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BeepeHue

CTponTENbCTBO CKBAXKMHBI — 3TO TEXHUYECKM CITOXKHbBIN
MPOLECC, B XOAE KOTOPOro BO3HMKAET psg, 3aaaY,
COMPSKEHHBIX C MPUMEHEHNEM LLMPOKOIO CrekTpa
TEXHOMOMMIA. Ha AaHHbIN MOMEHT, B OO/bLUMHCTBE
Cly4aeB, 015 PeLlEHNs KaxK0oM KOHKPETHOW

3a4a4um UCNOMb3YOTCS OTAESbHbIN NHCTRYMEHT, He
CBSI3aHHbIN C OCTaslbHbIMU. [1py 3TOM 60MbLLON 06bEM
MHOPMaLMN NCNONb3YeTCs HE SPMEKTUBHO NN He
1ncnonb3yeTcs BoBce. Mbl MpeanaraemM KOHLENUMLO -
KOMMJIEKCHOIO NOAX04a K CTPOUTENBCTBY CKBaXKMHbI
OT MPOEKTNPOBaHMSA 00 OCBOEHUS U paspaboTkn. OHa
Hanpas/ieHa Ha ONTUMU3ALMIO NpoLecca CTPOUTENBCTBA
CKBaXKMHbI, KOHTPOJTb FE0I0M0 -TEXHOTOMMHECKMX
rnapameTpOoB DYPEHUS, FTEOMEXaHNYECKOE
COMPOBOXAEHWE OYPEHUSI, OCHOBAHHOE Ha YyTOYHEHWM
1D reomMexaHn4ecKom Moaenn, KOPPEKTUPOBKE OKHa
OypUMOCTU 1 OPYrMX NapamMeTpoB 419 MUHUMU3ALIN
MOBPEXAEHNS MiacTa 1 NpenoTBPAaLLEHNS aBapUIHbIX
CcUTyauumn, NPOrHO3MpPOBaHNe 1 NpegoTBpaLLeHe
aBapuHbIX CUTyaLMI, reoHaBmralmsa 1 onTMmMsanms
BXO[a B M/1aCT OCHOBaHHOE Ha MPUMEHEHN
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Introduction

Well construction is a complicated process from an
engineering point of view involving a number of tasks
relating to a wide range of technologies. In the most
cases, each task is performed using a separate tool
not related to the others. So a lot of data is used
inefficiently or not used at all. We offer a concept

of a comprehensive approach to the whole well
construction cycle from designing to field development
and production. It is aimed at optimizing the well
construction process, to provide control of the geological
and technical drilling parameters, MWD support of
drilling operations based on adjusted 1D MWD models,
correction of mud window and other parameters to
minimize formation damage and to prevent emergency
situations, forecasting and prevention of emergency
situations, geosteering and optimization of the reservoir
entry based on the original proprietary technologies.
Fig. 1 shows the concept diagram.

The details of creating a 1D geological MWD model
including open wellbore stability calculations are
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WELL LOGGING W

FeomeTpusa Geometry

Feonornyeckas
mogesb
Geo model

MpoekTupoBaHue
CKB2)KUHbI

Well engineering IpaHnLb

Feonorua
MeTtpocbmanka
Borders Geology
Petrophysics

TpaekTopus
Trajectory

['eo-mexaHunyeckas
mogenb 3D
3D MWD Model

Hasuraumsa Navigation

YTOUHeHMe NeTPoOU3NKN
BypeHue Petrophysics adjustment

Drilling

PacueT ycTonumsoctn
Stability calculation

['eo-mexaHnyeckas
rm mognenb 1D
Mud Logging 1D MWD Model

YTO4HEeHWne Mex. CBOWCTB
Adjustment of mechanical properties

YTOUYHeHMe napameTpoB
Parameter adjustment
Pa3spa6oTka
Development

OcBoeHve
Completion

Ctumynsaums
Simulation

~ PacueTsl mogenen MPM KomnoHoBoOK,
donnbTPOB U Op.
Configurations, filters etc.

Puc. 1: Cxema gBmrkenusa gaHHbix I TA/LWD npu
COMPOBOXAEHUN BypEHNS
Fig 1: Diagram of data flow MWD/LWD drilling support

opuUrnHasbHbIX aBTOPCKUX MeToanK. Ha pucyHke 1
npeacTaBfeHa cxemMa NPeacTaBAeHHOM KOHLEMLMN.

LeTtann nocTpoerns 0o0HOMEPHbIX re010ro-
FEOMEXAHUYECKMX MOOENEN C PACHETOM YCTONHMBOCTU
OTKPBITOrO CTBOJIa CKBaXKMHbI MOAPOOHO pacnmcaHbl B
Halumx bonee paHHMXx paboTax [1-2]. ConpoBoXxaeHue
BypeHnst C MPUMEHEHVEM KOMMJIEKCA MCCEA0BaAHNN
'TN/LWD HarnsgHo nokasaHo Ha npuMepe CKBaXKMHbI
BocTouHon Crbupm B Halen paboTe [3]. MeTognyeckue
OCHOBbI NETPOMUINHECKON NHTepnpeTaumn [TV

Oblnn 3an0xeHbl JlykbaHOBbIM 3.E. [4-7], 1 ycnewHo
npumeHeHbl OO0 «HoocnbnpckHUIMNHeDTE> B
OMbITHO-METOAMYECKNX paboTax Ha peasibHbIX AaHHbIX.

C TO4YKM 3peHNS NETPOMUINYECKON NHTEPPETALIMA
nanHble 'TW/LWD B npouecce BypeHust BbIrogHO
oTamdatoTes ot [VIC Tem, 4To hrKeUpytoTcs
Pm3MHECKNE XapPaKTEPUCTUKN MO0 HEMOCPEACTBEHHO
B MOMEHT B3aVMOAENCTBMS MOPOA0PAa3PYLLAOLLErO
NHCTPYMEHTAa ¢ reonorndeckon cpegon ('), nndo
CcnycTa MyHUMasbHoe Bpems (LWD) nocne BCKpbITUS,
Koraa pUsMHECKME XapaKTEPUCTUKN ELLE HE UCKaXKEHDI
NPOHVKHOBEHMEM BYPOBOIro pacTeopa.

B Tekyuwien paboTbl Mbl COCPEOOTOUMMCS Ha
TEXHUYECKOM pernameHTe NpoBeneHus NccnenoBaHni,
NOCTaBNAOLLMX BXOOHblE OaHHbIe A1 NOCTPOEHNA
[OCTOBEPHbIX FE0/IOr0-reOMexaHN4YEeCKX MOaeNen ans
Les1en CoNpoBOXAEHNS BypeHMs.

TexHnuyeckun persiameHT nposegeHus NMAU
|_|pl/l CTPOUTETIbCTBE CKBaXXVHbI BO3HVMKAET MHO>XECTBO
hakTopoB, CNOCOBHBLIX Kak 3aMefNsaTb, Tak U YCKOPSTb
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contained in our earlier works [1-2]. Drilling support
including the application of comprehensive surveys
(MWD and LWD) is demonstrated with the example
of a well in Eastern Siberia in our work [3]. Methodical
foundations of MWD petrophysical interpretation were
established by E.E. Lukyanov [4-7] and successfully
used by NovosibirskNIPIneft LTD in experimental and
methodological works involving actual data.

From a petrophysical point of view, MWD and LWD

data during drilling have an advantage over well logging
data because they provide recording of physical
characteristics either directly at the moment of tool
interaction with the geologic environment (MWD) or after
a minimal period of time (LWD) after penetration, when
physical characteristics are not yet changed as a result of
introducing muds.

In this work, we will focus on technical regulations for
performing surveys providing input data for creation of
reliable geological MWD models for drilling support.

Technical regulations for MWD

During well construction, there are multiple factors
capable to hinder or accelerate well construction
process. Negative factors hindering construction
include low quality of initial and processed data

from surface sensors of MWD tools and bottomhole
telemetry sensors, insufficient professional skills of
the staff, accidental external non-system factors,
which cause an increase in the number of emergency
situations and construction delays. Positive factors
accelerating construction include, besides high quality
of initial and processed data and well-trained staff,
the introduction of new design parameters obtained
through processing of both existing parameters and
absolutely new parameters resulting from development
of new instrument types.

Most manufacturers to different extents consider the
requirements of RD 153-39.0-069-01 [8] and GOST P
53375-2009 [9] when developing and designing their
equipment, some issues shall be noted which were not
described in the regulatory documents because some
modern electronic and engineering technologies did
not exist at the moment of the document acceptance.
Performing measurements with the up-to-date
equipment allows accuracy to increase up to two
decimal places within the range 0-100 and decrease
the measurement error down to the four decimal
places within the measurable range. The final error and
accuracy of a sensor will depend only on the sensor
design because the electronic and measuring parts will
have neglectable influence to the measurements. The
metrological problems of MWD sensors were considered
in the works [6, 17-19].
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B TEOPNSNHECKME NCCITEOOBAHNA CKBAXKINH

npoLecc cTpouTenibeTea. K oTpuuaresibHbIM hakTopam,
3amMedNStoLLIM CTPOUTENBbCTBO, CledyeT OTHOCUTL
HN3KOE Ka4eCcTBO NepBUYHON 1 06paboTaHHOM
MHMOPMaLMN, NOTYYEHHOMN OT HA3EMHbIX AATYMKOB
cTaHumm 'V n 3aboHoM TeNeMeTpuKn, He4OCTAaTOYHO
KBaIMMULIMPOBaHHbIN MepCcoHarl, CryyarHble

BHELLIHNE BHECUCTEMHbIE (DaKTOPbI, BC1EACTBUM YErO
yBEIMYMBAETCS aBapUNHOCTb, 3aTAMMBatOTCS CPOKMN
cTpoutenbeTBa. K NoNoXUTEbHBIM (DakTopam,
YCKOPSOLLMM MPOLLECC CTPOUTENBbCTBA CreayeT
OTHECTU He TOJIbKO HaNM4iMe Ka4eCTBEHHOW NEPBUYHOM
1 06paboTaHHON NHMOPMALIMM N XOPOLLO OBYYEHHbIN
NepCoHast, HO 1 BBEOEHNE HOBbIX PaCHETHBIX
napameTPOB, MNOJTYHEHHbIX B pe3yfibTaTe 06paboTkm Kak
V)K€ CYLLECTBYIOLLIMX NMapaMeTPOB, Tak 1 abCoMoTHO
HOBbIX MapPaMeTPOB, KOTOPbIE MOSIBUIUCE B pe3ysibTaTe
paspaboTKM HOBbLIX TUMOB MPUBOPOB.

HecMoTps Ha TO, YTO 6ObLUMHCTBO NPOU3BOANTENEN
B TOW UM MHOW CTEMEHWN YYNTbIBAOT TPEOOBAHNS

P 153-39.0-069-01 [8] n FTOCT P 53375-2009 [9],
npu paspaboTke 1 NPOEKTUPOBaHMM 0BOPYOOBaHMS,
cnenyet OTMETUTb HEKOTOPbIE MOMEHTbI, KOTOPbIE

He onucaHbl B PYKOBOAALLMX AOKYMEHTax, BBUOY
OTCYTCTBUS HA MOMEHT MPUHATUS OKYMEeHTa
COBPEMEHHbIX 3EKTPOHHO-TEXHUYECKMX TEXHOMOTUI,
BbinonHeHe namepuTenbHOM YacT Ha COBPEMEHHOM
6aze, N03BONSET MOBLICUTE TOYHOCTb A0 COTbIX OONEN
B Oriana3oHe OT HyJs A0 CTa €AVHNL, I CHUSUTb
MOrPELUHOCTb UBMEPEHWNA A0 COTbIX MPOLIEHTOB B
13MepseMoM amanasoHe. KoHevHasd NOrpeLlHoCTb U
TOYHOCTb BCEro gatyrka byaeT 3aBMCETb TOIbKO OT
KOHCTPYKTMBHOIO UCMOJIHEHWUST CaMOro AaTymka, Tak
KaK 3/1eKTPOHHAs 1 M3MepuUTenbHasa YacTb, OyaeT
VMETb NMPEHEbPEXMO Manoe BIUSHNE Ha N3MEPEHUS.
[Mpobaembl MeTponornm gaTymkoB I TV paccMoTpeHbl B
paboTtax [6, 17-19].

Ha gaHHbIN MOMEHT, HN3KOE Ka4YeCTBO NEPBUYHOMN
MHMOPMaLMK, NOSTYYEHHbIX OT HAa3eMHbIX gaTymkos [T,
06YyCNOBIEHO CREOYOLMMN MPUYMHAMU;

© KOHCTPYKTMBHOE WUCMOJTHEHUE;

© YcTapeBLlasa aieMeHTHas 6a3a;

Hu3kas TOYHOCTb 1 BbICOKast MOrPELLIHOCTb;
Heka4eCTBEHHbIE MHWK CBA3W;

HenpaBWbHbIN MOHTaXK AaTYMKOB Ha OypOBOW;
HapyLueHve pernameHToB 1 CPOKOB MPOBEAEHNS
NMOBEPOYHbIX PaboT;

®
®
®
®

YcTpaHeHue STUX NPUYnH NO3BOJSIUT 3HAYUTENBHO
NOBLICUTb KA4eCTBO NePBUYHON UHDOopMaLun. B
CBSA3M C 9TUM, NpenfaraeTcs Cneayowas Moaeb
«nOeanbHOro» garymka.

[aTumk gomKeH COCTOATb U3 CreaytoLmx 9N1EMEHTOB:
nepBrYHbIN NPeobpasoBaTelb, NPeCbPasyoLLNA
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Puc. 2: TpyMep NOCTPOEHNS Fre0I0r0-reOMeExXaHN4YECKOM
MOLENN U PacyeT YCTONYMBOCTI CTBOJ1A CKBaXKMHbI

Fig 2: Example of geological MWD model creation and
wellbore stability calculation

Currently, the low quality of initial data from the surface
MWD sensors is due to the following reasons:

design;

obsolete components;

low accuracy and high measurement error;

low quality of communication lines;

incorrect sensor installation at drilling site;

violation of regulations and schedules for verification.

©@ ®©® ®© ®©@ ® ©®

Elimination of the above mentioned factors will significantly
increase the quality of the initial data. Therefore, we can
offer the following model of an ideal sensor.

The sensor shall include the following components:

primary transducer to transform physical impacts into
electrical signal; amplification and conversion unit to

www.rogtecmagazine.com



uf| Nyuwwin 6penp B rpynne
Pococuickue HedTeraioewie BLICTAEKN

@ MIoGE == -
_ MIOGE
| Moscow

15-1 MEXXAYHAPO[HAS
BbICTABKA

HE®Tb U TA3

»
7
!g
L
s

ﬁgﬂﬂ\

| A

®AKTbl MIOGE 2017

607 KOMMaHWN-Yy4acTHUKOB
BbicTtaBku n KoHrpecca

‘F;

o\

35 CTpaH-y4acCTHUKOB
Beictasku n KoHrpecca

18 500 nocerureneit

25 873 KB.M BbICTaBOYHOMW Nnowanm

50 meponpuATU KoHrpecca u
TexHu4yeckKon nporpammbl BoicTaBku

235 AoKnag4yuKoe

1 000 peneratoB

oll-gasdita- EAIZI'P T Qi |tH EI.F-nhrnm

WAL FI'IIDgE ru WWWL Dllgﬂ..-. ~-cvents.com

A MHUHUCTEPCTBO MHHHPOMTOF'I‘ ] MR [ N p—— .
.,g,‘ el MUHITIPO S Y e @ N



B [ECONINHECKVE NCCNEOOBAHNA CKBAXKMH

du3nyeckoe BO3OENCTBME B 3IEKTPUHECKUN CUMHATT;
B710K YCUEHMS 1 MPEe0bpasoBaHNg SNEKTPUHECKOrO
curHana B Kof, (pas3nnyHoro poaa yeunmtenm 1

AL); opanBep BHELIHEN LUWHbBI AaHHbIX, Yachbl
peasibHOrO BPEMEHW, PE3EPBHbIN UCTOYHUK MUTaHNSA 1
MUKPOMPOLIECCOP, OCYLLECTBAAOLLMIA NPpeobpa3oBaHmne
NePBMYHOI0 KoAa 1 HOPMUPOBaHWE 3HAYEHWI MO TEM
NN VHBIM alropUTMam, 0bMeH AaHHbIMKW MO BHELLIHEN
LMPOBON CETU, XPaHEHMNE KaTMBPOBOK, HOPMUPYHOLLMX
KPVBBIX Y MPOYMX METPOSIOMMHECKIX METaaHHbIX.
Kpome Toro, K gat4mkam u cucteme cbopa gaHHbIX
HUXKHEr O YPOBHS MPEabABNSETCS P, CleOyoLLmnX
TpeboBaHUI:

1.Tepenada NapameTpoB B UMEHOBAHHbIX €0NHULAX.

2. [aTymkn 0oSHKEH UMETb TEPMOKOMIMEHCUPYHOLLNE
3/1EMEHTbI, U CofepXaTb B cebe anropuTMbl,
yumTbIBaKOLLIME BAUSHWE TEMMNePAaTYPbl Ha NEPBUYHbBIE
N3MepeHns.

3. Hannume bydepmsaumm gaHHbIX, Ha cayyam
KpaTKOBPEMEHHOW NOTEPW CBA3MW.

4. Hanuune pe3epBHOro UCTOYHMKA NUTAHUS, NMpw
noTepe OCHOBHOIo NuUTaHns. [nsi 3KOHOMUM SHEePrn
OOJKHa OTKIIHoYaTbCS BCS HEHY»KHas nepudepus,
NPOLO/KasA NpU 3TOM MPOBOANTb U3MEPEHNS 1
OyhepnsnpoBaTh gaHHbIE BO BHYTPEHHEN NaMATU.

5. CMHXPOHM3aLMS BHYTPEHHUMX YaCOB peasibHOro
BPEMEHW MO BHELLHEMY CUHXPOCUIHasy, Noy4aeMoro
no UMPOBON NNHUK CBA3W.

6. Hannune BCTPOEHHOM CUCTEMbBI CaMOOMArHOCTUKMN
C (hyHKLIMEN NPOTOKOIMPOBAHWS, PErUCTPUPYIOLLINE
HapyLLeHNs B paboTe 3/18MEHTOB JAaTUMKOB.

Bce gaTumku 1 crucTeMbl JOKHbI UCMOMb30BaTh eAUHYIO
LMPOBYIO CeTb 19 Nepeaaqn n ooMeHa JaHHbIMU.

Peannsauns gaHHbIX TPEOOBaHWM cTana BO3MOXHOW
6narogaps PasBUTUIO SNIEKTPOHHOM 9NEMEHTHOWN

6a3bl C HN3KUM U YNbTPAHN3KMM NOTPEOIEHEM.
Bnarogaps nosgBneHUIO LLMPOKOMY MOSIBNIEHUIO HOBOMO
TuMa aHasIoroBO-UMdPOBbIX NpeobpasoBaTesnen

CO BCTPOEHHbIM cUrMa-aensTa MGUnbTPOM MOXXHO
NMOOHATL paspeLLaroLLyto CNocOOHOCTb A4aTYMKOB,
obpabaTbiBalOLLMX aHaNOroBble curHanel 4o 16-tu
pas3psaoB, 63 yBenMyeHus NorpeLlHOCTA U3MEPEHVSL.
[N KaXKAoro KOHKPETHOro Tuna 6ypoBo YCTaHOBKM
MEeCTa YCTaHOBKN OaTYNKOB AO/MKHbI ObITb 0OOCHOBaHbI
1 COrylacoBaHbl C 3aKa34nMkoM 1 BypOoBbIM NOAPAOHNKOM
COOTBETCTBYIOLLIMM JOKYMEHTOM.

Huxe npmBegeHbl Jatdynkn, yCcoBepLLEHCTBOBAHHbIE B
COOTBETCTBMN C OaHHbIMU Tpe6OBaHI/I9|MI/I.
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convert the electric signal into code (various types of
amplifiers and ADCs); driver data bus, real-time clock,
back-up power source and microprocessor unit for
primary code conversion and signal normalization using
some algorithms, data exchange through external
network, storage of calibrations, normalization curves,
and other metrological meta-data. Besides of that, the
following requirements are applied to the sensors and
lower-level data acquisition system.

1. Parameter transmission using actual units.

2.The sensors shall have temperature compensation
units and contain algorithms considering temperature
influence to initial measurements.

3. Data buffering in case of short-term communication
failure.

4. Back-up power supply in case of failure of the
main power supply. To provide power saving,
only measurements and internal data storing are
allowed. Other hardware shall be shut down.

5. Synchronization of internal real-time clock using
external synchronization signal received via data
field bus.

6. Internal self-diagnostics system with logging
sensor failures.

All sensors and systems shall use a common network.

Implementation of the above requirements became
possible as a result of the development of electronic
components with low and ultra-low power consumption.
Due to the creation of a wide range of a new type
analog-to digital converters with integral sigma-delta
filter, the resolution of sensors processing analog
signals can be increased up to 16 digits without any
measurement error increase. Sensor installation places
for each drill site shall be justified and agreed with the
customer and drilling contractor with the signing of a
relevant document.

Below there is the list of the sensors updated in
accordance with the above mentioned requirements.

1. Small-size high-precision wireline load sensor
It has a digital interface, factory-calibrated. The sensor
tolerates to clamping screw tension.

Characteristics:

® load measurement range: 0...20 tons;

@ |oad limit: 25 tons;

@ limit of admissible intrinsic reduced measurement

www.rogtecmagazine.com
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B [ECONINHECKVE NCCNEOOBAHNA CKBAXKMH

1. BbICOKOTOYHBIN KOMMaKTHbIM JATYMK HATSHKEHUA
TaneBoro KaHarta

VimeeT unpoBor nHTepdenc 1 kanmbpyetca Ha
3aBode. Ha nmokazaHun gaTuvka NpakTUYecKn He BANSET
CTeneHb 3aTHKKU 3aDKUMHbBIX OOTOB.

XapakTepuUCTUKK:

© [nanadoH namepeHuns HatskeHus - 0...20 T¢;

© [lpepenbHoe HaTsXeHne — 25 Tc;

© [lpenen nonyckaeMom OCHOBHOM NprBEOEHHOMN
norpeLuHocTy - 10% (npw 0 — 1 7€), 3% (Npwn 1 — 20 TC);

© [NunameTp KaHata - 24... 35 mm;

© [unanasoH pabounx Temnepatyp -40...+50 C;

© Macca npubopa - 4 Kr;

Hatunk obopoTtos Byposon nebeokn (JOJT)

HaTurk npegHa3Ha4veH ong npeobpas3oBaHvs

yrna noBopoTa 6ypoBon NebefKn B MMY/IbChI,
MPAMONPONOPLMOHasIbHbIE NEePEMELLIEHNAM TasIEBOIro
6noka. [Jatumk 061agaeT BbICOKOM paspeLLaroLLEn
CnocobHOCTLIO — 180 MMMYNbCOB Ha 0OOPOT, YTO,

B 3aBMCMMOCTU OT AnamMeTpa 6apabaHa, No3BONSET
N3MEPSATb MONOXKEHWS TAIEBOIO H6/10Ka C TOYHOCTLIO
5-20 mm. [Jatunk obnagaeT aBTOHOMHbIMU MaMAThIO U
MUTaHNEM, YTO MO3BOISET CO30aTb KYCOYHO-TTMHENHYIO
KanMOpPOBKY B METPaXx, COXPaHWUTb ee 1 3allnTUTb ee OT
nepeboes NUTaHWS.

XapaKTepUCTUKK:
© Ko/m4ecTBO MMMYbCOB Ha 060poT - 180 1Mn./06.;
© MakcrmasibHO J0MyCTMast CKOPOCTb BpaLLeHNs
- 10 06./c;
© A6ComtoTHasd MOrPeLUHOCTb N3MepeHnii Npubopa
-1,0°;
© Macca npubopa - 5 Kr;

KOMMIEKCHBIV AaTYUK N3MEPEHUS MIOTHOCTHU, YPOBHS,
Temnepatypbl BypoBOro pacteopa [Saanvwsunn B.B.,
[hxramagse A.K., YCTpOMCTBO ON1s 3aMepa yPOBHS U
Temnepartypbl MOA3EMHbIX BOL, B 9KCMUlyaTaLMOHHON
CKBaXKMHe, NaTeHT Ha n3obpeteHne RUS 2388910
21.07.2008].

KoMnneKcHble gaTymky MO3BONSIOT peLlaTh
0OHOBPEMEHHO HECKOJIbKO 3ada4y TEXHOTOMMYECKOro
KapoTaxa B npouecce 6ypeHns. BolICOKOTOYHbIE
N3MEepPEeHNd YPOBHS, MJOTHOCTN U TeMNepaTypbl

C HW3KOW MOCTOSIHHOM BPEMEHW MO3BONSAIOT B
peanbHOM BpeMeHU HabnoaaTe U KOPPEKTNPOBATb
npouecc BypeHns, ¢ Lenbto nyyero nogbopa
OypoBoro pacteopa. KomnakTHble pasmMepsbl
0AaTYMKOB MO3BOLAT yCTaHaBIMBaTb UX B
€MKOCTb BMOPOCUT, YTO MO3BOJINT NPOV3BOAUTL
BbICOKOTO4HbIE M3MepeHNs BYpOBOro pacTteopa

Ha BbIXO4e N3 CKBa>XMHbl 014 onpeaeneHny
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error: 10% (with 0-1 ton), 3% (with 1-20 tons);
© cable diameter: 24...35 mm;
© operating temperature range -40...+50 °c;
@ instrument weight: 4 kg.

RPM sensor

The sensor is designer to convert the drill winch
rotation angle to pulses directly proportional to the
hoisting block travel. The sensor has a high resolution
comprising 180 pulses per rotation, which, depending
on drum diameter, allows for the measurement of the
hoisting block position with an accuracy of 5-20 mm.
The sensor has an independent memory and power
supply that allow to protect linear calibration table from
power supply failures.

Characteristics:

© pulses per rotation: 180;

© maximal allowable rotation speed: 10 rpm;
© absolute measurement error: 1.0;

© instrument weight: 5 kg.

Combined mud density, level and temperature
sensor [Zaalishvili V.B., Dzhgamadze A.K., Gevice for
measurement groundwater level and temperature in
development well, invention patent RUS 2388910
21.07.2008].

Combined sensors allow to resolve several high
speed well logging tasks during drilling. High-precision
measurements of level, density and temperature allow
real-time monitoring and correction of drilling process
to provide optimal mud selection. The small size of
the sensors allows installation inside vibration screens
to allow high-precision mud measurements at the

well outlet to determine productive horizons and gas
showings.

Characteristics of measured parameters:

© density: measurement range 800...2200 kg/m3;
relative error +0.1%; resolution 0.1 kg/m3;

© level: measurement range 0.5...3.0 m; relative error
+0.1%; resolution 0.001 m;

® temperature: measurement range 0...+80 °C; relative
error +0.25%; resolution 0.01 °C

Specifics:

@ determining values of three parameters using a
single instrument;

© high-precision density, level, and temperature
measurement;

@ low time constant;

© inlet/outlet sensor installation.

Sensor tests at the drilling site, show loss of initial
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NPOOYKTUBHbBIX FOPU3OHTOB N 06 BHEKTOB
rasonposBneHus.

XapakTepUCTUKN N3MEPSIEMbIX NaPaMETPOB:

© [1NoTHOCTL: ananasoH namepenmns - 800...2200 Kr/ms;
OTHOCUTEbHAsA NOrpeLlHoCTb - +0,1%; paspeLueHne
- 0,1 kr/m3;

© YpoBeHb: anana3oH namepenns - 0,5...3,0 m;
OTHOCUTENBHAs NorpeHocTb - £0,1%; paspelueHne
- 0,001 wm;

© TemnepaTypa: ananasoH nsamepenus - 0...+80 °C;
OTHOCUTENMbHAs MOrPeLIHOCTb - £0,25%; paspeLueHne
- 0,01°C;

OcobeHHoCTU:

© onpegeneHve Tpex NnapamMmeTpPoB O4HUM NPUOOPOM;

© BbICOKOTOYHOE M3MEpPeHKe NMIOTHOCTY, YPOBHS U
Temneparypbl;

© Manasi NOCTOsIHHas BpemMeHu;

© YyCTaHOBKA JaTynka Ha BXOOE/BbIXOae.

Mpu ncnbITaHNSAX Ha BYPOBON 4aTYMKOB MPAKTUYECKM
ncyesna BO3MOXXHOCTb MOTepU NepBUYHbIX AaHHbIX
n3-3a CJ'IyL‘IaI7IHbIX N HaMepPEeHHbIX BbIXOO0B N3 CTPOA
NNHWA CBA3M N Kabenewn NTaHns, YTO NOJIOXKNTENBHO
CKasanochb Ha Ka4YeCTBe BCEro MHOPMAaLMOHHOMO
mMartepuvana B LIeSIOM.

B TOXE BpEMSA CredyeT yunTbiBaTh, YTO XOTA NOOOOHASA
MOOEPHM3aLMS 1 MOBLILLAET Ka4eCTBO paboT nNpu
CTPOUTENBbCTBE CKBaXKMH, HO HE BbIBOAUT KA4ECTBO
pPaboT Ha HOBbIN YPOBEHb. 1151 NOBbILLIEHUS Ka4eCTBa
TpebyeTcs BBOAUTb B CTPOW OATYMKK HOBOIO TUMa, He
MPUCYTCTBYIOLLMX Ha OaHHbIA MOMEHT B CTaHAAPTHOM
Habope gatymkoB [T, MoagynbHOCTb [TV nosBonset
yAOBNETBOPUTL MPAKTUYECKN NOObIE METPOIOMMYECKME
notpebHocTn [11], n orpaHnyeHne 0ByCNOBMEHbI Kak
NpaBmI0 CTOMMOCTBIO AaTHMKOB.

B coBpemMeHHbIx cTaHumsx [TV npakTnyecku
OTCYTCTBYET pacxogoMeTpus BypoBOro pactaopa

Ha BbIXOA4e M3 3aTPyOHOro NPOCTPaHCTBAa, a CTaHLMK
OCHalLLEHbl MHOVKaATOpaMK NMoTOKa, KOTOPbIE HE
NO3BOSKOT MPOU3BOAUTL N3MEPEHUST MACCOBOMO
pacxoga. B nepByto odepenb, 3TO CBS3aHO C BbICOKOM
CTOMMOCTbIO AATYNKOB 1 BONbLUMMK X rabapuTamm

1 Maccow, He NO3BOASKOLLIMX MOBUIBHO MOHTVPOBATL
1 OEMOHTUPOBATL VX Ha BypoBOW. Icnonb3oBaHmne
MOrPY>KHbIX 3/1IEKTPOMArHUTHBIX PACXOA0OMEPOB
MO3BONISIET OCYLLECTBNATL AaHHbIE N3MEPEHUS.
Pacxogomep ob1agaeT BbICOKOM TOYHOCTbK, MaslbiMU
rabaputaMmm 1 HEGONBLLOWM CTOMMOCTLIO.

XapaKTepUCTUKM:

© [NunanasoH nameperuin - 20...800, m3/vac;
© OcHOBHasa NpnBeaeHHas NOrpPeLLHOCTb — 2,5 %;

www.rogtecmagazine.com

data due to accidental or intentional communication
line and power supply cable failures became almost
impossible, which had positive consequences for all
the data as a whole.

At the same time, it shall be considered that, though
this modernization improves work quality during
construction, it does not bring the work quality to a
new level. For higher quality, we shall introduce new
types of sensors which are currently not present in
the standard set of MWD sensors. Modular nature
of MWD allows to satisfy practically all metrological
needs [11] with limitations, which are mainly due to
the sensor costs.

In modern MWD stations, as a rule, there is no mud

flow meters at the annular space, and the stations are
equipped with flow indicators without mass flow metering
feature. This is primarily due to high cost of the sensors
and their large size and weight, which does not allow
their mounting at the drilling site. These measurements
can be performed with the use of immersion solenoid
flow meters. They are very precise, small, and
inexpensive.

Characteristics:
@ measurement range: 20...800 m3/h;
@ intrinsic reduced error: 2.5 %.

Environment parameters:
® sgpecific electric conductance: 10-3 ...10 S/m;
@ temperature: 0...150 °C.

Specifics:

@ installation without changing drilling site chute system;
easy mounting and unmounting;

chute size from 100 to 1000 mm;

high accuracy;

low cost.

® ®© ©@ ©

Volumetric gas content sensor for mud (Lukyanov E.E.,
Lukyanov K.E., Kayurov K.N., Eremin V.N., A system for
automatic measurement invention patent RUS 2310069,
20.11.2007)

Unique development of SPEGE Looch allowing

to determine with high precision volumetric gas

content in drilling mud. The sensor performs discrete
measurements of volumetric gas content, density,
temperature, and electric conductance of drilling mud
and calculates Joule-Thomson coefficient with 30-60 s
intervals. The use of the device allows real-time detection
of productive horizons and provides safety control
during penetration; when installed at the inlet, it provides
calculation of actual equivalent mud density on the

hole bottom.

ROGTEC | 89



B [ECONINHECKVE NCCNEOOBAHNA CKBAXKMH

[MapameTpbl cpeab:
© YOIl-10-3...10 Cm/wm;
© Temnepartypa - 0...150 °C;

OcobeHHocT:

© ycTaHOBKaA 6e3 KOHCTPYKTVUBHOIO M3MEHEHNS
>KENOBHOW CUCTEMbI BYPOBOW;

NPOCTOM MOHTaX, OEMOHTAX;

paamep »enioda or 100 go 1000 mm;
BbICOKast TOYHOCTb;

HEBbICOKas CTOUMOCTb.

® ® ® ®

HaTumk 06beMHOr0 ra3ocoaep>kaHnst 6ypoBoro
pacTteopa (JlykbsaHoB 3.E., JlykbsHoB K.O., KatopoBs
K.H., EpemuH B.H., Cnctema onis aBToMaTtu4eckoro
N3mMepeHnst 06 bLEMHOI0 rasocoaepaHnst U NCTUHHOM
MAOTHOCTW BYPOBOrO PacTBOPA, MaTEHT Ha N30OpPEeTeHME
RUS 2310069, 20.11.2007)

YHukaneHaa paspabotka HITFA «JTyy», nossonstoLas
C BbICOKOW TOYHOCTbLIO ONpeaensiTb 06 beMHOe
razocofepxaHne 6ypoBoro pacteopa. Jatymk
NPON3BOANT ONCKPETHbIE USMEPEHNST OB BEMHOMO
ragzoconep)xaHus, nnIoTHOCTWU, TemnepaTtypbl U
3MEKTPOMNPOBOAHOCTM BYpOBOro pacTteopa u
BblUMCASET KO3hDUUMEHT [xoyns—TomMncoHa ¢
neproanyHocTbio 30-60 ¢. Icnonb3oBaHne yCTponcTea
NO3BOIUT B PEaSIbHOM BPEMEHU ONMPEnendThb
NPOOYKTMBHbIE FOPU30OHTLI U 0BecnevmBaTb KOHTPO b
3a 6e30MacHOCTbIO BO BPEMS X BCKPbITUS, a Npu
YCTaHOBKE Ha BXOLE MO3BOJIAET BbIUYUCNATL pPeasibHYHO
9KBVBAIEHTHYIO MIOTHOCTb BYPOBOrO PAcTBOPA Ha
3aboe.

XapaKTepUCTUKN N3MEPSEMBIX NaPaMETPOB:

© OB6BbEMHOE ra3ocodep»xaHme: ananasoH N3MePEHUst -
0...40 %; oTHOCKTENBbHaA NOrpeLwHOCTb - 0,5%;

© [1NoTHOCTL: ananasoH namepenmns - 700...2200 Kr/ms,
OTHOCUTE IbHAsA MOrPeLUHOCTb - 1%;

© Y3C: gnana3oH namepenus - 0,02...20 Om/m;
OTHOCUTENBHAs NorpewHocTs - 0,1%;

© Temneparypa: ananasoH namepeHus - 0...80 °C;
OTHOCUTENbHAs MOrPeLHOCTb - 0,1%;

OcobeHHocTw:

© BbICOKOTO4YHbIE 3MEPEeHWst Ha BXOAe U BbIXOAE;

© obecneveHne 6e30NacHOCTU 1 NOBbILLEHME KavecTBa
BCKPbITUSA MN1acToB;

© MoJlyYyeHne yH1KasIbHbIX NapaMeTpOB;

© onpepeneHne 30H NoBbILIEHHOW ra3oHaChILLEHHOCTY;,

BbIUMCIEHME pealbHOW NNOTHOCTN BYPOBOrO

pacTBopa Ha 3aboe.

© peannaauyst KONMYeCTBEHHOO ra3oBOro KapoTaxKa.

O]

Taknm 0bpas3oM, BHeOPEHME HOBbIX NPOrPaMMHO-
annapaTHbIX TEXHONOMMA 1 pa3paboTKa HOBbIX
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Characteristics of measured parameters:

@ volumetric gas content: measurement range 0...40%;
relative error 0.5%;

© density: measurement range 700...2200 kg/m?;
relative error 1%;

© specific electric conductance: measurement range
0,02...20 Ohm/m; relative error 0.1%;

© temperature: measurement range 0...80 °C; relative
error 0.1%.

Specifics:

® high-precision measurements at inlet and outlet;
© ensuring safety and increasing quality of reservoir
penetration;

obtaining unique parameters;

determining area with high gas saturation;
calculation of actual bottomhole mud density;
quantitative gas logging.

® ® ® ®

Therefore, the introduction of new software and
hardware technologies and development of new
surface sensors reduces the emergency level and
increases technical and economic performance
indicators of well construction.

In addition to the above mentioned sensors, a system is
being developed to provide automatic measurement of
volumetric gas content and vortex degassing of drilling
mud including well inlet and outlet subsystems (inventor’s
certificate will be issued).

Fig. 3: Drilling site layout including installed sensors of
process parameters

As a result of the use of the system for automatic

measurement of volumetric gas content and vortex

degassing of drilling mud, proposed as an invention, we

can obtain in real time the following parameters having

their own value for the process:

© mud temperature before and after heating;

@ volumetric gas content in the mud;

© true density of the mud;

© electrical conductivity (specific electrical resistance) of
drilling mud;
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Puc. 3: Cxema bypoBoV nioLaaKky ¢ yCTaHOBAEHHBLIMI
OaT4vKaMm TEXHOTOMMYECKMX MapaMeTPOB

Ha3eMHbIX 0aTYMKOB, MO3BONSET 60SIEE KAHECTBEHHO
N MHPOPMATUBHO KOHTPO/IMPOBATb MPOLIECCHI
CTPOUTENLCTBA CKBaXKMHbI, CHUKAET aBapUnHOCTb

Y MOBbILLIAET TEXHNKO-3KOHOMUYECKIE NoKasaTesn
CTPOUTENbCTBA CKBaXKMHBI.

Pnc. 3. Cxema 6ypoBOw MIOWAAKN C YCTaHOBAEHHbIMM
JaTyMKammn TEXHOIOMMYECKNX NapameTpoB

ﬂ,OI‘IOJ’IHI/ITeJ'IbHO BblLLIernepedncsieHHbIM JaT4ynKam
paspabdaTtbiBaeTcs (C NoSyYeHUEM aBTOPCKOro
CBWOETENbCTBA Ha U30OPETEeHME) cucTema

0191 aBTOMAaTUYECKOro N3mMepeHst 06beMHOro
rasocoaepXKaHns 1 BUXPEBON Aerasaumm 6ypoBoro
pacTBopa C NnoAcucTeMaMm «Ha BXOLOE B CKBaXKMHY» U
«Ha BbIXOAE N3 CKBaXKMHbI».

B pe3ynbTaTte NnprMeHeHus cucTemMbl as

ABTOMAaTUNYECKOro N3MEPEHNS 06 BEMHOIO

ra3oCOAEPXKaHNs 1 BUXPEBOW Aerasaumm 6ypoBoro

pacTBopa, NpeasiaraeMon B Ka4eCTBe N306pETEHWS,

BO3MOXXHO MOJIyYeHE CNeaytoLLIVX NapamMeTpoB B

peaslbHOM BPEMEHM, NMEIOLLMX CaMOCTOSATETbHOE

TEXHOJIOMMYECKOE 3HAYEHVE:

© TemnepaTypa OypoBOro pacTeopa 40 Harpesa 1

nocre Harpesa.

0B6BEMHOE ra3ocodepxaHne pacTeopa.

WNCTUHHASA NNOTHOCTb pPacTBopa.

nposogmmocTb (YOC) pacTteopa.

nerazauyst 6ypoBoro pacTeopa ¢ onpeaeieHnem

KoahduumeHTa gerasaumn.

© aHanM3 BbloenmBLIeNCs rasoBo3ayLuHon cmeck (MBC)
¢ onpepenenviem O, CO,, H,, H,S, CH,, C_+.

© nepepada BC Ha aHann3 Ha xpomartorpade/macc-
CMEKTPOMETPE.

®@ ® ® ©

Mpennaraemasi cucTemMa oTINYaeTCsa OT aHaIorMYHbIX

YCTPOWCTB pagoM OCOBEHHOCTEW, B YaCTHOCTW:

© MOBbILLIEHHOM HaEXXHOCTbIO MPOrHO3MPOBaHUS
BbIBPOCOOMNACHBIX CUTYaLIA.

© KOMMEKCHbIM MOAXOA0M K PELLEHUIO NOCTaBEHHOM
3373241, NO3BOJISIOLLIIM NMEPEBECTW CTaTyC

www.rogtecmagazine.com

@ drilling mud degassing including determining of
degassing coefficient;

@ analysis of produced air-and-gas mixture (AGM)
including determining of O,, CO,, H,, H,S, CH,,
C,+ levels;

© AGM transfer for chromatography and mass
spectrometry.

The proposed system is distinguished from
other devices of this type by a number of
features, including:

@ increased reliability of outburst hazard forecasting;

© comprehensive approach to resolving of set
tasks, allowing to change gas logging status from a
qualitative to a quantitative method, moreover, it
obtains petrophysical foundations;

@ continuous process of receiving information, both
on volumetric gas content and drilling mud degassing,
which significantly increases resolving capacity of gas
logging method;

® possibility to receive information basis for continuous
gas-and-sludge monitoring during gas circulation in
parallel with performance of gas logging tasks;

@ significant increase of the system operation reliability
through a number of declared features missing in
equivalent systems.

Power logging parameters provide foundation for
real-time receiving of MWD parameters with the well
deepening, i. e. directly from under the drilling bit and
can be determined using an alternative technology
tested on a number of wells [18]. Recommended
operation sequence for MWD parameters calculation
using the parameters obtained during drilling will be
described in the book [18].

Technical Regulations for LWD

Use of logging while drilling requires new
approaches to improve metrological characteristics
and reliability of all bottomhole telemetry and
geophysical equipment, due to specifics of operations
in heavy-duty conditions [13]. The main negative
factors include high vibration level, high temperature
and pressure, which can result in early failure of
telemetry systems. Large-scale production of modern
electronic components with a automatic temperature
ranges reduces the amount of failures and to improve
metrological performance [14]. Technical regulations
for logging while drilling are similar to those for regular
logging and are described in detail in RD 153-39.0-
109-01 [14].
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rasoBOro kapoTaXka U3 Ka4eCcTBEHHOro MeToaa
B KONMMYECTBEHHbIN, MpuiYeM NeTpouanyeckin
0B60CHOBaHHbIN MeTOA.

© HEenpPepPbIBHOCTBIO MOTyHEHNS MHAOPMaUUA Kak Mo
06bEMHOMY ra3ocofep)XXaHunio, Tak 1 Mo gerasauum
BypOoBOro pacTeopa, YTO CYLLIECTBEHHO MOoBbILLAET
paspeLLlaroLLyo CNOCOBHOCTbL METOAA Ma30BOr0
KapoTaxa.

© BO3MOXXHOCTbIO MapannesibHo ¢ peLleHneM 3aiau
rasoBOro KapoTaXka noJslydaTb NHDOPMALIMIOHHYHO
OCHOBY HEMPEepPbIBHOIO ra3oLunaMmoBOro MOHUTOPUHIa
B MPOLIECCE LMPKYSLIMN BYpOBOro pactsopa.

© 3HauYUTENbHbIM MOBbILLEHMEM HaOEXXHOCTM
pPaboTbl CUCTEMBI 32 CHET LIeSIoro psaa 3assisiemMblx
OCOBEHHOCTEN, OTCYTCTBYHOLLMX Y aHaIOr0B.

[MapamMeTpbl 3HeprokapoTaka ABIAOTCS OCHOBOW
NOJyYeHNs FrEOMEXaHNYECKX MapaMeTPOB B PeaslbHOM
BPEMEHM MO Mepe YrybNeHNst CKBaXKNHbI, T.e.

«A3-Mof, 4oN0Ta», U MOryT ObITb ONpPeaesieHbl Mo
aNbTEPHATMBHOW TEXHO0MM, ONPOBOBaHHOM Ha psae
CKBaXXWH [18]. PekomeHayemasa nocneqoBaTebHOCTb
pacyeTa reoMexaHU4YeCcKnx NapameTpOoB Mo NapameTpam
B npouecce bypeHns n3noxeHa B kHure [18].

TexHnyeckun persiameHT LWD

[MprMeHeHe KapoTaxka B NpoLEecce bypeHns TpebyeT
HOBbIX NOAXOA40B AJ1A NOBbILLUEHNA METPOJIOMMYECKNX
XapaKTEPUCTUK 1N HAAEXHOCTU BCEro 3ab60MHOro
TENEeMETPUYECKOrO/reoranyeckoro obopyaoBaHums,
113-3a OCODEHHOCTEN PaboTbl B 9KCTPEMASIBHO XKECTKMX
ycnosusx [13]. OCHoBHOM NPOBEMON ABAAOTCS
BbICOKWI YPOBEHb BMOpaLWK, BbiCOKast TemnepaTypa

1 OaBfieHNe, YTO MOXKET CTaTb NMPUYMHOW PaHHEro
OoTKaza TeNeMeTpryecKoro komniekca Maccosoe
BbIMYCK 3IEKTPOHHbIX 3IEMEHTOB COBPEMEHHOW
3N1EMEHTHOW 6a3bl C Tak Ha3blBaEMbIM aBTOMOOUIEHBIM
TemMnepaTypHbIM OManasoHOM MO3BOSIET CHU3UTb
KOMIMYECTBO OTKA30B U1 YyYLIUTb METPOJIOIMYECKINE
XapakTepUCTUKK [14]. TEXHNYECKNIA pernameHT
NMPOBEAEHNS KapoTaxka B MPOLIECCE DYPEHUST HNYEM He
OT/IM4aeTcst OT 0ObIYHOrO KapoTaXka 1 NogpobHO onncaH
B P[] 153-39.0-109-01 [14].

TunoBow cocTaB 060pyA0BaHNS BbIMNAAUT CleOyoLLMM
obpasom:

MeTponornyeckme TpeboBaHus Ons Moaynemn
TENECUCTEMbI U KapOoTavka B MpoLecce BypeHnst AOHKHbI
COOTBeTCTBOBaTh TpeboaHuam P, 153-39.0-072-01 [15].

TpeboBaHS K MHKNMHOMETPAaM 4119 UCCNeaoBaHus

HEOOCaXKEHHbIX CKBaXKUH:

© OmanasoH namepeHus asumyTa - ot 0 oo 360°;

© rpaHuLbl AMana3oHOB M3MEPEHWS 3EHUTHOMO yrna
- o1 0 oo 45, 90, 135, 180°;

© OnanasoH N3MEPEHUst ancmaanbHoro yria - ot
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Fig. 4: Typical scope of LWD equipment
On the next page is the typical scope of the equipment:

Metrological requirements for the telemetry systems and
LWD modules shall conform to the requirements of RD
153-39.0-072-01 [15].

Requirements for inclinometers for surveying

uncased wells:

© azimuth measurement range: 0 to 360°;

© measurement range limits for zenith angle: 0 to 45,
90, 135, 180°%;

© measurement range for apsidal angle: 0 to 360°;

@ admissible intrinsic error of azimuth measurement for

zenith angles exceeding 3° — within + 2°;

admissible intrinsic error of zenith angle measurement

within £ 0.5°;

complementary error caused by supply voltage change

not exceeding 0.2 of intrinsic error;

complementary error caused by environment

temperature change shall not exceed 0.1 of intrinsic

error per 10 °C relative to standard temperature value

comprising 20 °C.

® ®©® ® ® ©®

Requirements for gas logging modules:

© standardized metrological characteristics include
exposure dose rate (EDR) or equivalent weight content
of uranium, which are calculated based on measured
pulse counting rate;

© EDR determining range: O to 250 pR/h, equivalent
weight content of uranium: 0 to 200 ppmU;

© limits of admissible intrinsic relative errors of EDR
determining: £15 %; equivalent weight content of
uranium: - £[4.3 + 0,7(200/Ue - 1)] %, where Ue is
equivalent weight content of uranium, ppmu;

© admissible complementary error of determining caused
by supply voltage change within £10 % shall not
exceed 0.2 of intrinsic error;

© admissible complementary determining error due to
temperature change in the well shall not exceed 0.1
of intrinsic error per 10 °C relative to standard value
comprising 20 °C.
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Puc. 4: Tunosown cocTtaB 060pyaoBaHNs O1s KapoTaxka B
npouecce bypeHns

0 po 360°;

© JonyckaemMas OCHOBHas MOMPELLHOCTb M3MEPEHNS
asyMyTa A1 3eHNTHbIX YrnoB bonee 3° - He bonee + 2°;

© Oonyckaemas OCHOBHAs MOMPELLHOCTb U3MEPEHNS
3EHUTHOrO yrnia - He 6onee + 0,5°%

© OOMNOJSHUTESIbHAs NMOrPEeLUHOCTb, Bbl3BaHHAS
WM3MEHEHMEM HaNPsSPKEHNSA NuTaHus, - He 6onee 0,2
3Ha4YeHUss OCHOBHOW MOrPELLUHOCTY;

© OOMOJSHUTEsIbHAas MOrpeLlHOCTb, Bbl3BaHHAS
M3MEHEHVEM TEMMEPAaTYPbl OKPY>KaKoLLIEW cpeabl,
He OoJ/kHa npeBbilaTh 0,1 3Ha4eHUss OCHOBHOM
norpewHocTn Ha Kaxkaple 10 °C oTHOCUTENBHO
CTaHOapTHOrO 3Ha4YeHWs Temneparypbl, pasHoro 20 °C.

TpeboBaHus Kk moayo MK:

© HOPMUPYEMBIMU METPOSIOTMHYECKMN
XapakTepUCTUKaMM ABNSIOTCA MOLLHOCTb
3KCMNO3NLUMOHHOM 003kl (MO[) nnn akemBaneHTHas
Maccosas gond yparna (MY), kotopble
pPaCcCYUTbIBALOT MO M3MEPEHHOW CKOPOCTH
cyeTa UMMNyIbCOB;

© amanasoHbl onpegenerns M3/ - 0 - 250 MkP/y,
OMLY - 0 - 200 ppmU;

© npeaesnbl 4OMYCKaeMbIX OCHOBHbIX OTHOCUTESTbHbIX
norpewHocTen onpenenerHs M3/ - +15 %; SMAY
- £[4,3 + 0,7(200/Us - 1)] %, rae Us - skBMBaneHTHas
MaccoBasi [oS1s ypaHa, ppmU;

© fnonyckaemasi AOMOHUTESIbHAs MOrPELLIHOCTb
onpeneneHns, Bol3BaHHAA SMEHEHNEM HAMPSAXKEHUS
nuTaHvsa B guanasoHe +£10 %, He Jo/kHa NpeBblWaTh
0,2 3Ha4YeHNss OCHOBHOW MOMPELUHOCTY;

© pnonyckaemasi AOMOHUTESIbHAs MOrPELLIHOCTb
onpegesnieHns, Bbl3BaHHAsA 3SMEHEHMEM TeMMepaTypbl
B CKBaXKWHE, He J0/KHA npesbilwaTh 0,1 3Ha4eHns
OCHOBHOW NOrpeLlHocTM Ha kaxxaple 10 °C
OTHOCUTESIbHO CTaHOAPTHOMO 3HaYeHKs, pasHoro 20 °C.

TpeboBarus k mogynto MKIT:

© HOPMUPYEMBIMU METPOJIOTMHECKNMN
XapakTepuCTVKaMK Ciy»KaT 0ObeMHas MIOTHOCTb
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Requirements for gamma-gamma density logging

modules:

@ standardized metrological characteristics include rock
volumetric density and photoelectric absorption index,
which are calculated based on measured pulse
counting rate;

© volumetric density determining range: 1.7 to 3.0 g/cm3;

@ photoelectric absorption index determining range:
1.3t0 7.0;

@ limit of admissible intrinsic relative errors of density
measurement within 1.7 to 2.0 g/cm?® and 2.0 to
3.0 g/cm? shall not exceed +1,5 % and +1,2 %
respectively;

@ limit of admissible intrinsic relative errors of
photoelectric absorption index measurement shall not
exceed +0.2 (in Pe units);

© admissible complementary errors due to supply
voltage change by +10 % and temperature change
in the well by 10 °C relative to the standard value
comprising 20 °C shall not exceed 0.2 and 0.1 of
intrinsic error respectively.

Requirements for lateral logging (LL) modules:

© gpecific electric resistance measurement range: 0.2 to
10000 Ohm - m;

@ the limit of admissible intrinsic error of specific electric
resistance measurement: not exceeding + 5%;

@ admissible complementary error of specific electric
resistance measurement caused by temperature
change in the well shall not exceed 0.1 of intrinsic error
per 10 °C relative to standard value comprising 20 °GC;

@ divergence in reference signal values registered before
and after measurements and during the last periodical
calibration shall not exceed the value of allowable
intrinsic measurement error;

© relative divergence between main and additional
measurements shall not exceed = 20 % within intervals
with rated well diameter;

© for homogenous isotropic reservoirs without
penetration, the difference between values of rock
specific electric resistance measured using LL probes
shall not exceed + 20 % of pr values obtained using
other methods if processing was performed using
a single interpretation model, and specific resistance
values to be determined are within a range 5 < pr/
pm < 500 with reservoir thickness h > 5 m if the results
obtained using LL and lateral sounding are compared;
5 < pr/pom < 50 with h > 4 m and pm > 0.5 Ohm, if the
results of LL and induction logging (IL) are compared.

Requirements for neutron logging (NL) measurement

probes:

© standardized metrological characteristic is a water-
saturated porosity of the rocks calculated based on
measured pulse counting rate;

© determining range of water-saturated porosity: 1 to 40 %;
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B [ECONINHECKVE NCCNEOOBAHNA CKBAXKMH

M MHOEKC (DOTOSNEKTPUYECKOrO MOMIOLLEHNS FTOPHbIX
nopopm, KOTOPble PaCCHUTLIBAKOT MO N3MEPEHHbIM
CKOPOCTAM CHETa UMMYSIbCOB;

© OmanasoH onpeaeneHns 06bEMHON NIOTHOCTY
-1,7 - 3,0 r/em3;

© avanasoH onpedeneHns Haoexkca
hoToanekTpuryeckoro addekra - 1,3 - 7,0;

© npegen oonyckaeMom OCHOBHOW OTHOCUTENIbHOM
MOrPELHOCTU N3MEPEHMS MIOTHOCTW B AMana3oHax
1,7-2,0r/cm3 1 2,0 - 3,0 r/cM3 - He 6onee 1,5 % n
+1,2 % COOTBETCTBEHHO;

© npegen oonyckaeMom OCHOBHOW OTHOCUTEIbHOM
MOrpPELHOCTN N3MEPEHUS MHOEKCA
HhOTOBNEKTPUYHECKOrO NOroLeHus - He 6onee 0,2
(B eanHunuax Pe);

© OOoMnyCKaemble OOMNOSHUTENbHbIE MOMPELLHOCTY,
BbI3BaHHbIE N3MEHEHVEM HaMPSPKEHUS MUTaHNUS Ha
+10 % 1 M3MEHEeHEM TEMMNEPATYPbI B CKBaXXMHE Ha
10 °C OTHOCUTENBHO CTAHOAPTHOrO 3HAYEHUS,
pasHoro 20 °C, He go/mkHbI NpeBbiwaTs 0,2 1 0,1
3HAYEHNIN OCHOBHOW MOMPELLUHOCTM COOTBETCTBEHHO.

TpeboBaHug kK Moyt bK:

© gnanasoH nameperHut YOG - ot 0,2 oo 10000 OMm - m;

© mpenen OonyckaeMom OCHOBHOWM MOrPELLHOCTN
na3mepeHunin YOO - He 6onee + 5 %;

© fgonyckaemas ONOSHUTEbHAs NOrpPeLlHOCTb
namepeHunin YOC, BbI3BaHHASA U3MEHEHNEM
TemMrnepaTtypbl B CKBaXKUHE, HEe JO/HKHA MPEBbILLATL
0,1 OT 3Ha4YeHN OCHOBHOW MOMPELLHOCTU Ha Ka>Kable
10 °C OTHOCUTENBHO CTAHOAPTHOrO 3HAYEHUS,
pasHoro 20 °C.

© PacxoxgeHus 3Ha4eHW cTaHgapT-CUrHasoB,
3aperncTprpoOBaHHbIX 40 1 NOCe N3MEPEHUI 1 B
npoLecce NOCNeaHen NePMOONHECKON KaMbpPOBKMU,
He [0/KHbI MPEBbILLATL 3HAYEHME OOMYCTMMOM
OCHOBHOW MOMPELLHOCTV N3MEPEHUI.

© OTHOCUTESbHbIE PACXOXXAEHVSI MEXOY OCHOBHbLIM
1 MOBTOPHBIM U3MEPEHUAMW HE OO/KHbI MPEBbLILLATL
+ 20 % B MHTEPBaNax ¢ HOMUHaIbHbIM ONaMETPOM
CKBaKMHbI.

© [1ns ogHOPOAHbBIX M30TPOMHbIX NacToB 6e3
NPOHUKHOBEHUS 3Ha4YeHnst YOC nopoa, U3MEPEHHbIE
3oHOamu BK, gomkHbl oTandaTbesa He bonee Yem Ha +
20 %, OT 3Ha4YeHU P, HaMAEHHbIX APYTUMU
MeTodamm, ecnv obpaboTka NPOBOAUTCS B pamMKkax
€0VHON NHTEPNPETaLVMOHHOW MOAENN, a UICKOMbIe
3HaYeHWs! yaenbHbIX COMPOTUBEHUN HAXOOATCS B
amanaszoHax: 5 < prn/pc < 500 npu TonwwHe nnacta h
> 5 M, eC/IM CpaBHMBAKOT Pe3y/bTaTbl ONpPeassieHnn
BKn BK3; 5 < pn/pc <50 npu h > 4 mun pc >
0,5 OMm - M, ecnn cpaBHmBatoT pesynbTtatbl bK n VK.

TpeboBaHus K U3MepuUTebHbIM 3oHaaM HK:

© HOPMUPYEMOI METPOOMMYECKON XapaKTePUCTUKON
CIY>XUT BOAOHAChILLIEHHAs MOPUCTOCTb FOPHbBIX Nopo[,
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© the limit of admissible intrinsic relative error of
determining for the period of generating 10,000
pulses: not exceeding + [4.2 + 2.3(40/kr - 1)] %;

@ the limit of admissible intrinsic relative error of
determining for survey mode (speed 400 m/h, reservoir
thickness 1 m) for 10 s period: not exceeding
+ [6.3 + 2.3(40/kr - 1)] %;

© admissible complementary error of determining caused
by temperature change in the well shall not exceed 0.1
of intrinsic error per 10 °C relative to the standard
value comprising 20 °GC;

© complementary error of determining caused by supply
voltage change by + 10 %: not exceeding 0.2 of
intrinsic error.

It can be noted that all requirements involve
complementary errors which are caused by temperature
changes and changes in the supply voltage. The use

of new electronic components will reduce the ratio of
complementary errors to intrinsic errors by several percent.

At the same time, further improvement of the module’s
resolution (precision) and increasing the of channel numbers
becomes impossible because of the low bandwidth of

the hydraulic line of 1 bit/s. Below is the list of typical
characteristics of transmission module (pulser):

© valve system operation life at least 500 h of circulation;
© pulse length 0.5...0.9 s;

© data transmission rate 1 bit/s;

© pulse amplitude up to 1.5 MPa;

© pressure losses (water) 0.55 MPa.

Further improvement of metrological performance is
therefore only possible if the encoding methods of the
transmitted data are changed and the data transmission
rate is increased [16]. The advanced telemetry system
under development providea an additional complex of
process sensors [17].

Summary

This article summarizes the stages of creating

1D geological MWD models including open-hole
stability calculations to provide drilling support using
comprehensive surveys including MWD and LWD. We
successfully applied the methodological foundations
of MWD interpretation established by E.E. Lukyanov.
The current article focuses on technical regulations for
performing surveys providing the necessary and sufficient
input data for creating reliable geological MWD models
for drilling support purposes.
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WELL LOGGING W

KOTOPYHO pacCyUTbIBatOT MO N3MEPEHHBIM CKOPOCTAM
cYyeTa VMMNybCoB;

© OnanasoH onpeaeneHns BOAOHACHILLEHHOMN
nopuctocTn - 1 - 40 %;

© mpenen gonyckaeMom OCHOBHOM OTHOCUTENBHOM
NMorpeLHoOCT onpeaeneHnin 3a Bpems Habopa 10000
MMMYyNbCOB - He Bonee + [4,2 + 2,3(40/kn - 1)] %;

© npegen oonyckaeMom OCHOBHOW OTHOCUTENIbHOM
MOrPELIHOCTU ONPEAENEHNI 0N PEXMA
ncenenoBaHus (ckopocTb 400 M/Y, ToNWMHA niacTta
1 M) 3aBpems 10 ¢ - He Bonee + [6,3 + 2,3(40/Kn - 1)] %;

© gonyckaemas OonoHUTENbHASA MOrPELIHOCTb
onpenenenHns, BoldaBaHHasa N3MEHEHNEM TemMnepaTypbl
B CKBaXKWMHe, He aosmkHa npesblwathb 0,1
3Ha4YeHNss OCHOBHOWM MOrpPeLIHOCTU Ha kaxkaple 10 °C
OTHOCUTESTbHO CTaHOAPTHOMO 3HaYeHKs, pasHoro 20 °C;

© OOMOJSHUTESTbHAas MOrpeLlHOCTb onpeneseHns,
BbI3BaHHAsA M3MEHEHNEM HaNPSXXEHUS NMATAHUS
Ha = 10 %, - He 6onee 0,2 3Ha4YEHNSI OCHOBHOM
MOrPeLUHOCTH.

MO>XXHO 3aMeTUTb, BO BCEX TPEOOBAHUSAX MPUCYTCTBYET
[ONOHUTENbHASA MOrPELIHOCTb, 0BYCN0BNEHHAS
TemnepaTypHbIMN N3MEHEHNAMN I USMEHEHUSIMU
HaNMpPsPKeHWs NUTanus. MNpUMeEHEHNE HOBbIX
3NEKTPOHHbBIX KOMMOHEHTOB MO3BOJIUT CHU3UTb
[ONOAHUTENbHbBIE MOMPELLHOCTY A0 COTbIX OOMEN
OCHOBHOW MOrPELLUHOCTU.

B 10 e BpemMs gasnbHelllee NOBbILLEHNE

paspeLuaroLlen cCnocobHOCTU (paspsgHOCTK)

MOOY/IEN, YBESIMYEHNE KONTMYECTBA KaHaI0B

CTAHOBUTCHA HEBO3MOXXHbIM 13-32 HU3KOW MPOMYCKHOW

CNocobHoCTM rmagpokaHana — 1 6ut/cek. Huxe

NpUBEOEHbI TUMOBbIE XapPakTePUCTUKI NepeaatoLLEero

Moayns (mynbcartopa):

© Pecypc knanaHHOM cucTeMbl He MeHee 500 Y
LUMPKYISLAN;

© NnutensHocTb umnyneca 0,5...0,9 ¢;

© CKOpOCTb nepegayn gaHHbIx 1 6uTt/c;

© AMnnnTyga umnynsca go 1.5 Mna;

© [loTepu gaBneHus Ha Boae 0,55 Mrg;

B cBA3n ¢ aTuM, ganbHenwee yayyueHme
METPOIOTMHECKMNX XapaKTEPUCTUK BOSMOXHO TOJTbKO
Npy USMEHEHUM METOOB KOAMPOBaHMS NepenaBaemom
NHOPMaLIML U NP YBESTUYEHN CKOPOCTU Nepenayn
OaHHbIX [16]. B paspabaTbiBaeMbIx NEPCNEKTUBHbBIX
TenecucTeMax nNpegycMaTprBaeTCsa pa3meLLeHne
OOMNOSTHUTENBHOMO KOMMIEKCA TEXHOIOTMHECKINX
narymkos [17].

3aknoyeHmne

B pa60're KPaTKO MNnokKa3aHa 3TarnHoCTb MNMOCTPOEHUA
OOHOMEPHbLIX reoJ1oro-reoMexaHn4eCKmnx MO/J,eJ'IeVI C
PAaCYETOM YCTONYMBOCTN OTKPLITOrO CTBOMA CKBaXKMH
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B [ECONINHECKVE NCCNEOOBAHNA CKBAXKMH

C UENblo CONPOBOXAEHWE BYPEHUSt C MPUMEHEHMEM
komMnnekca nccnegosaHun 'TA/LWD. Hamin 6biim
YCMELIHO NMPUMEHEHBI METOONYECKNE OCHOBbI
nHTepnpeTaummn ['TU, 3anoxeHHble JlykbsiHOBbIM O.E.

B Tekywlen paboTe akueHT1pOBaHO BHUMaHME Ha
TEXHNYECKOM PErflaMeHTe NPOBEAEHNS NCCNeaoBaHUM,
MOCTaBASOLLMX KOHONLUMOHHO HEODXOANMbIE U
[OCTaTO4YHbIE BXOAHbIE AaHHbIE 019 MOCTPOEHUS
[OCTOBEPHbIX ME0/IOr0-reoMexaHN4YecKX Moaenen ans
LleNnen ConpoBOXOEHUST BYpPEHUS.
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