engineering
with an MS degree in Physics.

* He began his career in the Research Institute of Space Industry #1 as a
Scientific Research Associate in the laboratory of nuclear and plasma
engines.

* At the same time, he graduated from the Moscow State University with an
M.S. degree in Mathematics.

* Three years later he completed a dissertation based on his research work
and achieved the Ph.D. degree in Physics.

* In 1992 he completed second dissertation for Doctor of Science in Petroleum
Engineering entitled “Methods of Early Detection of Gas Kicks and Thermo-
hydrodynamic Calculations of Geophysical and Geo-technological Research
of Wells”.

*  During his career Dr. Tseytlin developed a number of novel methods and
technologies in geophysics, drilling and production research of oil and gas
wells. (see www.tseytlin-consulting.com )

* Asresult he published more than 100 scientifically Articles, created more
than 30 Patents, participated more than 50 Internecinal Scientifically
Conferences.



REFERENCES

Methods and devices for maximizing oil production and oil recovery for oil wells with high gas-
to-oil ratio, Simon Tseytlin, David Tseytlin, 2019

Acoustic methods and devices for determining the value of formation overpressure during
drilling and for detecting gas packs containing hydrogen sulfide gas, Simon Tseytlin, David
Tseytlin, 2018

Methods and devices for restoring control and resuming production at an offshore oil well
following an uncontrolled fluid release after an explosion, Simon Tseytlin, David Tseytlin, 2013

Method and alignment system for killing an uncontrolled oil-gas fountain at an offshore oil
platform using a telescopic rod assembly, Simon Tseytlin, Alexey S. Kashik , 2013

METHODS AND DEVICES FOR DETERMINATION OF GAS-KICK PARAMETRS AND
PREVENTION OF WELL EXPLOSION , Simon Tseytlin, 2012

76



Ors1aB/1IeHUe

CucTeMa ONTUMH3AINAN TOOBITH HEMTH -....veveeneeniienienieneeseeenieieeeeeeenaeseeeneens 1

METO/Ibl U YCTPOICTBA JJ1s1 OIIPEJEJIEHUS
ITAPAMETPOB I'A3OIIPOSIBJIEHUS U TTPEJIOTBPAILEHNS
B3PBIBA HA CKBAKUHE ..........ovooioeeoeeeeeeee oo 23

Tenemerpuueckas cucTeMa MOJEIUPOBAHUS NIEKTPOMATHUTHOTO
kapoTaxa B npouecce oypenus (OM KIIb) mist BepTUKanbHBIX,
TOPU30HTAIIBHBIX M HAKJIOHHO-HAIPABICHHBIX CKBAKHH ......cvevvevrevrenenennen 33

MerTon rirymeHnus OTKPHITOTO (hOHTaHA MOy THOTO rasa,
BO3HHKAFOIIETO ITOCJIC B3PbIBA HA MOPCKOH HE()TEIIPOMBICIOBO#

aTgopMe, C NCTIOJIb30BAaHHEM €JIECKOIIMYECKOTr0 OJIOKA MITAHT .............. 41
Meton Ontumuzaiun Padotsr Cuctemsr CkBakuHa-2O1[H ,

OkcrnyaTupyromed oqHoBpeMeHHO JIBa IImacTa ... 49
REFERENCES ... oot e et 76

77






&

[\

| want morebooks!

Buy your books fast and straightforward online - at one of world’s
fastest growing online-book stores! Environmentally sound due to
Print-on-Demand technologies.

Buy your books'enline at
www.morebooks.shop

Kaufen Sie Ihre Blicher schnell und unkompliziert online - auf einer
der am schnellsten wachsenden Buchhandelsplattformen weltweit!
Dank Print-On-Demand umwelt- und ressourcenschonend produzi
ert.

Bilicher schneller online kaufen

www.morebooks.shop

KS OmniScriptum Publishing

Brivibas gatve 197
LV-1039 Riga, Latvia info@omniscriptum.com Scriptum /

Telefax:+371686 204 55 www.omniscriptum.com







