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Mo paHHbIM A.A.BokcepmaHa u ap, /1/ 65% ocTaBlumxcs Ha Hayano XX1 Beka 3anacoB HedpTU U rasa OTHOCATCH K KaTeropuu TpyAHOU3Bre-
Kaembix. 28% U3 HUX HaxoAATCs B HU3KOMPOHULAaeMbIix konnektopax. Mpu atom 20% o6wux 3anacoB HedhTU HaxooUTCA B KapOOHATHbIX
konnekropax. OTctoaa NOHATEH MHTepeC HePTAHMKOB K NOBbILeHUI0 3pheKTUBHOCTM pa3paboTKm 3TUX KaTeropui 3anacos. 3BecTHO, 4YTo
nu3Bne4YyeHne HepTM U3 KapOGOHATHBLIX KOJNEKTOPOB TPaAULMOHHLIMM TEXHOMOMUSAMU KakK NpaBuno mMmano3addeKkTMBHO. ATO CBA3aHO C Kon-
NEeKTOPCKMMU CBOMCTBaMM NnnacTa (TPeLmMHOBaTOCTb, HU3Kasi NOPUCTOCTb, HEOAHOPOAHOCTL), €ro NOBbLILLEHHOW PeakLMOHHOM CMocobHOC-
Tbio M cBoncTBamMu camon HedpTn. HedpTeotaauya Takumx KONNeKTopoB BO MHOrOM ornpefaensieTcs He TONbKOo hunbTpaLMoHHO-eMKOCTHLIMU
CBOWCTBaMU, HO U MUHepanorn4yeckuM coctaBom nopoAabl. MHOrohakTopHOCTbL YCNOBUIA, BNUSAIOLIMX Ha NoBeAeHUe HedhTU B CIIOXHOMO-
CTPOEHHbIX KONJieKTopax kapboHaTHOro Tuna, TpedbyeT pa3HOCTOPOHHEro NoAxoAa K U3y4YeHUIo npoueccoB HedhTen3BreYeHUs U UX yyeTa

Nnpu co3gaHMm HOBbIX TEXHONMOINN HedpTe[oObIuK.
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NEW APPROACHES TO DEVELOPING OIL
POOLS IN CARBONATE RESERVOIRS.
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According to A.A.Boxerman and others, /1/, 65% of
the oil and gas reserves remaining unextracted, as of
the beginning of the 21-st century, are referred to the
classification of “difficult to produce” reserves. 28% of
them are in the low permeability reservoirs. Besides,
20% of the total oil reserves are stored in the carbon-
ate reservoirs. Hence the oil men’s interest in improving
the efficiency of developing these types of reserves. Oil
extraction from carbonate reservoirs using conventional
technologies is known to be, as a rule, inefficient. This
has something to do with the reservoir properties of the
formation (cracks, low porosity, heterogeneity), its in-
creased reaction capability and the properties of oil it-
self. The oil yield of such reservoirs, in many respects, is
determined not only by the filtration and capacity proper-
ties but by the mineralogical composition of material. The
multiple factors which influence the conditions impact-
ing the behavior of oil in the carbonate type reservoirs,
characterized by complex structure, require a versatile
approach to the study of the processes of oil extraction
and taking them into consideration, when creating new
oil production technologies.

A group of chemists of the Institute of Organic and
Physical Chemistry named after A.E. Arbuzov, Kazan
Research Center of the Russian Academy of Sciences
under the leadership of O.G. Sinyashin, Academician of
the Russian Academy of Sciences (V.A. Alfonsov, L.N.
Punegova, G.V.Romanoy, etc.) together with oil men and
geologists under the leadership of R.Kh. Muslimov, Aca-
demician of the Academy of Sciences of the Republic of
Tatarstan (B.Ya. Margulis, V.P. Morozov, |.N. Plotnikova,
etc.) developed and researched, in all aspects, under
laboratory conditions, a new acid complexing agent AFK
to apply to the well bottom-hole area in carbonate and
clay reservoirs.

Preliminary research of the agent was conducted on
the linear models of the formation with a view to deter-
mining the influence exercised by the agent on the filtra-
tion and capacity properties of the reservoir. In Fig. 1, the
results of the change in the permeability of the model are
given after it has been acted upon by the AFK agent and
the mineralized water, while in fig. 2, the same situation
but involving fresh water is shown. It follows from the
results set out, that the use of the AFK agent increases
the permeability of the models several times when filtrat-
ing both mineralized and fresh waters. In real conditions,
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B.M.Mopo3oB, W.H.MnotHukoBa un pap.)
6bIn pa3paboTaH M BCECTOPOHHE uccre-
AoOBaH B nabopaTopHbIX YCNOBUAX HOBbI
KWUCMOTHbIN KOMMMekcoobpasyoLwmnin pea-
reHT A®K gns o6paboTkm npusaboiHomn
30Hbl CKBaXWH B KapOOHaTHbIX U FMUHU-
CTbIX KOMMEKTopax.

MpenBaputenbHble  MccnefoBaHuA
peareHTa MNPOBOAWMUCH Ha IMHEWHbIX
Mofensix nnacta c uenblo onpeaeneHust
BMUSHUS peareHTa Ha UIbLTPaLUOH-
HO-eMKOCTHble CBOWCTBa Konnekropa.
Ha puc.1 npuBegeHbl pesynbraTbl u3me-
HEHUs MpoHULAeMoCTW Mogenu nocne
BO34EeNCTBUS Ha Hee peareHToM ADK n
MUHEepanu3oBaHHOW BOAOW, a Ha puc.2
TO Xe, HO C npecHon Bogown. M3 npwu-
BEAleHHbIX pe3ynbTaTtoB crneayet, 4To

npumeHeHune peareHTa A®PK MHorokpaTHO
yBenuuuBaeT MNpOHMLAeMOCTb Mopenem
npu uNbTpPaLumM Kak MUHepanuaoBaH-
HbIX, TaK U MpecHblX Bod. B peanbHbix
YCNOBMSAX 3TO O3Ha4yaeT yBenuyeHue pa-
Avyca akTMBHOTO ApPEeHMpPOBaHus nnacra
B pesynbrate YacTUYHOrO PacTBOPEHUS
ckeneTta nopopgbl 1 GnokMpoBaHus Bpea-
HOrO BMUSIHUS TMMHUCTOW COCTaBMsito-
wen.

PeareHT wncnbiTbiBanM Ha obpasuax
€CTEeCTBEHHOro KepHa KM3emnoBCKUX U Ye-
peneTckux oTnoxeHui. MNMpun atom ycTa-
HOBIEHO, 4TO, B OTNNYME OT CONSAHON
Kkucnotbl, peareHT AOK paBHOMEpPHO BO3-
AeNCTBYeT Ha KONMeKTop, NPOHMKas Kak B
BbICOKO-, Tak Y HU3KOMPOHML@EMbIE 30HbI
(Kn3enoBckme OTNOXEHUS), COXPaHsst nc-
XOAHYI0 CTPYKTYpY Konnektopa. PeHTreHo-
rpacr4yeckMm aHanM3om He yCTaHOBMNEHO
nosiBneHus B obpasuax kepHa Kaknx-nmbo
HoBoOGpasoBaHuii. Mpu 3TOM YacTU4HO
yBENMYMBaETCs NOPUCTOCTb, 3HAYUTENb-
HO BO3pacTaeT NPOHULAEeMOCTb. Takxe
YCTaHOBMEHO pacTBOPEHWEe 3epHUCTO-
ro KanbuuTa, KOTOpbIA LeMeHTupyeT b
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opraHuyeckue ocTaTKu, MpUYeM Makcu-
ManbHOe pacTBOpPEHWe KanbLuTa npouc-
XOAUT He B KaBepHax, a B COEAMHSOLLNX
nx kaHanax. Ha kepHax YepeneTckux oT-
NOXEeHUn nocne BO3OENCTBUA peareHTa
A®DK ycTtaHoBneHo obpasoBaHue TpeLyum-
HOK pacTBOpPEHWS, KOTOpble BO3HWKMN
Ha rpaHuue cronkoB OuoknacToBo-u-
TOFEHHbIX W OMOKNACTOBO-300rEHHbIX
N3BECTHAKOB. TpeLluHKN UMeloT Henpa-
BUMbHYIO (DOPMY, SBNSIOTCA U3BUIUCTbI-
MU 1 npepbIBUCTbIMK B Wwnude. Noasne-
HVe TpeLluHOK pacTBOpeHus oObscHAET
4Ype3Bbl4allHO BbICOKYK MPOHMULI@EMOCTb
obpasuoB (Ha 2-3 nopsigka) nocne nx ob-
paboTtkn A®K. BaxHO noayepkHyTb, 4YTO
0o o6paboTkm 06pasLoB KEpHA OHU OTHO-
CMNUCh K NOPOBOMY TWMY KONNEKTOPOB, HE
UMetloLemMy npakTUY4ecKon 3HaAYNMOCTH
(MpakTnyeckn HyneBas MPOHNLLAEMOCTb).
Mocne 06paboTkn OHWM cTanmuM NOpOBO-
TPELMHHOro TUMNa ¢ BbICOKOW NpoHULae-
MOCTbI0. [NpombilNeHHas LeHHOCTb npu
aToM TpebyeT akcnepMmMeHTanbHOro noga-
TBEPXAEHUS B MNOMNEBbIX YCINOBUSX.

[TOMMMO KUCMOTHBIX CBOWCTB pea-
reHT A®K obnagaeT MOLHbIM KOMMMEeK-
coobpasyolwmm adhdekToM, CnocobHbIM
B CcybCcTexmomeTpu4yeckoM COOTHOLUe-
HUM npensaTcTBOBaTb POCTY KpucTan-
nos ocagkoobpasywowmx conein. OH
obnapgaet KpucTannopaspyLiaoLwmum
appekTom, BUAOU3IMEHAS POPMY LieHTpa
kpucTtannusauun. bnarogaps atomy npo-
NCXOOUT npepoTBpalleHne BbiMageHns
KonbMaTupyloLWmx reneobpasHblx ocaj-
KOB 1 conen, paspyliaetcs Monekynsp-
Hasi CTPYKTypa IMUH U MPONCXOAUT BbIHOC
NpoAYKTOB peakuuu, YTO MOATBEPXAEHO
nccnefoBaHUAMKU € NPUMEHEHNeM MeTo-
na VIK-cnektpockonuu.

Pearent A®K nerko  pactBO-
pyM B TMpecHbIX W MWHepanu3oBaH-
HbIX BoOAax [ANA MpUroToBneHuns pabo-
YMX KOHLEHTpauun. PeareHT MoXxeT
yCNewHo 3aMeHsiTb COMSAHY KUCMOTY
NpakTU4eCckn BO BCEX TEXHONMOTrMYecKmx
onepaumsax MO KUCNOTHbIM obpaboTkam
npn3aboHOW 30HbI CKBaXWH, COBMECTUM

C NNaBWKOBOW Kncnoton (npu obpaboTke
TEPPUreHHbIX KONSIEKTOPOB), a Takxke Cno-
cobeH fekonbmMaTU3MpoBaTb UM packarnb-
TM3UpoBaTb NpuU3aboHyto 30HY, yaansaTb
MeTannbl, Bbi3biBaloLWne ocagkoobpaso-
BaHWe, paspyllatb U BbiMbIBaTb FMMHU-
CTyto cocTaBnsiowyt. MNpu Bo3gencTenm
[06bIBaOWMX CKBaXWUH Ha Npu3aboliHyio
30HY yBenuumMBaeTcs KO3a(pduUMEHT ee
NPOAYKTUBHOCTM, OCOBEHHO B KOMMIEKCE
c NMAB wn pactBoputensmu. Bosgelicteue
e 4Yepe3 HarHeTaTellbHble CKBaXXWUHbI
NpMBOANUT K MU3MEHeHUo npodunsa npu-
€eMnCTOCTN (0COBEeHHO B KOMMIEKce C Mno-
nMMepammn) 1 yBenu4YeHuo NpoHNLaemMo-
CTW NOPUCTON MaTpuLbl, NpegoTBpaLLaeTt
3arpsisHeHne nNpmn3abonHOM 30HbI 3aKayn-
BaeMoOW BOAOMN.

CtoumocTb 1 T rotoBoro Kk ynotpe-
6neHnio pacTBopa HYXHOW KOHLEHTpa-
UMM comsMepuma co CToumocTbi 1T
ComnsiHOM KucroTbl. HeocnopumbiM npe-
MMYLLECTBOM SBMSIETCS  3HAYUTENbHOE
COKpalleHe TPaAHCMOPTHbLIX U CKNafACKMX
pacxofoB — 1 T KOHUeEHTpaTa no3sonsiet
npurotaBnueatb 30-50 T pacTBopa, 3K-
BMBANEHTHOIO MO KUCNOTHOMY BO34ei-
cteuio 30-50 T HC, (Ho yHMBepcarnbHoro
OeNCTBUS U € BONbLIMMU BO3MOXHOCTS-
mu). Takum obpasom, 1 T peareHTa 3ame-
HSeT 1 /0 UMCTEPHY COMSIHOWM KUCMOThI.

B HacTosilee Bpemsi roToBUTCS
K BbIMYCKYy OMbITHAsi MapTus pearex-
Ta A®PK n nnaHupyetcs npoBedeHune
OMbITHO-NPOMbICIIOBbIX UCMbITAHUIA Ha 3
CKBaXWHax. m
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this means an increase in the radius of the formation ac-
tive drainage, resulting from partial solution of the matrix
solid material and the blockage of the harmful effect of the
clay component.

The agent was tested on the natural core samples of
the Kizel and Cherepetsk deposits. Among other things,
it was ascertained that, unlike the hydrochloric acid, the
AFK agent has a uniform effect on the reservoir, penetrat-
ing both into the high permeability and low permeability
zones (Kizel deposits) while retaining the original struc-
ture of the reservoir. The X-ray analysis did not identify
any new formations in the core samples. Besides, the
porosity partially increases, the permeability significantly
rises. It has also been determined that granular calcite,
which cements organic residues, and maximum solution
of calcite does not take place in the caverns, it takes place
in the channels that connect them. On the core samples
of the Cherepetsk deposits, after applying the AFK agent,
the formation of solution cracks was identified which had
emerged on the boundaries of the straticules of bioclast-
phytogenous limestone and bioclast-zoogenous lime-
stone. The cracks are of irregular shape, are winding and
interrupted in the polished section. The appearance of the
solution cracks accounts for extremely high permeability
of the samples (by 2-3 orders of magnitude) after their
treatment with AFK. It is important to stress that before
the treatment of the core samples they were referred to
the porous type of reservoirs which have no practical sig-
nificance (practically, zero permeability). After treatment,
they became of porous-crack type with high permeability.
The industrial value, in the meantime, requires experi-
mental confirmation in field conditions.

Apart from acid properties, the AFK agent possesses
a powerful complexing effect, capable, in substoichio-
metric respect, of impeding the growth of the sediment
forming salt crystals. It has a crystal destroying effect,
changing the form of the crystallization center. Thanks
to that, the precipitation of the colmatage gel-like sedi-
ments and salts is prevented, the molecular structure of
clays is destroyed and there occurs a loss of the reaction
products which is confirmed by the research using the IR
spectroscopy.

The AFK agent is easily soluble in fresh and miner-
alized waters for preparation of working concentrations.
The agent can successfully replace the hydrochloric acid
practically in all the technological operations for the acid
treatment of the well bottom-hole area; it is compatible
with hydrofluoric acid (when treating terrigenous reser-
voirs) as well as it is capable of de-colmataging and de-
calcinating the bottom-hole area by removing the metals
which cause sediments to form, capable of destroying
and washing away the clay component. When impacting
the bottom-hole area of the production wells, its produc-
tivity factor increases, especially, when combined with
surface active agents and solvents. The impact through
the injection wells leads to the change in the input profile
(especially in combination with the polymers) and to an in-
crease in the permeability of the porous matrix as well as
prevents the contamination of the bottom-hole area with
the water pumped in.

The cost of 1 ton of solution with proper concentration
ready for use is commensurate with the cost of 1 ton of
hydrochloric acid. An undisputable advantage is the sig-
nificant reduction in transport and storage expenses as 1
ton of the concentrate allows you to prepare 30-35 tons
of the solution equivalent in acid impact to 30-50 tons HCI
(which, in addition, has a unique effect and a great po-
tential). Therefore, 1 ton of the agent replaces 1 railroad
tanker of hydrochloric acid.

At the present time, an experimental batch of the AFK
agent is being prepared for production and plans are be-
ing made to carry out experimental and production test
on 3 wells.
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