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A KYCTUNYECKUIA MOHUTOPVHI FyOOKOBOAHBIX
ckBaKMH (AMI"C) peanbHOM MacLLTabe BPEMEHM
(AMI"C) aBnsgeTcsa HOBbIM «AUCTAHLUMOHHbLIM» (HE
TPEOYIOLLMM MEXAHUHECKOrO BMELLIATENbCTBA)

METOAOM BbIABNEHNS YHACTKOB NIV 30H CHYDKEHNS
MPOHMLIAEMOCTU B CKBaDKMHAX, 3aKOHHYEHHbIX C
CNOIb30BaHVEM MPOTUBOMNECO4YHBIX (PUIBTPOB. MeTon,
OCHOBaH Ha MCMoJIb30BaHUN aKyCTUHECKIX CUrHaIIOB,
MPOXOASALLMX Hepes CTONG CKBAXKMHHOIO dronaa.

3TN aKyCTUYECKNE CUMHATbI MEPEHOCATCS TPYOHbBIMM
BOJIHAMK, BbI3bIBatOLLIMI BO3BPATHO-NOCTYNAaTENbHOE
OBVPKEHWE CKBaXKMHHOIO contonaa B paanansHOM
HanpaBneHn, YepPes Crou SKCMIyaTaLyIOHHOrO 3ab0st
3aKOHYEHHOW CKBaXKWHbI. Takune TpybHble BOSHbI
CMOCOBHbI «MTHOBEHHO MPOTECTUPOBATL» 30HY MPUTOKA
3aKOHHYEHHOW CKB&XKWHbI HA MPEAMET HaNMHMS N
OTCYTCTBUA ABVKEHUS (PIFOVMAOB; OHW HYyBCTBUTENbHbI

K UBMEHEHNSIM, MPOUCXOASALLIMM B MPOTUBOMECO4YHBIX
dhunbTpax ¢ MPOBOIOHHOM OOMOTKOW, B MPaBUNHOM
HabuBKe, B MHTepBane nepdopaumm 1, BOSMOXHO,

B M/iaCTe-KOJIEKTOPE. XapaKTePUCTUKN BOSTH
(CKOPOCTb pacnpocTpaHeHnst, 3aTyxaHne aMmnanTyapl),
NPOXOOALLUMX YepPes SNEMEHT SKCMTyaTaumOHHOMO
320051 C yXyOLLEHHOM U OTNINHAOLLIENCSt OT CMEXHbIX
3M1eMEHTOB NPOHULIAEMOCTbLIO, MeHstoTes. Metog AMITC
TPeOYET NCMONB30BaHNA CTALMOHAPHbLIX aKyCTUYECKIMX
0aT4vKOB M MO 3TOMY MPU3HAKY MOXKET YCNOBHO CHATATLCA
«MUHNATIOPHBIM» BAPNAHTOM CUCTEMbI YETLIPEXMEPHOMO
(4-D) akyCTUHECKOrO KapoTaxKa Ui HEMPEPbLIBHOMO
aKYCTUHECKOrO MOHUTOPVHIA B OTAENbHOWM CKBaDKUHE.

KadecTBeHHOe 3aKaH1/BaHME CKBaXXUH SBNISIETCS
onpenenstoLLM (haKTOPOM ycrexa pas3paboTki
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R eal-Time Completion Monitoring (RTCM) is a new non-
intrusive surveillance method for identifying permeability
impairment in sand-screened completions that utilizes
acoustic signals sent via the fluid column. These signals

are carried by tube waves that move borehole fluid back
and forth radially across the completion layers. Such tube
waves are capable of “instant” testing of the presence or
absence of fluid communication across the completion

and are sensitive to changes occurring in sand screens,
gravel sand, perforations, and possibly the reservoir. That
part of the completion with differing impairment from its
neighbors will carry tube waves with modified signatures
(velocity, attenuation). The RTCM method would require
permanent acoustic sensors and, thus, could be thought of
as “miniaturized” 4D seismic and “permanent log” in an
individual wellbore.

Introduction

Compiletions lie at the heart of deepwater production and
constitute a large portion of the overall well cost. Great
multidisciplinary effort is put in up front to design wells

right. This contrasts greatly with the production stage,
where little information is available to detect problems,
optimise the inflow and prevent expensive workovers. Sand
screen plugging, incomplete packing, development of “hot
spots” in screens, destabilization of the annular pack, fines
migration, near-wellbore damage, crossflow, differential
depletion, compartmentalization, and compaction represent
a typical list of challenges that are extremely difficult to
decipher based on several permanent pressure and
temperature gauges alone.

The aim of our study was to develop RTCM as a new
method that can characterise permeability impairment of
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rNy6oKOBOAHbIX
MECTOPOXAEHWN, a
3aTparbl Ha BbINOJIHEH/E
onepaLmn 3akaH4BaHNs
COCTaBJAOT 3HAYUTENBHYIO
YacTb 0OLLEN CTOMMOCTH
CKBaXKVHbI. MHorme
OTpacneBble OpraHn3aLm,
cheLnananpytoLLImecs

B Pas/MYHbIX Hay4HO-
TEXHNHECKIX 0BNacTsX,
BbINMOJIHSIOT OMPOMHbIN
ob6bem paboT ans

TOr0, YTOObI CKBaXKMHbI
ObInn NPaBUILHO
CMPOEKTVPOBAHbI.
CoBepLLEeHHO
MPOTUBOMOSIOXKHAA
KapTVHa HabnaaeTcs B
chepe 0obblum: UMEETCS
04eHb OrPaHNYEHHbBIN
obbemM nHgopmaumn ans
BbISIB/IEHNST OCNIOXHEHWI,
ONTUMMBaLM MPUTOKA
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paboT Mo NOA3EMHOMY
PEMOHTY CKBaXKMH.
3acopeHve unm 3abviBaHve

Impermeable formation

Permeahle formation Tube wave attenuates

& slows down

Tube wave does
not attenuate

Ob6caaHaA KonoHHa
paBuitHaA HabuBka

MpoTnBONECcoYHbIN hunbTp Mepdopaumu

NPOTNBOMECO4HbIX Sand Screens Perforations
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NaoTHOE Nnn Base pipe, -,
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04aroB MoBPEXAEHNS
B (hnnbTpax ¢
MPOBOIOHHOW
0BMOTKOM, NOTepst

YCTOAHMBOCTH =t

the sand screen, gravel,
perforations, and the
immediate near-wellbore
space.

Principles

Physical principles that
allow for the estimation

of permeability from
acoustics waves are well-
known for open boreholes
where permeability from
Stoneley wave became
the only direct technique
of estimating in-situ
permeability from wireline
logs. Tube or Stoneley
wave is a fundamental
axisymmetric mode that
represents a piston-like
motion of the fluid column
resisted by the borehole
wall. When tube waves
encounter a permeable
region, their signatures
change since the radial
motion of the fluid is no
longer fully resisted by the
borehole wall and part of
the fluid can escape
in and out of the
formation (Figure
1a). This implies
that tube-wave
velocity decreases
and attenuation
increases with
increasing fluid
mobility (ratio of
permeability to
viscosity). RTCM
extends ideas of
open-hole Stoneley-

PucyHok 1: (a) lNpy B3anMoaencTBmn TRYOHOM BOSHbI C MPOHULIGEMBIM VHTEPBAIOM, YEPEe3 KOTOPbIA MOXET
NPOVICXOANTb B3aUMHbIV NEPETOK (PIIONA0B MEXY CTBOJIOM CKBEXXMHbI 1 MNACTOM-KOSIIEKTOPOM, Takas BoSiHA
3aTyXaeT U ee CKOPOCTb CHKaeTCs. (b) CxemMaTnieckunii pa3pes SKCryaTaLyoHHOro 3a605 FyO6OKOBOAHOM CKBaXKWHbI,
0B0opYyaA0BaHHOIO MPOTUBOMECOYHBIM (DUABTPOM. [1POTUBONECOYHbIE (OUABTPLI: C) Leneson unstp 13 MNBX,
NCMOJIb30BaHHbIN B 9KCMEPUMEHTATbHOW YCTaHOBKE; d) (hunbTp BbiCOKoro kadectsa Excluder (hrpmbl Baker),

€) UIbTP C NPOBOJIOYHOM 0BMOTKOM 13 BX.
Figure 1: (a) The tube wave attenuates and slows down when it encounters the permeable interval that can exchange
fluids between borehole and formation. (b) Schematic cross-section of a sand-screened completion in deepwater well.
Sand screens: ¢) slotted PVC screen used in this experiment; d) a premium screen, named as Excluder (from Baker),

e) wire-wrapped PVC screen.
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M BYPEHME 1 JOBbIHA

rpaBUIMHOM HAOWBKW B KOJIbLIEBOM MPOCTPAHCTBE,
MUrPALNSA MENKNX YaCTuLL, MOBPEXAEHNE MPN3ab0HON
30Hbl, BO3HVKHOBEHMWE NMepeToKOB, HepaBHOMEPHOE
VCTOLLIEHNE KOIEKTOPA, Hamm4me rmapoaHaMmHecKom
HEOOHOPOAHOCTY 1 MEPEYNNOTHEHWI - TUMNYHBIN NepeYeHb
OCOXXHEHWIN, KOTOPbIE O4EHb TPYAHO PACMNO3HAaTb NLLb
Ha OCHOBaHWM NOKa3aHNIA HECKONBKMX CTaLVIOHAPHbIX
[ATHMKOB [aBMeHNst 1 TeMnepaTtypbl.

Llenb HalLmx nccnegoBaHui cocTosna B pa3paboTke
meToda AMIC Kak HOBOrO MexaHn3ma OLEHKWN CTeneHu
CHWKEHNST MPOHMLIAEMOCTU MPOTUBOMECOHYHOIO (OUNbTPa,
rpaBUNHOM HabVBKW, MHTepBaa nepdopaLmn 1 6AKHEN
npPW3aboHON 30HbI.

061wwuMe NPUHYMNLI

PuranHecKmne NPUHLMMLI MEXaHN3Ma ornpeaeneHns
MPOHULIAEMOCTH MO aKyCTUHECKMM BOSIHAM XOPOLLIO
N3BECTHbI, TaK Kak N3MepeHne NPoHMLIAEMOCTY B
HeoBCaKEHHbBIX CKBabKMHAaxX Mo BosiHam CTOyHM cTano
€OMHCTBEHHbIM MPSIMbIM METOOM N3Y4YEHS1 CBONCTB
KOJNEKTOPA B YCMOBUSIX ero eCTECTBEHHOIO 3arneraHs
¢ noMoLLkto NprbopoB MVIC, cnyckaembix Ha kaberne.
Tpy6Hble BOMHbI U BOSHbI CTOYHAN OyHOAMEHTANBHO
OT/INHAKOTCS AOMUHUPYHOLLIIM OCECUMMETPUHHBIM
PEXVMOM, PEaNM3YIOLLIMMCSI B BO3BPATHO-MOCTYMNaTebHbIX
KonebaHunsx ctonba dnonaa, KOTOPbIM OKa3bIBaKOT

A

Source

Pay 2

Recievers

wave logging to wells with sand-screened completions
typical for deepwater. These wells have additional layers
between the formation and borehole fluid, such as sand
screen, gravel sand, and casing (Figure 1b). The sand
screen and gravel pack prevent migration of reservoir
sand into the wellbore and maintain the integrity of the
reservoir around the wellbore. The completed well has
one essential similarity to the open-hole model, i.e., in a
normal flowing well there has to be fluid communication
across all layers of the completion. Our objective was to
analyse the effect of broken fluid communication across
the sand screen (or perforations) through the signatures
of tube waves.

RTCM concept

Figure 2 depicts two possible configurations of the RTCM
method: “repeated or permanent log” (transmission) and
“mini-4D seismic in a well” (reflection). In both cases, we
detected changes in acoustic signatures of tube waves
over time and inferred changes of permeability along the
completion. In transmission configuration, we measure
velocity and attenuation of the tube waves(s) along the
completion and thus need sensors along the sandface
(Figure 2a). In reflection configuration, we need sensors only
above the completion and analyse the change in reflected
arrivals from permeability interfaces (Figure 2b).

Recievers Source

PucyHok 2: KoHdurypaupmm metoga AMITC: a) «MOBTOPHbIN M HEMPEPbLIBHbIN KapoTaxk» (KOHMUNYpaLIMSA MPOXOAALLINX
BOJIH); b) «MUHW»-4D MOHUTOPUHI B CKBaXKMHE» (KOHXDUMYPALINS OTPaXKEHHBIX BOSH).

Figure 2: Conceptual design of RTCM configurations:
a) “Repeated or permanent log” (transmission configuration); b) “Mini-4D seismic in a well” (reflection configuration).
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COMPOTUBIEHNE CTEHKM CTBOMA CKBAXKMHDI.
[Mpr B3aMMOAENCTBUN TRYOHBIX BOSIH C MPOHULIAEMbBIM
TENIOM NX XaPaKTEPUCTUKN USMEHSKOTCS, TaK Kak
MOBEPXHOCTU CTEHKM CKBaXKMHbBI Y>KE HE OKa3bIBarOT
MOJSIHOrO COMPOTUBIIEHVSA PaOVASIBHOMY ABVDKEHNIO
dnonga, 1 YacTb haroraga MoXeT MO0 MPOHVKATL B
TOSLLY NacTa-KoMNeKTopa, MO0 NOKNAAThL ero Nopbl (CM.
puc. 1a). OTO 03HAYaET, HYTO CKOPOCTb PACMPOCTPAHEHNS
TPYOHbIX BOSIH CHKAETCS, @ TeMMbl X 3aTyXaHus
YBENMNHYMBAIOTCA C NOBbILLEHNEM MOABWXHOCT chntomaa
(OTHOLLIEHME NPOHULIAEMOCTYU K BsA3KOCTM). MeTog AMITC
MO3BONSET PACNPOCTPaHNUTL METOL, UCMONB30BaHVE BOSH
CTOYHN Ha CKB2XXMHbI, OCHALLEHHbIE MPOTUBOMECOYHBIMU
YCTPOMCTBaMMU, TUMNYHBIMU J151 FyOOKOBOAHBIX PaiOHOB.
B Taknx ckBaxKmMHax MnacT-KOINEKTOP Y CKBaXKMHHBIN
dhrona, paznensatoTCa HECKONMBKUMM AOMNONMHUTENBHBIMU
CINOSIMK, TaKUMW Kak MPOTVBOMNECOYHBIV PUIIBTP,
rpaBuiiHas HabvBka 1 obcagHble Tpyob! (prc. 1b).
[MpPOTUBOMECOYHBI PUMBTP U rpaBuUiiHas HabvBka
NPeLoTBPAaLLAOT MPOHUKHOBEHVE MNacTOBOrO Necka B
CTBOJ1 CKBa>KWHbI 1 COXPaHAOT YCTOMHMBOCTL MOPOL, B
Npr3aboiHOM 30He.

3aKOHYEHHasA CKBaXKMHA MMEET OHO BaXKHOE CXOACTBO

C HEOBCaXKEHHON: B YCNOBUSX HOPMASIBHOMO PEXMMA
NMPUTOKa MeXXy BCeM CNoAMN NHTepBasla 3akaH4YBaHNA
OOJPKHa MMeTb MeCTO rmapoanHaMn4eCKad CBA3b. |_|,eJ'Ib

%
) ==

It can be shown that such measurements can be

performed while the well is flowing, thus providing valuable

information in real time to well engineers and production

technologists. Such information allows them to

e detect changes in permeability in and around the well
(and thus the inflow ability) in real time,

e identify the well structure responsible for any problems
(screen, perforation, etc.),

¢ help design best practices for drawing the wells without
impairing them,

e raise red flags early on when problems are not acute and
can be fixed with lighter effort, and

e help characterize cross-flow and differential depletion in
wells with multiple commingled producing intervals.

We conducted a full-scale laboratory test of the RTCM
concept when permeability impairment is caused by
sand-screen plugging in a completion without agravel
pack.

Full-scale lahoratory test

The schematics and an actual photo of the horizontal
flowloop setup we used for experimental measurements are
shown in Figure 3. The outer pipe (casing) is modeled with
glass pipe. The inner pipe (PVC sand screen) is positioned
inside using plastic centralisers.

MPOCTOTA. 3ODEKTUBHOCTb. HAOEXKHOCTbD.

Mpogyktbl SWELLFIX nuanpytoT Ha MMPOBOM pbIHKE

pasbyxaloLLyX 3racTOMEPOB — AVHAMIUYHOE, HO B TO Xe Bpems

MPOCTOE peLLIEHME MO Pa3oBLLEHIO MIAaCTOB U KOHTPOSO
NPOSIBNEHWIA B NpoLiecce GypeHnst B ropUsoHTarnbHbIX 1
BEPTMKAmbHbIX CKBaXMHAX.

KomnaHusa noMoraeT CBOMM KIMeHTaM 3HaYUTENBbHO MOBLICUTL

3KOHOMMYECKY0 3ODEKTUBHOCTL NMPOM3BOACTBA 3a CHET
NoBbILLEeHUA ﬂ06bl‘-ll/l N CHWXXEeHUA BOOOMNMPUTOKA.

Bonee 5 000 BHeapeHWi, BbIMOMHEHHbIX HA CEroaHSALLHWIA
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Ha Mope, 1 OTCYTCTBUE HapeKaHWI OTHOCUTENBHO KayecTBa, a
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MpocToTa, acdhdekTnBHOCTL, HagexxHocTb — SWELLFIX.
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paHuuUa, roe cBOMCTBA NPOTUBONECOYHOro

cdunbTpa meHAaTCA
Interface where properties change

Hapy>xHana Tpy6a (06cagHaA KONOHHa)
Outer pipe (casing)

BHyTpeHHAA Tpy6a (NpoTUBONECOYHbIN hUNbTP)

e

Inner pipe (screen)

Bopa unu BogoHachbIlWeHHbIA CNOW rpaBuA

Water or water-saturated gravel sand

Mepdcopauun
Perforations

PucyHok 3: (a) CxemaTnyeckumin YepTexk YCTaHOBKM,
MpeacTaBNStoOLLEr COBOM MOAENb SKCMyaTaLVOHHOIO
320085 FOPU30HTAaSIbHOM CKBaXKMHbI, 0O0PY.A0BAHHOIO
MPOTUBOMNECO4HbIM hUIETPOM. (b) PoTorpadus
MOASIMHHOW YCTAHOBKM CO CTEKIIAHHOW Hapy>XHOW

Tpybon (6e3 nepopaLinii).

Figure 3: (a) Sketch of the flowloop setup with the
model of sand-screened completion in horizontal well.
(b) Photograph of the actual setup with a glass outer
pipe (no perforations).

HaLLMX ccnenoBaHuin COCTosNa B aHan3e adpdexTa
HapyLLEHVS rMapOaMHAMUHECKOM COOBLLIAEMOCTM Ha
paboyern NOBEPXHOCTU MPOTUBONECOYHOTO (DUbTPa
(Mnn nHTepBana nepdopaumi) NyTem MOHUTOPUHIA
XapaKTEPUCTUNK TPYOHbIX BOSTH.

Koxuenuua AMIG

Ha puc. 2 nokasaHbl ABe BO3MOXXHbIE KOHUIypaumm
meToga AMITC: «MOBTOPHbIN UM HEMPEPBIBHBINA KapOTadK»
(NpoxofgLime BoSHbI) U «MUHW»-4D MOHUTOPUHT B
CKBaXKNHe» (OTparkeHHble BOMHbI). B obourx cnyyasx

ObIN 32PEMMCTPUPOBAHBI U3MEHEHNS B aKyCTUHECKINX
XapaKTEPUCTNKaX TRYOHbIX BOSTH BO BPEMEHM U
npeanonaraeMble MSMEHEHVSA MPOHULIGEMOCTU BAOSb
3KCNyaTaUnoHHOro 3a604. [Mpn U3yHeHn KoHMUypaumm
MPOXOASALLMX BOSH N3MEPANCH CKOPOCTb U 3aTyxaHne
TPYOHOWM BOMHbI (BOJSH) BOOSb SKCMJTyaTaUMOHHOMO 32604,
019 Yero NCnonb30BaIMCh OATHMKK, YCTaHaBIMBaEMble
BLOJIb BCKPbLITOM MOBEPXHOCTY 3a00s1 B MeCHaHOM nfacTe
(puc. 2a). Ona nsyyveHnss KoHUrypaumm oTpasKeHHbIX
BOJH TPeboBaIOCh YCTaHOBUTb AATHUKM TOMBKO Hag,
3KCNJIyaTaumoHHbIM 3a60eM 1 NpoaHaNM3NPOBaTb
WN3MEHEHNSI BO BCTYMIEHUAX OTPaXKEHHBIX BOSH,
0BYCNOBNEHHbBIE MPOXOXKAEHUEM BOSH Yepes3 MOBEPXHOCTA
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UcTo4HMK
Source

MapoakycTuyeckKne AaTimkm
Hydrophone sensors

To model an open sand screen (“open pores”), we used

a PVC pipe with 0.0002 m slots (Figure 1c). The plugged
sand screen was modeled with a blank PVC pipe without
slots and is referred to as “closed pores”. The annulus
between the inner and the outer pipe is filled with water.
Measurements are conducted with a 24-level hydrophone
array (35 cm spacing) and a piezoelectric source, both lying
down at the bottom of the inner pipe.

www.rogtecmagazine.com
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N3MEHEHNSI MPOHULIAEMOCTH (purc. 2D).

O4eBMaHO, YTO MOAOOHBIE NSMEPEHNST MOXKHO BbIMOSHATL B

(DOHTAHMPYHIOLLIEN CKBEXKMHE. 3TO MO3BOSISET UHKEHEPAM-

OypoBVKaM 11 MPOMbICIIOBbIM TEXHOIOrAaM MOJTyHUTb

LIEHHYIO MHGbOopMaLMIO B peasibHOM MacLuTabe BPEMEHW.

[Nony4eHHas HopPMaLS MO3BONT UM

® OBHapY>KMBaTb N3MEHEHNST MPOHNLAEMOCTU KaK B
CKBaXKVHE, TaK 1 B OKOJIOCTBEXKMHHOM MPOCTPAHCTBE
(1, cnegoBaTenbHO, OLEHNBAaTL BO3MOXXHOCTM
MOSYYEHVS PUTOKA) B peasibHOM MaclLTabe BpeMeHU;

® BbISBSATb 91EMEHT KOHCTRYKLMM CKB2XKMHDI,
CO3AaroLLINIA Kakme-nMbo OCNOXKHEHWS (DUNBTP,
nepcopaumm 1 T.m.);

® COOENCTBOBaTb PagdpaboTke HausyuLLIMX METOOO0B
0TOOPA CKBEDKNHHOM NMPOAyKLIM Be3 yXyaLleHns
SKCMNyaTaumOHHbIX Mokasartenen;

® 3a0MaroBPEMEHHO BbISIBNATL MPOBIEMbI NN
OCIIOXHEHWISA, KOTAa Ha X PELLIEHVe U yCTpaHeHne
TPebytoTCa MeHbLUME YCUINS;

e fonee rnyboKo U3y4nTb MEXaHN3MbI MEPETOKOB 1
anbdepeHUmManbHOro NCTOLLEHWST MPKY SKCMTyaTaumm
CKBaXKWNH C HECKOJTbKVMW NHTEPBaamMn OQHOBPEMEHHO-
pa3[enbHON SKCMyaTaumn.

Hamm npoBeagHbl noTHOMacLLTabHble nabopaTopHbIe
McrbiTaHusa KoHuenuym AMIC ansa cnyyaes

CHWKEHUSA MPOHULIAEMOCTHY B PE3ySIbTaTe 3acopeHns
MPOTUBOMNECOHHBIX (PUNBTPOB B CKBEXKNHAX, 3aKOHHYEHHbIX
6e3 NPUMEHEHNS FPaBUIAHOV HaBMBKM.

MonHomaciuTabHbie NaéopaTopHbie UCTbITAHNA

Cxema 1 thoTorpacus n1abopaTtopHON YyCTaHOBKM
(MpeacTaBnAoLLEN CODOW 3aMKHYTbIN FOPU3OHTaSTbHbIN
KOHTYP), Ha KOTOPOW MPOBOAUUCE U3MEPEHNS,

rnokasaHbl Ha puc. 3. HapyxxHas Tpyba (obcagHas
KOJTOHHA) M3roTOBNEHa N3cTekna. BHyTpeHHss Tpyba
(MpoTrBONECoYHbIN PrnsTP K3 MNBX) ycTaHoBeHa BHY TP
C 1CMOMb30BaHEM NIaCTUKOBBIX LIEHTPATOPOB.

[ns MoOenMpoBaHns CXEMbl YCTaHOBKM
NPOTUBOMECOYHOIO hnbTPa B HEOOCaXKEHHOM CTBOSIE
CKBaXKMHbI («<OTKPbITbIE MOPbI») UCMONb30Baack Tpyda

13 [MNBX ¢ wenesbiMu Npopessmu LnpuHon 0,0002

M (puvic. 1¢). B kadecTBe Mofen Ons 3aCOpeHHOro
MPOTMBONECOYHOMO (hUbTPA UCMONbL30BaiaCh CrioLLHas
Tpy6a 13 MNBX 6e3 LeneBbIX MPOPE3€eN, YCNOBHO
HasblBaeMas «3aKpbITble MOPbI». KOMBLIEBOE MPOCTPaHCTBO
MeXXay BHYTREHHEN 1 HAPY>KHOM TpyGamy 3aroHANOCh
BOLOW. 13MepeHnsi MpoBOOMIIMCE C MOMOLLIO rpynnbl 24-
KaHabHbIX MOPOaKYCTUHECKUX MPUEMHMKOB (C MHTEPBASIOM
35 CM) 1 MbE303NEKTPUNHECKOTO NCTOHHMKA. Kak MPYEMHIKIA,
TaK M UICTOYHMK ObISN YIOXEHB! HA «OHE» BHYTPEHHEN TPYObI.

WneanusupoBanHaa MojieNb 3aKaHYMBaHUA

B peanbHon cutyaumm npoTnBoneco4Hble nnbTPbI MOMyT
VMETb JOBOJIbHO CIOXKHYKO KOHCTRYKLMIO (prc. 1d), HO
Mbl Npegnonaran, YTo MUnLTP MOXET BblTb UMUTUPOBAH
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Idealized completion model

Actual sand screens can be quite complicated (Figure 1d),
but we assume that the screen can be represented by a
homogeneous effective pipe, both in terms of mechanical and
hydraulic properties. If this pipe is not permeable (plugged
screen), then the laboratory setup can be simplified to this
idealized four-layered model: fluid-elastic inner pipe (screen)
—fluid-elastic outer pipe (casing). This model of two concentric
elastic pipes with a free outer boundary supports four
axisymmetric wave modes at low frequencies:

e Tl - tube wave supported by the inner pipe

e TO - tube wave supported by the outer pipe

e Pl - plate (extensional) wave related to the inner pipe

e PO - plate (extensional) wave related to the outer pipe.

] < 5 54 4
PO Pl F PO :
Ea 4 4
= o v b PO -
2 ﬁm: TO TO
O3 3 - 3
£ b 7’
Ez ﬂ z r' 3 I
2 Il 5= —
QI) -
g ! 1 g 1
> = TI
(1] _ll- L[]
0 2 1 & 2 1 & 0 : 1 &

Bpema (uc) Time (ms) Bpema (uc) Time (ms) Bpema (uc) Time (ms)

PucyHok 4: CeicMmorpamMmMbl AaBAeHUst ¢
rnocnenoBartesibHbIM YCUIEHEM aMMAUTyObl ANst
YETbIPEXCIONHON MOAEN C 3aKPbITbIMK Nopamm (6e3
rPaBUNHON HABMBKW). MOAENb MOAESb C HAPY>KHOM
TpybOoW 13 CTEKNA U MIaCTUKOBLIMIA BHYTREHHMN
Tpybamu. (a) HOMUHMPYIOLLIEE BCTYMNEHNE ObICTPOMN
Tpy6HOoM BonHbI (TO — 1030 M/C) OT Hapy>KHOW
CTEKIIAHHOW TPYOOW. (b) MEHEE MHTEHCUBHOE BCTYMAEHNE
MeaneHHoM TpyOHoM BonHbI (Tl — 270 m/c), cBsi3aHHOE
C BHYTPEHHEN MNacTUKOBOW TPYObI. (C) MpoaoisHble
BOJTHbI IMEIOT €eLLe MeHbLLyto aminutyay (PO
Kopu4HeBOro LiBeTa — 5410 Mm/c, Pl 3eneHoro LgeTa

- 1630 m/c).

Figure 4: Pressure seismograms with successive
amplifications for a four-layered model with closed pores
(no gravel pack) using model with glass outer pipe and
plastic inner pipes. (a) The largest arrival is a fast tube
wave (TO - 1030 m/s) related to the outer glass pipe.
(o) The smaller arrival is a slow tube wave (Tl - 270 m/s)
related to the plastic inner pipe. (c) Plate waves are of
even smaller amplitude (brown PO - 5410 m/s, green

Figures 4 shows synthetic seismograms for a four-layered
model similar to the experimental setup. The dominant
arrival is a fast-tube wave associated with the outer pipe
(TO), whereas the slow-tube wave supported by the inner
pipe (TI) is weaker. If the inner pipe becomes permeable
(open to flow sand screen), then both tube waves
experience attenuation and slow-down.
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B BYPEHUE N AOOBbLIYA

MPOCTO rNaaKon TRYOOM, Kak C TOYKI 3PEHNS MEXAHNHECKIX,
TaK 1 MAPaBIMHECKMX CBONCTB. ECnn Takas Tpyba saBnaeTca
HEMPOHMLIGEMO (3a6UTbIN PUABTP), TO KOHUNYPaLIUS
NabopaTopHON YCTAHOBKM MOXKET ObITb YMPOLLEHa 0
«Oean3NPOBAHHOM» YETLIPEXCIIONHOM MOOEM «KOKOCTb
- BHYTPEHHSS Tpy6a (unbTp) - XKNAKOCTb - HAPY»KHas Tpyda
(obcapHast konoHHa)». B Takon Moaenm, COCTOSILLIEN 13 OBYX
KOHLIEHTPU4HBIX YIRYIX TRYO C HESAMKHYTbIM Hapy>KHbIM
MPOCTPAHCTBOM, MOXKHO «MPOMHaTb» YETbIPE CNEayOLLIMX
BMOA OCECUMMETPUYHBIX HUSKOYACTOTHBIX BOJSTH:

e Tl - TpybHas BOMHa, CBA3aHHAsA C BHYTPEHHEN TPYyOOM

e TO - TpybHas BOMHa, CBA3aHHasA C Hapy»KHOW Tpyoow

e Pl - nnacTvHYaTas BonHa, CBA3aHHas C BHyTPREHHEN TPyooM

e PO — mnacTyH4yaTas BONHa, CBA3aHHas C HAPY>KHOWM TPyBOowM

Ha puic. 4 nokasaHbl pacyeTHble CencMorpammb
YETbIPEXCONHOM MOAeNn, NoA0BHOW TOM, KOTopas
COOTBETCTBOBa/1a KOHUIypaLmmn aKCrepyMeHTaIbHOM
yCTaHoBKW. [peocbnanano BCTyrnneHne bbICTPor TpyOHOM
BOJTHbI, FEHEPUPYEMO Hapy>kHOM Tpybow (TO), Npu SToM
Mef/ieHHas TPpybHast BOSIHA, FreHepUpyemMas BHyTREHHEN
Tpy6on (Tl) 6bina cnabee. Ecnm BHyTPEHHIOIO TRYOY
cenatb NPOHMLIAEMON (OTKPBIBAETCS 471 MPOXOXKAEHNS
MoTOKa Yepes MPOTUBOMECOYHbIN (MNLTP), TO 0ba BUaa
TPYOHBIX BOJSIH 3aTyXatoT 1 3aMe/IA0TCS.

«[lOBTOPHbIIA UKW HEeNpepbIBHbLINA KapoTax>»

(npoxopALjve BOJIHbI)

PaccMOoTpUM cHadarna xapakTepUCTUKIM PacrpoCTpaHeHus
MPOXOAALLMX BOSIH (CKOPOCTb U 3aTyxaHue) B

MPUCYTCTBUN HE3ACOPEHHOIO («OTKPLITOr0») 1 3aDUTOO
NPOTUBOMNECOYHOro hnnbTpa. Ha puc. 5a nokasaHbl
«/ICXOAHble» (He0bpPaboTaHHbIE) AaHHbIE, MOMyYEeHHbIE

0115 CnyYaeB OTCYTCTBUSA MPOTUBONECOYHOMO (nNbTPA,

a TaKKe ero HaMM4ms ¢ «OTKPbITbIMM» UMK «3aKPbITbIMU»
nopamu. [axke C y4eTOM OTPaKEHWIA OT MeCTa CTbIKOBKM
TPYO, Mexay yKasaHHbIMN CLEHAPUSIMIA CYLLIECTBYIOT
4YeTkMe pasnuyns. [NepBoe pasnuymne 3aKHaeTcs B TOM,
YTO MNPV MPOroHKE BapuaHTa 6€3 NPOTHMBONECOHYHOMO
dunbTpa Bbina 3aperncTprpoBaHa ToIbKO ogHa (BbicTpas)
TpybHast BOHA, CKOPOCTb KOTOPOW COCTaBAA OKOJO
1050 m/c. AMNAnTYfa STOW BOSHbI HECKOJIBKO CHU3MIAaCh,
YTO NPEONONOXKUTENBHO CBSA3AHO C ECTECTBEHHbBIM
3aTyxaHveM B kabene 3anvcbIBatoLLErO YCTPOMCTBA.
Nocne YCTaHOBKM HEMPOHMLIAEMOW BHYTPEHHEN TPYObI
(BapWiaHT ¢ 3aKpbITbIMK NOPaMM) MosiBUIack MeaIeHHas
TpybHas BOsHa, Mpw 3TOM 3aTyxaHune ObICTPOo TpyOHOM
BOJHbI YCUAMNOCh. [10CNe YCTaHOBKM BHYTPEHHEN TpYObI C
LeneBbIMM MPOPE3AMM (BApUaHT C OTKPbITbIMK MOpamm),
Mexay hnongamMmy ¢ 06emx CTOPOH MNPOTUBOMECOYHOMO
dunbTpa 13 MNBX ycTaHoBMnack mapoanHaMmyHecKas
CB$I3b, MPUBOSILLIAS K 0OCOH0 NHTEHCUBHOMY 3aTyXaHWo
060VX BUOOB TPYOHbIX BOSH. Taknm 06pasom,
3Ha4NTENbHOE MOBbILLIEHNE MHTEHCUBHOCTM 3aTyXaHWs

Kak BbICTPbIX, TaK 1 MEANEHHBIX TPYOHbBIX BOMH ABNSETCS
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“Permanent or repeated log” (transmission)

Let us look first at transmission signatures — velocity and
attenuation — in the presence of open and plugged screens.
Figure 5a shows the raw data recorded in the case of no
screen and a screen with “open” or “closed” pores. Despite
pipe joint reflections, there are clear differences between
three scenarios. First, in the absence of a screen, there is
only one (fast) tube wave present with a velocity of about
1050 m/s. It experienced some amplitude loss, possibly
due to intrinsic attenuation in the recording cable. When an
impermeable inner pipe was added (closed pores), a slow
tube wave appeared, and the fast tube wave became more
attenuative. When the inner pipe became slotted (open
pores), then fluid on both sides of the PVC screen started
to communicate, and this led to a very strong attenuation
of both tube waves. Thus, a greatly increased attenuation
of both fast and slow tube waves was the first-order
diagnostic for open screens, whereas reduced attenuation
was characteristic for plugged screens.

Additional diagnostics can be established by analyzing
energy distribution as a function of frequency between
these two cases. Figure 5b shows slowness-frequency
displays. Both fast and slow tube waves with approximately
the same velocities of 1100 m/s and 350 m/s are clearly
seen in the plugged and open cases, however, the slow
wave is completely absent without a screen. In a plugged
screen, the fast wave carries maximum energy in the
frequency range of 300-600 Hz close to the dominant
frequency of the source, whereas lower and higher
frequencies carry less energy. In contrast, the spectrum of
the fast wave in an open screen has a big energy “hole”
between 300 and 600 Hz where the fast wave is attenuated
so strongly that even higher frequencies (600-900 Hz) carry
more energy. This behavior suggests that fast-wave energy
is severely attenuated in the medium frequency range,
whereas it is still preserved in the high-frequency range.

Let us now compare this behavior with the poroelastic
reflectivity modeling. Figure 6 shows synthetic seismograms
computed for a glass setup. The sand screen is modeled
as a poroelastic Biot cylinder. Similar to the experiment

with closed pores, we observed two tube waves with the
fast tube wave dominating in amplitude. In the presence

of a screen with open slots, both waves experienced

strong changes. The fast tube wave experienced moderate
attenuation and change of waveform.

The slow tube wave transformed into a complex packet
with weak amplitude. The following physical interpretation
can be given to the modeled results. A tube wave is born
when the piston-like motion of the fluid inside the pipe
creates a radial expansion that is resisted by the elastic
pipe. The slow wave is supported mainly by the inner pipe.
When this pipe becomes slotted, radial movement of the

www.rogtecmagazine.com



World Leader Looking for Managers and Field Engineers

Welltec® is expanding into Russia

Welltec® is the world's leading provider of robotic interven-
tion solutions for oil and gas wells and we are experiencing
a rapid, continued growth. To date, we have opened 35
offices in 20 countries across the world in order to respond
to the demand for our services.

We recently opened a new office in Moscow and are look-
ing for dynamic people to help establish the office and
sustain our development in the region. You will be given
a unigque chance to strengthening our footprint in a new
business area while joining a highly innovative company.

General Manager
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keting, including operational management and associated
administrative functions. Thus, solid experience in CRM and
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out our services all over Western Siberia, but you must also
be willing to travel to the rest of Russia. We expect you to
have a degree or HND/HNC in electrical/mechanical engi-
neering, science or equivalent experience,

Qualifications for all positions

Ideally, you have experience from a service company, pref-
erably with a wireline and/or completions background, or
will have a technical background enabling quick compre-
hension of our area of business. We expect you to be self-
driven, ambitious and fluent in English and Russian, both
spoken and in writing.

You must expect some travelling to other parts of Russia,
but you must also expect occasional overseas travelling.

Compensation

Welltec® is offering an attractive compensation package.
For further information regarding Welltec® and to apply
online, please see our website www.welltec.com If you
would like to know more about your possibilities in one of
these rewarding positions, please contact HR Consultant
Lars Holm at telephone +45 48 14 35 14,

Welltec

Gydevang 25 » 3450 Alleroed » TIf.: +45 48 14 35 14 » Fax: +45 48 14 35 18 » welltec.com




M BYPEHME 1 JOBbIHA

A

Bes unbTpa

x 103 No Screen
be3 dwmnbTpa
No Screen

-
o

Bpemsa (mc)
Time (ms)
MepneHHoOCTb (c/M)
Slowness (s/m)

N
o

200 400 600 800 1000

0 2 4 6 8

¢I/I.l1pr C 3aKpbITbiMKX NOpamMmu

PunbTp € 3aKpPbITbIMK NOpamMu
Screen: closed pores P P P
*

Screen: closed

0 sy -5
- g
m BbicTpasa X g
EEw0}, * 22
T2 MTRR :
o £ 0
Q. — I C
o 0 =
20 | MepneHHan E ke
To
=
0 2 4 6 8
PUNbTP C OTKPbITbIMU NOpaMun 200 400 600 800 1000
Screen: open F:Jres
0
T PuUnbTp € 3aKpbITbIMU NOpaMu
_ N x 10-3 Screen: open
g > BbicTpan \1‘ 5
= é 10 {18
=2 (Ml 52
gF 29
n
20 | MepnexHan T
B g e
HEEEEE NN T C
o 2 4 6 8 g3
[OnuHa BAONb yCTaHOBKM (M) §

Offset (m)

200 400 600 800 1000

Yacrota ("u)
Frequency (Hz)

PucyHok 5: CecmorpamMmbl (@) U M300paxKeHNs 3aBUCMOCTU MEANIEHHOCTU BOJIH OT YacTOThI (D), MOCTPOEHHbIE

MO 3KCTMEPVMEHTaTbHBIM AaHHbIM. Ha 13obpakeHnn «6e3 unnbTpa» nokasaHb! pesyibTarthl Ans KOHUrypaLym 6e3
BHYTPEHHEN TPYObI; Ha M300PaXKEHNN «OUITBTP C OTKPBITBIMM MOpaM» - A5 KOHUNyPaLmin C MPOTUBONECOYHBIM LLENEBLIM
rIETPOM, a Ha 30BPaKEHNN «DUITBTP C 3aKPbITbIMM MOPaM» - 4J1st BapyaHTa CO CrIOLLHOM TPpyOow (Be3 LUeneBbIx
npopesen). Cneayer OTMETUTB, YTO BbICTPas TRYOHas BOSTHA MEHBLLIE BCErO 3aTyxaeT Mpy OTCYTCTBAM (OUILTPA, YMEPEHHO

3aTyXxaeT B YCOBUSX 3aKPbIThIX MOP Y B 3HAYUTENBHOM CTEMEHN MOMIOLLAETCS MPW HAIMHMM OTKPbITBIX MOP.

Figure 5: Seismograms (a) and slowness-frequency displays (b) of experimental data. “No screen” shows traces in
the absence of an inner pipe. “Open pores” is for a slotted sand screen, whereas “closed pores” is for a blank pipe
(no slots). Note that the fast tube wave is least attenuated in the absence of a screen, attenuated in closed pores and
substantially absorbed in open pores.
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KomMmnnekcHoe PeweHue

npobnem NpoMbIBKN CTBOMA CKBaXKMHbI

YHVKanbHble NepenyckHble cucTembl PBL, obnagatoLme LWmpoKMmMm
BO3MOYXHOCTSIMM, MOMOIYT BaM CYLLIECTBEHHO CHW3UTb 3aTpathl Ha bypeHue,
CBSi3aHHbIE C MOrnoLLeHneM BypoBOro pacTBopa 1 CHYDKEHMEM pacxoda

B MpoLiecce BypeHusi, 3aKkaH4MBaHNS 1 KannTabHOMO PEMOHTa CKBaXKWH.
[aHHble yCTPOMCTBA NO3BONAIOT ornepartopamM NPoBOANTb SMMEKTUBHYHO
peann3aLmio MHOFOYMCIIEHHbIX MPOEKTOB B Pa3HbIX CTpaHax Mupa.

e [IByxKaHasbHbI Camo3anparoLLNNCs LIMPKYASLIMOHHBIN
nepesoaHuk PBL komnanum DS

e [IByxKaHasbHbI Camo3anparoLLUNnCs LIMPKYASLIMOHHBIN
nepesoaHVK PBL yBenn4eHHOro gnameTtpa KoMmnaHum DS

° MHOroMYHKLMOHAbHbIN LLAPUKOBBIA LINPKYASLIMOHHBIN NEPEBOAHMK
komnaHum DSI ¢ rmapoMOHUTOPHBLIM YCTPOMCTBOM A1
NPOTUBOBbLIOPOCOBbLIX MPEBEHTOPOB 1 BOAOOTAENAOLLMX KOMOHH

Bam Heo6xoaumMo yBenuuuTb nopgavy 6ypoBoro pacteopa B HWKHeun
yacTu 6ypunIbHON KOJTOHHbI MU NOAHATbL TPYybbl 6e3 cucoHa?
[ByXxKaHanbHbIA caMO3anuparLWMNCA LMPKYNALUMOHHbIN
nepesofaHUK PBL no3BonuTt Bam pelunTb 3TV Npobnembl
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B BYPEHUME N OOBbIHA

MPW3HAKOM NEPBOro NOPSAKa, CBUAETENBCTBYOLLMM
O HaNMYMN HE3ACOPEHHOTO («OTKPLITOr0») nbTPA,
B TO BPEMS KaK HE3HAYNTENBHOE 3aTyxaHne BOH
XapaKTepusyeT ero 3acopeHue.

Bonee TwarensHoe anarHoCTUPOBaHNE MOXET OblITb
BbIMNOMIHEHO MYTEM CPaBHUTENBHOMO aHanM3a 3aBUCUMOCTU
SHEPreTUHECKMX CMEKTPOB OT YaCTOTbl 4715 0OOUX
paccMaTtpyBaeMblx BapuaHToB. Ha puvic. 5b nokasaHsbl
aviarpamMMbl 3aBUCUMOCTY MEAIEHHOCTU (BENNYMHA,
obpaTHas CKOpOCTW) OT YacToThl. [pu ncnbraHm
KOHUrypauui ¢ 3aCOpPEHHbIM 1 HE3aCOPEHHBIM
(«OTKPbITbIM») PUIBTPOM, OTHETIIMBO MPOCNEXMBAIOTCA
Kak ObICTpble, TaK 1 MefsieHHble TPYOHbIE BOSHbI C
NPVYMEPHO OVHAKOBbLIMM CKOPOCTSIMM (COOTBETCTBEHHO
1100 m/c 1 350 m/c), opgHako 6e3 hnnbTpa MeaeHHbIE
BOJTHbI MOSHOCTBIO McHe3atoT. Ecnv npu NporoHke
BapuaHTa ¢ 3aCOpeHHbIM OUNbTPOM BbICTPbIE BOSHbI
MEPEHOCST MakCMaIbHOE KONMMYECTBO SHEPTUN B
nnanagsoHe YactoT oT 300 Iy go 600 Iy, 61mM3Kom K
OOMVHaHTHOWM HYacToTe UCTOYHMKA, TO BOSHbI C 6onee
BbICOKVMM MM MEHBLLVMW YacToTamm SBNSOTCA bonee
cnabbiMy SHEProHOCUTENAMI. B MPOTMBOMONOMHOCTL
3TOMY, B AManasdoHe vactot ot 300 Iy go 600 My
3HEPrETUHECKMN CMIEKTP ObICTPOWN BOMHbI MPU MPOrOHKE
BapviaHTa C «OTKPbITbIM» (OUNBTPOM OT/IMYaeTCA
HanM4meM BOMbLLION «3HEPreTUHECKON Mbl». B 3ToM
clyqae ObICTpas BoiHa 3aTyxaeT HaCTONMbKO UHTEHCUMBHO,
YTO JavKe BbICOKME HacToThl (600-900 L) nepeHocaT
BonbLUee KOIMYECTBO 3HEPIM. Takas MoBeaeHYECKas
3aKOHOMEPHOCTb O3HAYAET, YTO SHEPIUS BbICTPbIX
BOJTH PE3KO 3aTyxaeT B CpeAHEM Avana3oHe YacToT U
COXPAaHSIETCS B AMana3oHe BbICOKMX YaCTOoT.

CpaBHUM pe3ynbTaTthl NabopaTopHbIX UCTbITaHUM C
OaHHBIMW PaCHETHOrO MOOENMPOBAHVSA B CIIOUCTOM
LUNAVHOPWUHECKON MOAENN PACHUTaHHBIX MaTPUYHBIM
MeToAoM. Ha puc. 6 nokasaHbl pacyeTHble
cencMorpamMMbl A1t KOHDUypaLmm ¢ Hapy>XHOM
TPYOO N3 CTEKNOBOMOKHA. [1pOTMBONECOUHBI OUILTP
MOOENMPYETCA Kak ynpyri unavHap. Kak v B pesynbTarte
SKCMEPVMEHTOB C 3aKPbITbIMX MOpamMu, HabKoAaMCh
[OBa B/aa TPybHbIX BOSH, MpY 3TOM BbICTpas TpybHas
BOJIHA AOMVHMPOBaUIa MO BENMHMHE aMinTyapl. [pu
HanYnm nneTPa C OTKPLITIMA LLIENEBBIMU MPOPE3AMM
XapaKTePUCTNKM 060X BUAOB BOSIH NMpeTepneBaiv
3HaqMTENbHbIE N3MeHeHVS. BbicTpas TpybHas BonHa
YMEPEHHO 3aTyxana 1 MeHsiia opmMy KonebaHui.
MepnneHHas TpybHas BonHa Npeobpas3oBbiBaniacb

B CMIOXHbI HUSKOAMMUTYOHBIM BOSITHOBOW MaKeT.
PesynbTarbl MOAENMPOBAHUSA MOXXHO C (ON3N4ECKOM
TOYKM 3PEHNS MHTEPMPETUPOBATL CIEAYIOLLIMM 06Pa30oM.
TpybHas BoHa hopMUPYETCS B YCNOBUSIX, KOrda
BO3BPATHO-MOCTYNaTeIbHOE ABVPKEHNE HAXOASLLErOCA
BHYTPW TpyObl (hntonaa Bbi3bIBaET pagvianbHoe
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PucyHok 6: PacyeTHble faHHble MOOENMPOBaHIA
OTKPbITBIX 1 3aKPbITbIX MOP 419 BapyiaHTa C Hapy>KHOM
CTEKNsAHHOW TpyboW. (a) OBepnel cencMmorpamm
OABMEHNS 071 OTKPbITbIX (KPACHbIE) 1 3aKPbIThIX
(4epHble) MOp, MoKaablBaroLLMIA, YTO BbiCTpas TRybHas
BOJIHA NPV HANMHUN MPOHULIGEMOrO (UIbTPA 3aTyXaeT U
paccenBaeTcs. [[onybble 1 KpacHble IMHUM 0D03HAYatoT
CKOPOCTY Npobera oTpaxeHHbIX ObICTPbIX (1030 M/C)

1 MeaJieHHbIX (280 M/C) TPYOHBIX BOSH. () ChexkTpbl
3aBVICYIMOCTU MEOJIEHHOCTU OT YacTOThI.

Figure 6: Synthetic data computed for open and

closed pores in the glass setup. (a) Overlay of pressure
seismograms for open (red) and closed (black) pores
showing that the fast tube wave in a permeable screen
experiences attenuation and dispersion. Blue and red
lines denote moveout velocities of the fast (1030 m/s) and
the slow (280 m/s) tube waves. (b) Slowness-frequency
spectrums.
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pacLUMpeHme TPyObl, BCTPeYatoLLEe CONMPOTVBIEHNE ee
yrApyrom cTeHkn. MeaneHHast BOfHa NPerMyLLIECTBEHHO
rEHepUPYeTCH BHYTPEHHEN Tpybon. Ecnv ata Tpyba
NMEET LLIENEBBIE MPOPE3M, CONMPOTUBEHNE PaamalibBHOMY
OBVDKEHMIO (Drtomaa MPeKpaLlaeTes, Tak Kak XKUOKOCTb
MOXXET CBODOAHO MEPETEKATL B KOMbLIEBOE MEXTRYDOHOE
MPOCTPAHCTBO, YTO BbI3bIBAET NHTEHCMBHOE 3aTyXaHne
ME[MEHHON BOMHbI. B MpOTUBOMONOXKHOCTL 3TOMY,
ObICTpasi BOMHA NMPEeVMYLLIECTBEHHO MOOAEPKMBAETCS
HapPY>KHOW CrOLLHOM Tpybol 13 cTekna. Kpome Toro,
€C/ BHYTPEHHAA Tpyba CTaHOBUTCS MPOHULIAEMOA,

TO XXMIOKOCTb B BO3BPATHO-NOCTYMNATENBHOM PeXXMMe
OBVPKEHWS, (DOPMUPYIOLLIErO BbICTPYHO BOSHY, MOXXET
nepeTekaTb B 06a HanpaBieHNst MeXXay Hapy>KHbIM

N BHYTPEHHUM cToN6amm paonaos 1 STUM CaMbIM
BbI3bIBAET 3aTyXaHNe yMEPEHHON NHTEHCVBHOCTU.

Kak rnokasbIBaeT CMeKTP 3aBUCKMOCTU MEOSIEHHOCTU OT
YaCTOTbI, MOYHEHHbIA MPK pacyeTe BapraHTa C OTKPbITbIMM
nopamm (puc. 6b), BbIcTpast BonHa MpeTeprneBaeT aHOMabHO
WNHTEHCUBHOE 3aTyxaHue B CpefqHeM auanasoHe 4acToT

o1 350 Iy, oo 700 Ny, 4TO corflacyeTcs C pesysraramm
3KCMEPUMEHTOB. Ha puc. 7 oTobpadkeHa 6osee YeTkast
KapTWHA yCpeOHEeHHbIX XapaKTepUCTUK BOSIH MaJIoro,
CpEOHEro 1 BbICOKOro AvarnasoHa 4actot. CpaBHeHue
pUC. 7a 1 pUC. 7 NOOTBEPXKAAET KAHECTBEHHYIO
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fluid is no longer resisted since liquid can freely escape to
the annulus, thus leading to a strong attenuation of this
wave. In contrast, the fast wave is supported mainly by

the outer glass solid pipe. In addition, when the inner pipe
becomes permeable, a piston-like motion of the fluid in the
fast wave can exchange the fluid between the outer and the
inner fluid columns, thus creating a moderate attenuation.

The slowness-frequency spectra for open pores (Figure

6b) shows that, similar to the experimental results, the fast
wave experiences anomalously high attenuation in the
medium frequency range of 350-700 Hz. A more robust
display averaging over small, medium and high frequencies
is shown on Figure 7. A comparison of Figure 7a and 7b
confirms the qualitative agreement between experiment and
modeling. In both cases, the fast wave exhibits anomalous
amplitude decrease in the medium frequency range, while
still preserving higher and lower frequencies. This amplitude
decrease should be attributed to anomalous attenuation
caused by fluid movement through the slotted porous
screen. The frequency range with resonance attenuation is
controlled by permeability, i.e., the lower the permeability,
the higher the frequency of the band with anomalous
attenuation of the fast wave. Therefore, central frequency of
the band with anomalous attenuation of the fast tube wave
is an additional useful diagnostic of the screen permeability.
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M BYPEHUME 1 JOBbIHA
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PucyHok 7: [JaHHble 3KCMepUMEHTOB (a) 1 pacHeTOoB (D) pacnpeaeneHst sHeprim GbICTPo TpYOHOM BoHbL. CnepyeT
obpatuTb BHUMaHME Ha aHOMasTbHO BbICOKYHO MHTEHCKBHOCTD 3aTyxaHns B «CpeaHeM» avanasoHe YacToT (~300-700 IMwy)

13-3a MPOHULIGEMOCTN OUNBTPA.
Figure 7: Experimental (a) and modeled (b) distribution of energy of the fast tube wave. Note anomalously high
attenuation in the “medium” (~300-700 Hz) frequency range due to permeability of the screen.

COrnacoBaHHOCTb PE3Y/LTATOB SKCMEPUMEHTaTbHbIX
VCMbITaHNM 1 pacHeTHOro MoaenmMpoBaHus. B oborx criydasix
ObICTPas BOSTHA XapaKTepUayeTCs aHOMasTbHO PE3KMM
CHVDKEHVIEM aMMIUTYbl B CPEOHEM AMarna3oHe YacToT,
OHOBPEMEHHO COXPaHss 68 B BbICOKOM W H3KOM AMara3oHax.
Takoe CHYDKEHVE aMmIMTYab! AOIDKHO Obmb OOYCOBIEHO
aHOMaUTBHO VHTEHCVIBHbIM 3aTyXaHEM, BbI3BaHHBIM
MPOXOXKAEHVEM COrtoMaa HEPES LLIENEBON «MOPUCTBI» OUITBTP.
[vianasoH YacToT C PE30HAHCHBIM 3aTyXaHVem 3aBVCUT OT
MPOHLIEEMOCTV (OUNBTPA, T.€. YeM HWKE MPOHNLIAEMOCTb, TEM
BblLLIE YACTOTA MOSIOCh! C aHOMAaSTbHO MHTEHCVBHBLIM 3aTyXaH/em
ObICTPOM BOMHbI. TakiM 06pa3oM, AvanasoH LIEHTPabHOM
YaCTOTHOM 0BNacTV MOOCh! C aHOMaSTbHO MHTEHCUBHBIM
3aTyxaHvem ObICTPOW BOSIHbI SIBNSIETCSA eLLe OAHM
NMofe3HbIM ANarHOCTUHECKUM MPUSHAKOM U151 OLIEHKM
MPOHMLAEMOCTU MPOTUBOMNECOYHOro hunbTpa.
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Gonclusions

We propose a new non-intrusive real-time technique that
monitors changes in permeability along sand-screened
completions utilising acoustic signals in the fluid column.
We presented a full-scale laboratory test verifying the
method for a scenario where impairment is caused by
sand-screen plugging in a completion without a gravel
pack. We observe two tube waves supported by the

screen and casing. Simple inspection of the raw data allows
identification of plugged and open sections of the screen;
plugged sections give a large signal, whereas open sections
have a low signal (increased attenuation of both fast and
slow tube waves). We further compared experimental
results with simple poroelastic modeling and found a
qualitative agreement between experimentally measured
and predicted signatures.
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B BYPEHUE N AOOBbLIYA

BbiBoAbI

Hamu npeanoxxeH HOBbIM «AUCTAHUMOHHBIN» (He
TPEeOYIOLLMI MEXAHNHECKOrO BMELLIATENBCTBA) METOL,
MO3BONSAOLLINIA B peaSlbHOM MacLuTabe BpeMEHM
PErncTPUPOBATL U3MEHEHNS MPOHULIAEMOCTH B

30He MPUTOKa SKCMyaTaLMOHHOIO 3a6051 CKBaXMH,
3aKOHYEHHbBIX C MPUMEHEHNEM MPOTUBOMNECOUHBIX
duneTpoB. MNpeanaraemMblin METOA OCHOBAH Ha U3MEPEHN
XapaKTEePUCTNK aKyCTUHECKIX CUMHASIOB B CTOM10e
CKBaKMHHOIO dhrtonaa. NpeactaBneHo onmcanme
noJIHOMAacLLTabHbIX TabopaTopHbIX UCTbITaHNIA,
pe3ynsTaTbl KOTOPbIX MOATBEPAMIVN a0EKBATHOCTb
MeTOoZa B Cllydae, KOrfa CHKEHME MPOHULIAEMOCTH,
Bbl3BaH3acopeHveM uneTpa. [pr 3ToM rpaBunHas
HabvBka oTcyTcTBOBana.. [poBeaeHb! HabNaeHNS

3a ABYMS BUOAMU TPYOHbBIX BOSH, FEHEPUPYEMBIMM
MPOTUBOMNECO4YHLIM (PUNBETPOM 1 OBCaAHON KOMOHHOM.
[MpocTon aHanmM3 HeobpPaboTaHHbLIX OaHHBIX MO3BONSET
BbISIBUTb 3aCOPEHHbIE U HE3AaCOPEHHbIE (OTKPLITHIE)
Yy4aCTKK pabo4yer MOBEPXHOCTU MPOTUBOMECOYHOMO
dumnbTpa: 3aCOPEHHbIE YHaCTKN FEHEPUPYIOT CUMBbHBIN
CUrHan, a He3acopEHHbIe — cnadblii (YCUNeHHOe 3aTyxaHue
Kak BbICTPbIX, TaK 1 MefIeHHbIX TPYOHbIX BOMH). Kpome
TOr0, Mbl CPaBHUN OAHHBIE SKCMEPUMEHTATBHBIX
WCMbITaHWIA 1 MPOCTBIX PaCcHETOB MOPOYMNPYro Modem,
1 MOKa3a/M NX KA4eCTBEHHYIO COMIaCOBaHHOCTb
PE3yNLTATOB 3KCMEPUMEHTANTBHBIX UCTIbITaHUIA 1
pPacHeTHOr0 MOAENMPOBaHNS BOSTHOBbIX XapakTEPUCTUK.

BoipaXkeHuie 6narojapHocT!

Mbl xoTenn 6bl noGnarogapuTb HaLLMX KONAer 13
koMnanun «LLenn»: kuma Knntn (Jim Kielty), Jensa
Ctioapta (Dave Stewart), [hkeka bonnzsa (Jack Boyles),
Kudpa Jlaea (Keith Love) n Kena Yuncona (Ken Wilson)
3a NPOAenaHHyK OrPOMHYHO PaboTy MO CO3AAHNIO
SKCMEPUMEHTANBHOWM YCTAHOBKM, a TakKe 3a MOMOLLb,
OKagaHHYH VMW MPpK MPOoBEAEHUN 1abopaToOpPHbIX
3KCMEPVIMEHTOB.
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