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Beenenue

brictpoe 00BOgHEHHE CKBaXXMH M IJIACTOB TMPUBOAMT K OLYTUMOMY
CHI)KEHUIO KaK TeKyIleWl 100bYM He(THU, TaK U KOHEYHOTO HW3BJICUCHUS HeDTH
(BoJ1a BIyCTYI0 IEPEKAYMBAETCS 110 TPOMBITHIM KaHajaM, TAKUM 00pa3oM B IJIaCTe
OCTAIOTCSl 30HBI C HE(PTHIO HETPOHYThIE pPa3pabOTKON), K 3HAYUTEIHHOMY
CHUKEHUIO SKOHOMUYECKOTO A (PeKTa, OTHOCAIUMCS K OJAbEMY Ha MTOBEPXHOCTD,
TPAaHCIOPTUPOBKE, IMOArOTOBKE M OOpAaTHON 3aKaykd B IUIACT 3HAYMTEIbHBIX
00bEMOB KUAKOCTH (BOJIBI).

OpHolt M3 OCTphIX MpoOIeM HePTenoObYM Ha MECTOPOXKICHUSX B
3anagHoit CubOupu sBIFETCS yMEHbBIIEHHE OOBOJAHEHHOCTH M3BJIEKAEMOU
NPOJIYKIIMU U YMCHBIICHUE TOIYTHO J0OBIBacMOM >KuAKOCTH (Boxbl). Ha sTom
done CTAaHOBUTCS aKTyaJlbHbIM PUMEHEHUE COBPEMEHHBIX
UHCTPYMEHTOB(METOJIOB) ONTHMHU3AIMH Pa3pabOTKU HEPTIHBIX MECTOPOIKICHHI,
JO3BOJISIIOIIMX PETYJIUPOBAaTh TEMIT OOBOJHEHUS MECTOPOXKIEHUS U HEPTIHBIX
3aJIeKEeN, KOTOPBIMU SIBJISIFOTCS (PU3UKO-XUMHUUECKUE MeToAbl Bo3necTBus (DXB)
Ha TUIacCT.

Ha ocHoBanuM aHanu3a TpaccUpOBaHUs (UIBTPALMOHHBIX IOTOKOB,
IIPOBEICHHOI'O HA PsIIE MECTOPOXKIAECHUM, YCTAHOBJIEHO, YTO OT HarHETaTEIbHBIX
CKB)KHMH MPE00IaIat0T PHIbTPAIIMOHHBIE TOTOKH CYOIIMPOTHOTO HAIIPaBICHUS U
3HAYUTEIBHBIMU  CKOpPOCTSIMU. (OCHOBHBIE OOBEMBI BOJBl HAarHETaTEIbHBIX
CKBOXMH K JOOBIBAIOIIMM CKBKMHAM MOCTYMAIOT [0 TNPOIUIACTKAMU C
npounmaemoctsio Meree 0,1 mxm’. Oxomo 15-25% Bomsl MOCTYmaeT 1o
MPOIUTACKAaM ¢ BBICOKOH MpoHHmaeMocteio 6omee 0,12 mxm®. Iloutn He
YCTaHOBJEHBbl  (UIBTPALMOHHBIE  TPOLECCHl MO  KaHajlaM C  HU3KOM
npoHuraeMoctbio mMenee 0,012 MKM?.

OcHoBHas 3a7a4a, KoTopyro pemaroT (PXB) — 310 BeipaBHUBaHUE TTPOPIIIS
npuemuctoctu (BIIII), a Takke wucnpaBieHWe MyTed JIBHKEHUS [MOTOKOB

HAaru€TacMoro arcaura 1mnpu rnoMouu CoCpcaoTOYCHUA CUCTCMbI KaHAJIOB C BBICOKOM
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MPOHUIIAEMOCThI0 M TPEUIMH aBTOrPH (TEXHOTEHHBIX) C LIEJIbI0 MPUBJICUYECHUS K
pa3paboTKe 3armacoB, HAXOSIIUXCS B TUIACTAaX W palloHax (30HAxX), HE OXBAYCHHBIX
BBIpAOOTKON. JlOoCTHYL JaHHOM 1€MW MOXKHO MPH IIOMOIIM HaIpaBJIECHHOIO
TaMIIOHUPOBAHUS (PU3UKO-XUMUYECKUMH COCTaBaMH C yYETOM TOJIACPIKKH
JIaBJICHWSI HarHETaHWS Ha ypoBHE, 0e3 oOpa3oBaHus TpemiuH aBTorpi. OOBIYHO
MPOMCXOAUT  MEepepacupereieHue MOTOKOB, HWHA4Y€ TOBOPS, CHMKCHUE
MPOHUIIAEMOCTH BBICOKOTIPOHUIIAEMBIX MPOIJIACTKOB, U TAXKE UX MOJTHAS U30JISIIUS
U JajbHenIee MoKII0UeHHE B paboTy paHee He3aTPOHYTHIX pa3padOTKOM 30H.

AxkmyansHocms 1aHHON TPOOJEMbl BO3HUKAET JJIi BCEX 3peibIX
MECTOPOKIEHUM C BBICOKOM HEOJHOPOJHOCTBIO KAaK B pa3pe3e TaKk U B
JaTepaIbHOM HaIpPaBIICHUHU.

Ilenvro  wuccrnenoBaHusi OyJneT  SABIATBCS  OLUEHKA  3(PQPEKTUBHOCTH
npoBefeHHbIX pabor mo BIIIl u Beimaya pexoMeHIanuil IS JajJbHEHUIIero
MIPUMEHEHUS JAHHON METOIUKH.

JIna 0ocmudicenun nocmaseneHHou ueau 0yoym peuieHvl ciedyrouiue
3a0auu:

— M3yunth 0COOEHHOCTH MECTOPOKACHUS
— N3yuuth npumensiemsie TexHosioruu BIIIT Ha mecTopoxaeHnn

— M3yuntb 3(pheKThl BOZHUKAIOIIKE TPH MPpUMEHEHUIX TexHonoruid BITIT

[TocTpoeHue xapakTepuCTUK BITECHEHUS i olleHKH dddekta ot BIIII
— 3akmrounTeNbHbI  aHau3 dd@exTuBHOCTH TpoBeneHHbIX BIIIT Ha

OCHOBE€ O KOHOMHYECCKHUX HAaHHBIX.



AHHOTAIIUA

3anexu "HedTn miactoB AC,, ACg, ACy, HOC,; He pa3pabarbiBatoTCs.
OCHOBHBIM He(TecoaepKallUM OOBEKTOM SIBJISIOTCS MPOJYKTUBHBIC TIACThI
AC10-12, B kOoTOpBIX cocpeaoToueHo okono 98% 3amacoB HedTH KaTeropuu
B+C;. 3anexu HedgTu miaactoB AC10—12 oxBaThIBatOT OOJIBIIYIO YaCTh IUIOMIAIN
MecTtopoxaeHus. 3anexu 1miactoB rpymnmsl FOC coxepkar 3amackl HedTH
kareropun C; — 1,7% u C, — 38,5% 0T cymMMapHBIX 3aM1acoB IO MECTOPOKICHUIO
«C2», UMEIOT OTPAaHUYEHHBIN pa3mep.

MOUIHOCT, OCaJOYHOIO0 YeXja BO3pACTaeT OT pallOHOB T'pPaHMUIIbI
BIAAWHBI K LEHTpy 10 &8-9 KM, 3ajeraromero  HECOTJIaCHO  Ha
MOJIUTETEPOreHHOM  (yHAaMeHTe. B pernoHasbHOM TEKTOHHMYECKOM IUIaHe
HePTsIHOE MecTOpoXIeHHE «(2», ONMUpasCh Ha JIaHHbIE TEKTOHUYECKOU KapThl
HEeHTpaJIbHOM dYacTu 3amanHo-Cubupckoit miuThl (TinaBHbIM pemaktop B. W
[MIouneman 1998 r1.), pacnonoxkeHo Bo DpOJIOBCKOW  BHNAJUHE  MEXKAY
CoIpberaiickol Teppacod W TyHAPUHCKON CEIJIOBUHOM.

C Hayana pa3pabOTKu MO MeCTOpOXAeHUIo ) oTtoOpaHo Oosiee 60 MIH. T
HedTu u 6osee 80 muH. T xkuakoctu. Texymit KMH cocrosnser ot 0,04 mo 0,045,
npu npoektHoM wMenee 0,3. Ot6op or HU3 cocraBun okono 15%, mnpu
o6BogHeHHOCTH MeHee 40%.

dakTuyeckasi 100b4a HeTH HE JOCTUTalIa MPOEKTHOU OoJsiee ueMm Ha 14%
10 JIByM OCHOBHBIM TpuunHaM. [lepBas — HaOII01a710Ch UHTEHCUBHOE TaJICHUE
JNeOUTOB JKUAKOCTH MO TepexonsieMy (OoHIy T0O0BIBAIOIIUX CKBOXUH H3-3a
oTcTarome JauHaMuku (popmupoBaHus (OHJA HArHETATEIbHBIX CKBOXUH U
oceoeHuss wux B IIIIJI. Ha oTmenpHbIX y4YacTkax wu3-3a HEAOCTATOYHOMU
KOMIIEHCAllUU 0TOOpa 3aKauKol HaOII01a7I0Ch MaJIeHHe JeOUTOB KUIKOCTH 3a IOl
Ha 25-30%, a nebutoB Heptnn — Ha 35-40%. Bropas mpuumna — AByKpaTHOE
oTcTaBaHue (HAKTUUECKUX JACOUTOB HEPTH IO HOBBIM CKBaXHMHAM, KOTOPOE
oObsicHsieTcsT  pa30OypyBaHMEM  HOBBIX  YYacTKOB,  XapaKTEPHU30BaBIIUXCS
YXYJIIEHHBIMU reoJIoro-(hU3NIeCKUuMHU XapaKTepUCTUKAMM. Bce
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BEHITIICTIPUBEICHABIC (DAKTOPHI TPUBETU K OTCTaBaHUIO (hAaKTHUECKOW TOHOBOU
100619 HEPTH OT IPOEKTHOM Oosiee ueM Ha 14%.

B pabote n3ydeH MexaHW3M pabOTHl TEXHOJIOTHH BBIPAaBHUBAHUS MPOMUISL
npuemuctoctr. [loBeimenne HedTeoTHauyn W WHTEHCH(DHKAIUA T00BYU HedTH
IUTACTOB TpU  (PU3UKO-XMMHUYECKOM BO3JICHCTBUU OOYCIOBJIIEHO OOTMBIBOM
OCTaTOYHOW He(TH, MOBBIIICHUEM OXBaTa IJIACTOB 3aBOJHCHHUEM, TIOJKIIOYCHHEM
B Ppa3pabOTKy HEAPCHUPYEMBIX WJIH CJIa00JAPEHUPYEMBIX HE(DTEHACHITICHHBIX
WHTEPBAJIOB M 30H IUiacta. Bce 3TO gocTuraercs, Kak 3aKadykol OTOPOYEK
KOMITO3UIIMA XHUM.pPEareHTOB, CIIOCOOHBIX BBIPABHUBATh (POHT BBITECHEHUS,
nepepacnpeessiTh TOTOKH HarHETaeMOW BOJIbI, YBEJIMYUBATH JINHEHHYIO CKOPOCTh
bunbTpay BOABI M IJIACTOBOM HE(MTU, TOOTMBIBATH OCTATOYHYIO HE(PTh; TaK U
BO3JICICTBUEM Ha TpU3a00MHYI0 30HY CKBaXUH C LEJIbI0  M30JISIUU
BOJIOTIPOMBITBIX U BOJIOHOCHBIX MHTEPBAJIOB, BHYTPUKOJIOHHBIX M MEKILJIACTOBBIX
MIEPETOKOB; TIOJIKJTFOUCHHUSI B pa3paboTKy HEJIPEHUPYEMBIX WIH
cl1aboIpeHNPYEeMbIX HHTEPBaioOB miuactoB. OnHAa M3 OCHOBHBIX 33Jad, KOTOPYIO
CIIElyeT PEIIUTh — 3TO CKOPPEKTHPOBATH KUHEMATHUKY IMOTOKOB HArHETaeMOro
areHTa MPHY MMOMOIIN JTOKATU3aIUA CUCTEMBI BRICOKOTIPOHUIIAEMBIX MPOILTACTKOB U
KaHAJIOB M TPEIIMH aBTOIPI C IIEJbI0 TPUBJICUEHHUS K Tpoleccy pa3padoTKu
3armacoB, HAXOJAIIMXCS B MPOIJIACTKAX M MECTaX, HE OXBAUCHHBIX BBHIPAOOTKOM.
JIoCTHTHYTH ~ 3TOTO  MOXXHO  IyTEM  IEJICHANIPABICHHOTO  TIOBBIMICHUS
THIPABINYECKOTO COMPOTUBIICHUS B MPOMBITOM YacTU IJIACTa C TMOJIEPKAHUEM
JABJICHUS HarHeTaHWs O€3 WHUIIMMPOBAHUS TPEIIMH aBTOTPI. B OosbIIMHCTBE
NPOUCXOTUT  OTKJIOHEHHe(TIepepacnpesiesicHie) TOTOKOB, T.e.  CHIDKCHHE
(GUIBTPAIIMOHHBIX XaPAKTEPUCTUK BBICOKOTIPOBOSIINX (BBICOKOIPOHHUIIAEMBIX )
MPOIIACTKOB, a TOPOH MX IOJHAS M3OJSAIUS M, KaK MPABHIIO, MOAKIIOYCHUE B
paboTy paHee HePEHUPYEMbIX HHTEPBAJIOB TJIACTOB.

Hns  onenku sddextuBnoctu  BIIIl pazobpana wmerommka. Pacuer

JIOHOHHHTCHBHOﬁ )106BI‘II/I HCCI)TI/I BBIITOJIHACTCA 110 XapAaKTCPHUCTUKAM BBITCCHCHUA



OTJENBHO MO KaXIOM J0OBIBAIOIIEH CKBAXKUHE OKPYXKEHHSI C TMOCIEIYIOIINM
cyMMUupoBaHueM 3((deKTa 1o BCEM pearupyromuM CKBaKHMHAM.

Pacuer texnonornueckoiut a¢dextuBHOCTH ['TM 110 CKBa)KMHAM YYHUTHIBAET
O0COOCHHOCTH JKCILTyaTalliy U T€0JIOTUN KaXXI0W CKBa)KUHBI 32 CUET:

UHAUBUYaIbHOTO BBIOOpA MJisi KaXJOW [OOBIBAIONIEW CKBaKMHBI BHIA
KPUBBIX: MaJICHUS W1 OOBO/IHEHUS,

MHANBUAYAIBHOTO TIO00pa JJIsl KaXXA0M JOOBIBAIOMIEH CKBaKMHBI JTYUIINX
0a30BBIX MEPUOJIOB U JIYUIIIUX XAPAKTEPUCTUK MO KOA(PUIIEHTaM KOPPESAIUU.

Pacuer nomomHuTENnpHOW MOOBIYM HE(DTH BBHIMOTHSAETCS 1O KPHUBBIM
IIaJICHUS], €CIIM B TEUCHHE 6 MECSLIEB HEIIOCPEACTBEHHO Iepen nposenenuemM ['TM
0OBOJTHEHHOCTh Ha pearupyroiei 1o0bIBaroIei ckBaxuHe obi1a MmeHbIne 20%.

OddexruHoit oOpadboTkoi BIIII Oyaet sBiAThHCS Ta nporenypa, B KOTOpou
IPOUCXOAUT YMEHBIICHUE TEKyIleH OOBOJHEHHOCTH OTHOCUTENIBHO 0a30BOMH,
pacCUNTAaHHOW M0 OJHOM W3 XapaKTEPUCTUK BBITECHEHUS, YKAa3aHHON BBIIIIE.
ba3oBass OOBOJAHEHHOCTb pPACCUMTHIBAETCS HA OCHOBE YK€ HMEIOUIEHCs
OOBOJTHEHHOCTH CKBa)KUHBI. BbIOMpaeTcss BpeMeHHOM MHTEpBaJl HE MEeHee 6 Mecs
Ha KpHUBOM OOBOJEHHOCTH W TPOUCXOJUT aJanTaius MOJEIbHOU KpUBOU U
(baKTH4ECKOM.

Ha mectopoxaenun «)» Obul BhIOpaH ydacTOK M3 4 CKB, Ha KOTOPOM
npoBoawiack oneHka sddexktuBaoctu BIII. Bce 06padoTaHHbIle CKB MO pa3HbIM
TEXHOJIOTUSAM TIOKa3aJlu MOJIOKUTEIbHbIE pe3ynbTaThl. CpeaHuid MNpUPOCT MO
HedTu coctaBun okojio 4000 TOHH Ha CKBOXKUHBI U CHUKEHUE OOBOJHEHHOCTH J10
20%

B uenom Ha mecropoxaeHun «{» npoeneHo okosio 300 oneparuii BIIIL.
Vnenvnas nob6siua Hedtu coctaBwia 12000 ToHH. YiaenbHas a00bIYa BOMABI
cHE3mIach Oomee ueM Ha 11000 m°. M3 rpaduka Ha pucyHKe 3.8 BHIHO, YTO
HauOOJbIIyI0 J00bMy HepTH mnpuHEeCHH ciuenyrone TexHojgorun BIIII:
BOJIOKHUCTO-UCIIEPCUOHHAS] CHCTEMa BS3KOYIIPYTME€ CHUCTEMBI TOBEPXHOCTHO
aKTUBHOE BEUIECTBO, TEXHOJOTHs mpenycmarpuBaeT B Ilommamua Axpuin ¢
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Anetatom XpoMa B MUHEPAJIM30BAHHOM PACTBOPE C MOCIEAYIONIEH MpOaaBKOU
[TAB . Cpennuit a¢pdext ot ognoit onepaunu BIIII coctaBnser 6 mecsiiies.

Takum 00pa3oM MOXKHO CKa3aTh, YTO B CPEHEM Ha KaXKJO0W HarHeTaTeIbHOM
CKBaXMHE PEKOMEHAYETCS MNPOBOAWUTH IOBTOPHYI omnepaunro 1no BIII ¢
MEPUOANYHOCTBIO pa3 B 6 MECSIEB.

Ecmu panxupoBath TexHosiorud BIIII mo OoTHOCHUTEIBHOMY YMEHBIICHUIO
OOBOJICHHOCTH CKBaXMHHOW MPOAYKIIMH, TO HaWOOJIEC YCTICIIHBIMU SIBIISIOTCS
cnenytomue  texnonoruu: KT 2, IIHIC+BYCHIIAB, JC+BVYIIAC,
Temnockpun u JLITIK+ITAB.

Jlist nanHbIX pacueToB 1o 3ddexruBHoctu BIIIT npoBenena skoHoMuyeckast
olleHKa MpoBoguMbIx Mepornpudatnii no BIIII Ha Mectopoxaenuu €. bbuio
OTMEYEHO, YTO CKBaXXHUHBI ¢ 00paboTkoil matoT Oosee Beicokuid YJIJI. Crnenmyer
OTMETUTbh, 4TO yke mociie 4 neT 3dpdext ot onepaumit BIIII nmagaer, mostomy
kpuBas YJI/] umeer neperund. Ha 3TOM MOXHO clenaTh BaKHBIM BBIBOJ, YTO Ha
OJIHOM CKBa)XXMHE CJeNyeT JenaTh Heckosibko o0padotok BIIII. IIpoBomumsie
oneparuu 1o BIIII Ha MecTopokaeHHH «(2» TMO3BOJISIIOT YBEUYUTh YHUCTHIN

JUCKOHTUPOBaHHBINA oxoa  Ooisiee 10 MiH. py® OT OJIHOM CKB-OIlE€paliu.



Carrying out work on conformance control of voidage profiles,

increasing flood area and changing the direction of the filtration streams

General Provisions

Enhancement of oil recovery and intensification of oil production in
reservoirs under physico-chemical effects is due to pre-cleaning of residual oil,
increased coverage of reservoirs by waterflooding, connection to the development
of undrained or weakly drained oil-saturated intervals and zones of the formation.
All this is achieved by pumping the finishes of compositions of chemical reagents
capable of equalizing the displacement front, redistributing the flow of injected
water, increasing the linear rate of filtration of water and reservoir oil, and
removing the residual oil; And impact on the bottomhole zone of wells with the
purpose of isolation of water-washed and water-bearing intervals, intracolumn and
interplastic flows; Connection in the development of undrained or weakly drained
intervals of beds.

One of the main tasks that should be solved is to correct the kinematics of
the injected agent flows by locating the system of highly permeable interlayers and
channels and cracks in the autogrp in order to involve the development of reserves
in interlayers and places not covered by production. This can be achieved by
purposeful increase of the hydraulic resistance in the washed part of the formation
with maintaining the discharge pressure without initiating the cracks in the
autograss. In the majority there is a deviation (redistribution) of flows, i.e.
Reduction of filtration characteristics of high-conductivity (high permeability)
interlayers, and sometimes their complete isolation and, as a rule, connection to
work of previously undrained intervals of layers [2].

As a result of optimization of development of deposits the following occurs:

* the most complete extraction of oil;

* stabilization, or reduction of water cut;

* reduction in the volume of water produced;
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 maintenance of planned levels of oil production.

Methodology for selecting sites for flow deflecting EOR

Analysis of fishing information shows:

* Total oil recovery, all other things being equal, depends significantly on
the permeability and macroinhomogeneity of the formation;

* to increase the oil recovery of heterogeneous reservoirs, it is advisable to
establish average filtration rates in the range of 15-25 m / year with a viscosity
ratio of oil and water of about 2-2.5;

» The experience of exploiting the studied reservoirs shows that the increase
in the total oil recovery factor depends on the amount of water that rinses the
reservoir, which obviously should not be below 1.5-2.0 pore volumes of the
formation. Moreover, for more permeable reservoirs this value is less, for low
permeable and inhomogeneous layers - this value is larger.

The results of the analysis of the obtained data and dependencies allowed us
to single out the following regularities:

1. In the washing range up to 50% of the pore volume of the reservoir, 44—
54% of recoverable reserves are selected. When the fluid was withdrawn in the
range from 50 to 100% of the pore volume, the increase in CIN was 26-34%. With
an increase in fluid extraction in the range from 100 to 150% of the pore volume,
the average increase in CIN by fields is 11%.

2. Earlier, the decrease in the rate of fluid extraction during the main
development period leads to imbalance of the development systems being
implemented, to a deterioration in the structure of reserves, and the achievement of
the oil recovery at these facilities, which is on the state balance, requires the
adoption of adequate measures related to additional capital expenditures.

Optimal levels of accumulated fluid production are estimated in the range
from 1.0 to 1.5 pore volumes.

11



In all types of reservoirs, the methods of non-stationary, cyclic
waterflooding and changing the directions of filtration flows, as well as flow
deflecting technologies, have positively proven themselves. These technologies:

» promote the coverage of the flooding process of stagnant zones, formed oil
pillars;

 allow to intensify the extraction of oil from low permeable inclusions,
zones, interlayers due to the mechanism of capillary absorption.

» The efficiency of these technologies is explained, first of all, by the
increase in pressure gradients, rates of displacement in previously weakly drained
zones of the formation.

In inhomogeneous layers, the effects of the limiting gradient are enhanced
by the change in permeability and the limiting gradient from point i to the point of
the medium. In this case, the increase in the rate of developmenti favorably affects
the degree of coverage of the reservoir by embedding.

However, calculations for a layered reservoir show that an increase in the
rate can increase the productivity and effective thickness of the formation, but it is
not able to significantly increase the main technological indices - anhydrous and
cobalt oil recovery. The analysis of results and data on oil recovery is determined
by the interaction of active displacement of oil under the influence of
hydrodynamic pressure drop and capillary impregnation process, which ensures the
extraction of oil from weakly permeable areas, the necessary flow of water [3].

The coefficient of oil recovery in the water-pressure regime increases with
the increase in the rate of fluid extraction. Reducing the rate of fluid withdrawal
leads to the abandonment of oil in the reservoir, which is practically impossible to
recover completely during the subsequent intensive selection of liquid.

Experience in the development of all oil fields indicates that the zonal
layered inhomogeneity of reservoir properties, intermittent layers, lenticular
structure are the main factors for the reduction of development efficiency, low
CIN, and undesirable water cut.
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When design development is carried out, there is usually no reliable data on
the presence and parameters of the zone and layered heterogeneity of productive
reservoirs. And experimental and experimental-industrial operation of wells and
deposits are not particularly salvaged here. When industrial development begins,
then all types of heterogeneity make themselves felt through earlier, intensive
watering of well production. As a result, it is necessary to find and implement
adequate measures to combat the corresponding heterogeneity of reservoir
properties. Therefore, in the theory and practice of oil recovery, methods of
intensive order have been applied, the purpose of which is to influence the
filtration processes in the desired direction.

Basic requirements for wells to be selected for processing by flow
control technologies

The mechanism for increasing the oil recovery factor using flow deflection
technologies is based on increasing the formation coverage by means of the
injection of water by increasing the filtration resistance of the washed channels of
the formation. As a result, it is possible to regulate the movement of water through
highly permeable channels to formations in order to limit filtration.

Requirements for candidates and ODA sites selected for injection of flow-
deflecting liquids can be made on the basis of geological, physical, technical and
technological considerations that take into account the processes of occurrence of
protective barriers, as well as the state and characteristics of the workings of the
heterogeneous formation both vertically and Lateral with the technical condition of
injection wells and flooding.

For flow-diverting technologies, the objects of application can be layer-
inhomogeneous reservoir-reservoirs, the permeability of individual interlayers,
which have differences several times, developed as a whole object. Low-
permeability channels should have a higher current oil saturation than high-

permeability channels of the formation. Separate channels of the formation should
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be traced, for starters, to the nearest production wells and have a good
hydrodynamic connection with the injection wells.

It should be noted that if a thin permeable layer (formation) is replaced by
impenetrable rocks or wedged out, does not extend to the nearest production wells,
and does not have lithological contacts at the boundary with a high permeable
layer, then the positive effect of the application of technology and flow will be
negligible. Similarly, it can occur with a high water saturation of rocks of a low-
productive interlayer (interlayer).

Collectors, composed of one developed layer of sufficient thickness, the
permeability of this layer varies significantly in thickness, and can also be objects
of application of flow deflecting technologies to increase the oil recovery of
heterogeneous reservoirs. It is worth noting that at the initial stage of fishing
operations it is better to give preference to layered heterogeneous reservoirs.

To obtain a successful injection of solutions with chemical reagents into a
highly permeable formation, the reservoir must be well drained and the well must
have sufficient injectivity that meets the criteria of the technology.

Based on the above-mentioned, the areas for processing by flow-deflecting
technologies are selected using the following criterion [3]:

* Productive seams (layers) of oil deposits should have a layered
heterogeneity by hydrodynamically unbonded interlayers. It is necessary to
distinguish the form of heterogeneity - macro-inhomogeneous formations with a
thickness of low permeability layers of more than 1 m and microinhomogeneous
layers with a thickness of low permeable interlayers of less than 1 m.

* The ratio of permeability of high permeability and low permeability of
layers (interlayers) should not be less than 2.

» High-permeability and low-permeability interlayers of a heterogeneous
formation along the vertical should have an area spread from injection to
producing wells, at least up to the first production line. To establish the
hydrodynamic connection between naked wells and to investigate the type of
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distribution of reservoirs, geol.profiles, collector distribution maps in the form of
block diagrams, as well as the results of the GDI are used.

* The presence of interlayers (strata), not involved in the development and
having an increased residual oil saturation in the section of the inhomogeneous
reservoir in the injection wells. Such data can be obtained by analyzing the results
of studies of injection wells by deep flow meters.

* Increased water cut of produced well fluid, indirectly indicates the signs of
the development of stocks of watered interlayers and the formation of washed
zones of the formation.

* Wells selected for injection must have the necessary injectivity, which
meets the conditions of application of the technology.

 Low waterflood coverage due to high reservoir heterogeneity and
variability in reservoir permeability.

* It is necessary to know the distribution of the injected water through the
production wells, by plotting a map of total water abstractions; Based on the results
of these work, the basic direction of movement of water is identified in the layers
or in the whole group of layers.

* Then, the graphs of the change in the water cut of the production and the
schedules of changes in well production over time are plotted.

* Study of the technical condition of wells for stabbing circulations.

« After grouping the results, conclusions are made about the suitability of the
analyzed sections of the formation for processing.

Analytical dependencies

We agree with the indices "u", "x" and "B" to denote the quantities
characterizing the extraction of oil, liquid and water, respectively.

The average daily production rate of an individual oil well gn and liquid gzh
is defined as the ratio of the oil produced per month, (liquid) to the number of
hours worked, multiplied by 24:
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Where tm is the number of hours actually worked by the well in a month.

The average daily water flow is defined as the difference between the daily
average flow rate and the average daily oil production rate.

The average daily production rate of one active well of the gn section is
defined as the ratio of oil production Qn by area to the total number of days

worked by all wells in the section:
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Similarly, the average daily production rate of one well per fluid is
determined.
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The average daily production rate of one well by water is defined as the
difference between the average daily production rate of one well by liquid and by
oil.

45 = Ax — i » (4)

The operating factor of the well is denoted by QB and is defined as the ratio

of hours worked to the total number of hours in a month:
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Where nsut is the number of days in a month.
The average well service factor of the site can be calculated from the

formula

N
>,
mi
¥ i=l

 24-N-n

cym

, (6)

Where N is the number of wells in the section, tmi is the hour worked by the

i-th well in the given month.

Average daily daily flow rates of oil, fluid and water cut wells are calculated

separately for highly watered and low-water well groups.

Description of technologies for enhanced oil recovery

SPS technology

Crosslinked polymeric or viscoelastic systems are hydrogels based on water-
soluble polymers, in particular polyamide acrylic, they are formed as a result of the
chemical cross-linking reaction of polymer macromolecules in its aqueous solution
with the help of special cross-linking reagents. Hydrogels based on polyamide
acrylic can be obtained by chemical cross-linking of an aqueous solution of
polyamide with acrylic aldehydes or cations of polyvalent metals.

Decrease in water consumption in washed high permeability layers with
very high rate of production of stocks, decrease in liquid production and increase
of depressions in the reservoir in producing wells occurs as a result of temporary
puncturing of the most permeable interlayers of the productive section. It involves
oil-saturated and interstitial layers of reduced permeability and water cuts that were
not previously covered or poorly flooded by increasing the pressure gradient and
between the injection zone and the sampling zone and changing the directions of

the filtration flows in the formation in the process of producing reserves.
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As a result of the work performed, the coverage of the productive strata
increases, which leads to an increase in the current and final oil recovery.

The technology using SPS is based on injection into a non-uniform
permeability and oil saturation polymer solution containing a cross-linking agent.
Under the influence of chemical transformations, transverse bridges are formed
between individual polymer molecules and a spatial structure (grid) is formed,
filled with a solvent, i.e. Water - polymer hydrogel. The principal difference
between gels and polymer solutions is the presence of static shear stress (SNS). At
stresses less than SNS, the gel behaves like an elastic (Guke) body, reversibly
deformed. When the SNA is exceeded, the structure breaks down and its current
begins. Gels are permeable to water, but create increased resistance when it is
filtered - so-called. Residual resistance factor.

GOS-1 technology (with composite fillers)

To reduce or stabilize watering, increase oil production and oil recovery, it is
recommended to pump injection wells reinforced with various additives of
polymer systems. At the same time, the injectivity of the injector well decreases
drastically, the injectivity profile changes, new interlayers are included in the
work, and consequently difficult-to-recover reserves are involved in the
development, thereby increasing the oil recovery of the formation. This technology
IS not expensive enough and technological.

When GOS-1 (SC) is injected in the high-permeability part of the formation,
a partial colmatation of the washed high-permeability layers of the formation
occurs, a feature of this technology is injection into the injection well alternately of
the polymer composition followed by injection of the disperse phase (chalk, clay,
wood flour) . As a result of this injection, each solution chooses the permeability
layer proper for its selectivity and clogs it.

The technology of GOS (VUS)

The main components of the technology are a water-soluble polymer -
polyacrylamide (PAA) and a crosslinker (chromium compounds or formaldehyde).
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Viscoelastic compositions are prepared by crosslinking polymer macromolecules
in solution. After a certain period of time (gelation period), an elastic gel with a
wide range of strength and insulating characteristics is formed. Moreover, the
formation of the gel takes place predominantly in highly permeable water-washed
intervals, which leads to a redistribution of the filtration streams of injected water
and the connection to the development of previously undrained oil-saturated
reservoir intervals . The addition of surfactants to the solution and the drilling fluid
promotes pre-washing of the oil from the water-washed intervals in which the oil is
in the film state and the washing of oil from the low permeable interlayers.

LNG technology (with selective waterproofing)

The main components of the technology are sodium silicate (liquid glass),
Polyamide acrylic and hydrochloric acid (or CaCl2).

The essence of the method consists in the sequential injection of an aqueous
solution of sodium silicate with the addition of polymers and hydrochloric acid (or
CaCl2), which are forced into the formation by the rims of the water. The gel is
formed from sodium silicate in an acidic medium. In this case, the gel is formed
exclusively in the water-washed intervals, which leads to a redistribution of the
injected water flows and the connection to the development of previously
undrained oil-saturated intervals and stagnant zones of the formation. Addition of
Polyamide acrylic promotes greater stability and stabilization of the gel in reservoir
conditions.

Thermogel technology

The physicochemical nature of the use of gel-forming systems is based on
the formation of an aluminum hydroxide gel in an oil reservoir that isolates oil-
free, highly permeable areas, and thereby facilitates the connection of low-
permeability sections of the formation and interlayers. On the other hand, the
ammonium salts (NH4CL) formed as a result of reaction react with the oil

components to form complex complex compounds, which leads to a reduction in
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interfacial tension, destruction of asphaltene structures, thereby increasing oil
recovery.

The resulting gels isolate the formation rock selectively, only high-
conductivity pores and channels, and non-insulated low-permeability pores and
channels sealed with asphaltenes and resins are exposed by ammonia and
ammonium chloride. The selective decrease in the permeability of highly
conductive layers occurs by one or two orders of magnitude. Recommended for
use in high-temperature strata of the Jurassic deposits.

ES technology (has selective waterproofing)

The technology of enhanced oil recovery with the use of emulsion
compositions consists in pumping through the injection wells or BKNS into the
stratum of the emulsifier rim. Inverted emulsions stabilized by Ringo EM
containing formation water, oil and calcium chloride are water droplets that are
closely adhered to each other, surrounded by armor shells consisting of a
hydrocarbon solution of Ringo EM.

Since the external phase of such emulsions is a hydrocarbon, these
emulsions readily solubilize the residual oil, creating on the front of displacement
of the zone with increased content of oil, and transferring the oil to production
wells.

Emulsion systems based on Ringo EM are resistant to high temperatures and
do not exfoliate to a temperature of 80 ° C. Partially clogging the most permeable
interlayers, they redistribute the flow of injected water into the interlayers with low
permeability, involving or increasing the share of their participation in the
development. In addition, some components of the emulsion composition,
adsorbed on the surface of the rock, hydrophobicize it, thereby reducing the phase
permeability of water in the flooded areas of the reservoir, which also contributes
to the redistribution of the injected water flow and, accordingly, limits the flow of

water into producing wells.
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The VDPS technology (from the category of hard technologies)

The technology of fibrous disperse systems is based on wood flour + a
polymer fixed with chromium acetate and subsequent rim of the clay solution,
which is insulating, protecting the gel composition from destruction.

The technology of fibrous dispersion - polymer composition is practically
suitable for any reservoir temperatures. The preferred reservoir temperature can be
considered from 15 to 85 ° C.

The injected water can be both slightly mineralized to 20 g / |, and fresh
according to GOST 2874-82 mass fraction of potassium ions up to 40 g / cm3,
magnesium ions up to 10 g / cm3, density 1000 g/ cm3, pH 7 - 8.

The injectivity of injection wells does not have the upper limit. It is
inadmissible to use the VDPS technology on wells with an acceptance rate of up to
400 m3 / day. Preference is given to the wells with an acceptance rate of 500 m3 /
day. Up to 1000 m3 / day.

CCC technology

Sediment-forming composition based on sodium sulfate is designed to limit
the inflow of formation water and equalize the injectivity profile of injection wells.

The essence of the method for limiting the inflow of formation water
(OPW), including the injection of the precipitating composition, is as follows. In
the oil reservoir, one or more rims of an aqueous solution of sodium sulphate or a
composition based on it are pumped through the injection wells. Then a solution of
calcium chloride is pumped. The injection of these reagent solutions into the
formation ensures the formation of a crystalline calcium sulphate precipitate in the
high permeability intervals, which reduces the permeability of water-washed
intervals without their isolation and increases the filtration resistance to the
injected water. This makes it possible to redistribute the filtration streams and to
connect to the development the sections and intervals of the reservoir that were not

previously flooded. Geophysical studies show that in a number of cases, using the
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sludge-forming composition, it is possible to connect to the development all
perforated intervals of the formation.

The main components of the technology are sodium sulfate and calcium
chloride.

The essence of the technology - in the oil reservoir is initially pumped a
solution of sodium sulfate or the compositions containing it, and then a solution of
calcium chloride. The following reactions occur:

1. Na2SO4 (p-p) + CaCl2 (min water) = CaSO4 + 2 NaCl (p-p)

2. Na2S0O4 (p-p) + CaCl2 (p-p) = CaSO4 + 2 NaCl

The increase in oil recovery is due to the blocking of water-saturated and
water-washed intervals of the formation, because the precipitate of calcium
sulphate is formed exclusively in the water-washed zones.

Technology of KRES, KROES

The main components of the technology are silicone emulsion and sediment-
forming reagents. The technology is designed to equalize the injectivity profile of
the injection wells and increase the formation coverage of the formation. The
silicone emulsion provides hydrophobization of rocks both near the PZP injection
well and in the reservoir volume due to the reversible adsorption of the silicone
polymer. At the same time, hydrophobization of the rock leads to redistribution of
filtration flows (CRES technology). The injection of sediment-forming reagents (in
particular sodium sulphate with calcium chloride - KROES technology) enhances
the effect of redistribution of filtration flows, and the injection of a hydrocarbon
solvent contributes to the intensification of oil inflow. Due to the high thermal
stability of all components of the composition, this technology can be applied to
high-temperature non-uniform permeability strata. (In particular, on the Jurassic
deposits).

Carbohydrate Reagents (DOC)

Carbon-based reagents (UCPR) contain sodium salts of humic acids,
dispersed carbonaceous and inorganic particles, resins and wax. The technology is
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environmentally safe, the reagent is approved for use by Gosgortechnadzor. As a
result of injection of the DFR into the formation, the permeability of the water-
conducting channels of the formation decreases due to the formation of colloidal
sediments and gels, which results in equalization of the oil displacement front and
involvement in the development of weakly drained sections of the formation.

Reagents used:

Coal crumb (brown coal) - 35-40% - TU 0324-008-00164399;

Caustic (sodium hydroxide) - 40-45% - TU-6-01-1306-85 [2];

Calcium chloride - 30% - GOST 450-77 [3];

Pumping water

The essence of the technology lies in the injection into the reservoir of a
solution of the alkali metal reagent (DIC) and then the solution of calcium chloride
(precipitant).

In-Depth Fluid Diversion

The recovery factor of all enhanced recovery operations in heterogeneous
reservoirs with high permeability streaks can be increased by the application of
gelled polymer systems. In contrast to near wellbore treatments applications,
polymer gels are applied in injector wells through in-depth fluid diversion (IFD) to
increase reservoir scale sweep efficiency. Novel gel systems allows multichoice
range solutions from weak gels to sequential injection for in situ gels, colloidal
dispersion gels, preformed gels and microgels. The objective of an IFD process is
to modify reservoir inflow profile for significant reduction of thief zones effective
permeability to prevent the water uptake.

Since the 1990s, IFD research has gained momentum and new gel systems
have been investigated to handle the problem of unswept zones.

Depth of the propagation and strength of the formed immobile gel structure
are major factors influencing the success of such treatments.

Polymer gel injection can be classified as either bulk gel injection (surface
produced) or sequential injection (in-situ). Each of these two injection mechanisms
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has key disadvantages and benefits. Bulk injection involves the injection of a
homogeneous gel solution, formulated at the surface before the injection process
takes place. This homogeneous gel solution, injected into the formation, quickly
becomes a strong gel in-situ and predominantly affects the near-wellbore region.
Bulk injection can result in weaker gels as result of shear degradation. By contrast,
sequential injection can be used. This involves in turn injection of polymer and
crosslinker. It enables in-depth placement of gels, as there is not much chance for
crosslinking until both the polymer and crosslinker are present in the formation.
Only then will the crosslinking take place yielding a strong gel capable of varying
a zone's permeability. The disadvantage of sequential injection, however, is the
added difficulty associated with the obvious loss of control. The polymer and
crosslinker slugs may not even come into contact with each other if they flood
different reservoir zones/strata8.

Summarizing the information presented above the bulk gel injection gives a
weak gel due to shear degradation; by contrast sequential injection gives a strong

gel but has a risk of control risk.

Gel Strength

Sydansk has defined a gel strength code (Codes A through J) to evaluate gels
strength. In proposed scale a Code B gel is classified as a highly flowing gel (i.e.
weak gel). As an alternate measure Han and Lil have proposed a rheological
parameter, the storage modulus (G'). A gel is classified as a weak gel when G' is
less than 1dyne per square centimeter (dyne/cm2).

Because weak polymer gels are commonly used when it is important to keep
gels or gel particles as a flowing fluid, this is sometimes referred to as a flowing
gel process.

Weak gel injection selectively penetrates farther into high permeability
zones and in the subsequent waterflood or chemical flood, it can be gradually
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pushed even deeper into the formation. In this process, fine gel particles migrate
into pore throats, some of them squeeze through the throats, propagating forward,
while others are trapped, effectively blocking further flow. This blockage plugs
divert the subsequent water injection into unswept low permeability zones.

This paper presents an experimental study of nanogel which allows
combining the advanatges of gels used in bulk and sequential injection. Addition of
light metal nanopartciles subsequently increase the gel system strength while
crosslinking, but has no effect on flow ability before it. The very weak gels form
near the wellbore region, but continue to propagate into the reservoir. Adjustable
crosslinking time allows on opportunity to be sure that gel bank placed exactly in
thief zone and strong in-situ gel is not formed unpredictably. The subsequent
injection of fluids, either water or chemical solutions, will redirect the predominant
flow paths to unswept reservoir zones, which improves oil sweep efficiency by
waterflood (or chemical flood), therefore leading to enhanced oil recovery (EOR).
The surface of the gel is rough in nature.

Nanogel Strenght Evaluation Experiments

Nondestructive ultrasound-based analysis of gelation is applied in based on
chronometry of ultrasonic signal transmission through the specimen, the rate of
ultrasonic signal increases herewith alongside with the specimen thickening. The
advantage of the methods lies in registrability of the whole gelation process
without destruction of the test specimen. In compare with other methods it allows
on objective valuation of gels compressive strength.

Tests were conducted as follows: 5% aqueous solution of polymer (CMC)
was prepared for the experiment. Then nanoparticles were added and at constant
stirring the crosslinking agent was introduced. To eliminate the effect of entrapped
air on a specimen minimal pressure up to 3.4MPa (500 psi) was supplied. Tests
were conducted at 62°C. The experiment result was a plot of gel strength

evaluation versus time.
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Kamcel 1000 grade CarboxyMethylCellulose with degree of substitution of
carboxymethyl groups 80-90 and degree of polymerization of 1050-1150 was
used as polymer. Nanoparticles supplied by Advanced Powder Technology
(Tomsk, Russia), aluminum, were used. We used polyvalent metal salt as
crosslinking agent. Crosslinking time of the polymer solution has adjustable range
from 1 hour up to 10 days. Dynamics of changes in gel strength with and without
addition of nanoparticles is shown in Figure 1. The gel with concentration of
nanoparticles 0.0125 wt% was selected for the experiments due to increase of gel
strength up to 65% (here and after referred as nanogel).
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Figure 1 — Gel compressive strength changes: 1: gel without addition
of nanoparticles; 2: gel contains 0.0125 wt% of nanoparticles.

Kinetic Mechanism of Gelation in the Presence of Nanofillers

Study and comparison of gelation curves in the presence and absence of
nanoparticles allows the process mechanism to be explained In the presence of
nanofillers, we can visually identify an inflection point on the graph (Figure 1).
This circumstance allows us to speak about two simultaneous processes: cross-
linking of the polymer system and reinforcement of gel by metallic nanoparticles.

Nanoparticles are evenly distributed within the gel, thus increasing the surface area
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of the filler, which is accompanied by gel strength increase. However, after
exceeding a threshold concentration (0.0125 %) it decreases. This can be explained
by aggregation of nanoparticles (and possibly coalescence) that leads to a decrease
of nanofillers surface area, which finally reduces reinforcing effect. To confirm our
arguments we have to prove the existence of an inflection point on gelation curve
in presence of nanoparticles in the system Proposed kinetic mechanism of the
observed phenomena was proved by percolation task formulated for a continuous

medium on the basis of gel electrical properties changes.

Resistance Factor and Residual Resistance Factor

The resistance factor, residual resistance factor and their change trend to test
time are shown in Figure 2. The standart testing procedure was used during the
experiments. Tests were conducted at 62°C. Artifical core samples with 470 md

permeability were used for experiments.
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Figure 2 — Relationship between RF, RRF and test time
Core Preparation and Test Procedure
A two different artifical core sample from quartz sand were used to
reproduce a confined homogeneous or a simply stratified heterogenious porous
media (Table 1). The dry core samples was evacuated and saturated with formation

brine under vacuum by standard procedures16,17. Porosity and pore volume were
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calculated from weight difference between wet and dry core. The core was
mounted in a core holder and at least 15 PV of the same formation brine was
injected into the core to reach a stabilized pH at the outlet and also a constant
pressure drop across the core. After determining the permeability of formation
brine by the porous plate method16 residual water saturation was 14%. Further, the
core sample is placed back in the core holder, with simulated reservoir conditions:
formation pressure 16MPa and 26MPa overburden pressure, temperature 62°C.
The core sample was saturated by the live crude oil recombined from separator oil
and synthetic separator gas and after the constant differential pressure achieved oil
permeability of the sample was measured. The core samples were aged in live
crude oil for a period of two weeks. During the ageing period the live crude was
replaced by fresh crude oil three times. A minimum of two pore volume was
injected and sufficient amount was used to achieve a constant GOR.

Gel Treatment

The modeling study presented by Entov shows that oil recovery is
significantly greater if the flow is blocked in the neighborhood of the producing
well as compared with blocking near an injection well or deep in the reservoir. It
also shows that the crossflow between the layers of a layered reservoir plays an
important role in achieving a gain in oil recovery. It is obvious that core treatment
experiments without crossflow between the core samples could not accurately
represent the fluid deep diversion. There in the gel bank act part more as plunger
than blockage system because of its impermeability. Therefore the treatment
experiments with crossflow betweencore samples were conducted at experimental
setup shown in Figure 3. It has injection vertex, but separate production lines

which allows on accurate monitoring of oil produced.
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Figure 3 Artifical core crossflow scheme

Unsteady state displacement were performed at full reservoir conditions at a
nominal flow rate of 5 PV.

d. All experimental plans and procedures were as follows:

1. Saturating brine and experimental oil;

2. Syntetich Caspian Sea water flooding until to 98% water cut;

3. Gel flooding with 10% PV;

4. Subsequent water flooding to 98% water cut.

It were condcuted six flooding experiments with gel and nanogelat different
gel bank in-situ positioning. To test the impact of gel bank positioning on diverted
perfomance of the gel three different positions of gel bank were selected (Figure
4). The volumes of produced water and oil were recorded at intervals, and the oil

recovery factor was calculated as percent of original oil in place (%OOIP).
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a) Pl - Position near injection line

Production line

Injection vertex

» Lowperm layer

Production lin¢e

b) P2 - Position at the middle between of injection and production lines
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Figure 4 Gel bank positions

All the experiments were done at 62°C temperature.
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3akiiroueHue

B xonme BbIycKHOW KBaMM(PHUKAIMOHHON pabOThl OBUIM BBIIOJHEHBI BCE
MOCTaBJICHHBIC 3a/1a4H.

Q He(dTAHOE MECTOPOXKIECHUE HMEET CIO0KHOE TeOJIOTUYECKOE CTPOCHHE.
MHoromniacToBble 3alieKd MPEACTABICHBl B OCHOBHOM II€CUaHO-aJIEBPUTOBOM
pPa3HOCTBIO, B pe3ylbTaTe 4Yero HaOMoaeTcsa BBICOKAas JiaTepaibHash W
BEPTUKAJIbHAS HEOJHOPOJIHOCTH IIJIACTOB KOJIJIEKTOPOB..

Tekymee cocTosstHuEe  pa3pabOTKM  MECTOPOXKIEHUS ~ COOTBETCTBYET
IPOEKTHBIM JIOKYMEHTaM, KOTOpbIE ObLIM pa3paboTaHbl AJs 3TOW LETH. Y 1ajioch
JaXKe TPEBBICUTH IUIAHOBBIE IOKAa3aTelu MO OYpeHUI0 CKBaXuH H Ha 2% U
MOBBICUTH KO3 utineHT skcrryaranuu Ha 0,02% npoTHUB MPOEKTHOTO.

B pabote paccMOTpeHbl M MNpPOaHATU3UPOBAHBI PA3IMYHBIE METOAUKU IO
BBIPaBHUBAHUIO NIpouiIs nprueMucTocTy. [IpoBeieH UX cpaBHUTENBHBIN aHAIN3 U
BBIABJIEHBI Jiydmne mnoaxoasl g BIII Ha MECTOpOXACHUH €2 3TO:
BJAC+BYC+ITAB, KT/1/12 u AC-CSE+ITAB.

Pazo0pan monxon mo oneHke 3¢ (EKTUBHOCTH MPOBEACHHBIX OIEepanui
BIIII. Pa3oOpanHasi MeTOuKa MO3BOJUJIA OLIEHUTh C JOCTATOYHOM TOYHOCTHIO
saddext ot BIIII. Ha Bcex paccmarprBaemMbix CKBaKMHax HaOmrogancs 3h@exT ot
BIIII, koropsiii B cpeanem coctaBui okosio 5000 tonn HedTu 3a ron. Takxke
pacCMOTPEHO MECTOpOXKJAeHUE B IiejJoM 1o oOpadotkam BIIII. Hawumydmiue
MoKasartelnu 1o npupocraM Hedtu nokazana meroanka JJC+BYCHITAB B cpennem
1260 TOHH AOMOIHUTEIBHOTO MPUPOCTA MO HEPYTU U CHUKEHUE OOBOJJHEHHOCTH Ha
7%.

Taxoke Obl1a paccunTana SKoHOMUYecKask 3PHEKTUBHOCTH OT MPOBEIECHHBIX
BIIII, xoTopas moka3ana 3HAYUTEIHLHOE YBEJIMYEHUE MPUOBLTN KOMIIAHUHM B BHJIE
YUCTOTO TUCKOHTUPOBAHHOTO Ao0xo0a 6onee 10 miH pyo.

B rnaBe couuanbHas OTBETCTBEHHOCTh PAacCMOTPEHBI BpelHbIE (DAKTOPBHI,

BIIMSIONIME HA OKPYXKAIOUIYI0 Cpeay M Mepbl 0e30MmacHoCcTH 1o pabore ¢
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XUMpCarcHTaMm, a TaKKC MCPLI IO HPCAOTBPALICHUIO ITOIIaJJaHNUA XHUMHYCCKUX

BCUICCTB B BOAOCMBI U IIOYBY.
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