





ObocHoBaHKE OE30MACHBIX PEKUMOB 3KCILTyaTaluH. . .

Bapuaum 2(A). Ilo pe3ynpraraMm pacdeToB B HEOJHO-
POJIHOM TIOJI€ TOPH3OHTANBHBIX HArpy3oKk S, >S, . Kak
TIpescKa3bIBaeT Je(hopMalMoHHas TEOpHUs, MaKCHMaJIbHAs
KOHIICGHTPAIMS CABUTOBBIX HAIPSHKEHUH OyleT 1OCTUTaThCs
B HaNpaBJIeHUH JIEHCTBUS MUHUMAJILHOTO HATIPSKEHHA S, .

3Ha4enus o, NOJNTyYEHHBIE B PE3yNbTaTe PacuyeToB s
BCEX BAPHAHTOB MPOHHUIIAEMOCTH 30HBI KOJIbMAaTaIMH U TIepe-
T1aJI0B JaBJICHUH, OOJIbIIE TIpe/esia Ha OJTHOOCHOE CiKaTHe.
Takum 06pa3om, B cirydae HEOAHOPOAHBIX TOPU3OHTAIBHBIX
HaNpsDKEHUH, Jake MpH HE3HAYUTEIbHOM HX Pa3IMyuH,
Ha4YUHAETCSA BHIHOC Tecka. YMCIeHHbIe 3HaY€HNs O, VT pas3-
JIMYHBIX Ha4YaJbHBIX YCJIOBUH Npe/cTaBieHbl B Tadmue 4.
Ilocrennss KoJoHKa COIEPKUT MAKCUMAaJIbHOE 3HaueHue o’
TIPY OTCYTCTBYIOIIEH 30HE KOJIbMAaTalHH.

Simins | Sumas | AP, 0Ap | o, must o, il | o, I
MIla | MIla k, =02k | k,=0.001k | h, =0
15 16 4 9.9 10.04 9.9
15 16 6 9.99 10.47 10
17.5 | 18.55 4 12.52 12.65 12.59
17.5 | 18.55 6 12.79 12.99 12.86

Tabn. 4. Maxcumanvhvie snavenus o, (MIla) 6 npuckeasicunnoii 06-
aacmu 0t HEOOHOPOOHBIX 2OPUZOHMANLHBIX HANPANCEHUTL

AHanM3upys MoJy4eHHbIE 3HAYEHHS O, MOYKHO BHJIET,
YTO HaJW4HMe KOJbMATallMy ¢ MPOHHUIaeMocThio B 20% oT
(dopmManuu 1axxe HEMHOTO ITOHM)KAeT YPOBEHb SKBUBAJICHT-
HOTO HaIpsHKEHUsI B CIIydae OTCYTCTBUS 30HBI TIOBPEXKICHUS
BooO1e. C qpyroii CTOPOHBI, CIIA00NPOHUIIAEMAST 30HA KOJTb-
Mmararmu B 0.1% OT MpOHMIIAEMOCTH TOPO/BI YBEITHUMBACT
BenMuKHy 0, CpaBHHBas 3HAYEHHS G, OJTyYeHHBIE JUTs He3a-
COpEHHOH (hopMaIy ¢ aHaJIOTMYHBIMH 110 TaOJIUIIE 3, MOYKHO
CcIenarh BBIBOJL O TOM, YTO HEOAHOPOIHOCTh TOPU30HTAITBHBIX
HAaIpsDKEHUH OKa3bIBaeT OOJIbIIIee BIMSHUE HAa BOBMOKHOCTh
pa3pylIeHHs, YeM MapaMeTphl 30HbI KOJIbMaTalny.

Ha pwuc. 14 mipencraBneno pacnpe/eneHne napameTpa o,
JUIs ieripeccun dP paBHOH 4 6ap, Ipy 3TOM CKBayKHHA HAXO0-
JIUTCS B yCIIOBUSX JICUCTBYSA Hanpsokennid S, = 18.55 Mlla,
S, .. = 17.5 MIla.

0060011123t MoTy4eHHBIH pe3ybTar ¢ OHOPOIHBIMA U He-
OJTHOPOJHBIMH TOPU3OHTAIBHBIMH HAIPSDKEHUSMH, MOXKHO
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Puc. 14. Pacnpedenenue nanpsicenus o, 601U3U CKEANCUHDL, PAC-
cuumannoe ona denpeccuu 4 oap u snavenuu S, =18.55 Mlla,
S, in=17.5MIla. lporuyaemocms somvl konomamayuu k,=0.001k
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3aKJIIOYUTh, YTO BEPOATHOCTD PA3PYHICHNS YBCIINYUBACTCA C
YBCIIMYCHUCM aMIUTUTYAbl U Pa3HULIBI MCKAY MOPHU30HTAJIb-
HBIMU HAIPSKCHUSAMU, IPU YBCIIMYCHNUHU JACIPECCUN, a4 TAKIKE
Ipyu YMCHBIICHUU NPOHUIIACMOCTU 30HBI KOJIbMATaluu.

b. Buusinue napamempog 301bl HeOpeHUst Ha BbIHOC NECKA

s Toro, 4ToOBI OoJice THIATEIHFHO MPOAHATH3UPOBATH
BJIMSIHAC 30HBI KOJIbMATAIlMK HA BBIHOC TECKa MPH BOIO3a-
0ope, OBLT BBIITOJTHCH PSI PACUCTOB, B KOTOPBIX H3MCHSIIACH
ee TIPOHUIAEMOCTh k, W mMpuHa /4 ,. Ilepenan napienus Ha
CTCHKE CKBaXXMHBI ObLJI YCTaHOBJICH paBHBIM 4 Oap, U pac-
CMOTPCHBI J[BA BAPUAHTA JJIsl TOPU3OHTATBHBIX HAIIPSKCHHIA:

1(b):S,,,.=S,,,= 16 MIla;
2(b):S,,,,. = 18.55MIla, §, ~=17.5 Mlla.

JUist IIMPMHBI 30HBI KOJIbMATAallUH /1, 3a/1aBaJIuCh CIIETy-
romue 3Hauenust: 2, 5, 7, 10 u 30 mm. [IponuiaeMocTs 30HbI
KoJibMaTanuu k, cocrasnsna ot 10% no 0.01% or mponwnae-
MOCTH (pOpMAIUH, 2 IMEHHO, KOA((PHUIIUCHT Y B COOTHOIIICHHU
k,= vk mpurnman snadenus 0.1, 0.01, 0.001 1 0.0001.

Bapuaum 1(b). B oqHOPOIHOM TOJIE TOPU30HTAIb-
HBIX HaNpsDKEHWH pacyeT 0e3 30HbI KOJIbMATallMH JaeT
0, =9.558 MIla. Ilpu ananuse pesyabTaToB pacueTa ¢
30HOH KOJIbMaTanuy ynoOHO paccMaTpuBarh (YHKIHUIO OT-
kinoHenuss Ac, = (o,— ¢,")/c” or 6azoBoro 3Hauenus o’.
MopnenupoBaHHe MOKa3bIBACT, YTO MAKCUMAIBHBIN YPOBEHB
SKBHBAJICHTHOTO HANPSDKEHUS JOCTUTACTCS B CIydae, Koraa
30Ha KOJIbMAaTallly OYeHb MaJICHbKAs 1 CIIa00NPOHUIIacMasl,
TO €CTh CHJIBHO 3a0MTa YacTUIaMH OypOBOTO pacTBOpa.
B 3THX ycIIOBUSIX B 30HE MOBPEXKICHUS ITPH OTKAUKE HHIY-
LUPYETCs] 3HAYUTEIbHBIA rpagueHT 3G QeKTUBHBIX HaIpsi-
XKCHUH, 4TO W MPHUBOIUT K pa3pyuieHuio. Pacnpenenenne
OTKJIOHEHHUs AC, B 3aBUCHMOCTH OT NapaMeTPOB /1, i K03 (-
(unmenTa yMEeHBIICHUS Y IPEJICTaBICHO Ha pucC. 15 B Buze
TTOBEPXHOCTH.

Cremyer OTMETUTb, YTO MAaKCUMaJIbHOE 3HAYCHUE HATIPSI-
YKEHUH B Cllydae HenpoHHUIaemoii 30861 konbMmaranuu (0.1 u
0.01%) nocTuraercst He Ha CTEHKE, a B ()OpMaIMU Ha paccTo-
SIHUM -2 MM OT KOHTypa CKBR)KUHBI. DTO MOYKHO BHJETH 110
rpaduKaM pacrpesiesieHus O, HOCTPOEHHBIM JUIsS TOJIIHHBI
30HBI KoTbMatanuu 2 MM 1 5 MM (Puc. 16). Takum o6paszom,
0)KHAETCSI, UTO B PEKMME OTKAYKH MPH MPEBHIILICHNH 3HAYC-
nuit UCS paszpyuienust OytyT MpOUCXOANTH B 30HE MIMPUHOMN
1-2 MM OT CTEHKHU CKBa)KUHBI.
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Puc. 15. Omrnonenue 8 MaGKCUMANbHBIX 3HAYEHUAX IKEUBALEHINHO-
20 HANPANCEHUS BOKPYE CKEANHCUNBL 8 OOHOPOOHOM NOJle 20PUSOH-
manvhblx nanpsocenutt S, =S, =16 Mlla ¢ 3asucumocmu om
wiupunst h, u nponuyaemocmu k, sonvt konemamayuu. Illapavemp y
KONUYeCMEEeHHO Xapakmepusyem yMeHbulenue npOHuyaemocmu no

cpasnenuio ¢ nemporymoii popmayuetl, k, = yk
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6) 11 o Ma Puc. 17. Dynxkyus omxnonenusn, nocmpoennas O1a CAY4aAs
¢ SHMX = 1855 MIla u Shmm = 17.5 MIla, 6 3a6ucumocmu om wupu-
10,5 HbL 30HbL KOTbMamayuu h, u Kosghpuyuenma ymeHbuens npoHu-
10 | F\ yaemocmu 'y
95 \ —e—kd=0.001 k 2. B ycnoBusix 1eicTBUS OMHOPOIHBIX TOPU3OHTAIBHBIX
R —e—kd=0.0001k Harpy30K 0€30MacHBIMU PEKUMAMH SIBIISTIOTCS:
9 UCS - - IpY TOPU30HTANIBHBIX HanpskeHuaAx 15 MIla u ymepen-
\ HO 3aCOpPCHHOM npruckBaXuHHOH 30HE (10-20% 0T mpoHHIIac-
85 \\\ MocTH (hOpMAIMK) IOy CTUMBI ITEPeTIa ibl JaBIeHus /10 6 Oap;
8 r/rp - IIpU TOPU3OHTAIBHBIX HaNpshKeHUsAX nopsaaka 17 Mlla

1 1,05 1,1 1,15 1,2

Puc. 16. Xapaxmep pacnpedenenus pynkyuu G, 6 nPUCKEANICUHHOLL
some ona h,=5 mm (a) u h,=2mm (6). Topusonmanvhvle nanpadice-
HUs SH”m=Shmm=I 6 Mlla, oenpeccus dP=4 6ap, omnocumenvnas

anybuna ceuenus h=0.5m, paouyc ckeagicunot r,=0.11 m

B menom, MmogienupoBaHre OKa3bIBAET, UTO 30HA 3arpsi3-
HEHHsS OKA3bIBAET HE3HAYUTEJIPHOE BIIUSHHE HA BETUYHHY
HANPsDKCHUH B IOPUCTON MaTpHIIe P oTKauke. Hambosbiee
npupartieHue B 5% mocturactes npu GoOpMHUPOBAHUN MaIo-
MPOHUIIAEMOM 1 cT1a00 MPOTSHKEHHOM 0071aCTH KOJTbMaTAI|H.

Bapuanm 2(b). B cnmydae 0TCyTCTBHS 30HBI KOJIbMATaI[UH
MaKCHMaJIbHOE 3HAYCHHE SKBHUBAJICHTHOTO HANPSKCHUS
o;” JOCTUTAETCSI HAa KOHTYpPE CKBA)XUHBI B HAIlPAaBICHUU
JACUCTBUA MUHUMAJIBHOI'O TOPU30HTAJIBHOTO HAIPAKCHUA U
paBHo 10.4841 MIla. Takum 06pa3om, BHYTPHUCKBAKMHHBIN
pexumc S, =1855Mllauns, =17.5Mllayxe sssercs
HeOe30IacHbIM.

Kak mokaspiBaeT MOJeIMpOBaHMe, /Uil Clydas HepaBs-
HBIX TOPU3OHTAJIBHBIX Hal'[pﬂ)KeHHﬁ, MPUCYTCTBHUE 30HBI
TOBPEXKJACHUA HE3HAYUTEIIbHO YBCIWMYHUBACT IapaMeETp O'e.
MakcuManbHO€E ero OTKJOHeHue cocTasisgeT 2.3%. Bung
(yrxkuuu Ao, noctpoeHHol B nepeMeHHbIX (4, v), Mpe-
CTaBJICH Ha pUC. 17 1 Ka4eCTBEHHO MTOBTOPSIET TTOBEPXHOCTh,
HOCTPOEHHYIO Juisd ciyyas S, =S8, = =16 MIla.

CpaBHI/IBaH 3HAYCHU S er JJI pa3IIMYHBIX COOTHOIIIEHUH
FOPU3OHTAIIbHBIX HANPSHKEHHH M BapHalliio AG,, TIONyYeH-
HYIO Juist cnydas S, >S, . MOXHO CHAENaTh BBIBOI, 4TO
HEPABCHCTBO Hal'[pﬂ)l(eHI/Iﬁ OKa3bIBaeT OOJbIIEE BAMSHIAE HA
paspyliieHue, 4eM 30Ha KoJIbMaTallyu.

BriBoanI

O0600m1ast momyueHHbIe s BaJenbIIcKoro MecTopoK-
JICHUSI PE3YJIbTaThl, MOXKHO CIEJIaTh CJCIYIOIINE OCHOBHBIC
BBIBOJIBI.

1. MozaenupoBaHUe MOATBEPIKIAACT BHIHOC MECKa MPH
J00bIYe BOJABI U3 MPOAYKTHBHOTO IIACTa CO 3HAYCHUSIMU
nenpeccun B 4-6 6ap.
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1 YMEPEHHO 3aCOPEHHON MPUCKBAXKUHHOM 30HE JIOMYCTHUMBI
3HAYCHUS [T Tiepenaia JaBieHus 1o 4 6ap.

3. B CKBaXMHHBIX YCJOBHUAX, KOTJJa MaKCUMajlbHOE
TOPU3OHTAIBHOE HANPSIKEHHE MPEBBIIAET MUHUMAIbHOE
Ha 1.05 MIla, nns cinyyaes S, = 15 MIla, S, =16 MIla;
S,.»=17.5MIla, §, = 18.55 MIla u ymepeHHO 3acOpEH-
HOM MPUCKBAXMHHOW 30HE, BHIHOC NECKAa HAYMHAETCS MpU
Jeripeccu B 4 0ap.

4. BnustHue cTeneHu 3acOpeHHOCTH MPUCKBAXKUHHOM 30HbI
U €€ IIMPUHBI Ha YBEIMYEHUE SKBUBAJICHTHOTO HANIPSKEHUS
HauboJIee OIyTUMO B YCIOBUSIX OTHOPOTHBIX TOPU3OHTAIb-
HBIX HaNpsDKEHUH, U MOXKET AOCTUraTh 10 6% OT ypoBHS
SKBUBAJICHTHOTO HAINPSLKEHUS, PACCYUTAHHOTO AJIs1 OTKAaYKU
U3 «YHCTOTO» IUIACTA.

5. Cy1iecTBEHHO HEMPOHMIIAEMbIE 30HbI KOJIbMaTaluu
IUTUHOM 2-5 MM co3HaroT OONBIIONW TPagueHT MOPOBOTO
JIABJICHMSI TPU OTKAYKE, YTO BBI3bIBAET OTCIOEHUE OT CTEHKU
CKB)XMHbI LHWIMHAPUYECKUX YacTe TOMMHOU 1-2 MM.
D¢ddexr HaOMIOMACTCS B YCIOBHUAX ACHCTBUS OTUHAKOBBIX
TOPU30HTAJIbHBIX HAPSKEHUH.

6. I3MeHeHue napaMeTpoB 30HbI KOJIbMaTalluy B HEOJHO-
POIHOM MOJIE€ TOPU3OHTATIBHBIX HAPSKEHUH MOXKET YBEIHYH-
BAaTh SKBUBAJIEHTHOE HanpsikeHue 10 2.5% 1o OTHOIIEHHUIO K
OTKa4Ke U3 «YUCTOT0» IUIACTA.

7. Ananusupyst nepexon OT ciyyash OJUHAKOBBIX TOPH-
30HTaJIbHBIX HANPSHKEHUH K CAy4yar0 HEOJHOPOIHBIX TOpHU-
30HTAJIFHBIX HANPSHKEHUH C IMO3UIMH U3MCHEHUS (pyHKIIHA
Ppa3pyLICHUs B IPUCKBAKUHHOM 30HE, MOMKHO 3aKITIOUUTh, YTO
SKBUBAJICHTHOC HAINPSDKCHUE OOJIee UyBCTBUTEIIBHO K Pa3HUIIC
MEXKIY TOpU30HTAIBHBIMU Harpy3kaMu, 4YeM K mapamerpam
30HBI KOJIbMaTaIl1H.

PexoMenannu 1o OypeHHI0 U U3BJICYCHHUIO

BOAbI HA MECTOPOKICHUHN

Ha ocHoOBe BBIBOIOB MOXKHO MPEJIOKUTH CIEIYIOIUE
PEKOMEH/IAINH 110 BEJICHNIO pabOT Ha MECTOPOXKICHHU:

1. Ucnonp30BaTh B CKBaXKMHE 3aIUTHBIE YKPAHBI C Ua-
MeTpoM ceTkd 0.1 mm.
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2. IIpu BCKPBITHH LIEJIEBOTO TOPU3OHTA MCIOJIB30BaTh
OypoOBOH pacTBOp C YaCTHUIAMH, AUAMETP KOTOPBIX OOJIbIIe
pasmMepa op JJIs TOTo, YTOOBI IPETISI TCTBOBATH 00Pa30BaHUIO
30HBI TOBPEXKICHHSI.

3. Hcnonb3oBarh OypoBOH pacTBOp ¢ Majoi KOHIIEHTpa-
LIMeH B3BEHICHHBIX YaCTHIL JUIsl ()OPMHUPOBAHHS IPOHHUIIAEMOM
30HBI KOJIbMaTaIK. Takoi pesKiuM 00eCieunT HeBO3pacTaHNue
SKBUBAJICHTHOTO HAIPSDKECHHS HA CTEHKE CKBKUHBI TP J10-
ObIue BOJIBI.

4. Ecnu xe ipu OypeHUH CKBa)KUHBI KPUTHYHO MCIOJb-
30BaTh CyCIICH3HMH JUIsl IPEOTBPAIICHHS IPOHUKHOBEHHS B
HIDKeIe)Kale HeTeHACHIIIEHbIC TTACThI, PEKOMEHIYETCS
MIPUMEHATh MeJIkne (Gpakiuu, i (GOPMHPOBAHHS MTPOTSI-
JKCHHOW 30HBI KOJIBMATallMH, YTO, OAHAKO, 3aTPYAHUT II0-
clenyrllee BOJOU3BICUECHNUE.

5. IIpu oTkauke U3 m1acTa, B KOTOPOM JEHCTBYIOT OAHO-
pOJHBIE TOPU3OHTATIbHBIC HaNpshkeHUs nopsiaka 15 Mlla,
PEKOMEH/TyeTCs HCIIOIb30BaTh JCTIPECCHIO He Ooiee 6 Oap.

6. [Tpu u3BIICUECHNY BOAIBI U3 TIJIACTa C TOPU3OHTAIBEHBIMH
HanpsbkeHusMH nopsaka 17 MIla pekomentyercs co3iaBarh
Triepernaj aBjieHust MeHble 4 0ap.

7. Heo0x0anMo yienuTh 0c000e BHUMAHKE OTIPE/ICICHHIO
JICUCTBYIOLIMX TOPU30HTAIBHBIX HAIPsHKEHUH B (hopMaruy,
TaK KaK IPEBbIIICHNE MAKCUMaJIbHOTO TOPH30HTAIBHOTO Ha-
TIPSDKEHMSI Hal MUHUMAJIBHBIM OKa3bIBAeT OOJIbIIICE BIUSTHUC
Ha pa3pylIeHHEe CTEHKH CKBaKHUHBI ITPU OTKavKe, 4eM 00pazo-
BaHME 30HBI TOBPEKACHUS BO BpeMsl OypeHusI.
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The safe operations modes substantiation for water source wellbores of the

Vadelypskoye deposit

A.V. Seryakov'", M. Yu. Podberezhny?, O.B. Bocharov', M.A. Azamatov’
'Novosibirsk Technology Center Baker Hughes JSC, Novosibirsk, Russian Federation

’Salym Petroleum Development N.V., Moscow, Russian Federation

“Corresponding author: Alexander V. Seryakov, e-mail: Alexander.Seryakov@bakerhughes.com

Abstract. The sand production problem for the water
sources wellbores at the Vadelypskoye oilfield that is located in
Hanty-Mansy region of Russia is considered. The serious issue
during field operations is the open wellbore wall destruction
even if low drawdown rates (4-6 bar) are applied to the water-
bearing pay at one kilometer depth.

Petrophysical analysis of high permeable (0.6-2.5 D)
sandstones of water-bearing pay is presented. The effectiveness
of the sands prevention methods used at the deposit is
discussed and the practical recommendations for drilling and
operations are given.

To identify the conditions of safe fluid extraction
the three-dimensional poroelastic software was used for
modeling of the vertical borehole section located in the water
saturated sandstone. We consider the mudcake is stripped and
disappeared due to the wellbore technological operations but
the plugging zone persisted. The colmatage zone was taken
into account in the modeling as the radial area with reduced
relative to formation permeability. Along with this, the axial
sandstone permeability is non-uniform and assigned according
to the core data.
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Different horizontal stresses ratios and values are
considered in the simulations. The medium-clogged and
high-clogged damage zone influence on the formation effective
stresses was studied for minimal and maximal drawdown
values. It was established that the most stable borehole relative
to the draw-down is located in the homogeneous horizontal
stress field within the medium-clogged damage zone.

Special attention was given to the damage zone
permeability and thickness influence on the wellbore
wall failure while pumping. It was determined that rock
failure is more possible when the thin and low-permeable
colmatage zone is built in formation. The near-wellbore zone
colmatage effect on rock destruction can be definitely seen
for conditions of equal horizontal stresses but decreases when
horizontal loads are unequal. The analysis of different in-situ
conditions showed that the difference between horizontal
stresses has more effect on destruction than colmatage zone
parameters changes.

The water-pumping admissible drawdown pressure
ranges are specified for each horizontal stresses regime
and the recommendations were given for sanding screen
characteristics. For wellbore planning at the Vadelypskoye
deposit the preferable drill mud composition was described
that will contribute to subsequent safe water pumping.

Keywords: sand production, water sources wellbores,
destruction, poroelastic modelling, high permeable sandstone,
colmatage zone
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