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MuHepanusauusa N1acTOBbIX BOJ HEOKOMCKOIO
BOAOHOCHOIO0 KOMIJIEKCA MeCTOPOXKAEHUA
3anagHou Cubupwm
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AHHOTauus

Bopbl HEOKOMCKOTO BOJLOHOCHOTO KOMIJIEKCA, K KOTOPOMY OTHOCATCA BOAbI MiactoB rpynnbl AC mecTopoxkaeHus 3anagHoii
Cubupm (mectopoxkaenue N), oxapakTepnsoBaHbl He6ONbIWKUM KONUYECTBOM FYGUHHBIX NPO6 CO 3HaYUTENbHBIM pasGpocom
MuHepanusauuu. MoaTomy npoBeAeH AONONHUTENbHBIN aHaNu3 yCTbeBbIiX NPo6 NonyTHO f06bIBaeMoii BoAbl, KOTOPbIA NOKa3an
3alWyMNeHHOCTb UCXOAHON BbIGOPKM NPo6 M3-3a CMelleHWs NNAcTOBOM BOAbI C 3aKayaHHbIMM B NNACT TEXHONOTUYECKMMM
XUAKOCTAMM U BOAAMU CUCTEMbl 3aBOAHeHMA. locie oTceBa HEKOPPEKTHbIX MPO6 OCTaBlIAACA 4YacTb JAaHHbIX YKa3blBaeT
Ha Gonee cnabyio MuHepanusauuio NO CPaBHEHUID C MPUHATON. ITO CBUAETENbCTBYET O HaNWUYMKU HeonpepeneHHOCTH
B BeIMYMHEe MUHepanusaunu NnacToBoi Bojbl HA JAHHOM MECTOPOXAEHUU U Heo6X0AMMOCTM NpoBeeHNA JONONHUTENbHOTO,
6osiee Ka4yecTBEHHOr0 0TGOpa rNy6MHHbIX NPO6 BOAbI.

Matepuansl u MeToAbI Kniouesblie cnosa

B KayecTBe maTepuana Ans aHanusa UCNoNb3yTCA YCTbeBble NPOObI MWUHEpanu3auus, MoOHHbIA COCTaB, NnacToBas BOAA, Npobbl BOAbI,
nonyTHo Ao6bIBaeMOit BOAbl, pe3ynbTaThl aHaanu3a NopoBOi BOAbI KepH, NPUeMUCTOCTb, NONyTHO Ao6bIBaemMas Boja, NpecHas BoAa,
Ha KOHCEPBMPOBaHHOM KepHe. O6paboTKa JaHHbIX OCyLLecTBAAETCA maTemaTuyecKoe oxuaaHue

MeTOAamMn MaTeMaTUYeCcKOM CTaTUCTUKM C UCMONb30BaHNEM
nporpammHoro npoaykra MATLAB.
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Abstract

The waters of the neocomian aquifer complex, which includes the waters of the Achimov strata of the AS group of the deposit N, are characterized
by a small number of deep samples with a significant spread of mineralization. Therefore, an additional analysis of wellhead samples of produced
water was carried out, which showed that the initial sample was noisy due to mixing of formation water with process fluids injected into
the formation and water of the waterflooding system. After screening out incorrect samples, the rest of the data indicates a weaker mineralization
compared to the accepted one. This indicates the presence of uncertainty in the value of formation water salinity at this field and the need
for additional, better sampling of deep water samples.

Materials and methods Keywords
As a material for analysis, wellhead samples of produced water, the mineralization, ionic composition, reservoir water, water samples, core,
results of pore water analysis on a preserved core are used. Data injectivity, produced water, fresh water, mathematical expectation

processing is carried out by methods of mathematical statistics using
the MATLAB software product
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Bonpoc BnuaHMA MuHepannsauum v MOHHO-
ro coctaBa 3aKa4yMBaemoi BOAbl Ha NapameTpbl
pa3paboTky HedTAHLIX KONNEKTOPOB MHTEH-
CVMBHO nccnepyetcs B nocnefHee spema [1-3].
CepbesHoit npobnemoit pa3paboTkM MmecTo-
poxaeHua N ABNAeTCA CHUXEeHMe NpuemucTo-
CTW HarHeTaTe/NbHbIX CKBaXWH W3-3a YXyALleHuA
KONNEKTOPCKMX CBOMCTB nnacta. Bo3moxHon
NPUYUHOW CHUKEHWUA MPOHMULAEMOCTN ABNAET-
CA BbiNajeHune TBepAbIX 0CaAKOB B pe3ynbrate
coneo6pa3oBaHMA NpuU CMELIEHUN HecoBMeE-
CTUMbIX BOA. MccnepoBaHne BO3HUKHOBEHUA
PUCKOB BbiNageHus conen [6—-8], BausHue 3a-
KaunBaemoil BoAbl Ha HabyxaemoCTb rnH [4, 5]
HEBO3MOXHO npoBecTn 6e3 cBefeHUin 06 MOH-
HOM cocCTaBe nnacToBov BoAbl. CnejoBatenbHo,
nepBbIM WArom B pelleHny Bonpoca BANAHUA
coneobpa3oBaHnA ABNAETCA ONpejeneHne fo-
CTOBEPHOI BENMNYMHBI MUHEPanM3aLmmn 1 cocra-
Ba NM1acToBOMN BOAbI.

Boabl HEOKOMCKOro BOAOHOCHOTO KOMMNEK-
ca, K KOTOPOMY OTHOCATCA BOAbl NNACTOB rpyn-
nbl AC mectopoxaeHus N, oxapaKtepu3oBaHbl
HeBONbWMUM KONMYECTBOM Ay6UHHbIX NpPo6
€O 3HauuTENbHbLIM Pa3bpPOCOM MUHepanu3aLum.
Mo3aTomy ocTatTcA OTKPbLITHIMKU BONPOCHI, CBA-
3aHHble C onpejeneHnem LOCTOBEPHO BENUYH-
Hbl MUHEpanu3ayMmn nnacToBbix BoA. bonblion
UHTEepec npeAcTaBAfeT 3HauyeHue HavyanbHom
1 TEKyLle MUHepanu3aLnmn NnacToBbIX BOA Noj,

Ta6a. 1. ConocmasneHue cpeaHeao 3Ha4yeHuA KOHL{eHmpGLUJlj UOHOB U MUHepanusayuu

Bcex npob u NUKBUOHbLIX NPO6

Tab. 1. Comparison of the average value of ion concentrations and salinity of all samples

and liquid samples

Mnact C0z-, HCO; SOZ, I,
mr/n mr/n wmr/n mr/n

CpepHee 48 3802 0 27 277

3HayeHne

BCcex Nnpob

Cpegtee 1 1914 0 3641

3HayeHne

JIMKBUAHbIX

npo6

BAMSHWEM 3aKauMBaemMoi BOAbl U ee pacnpe-
JeneHne No Nnowaan MecTopoXaeHus, a Tak-
e TO, KaK cornacyrrcs mexay coboii gaHHble
npo6, NoNYYEHHbIX U3 Pa3ANYHbIX UCTOYHUKOB.

B paHHoi pabote nposegeHo conocrase-
HUe MOHHOTO COCTaBa BOAbI B Npobax, oTob6paH-
HbIX C YCTbA [06bLIBAIOWMX CKBAMMWH, MOATO-
BapHOW BOJAbl, B3ATOM HA JOXUMHOW HAaCOCHOM
craHumm (AHC) ¢ yctaHoBKOW npeaBapuTesb-
Horo cbpoca Boabl (YMCB) 1 noposoit BoAbl,
13BNIeYEHHON U3 3aKOHCEPBUPOBAHHOIO KepHa
C COXpaHeHHON BOJOHACHILEHHOCTbIO.

C32+,
mr/n

2128

Mg2+,  Na*+ Fe*2, O6uwas
mr/n K, Mr/n MuHepa-
mr/n nusaums, mr/n
327 16311 O 48730
129 30 2832 0 8629

MepBUYHbIA aHann3 npob nokasbiBaer Ba-
pbupoBaHue MuHepanusalyum ot euHuL, 4o co-
TEH I/N, 4TO rOBOPUT O 3HAYUTENbHON «3allyMm-
NIEHHOCTU» aHHbIX Npo6amu paszbaBneHHbIMU
TEXHONOrMYECKUMU HUAKOCTAMU [e00ro-Tex-
HONOTUYECKUX MePONPUATHIA 1 TpeByeT Ncnofb-
30BaHuUsA Npoueayp BepuduKauum n oTépakos-
KM Npob € Lenbio BbIAENEHUA «UYUCTbIX» NPO6
NNacToBbIX BOA.

AHanu3 Gonee 20 ThICAY YCTbEBbIX
npo6 3a nepuos 2008-2022 rr. mnoka-
3aN, 4to GONbLWMHCTBO M3 HUX NPUBA3AHbI
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Fig. 3. Pore water mineralization distribution

Fig . 1. Dependence of salinity and ionic composition of water according

to wellhead samples after hydraulic fracturing
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K reonoro-tTexHuyeckum meponpuatmam (MM).
JTo 03Hauaet, yto B [06bIBAEMOI NOMYTHOI
BO/E MPUCYTCTBYIOT KOMMOHEHTbI TEXHONOMM-
UECKWX XUAKOCTEi, UCMONb3yemMblXx NpU npo-
BegeHun [TM. Ha pucyHke 1 npeacraBneHa
xapaKTepHas 3aBUCMMOCTb MUHepanusaunu
M KOHLEHTPaLWUU NOHOB B BOAE Noc/e ruapas-
nnyeckoro paspbia nnacra (TPM) ot Bpemexu.
BWAHO, YTO KOHLEHTPALMM YMEHbLIAKTCS C Bbl-
XO0M Ha MOCTOAHHOE 3Ha4YeHNe MUHepanusa-
umn. [laHHas 3aBucMmocTb Habnoaanach Kak
B npobax nocne MM, Tak 1 nocne 3anycka Ho-
BbIX CKBAXWH U3 OypeHus.

Vicnonb3oBaHue npo6 BOAbl, NOABEPXKEH-
HbIX BAUAHWIO MAKOCTU TTM, MCKaXaeT OLeHKY
MUHEepanu3aunu nnactoBon Bodsl. Takue npo-
Obl ABNAKOTCA HEKOPPEKTHbIMK A5 aHannsa —
1 nx HeobXoaMMo MCKMOYUTL (0TOpaKoBaTh)
U3 UCXOLHOM BbIGOPKU.

Cuenbio 6bICTPOro yAaneHns HEKOPPEKTHbIX
yCTbeBbIX NPo6 BoAbl OblN MCMONAb30BAH METOA
Bokca—Kokca cratuctuyeckoro npeo6pasosa-
HUA ncxoaHoi BblbopkK [9, 10]. Mocne oTce-
Ba HEKOPPEeKTHbIX Npo6 B BbIGOpKe 0CTanoch
2 765 npob. BuaHo, 4to npobbl nnacros AC10,
AC11 1 AC12 umetoT 60MbLIOE KONMYECTBO Bapy-
aHTOB C 3aBblUEHHON MUHepanu3sayuen, ¢ Bbl-
COKOI f0feil KOMMNOHEHTOB TEXHONOTUYECKMX
pacteopos (puc. 2a). Mo3Tomy npobbl 4ONONHN-
TENbHO BbIYMLLEHbI MO MAKCUMabHbIM 3Haye-
HUAM KOHLEHTPALMWiA U N0 rpaHuLe NTMKBUAHbIX
npob6. M3 octaBwuxcs npob nocTpoeH rpaduk
pacnpepeneHus KoHueHwTpauun (puc. 26).
CpepHas MUHepanusauus npob 6e3 npumecu
NPecHON U TEXHONOTMYECKON BOAbI B NATb pa3
MeHblle MUHepanu3aLuum scex npob (tabn. 1).

AHanus 68 npo6 NopoBOi BOAbI HA KOH-
CepBMPOBaHHOM KepHe nokasas, 4yto pasbpoc

MUHepanuM3aymMm nopoBOMN BOAbI COCTaBNA-
et ot 5 go 15 r/n (puc. 3). Ana Kawaoi ckea-
XWHbl AMana3oH MW3MEHeHWA MuHepanusa-
umn no rnybuHe yKNaabiBaeTcs B AManasoH
+2,5r/n OT cpeHEero 3Ha4yeHus.

B pesynbrate nposeaeHHoi pabotbl Gbina
chopmupoBaHa BbiGopKa ycTbeBbIX Npob 6e3
npuMecy TEXHONOTMYEeCKUX WU MPECHbIX BOA
M NOAYYEHO CTAaTUCTUYECKOoe COBMajeHue Mu-
HepanusauuMm u coctaBa BepudULUPOBAH-
HbIX NPO6 C AAHHBIMM aHanu3a NopoBOW BOAbI
Ha KOHCEPBMPOBAHHOM KepHe C COXpPaHEeHHOMN
BO/OHACHIUEHHOCTbIO.

[llanee 6bina nposefeHa oUeHKa BAUAHUA
MUHepanu3aumm 3akaymMBaemoro areHTa Ha Mu-
Hepanusauuio nnactoBoi 1 nonyTHo-ao6bIBae-
MOV BOAbl. [1nA 3TOro NpoBeAeH CONoCTaBUTENb-
HbIi @aHanM3 MOHHOro CoCTaBa 3aKauyMBaEMbIX
1 fo6blBaeMbiX BOA ANS Pa3ANYHbIX PEr1OHOB
mectopoxzeHnus N. MuHepanv3aunsa arexTa Bbl-
TecHeHus obycnaBnnBaeTcs rnasHbIM o6pasom
UCTOYHMKaMK Boj (CEHOMaHcKas, NoAToBap-
Has, npecHas) (rabn. 2).

B tabnuue 3 npeacraBneHbl PermoHbl 3aKkay-
k1 KHC (kycToBasi HacocHas CTaHuus) U 0K
MCTOYHMKOB B 06LleM 0O6beme 3aKauymBaemon
BOAbl HAa mectopoxzeHun N 3a 2022 r. Bcero
Ha mectopoxaerun 11 KHC.

[na oTcnexmBaHWA BAUAHUA MUHeEpanu3a-
LMK 3aKaYMBAEMOTro areHTa Ha CoCTaB MnacTo-
BOWM M nonyTtHo-A06bIBaEMON BOAbI HAa KapTe
MeCTOpPOX/AEeHMA BbIN0 BbIENEHO TPU PEernoHa.
Kaxpablii permoH otanyaeTca MCTOYHMKAMK 3a-
KauyMBaeMomn BOfbl:
® pernoH 1 B ceBepHON 4acT MeCTOPOXAe-

HuA. 3aKkayka Bepgetca 4epes KHC 1,2.

NCTOYHMKOM 3aBOJHEHMA ABNAETCA BoAa

CeHOMaHCKoro sapyca. XapakTepHoe

Tabn. 2. MoHHbIl cocmas 3akadusaembix 800 Ha MecmopoxcdeHuu N
Tab. 2. lonic composition of injected water at the field N

CopepaHuvie NOHOB, Mr/n MwuHepanusauus, r/n pH
Na*+K*  Mg?* Ca% SoZ HCO; cl
MpecHas Boaa

21,9 5 8,4 19,9 73 6,4 0,12 7
CeHomaHcKas BoAa

5780 73 360 0 323 9571 16,1 -

MonytHo-fo6bIBaemas BoAa

2669 26 80 - 1964 3188 8 -
NoaToBapHas BoAa

3496 55 180 29 1055 5228 10 -

Tab6a. 3. [lona ucmo4Hukos 8 obujem ob6beme 3akayusaemoli 80061 8 KHC Ha mekywyto damy
Tab. 3. Share of sources in the total volume of water injected into the sewage pumping station

KHC  [Jonsa noatoBapHon  [lons npecHon
BOAbI, A.ef. BOAbI, A.ef.
1 0,1 0,0
2 0,0 0,0
3 1,0 0,0
4 0,9 0,1
5 1,0 0,0
6 0,0 1,0
7 0,0 1,0
8 0,6 0,4
9 0,4 0,3
10 1,0 0,0
11 0,0 0,0

Pacnonoxexuve
Ha MeCTOPOXAEHNN

[lona ceHOMaHCKoM
BOAbI, A.e[.

0,9
1,0
0,0
0,0
0,0
0,0
0,0
0,0
0,3
0,0
1,0

CeBepHas yacTtb

LleHTpanbHas yactb

lOxHasa yactb

3HauYeHWe MUHepanu3ayMn 3aKaymBaemon

Boabl — 16 1/n;
® pernoH 2 B LEHTPaNbHOM 4YacTW MecTo-

poxaenus (KHC 3, 4 n 5). Ocyuectenser-

€A 3aKayKa CeHOMAHCKOW U MoATOBapHOIA

BOJbl. XapaKTepHOe 3Ha4yeHue MUHepanu-

3auuun 3akaymsaemoint soabl — 10 r/n;

e pernoH 3 B LEHTPanbHOM 4YacTu MecTo-
poxaenus (KHC 6 n 7). B npeaenax peruo-

Ha NpoBOAMNACh 3aKayKa TONbKO MPECHOIA

BOJbl. XapaKTepHOe 3Ha4yeHue MUHepanu-

3auuu 3akaymsaemolnt sogbl — 0,1 r/n.

[ns Kaxporo pervoHa npoaHanu3upoBa-
Hbl pe3ynbTaThbl WECTUKOMMNOHEHTHOrO aHann3a
npo6 BoAbl, 0TOGPAHHbIX C YCTbEB A0ObIBAIOLNX
CKBaXuWH. CpefiHe BENUYMHBI MUHEepanu3aLum
nonyTHO A06bIBAEMOI BO/AbI B NEPBbIX ABYX pe-
rMoHax 6M3KM Mo 3HaYEeHMI0, TaK KaK 06a peru-
OHa 3aBOJHANNCL CEHOMAHCKOM BOAOM. B TpeThb-
€M pervoHe MUHepanusauus 3HaYUTENbHO
OTAMYaeTCs U3-3a ONPECHEHNSA NNACTOBOMN BOABI
3aKa4yMBaeMoW NpecHow BOAON.

[nsa oTaeneHws npo6 nNactoBoil BOAbI
oT nNpo6 BOAbl, CMEWAHHON C BOAOK ApPYrux
MNCTOYHMKOB (3aKauyMBaemas, TexHU4YecKas
BO/Ja), MCMNONb30BaNNCh COOTHOLWEHUA MOHOB
Na*u Cl 8 Buae pasHoctv (R1=Na* - Cl') u oTHO-
weHus (R2 =Na*/Cl) koHueHTpauuin. CmeweHue
BOJ Pa3NMYHOI0 NPOUCXOKAEHNA MTPUBOAUT K U3-
MEHEHWNI0 KONUYECTBA M COOTHOLIEHUS AaHHbIX
MOHOB B cocTaBe Boj. Ha pucyHKe 4 npepcras-
neHbl rpatuKU pacnpeaeneHns nokasarenei
no yCTbeBbIM Npo6am BOA: COOTHOLIEHUA KOH-
yeHtpauun noHos Na* u Cl' (rpaduku R1 n R2);
KOHUeHTpaumii noHos Na* n Cl'; muHepanusauum
nNacToBoit BoAbl. MPo6bl BOAbI, UCMONb3yeMble
B aHanuse, 6biAn pacnpegeneHbl No BeAUYUHe
MUHepanu3auuu. Ha agnarpammax MOXHO Bblfe-
JINTb HECKOJIbKO XapaKTePHbIX Y4aCTKOB:
®  yyacToK «onpecHeHus». «fop6» Ha rpa-

dbuKe cooTHoweHuUs R2 cBuMAeTenbcTByeT

06 onpecHeHun nnactoBoii Boabl (puc. 4a).

Ha KHC 1 u 2 oTcyTcTBYeT 3aKauka npecHom

BOAbl, MO3TOMY OMPECHEHWE MOXET ObiTb

BbI3BAHO AMAreHe3omM CMEKTUTOBbIX MNH;
® yyacToK «6e3 cmelleHUs» xapaKTepusyercs

pacxoxAeHuem KOHLeHTpauuii noHos Na*

n Cl. MocTosHcTBO rpadumka R1 cooTBeTCTBY-

€T YyCNOBUID PaBHOBECHA MIAacTOBOW BOAbI

1 MMHEpPanoB BMeLLaloL X Nopoa;
®  Y4YacTOK «CMelleHUs Bof». KoHueHTpauum

noHoB Na* n Cl" BbipaBHUBatoTcs, rpacumk R2

CHU¥aeTcs [0 eauHuubl. CBA3aHO 3TO

CO CMELIEHMEM NNaCTOBOW BOAbI U BOAbI

U3 APYrMX UCTOYHWMKOB, UMewlwux 6onee

BbICOKOE cofepaHue noHos Cl unm xno-

pUAHO-KanbumeBbIi TUN [11].

AHaNorMyYHbIi aHanu3 NPoBeAEH ANA peru-
oHa 2 (puc. 5). Ha rpaduvKax KoHUeHTpauuii no-
HOB BbIJENAITCA TAKNE KE XapaKTepHbIe yyacT-
KU — ONMpECHEHUs, CMELEeHNUs U OTCYTCTBUA
CMeLIEeHUA NNacToBON 1 3aKauyMBaeMOMN BOJbI.
[ns pervoHa 3 nofo6HbIN aHanu3 nokasan, uyto
YYaCTOK «ONPEeCHEHNA» Cpa3y CMEHAETCA yyacT-
KOM «CMelleHus». B npouecce 3aBOAHEHUA
1 NPOBEAEHNS Fe0N0ro-TEXHUYECKUX MEPONPU-
ATWIA pernoH 6bi1 aKTMBHO 3aBOAHEH NPecHo
BO/0M, YTO 3HAYUTENbHO NOBMANO HA MUHEPa-
NN3aLMI0 NNAcTOBON BO/bI.

B panbHedwem Gbina nposeaeHa cratu-
CTUYeCKan OLeHKa OCTaBLUMXCA YCTbEBbIX NP06
BOAbl. BBMAY yAaneHus 13 NCXO0AHON BbIGOPKM
HENMKBUAHBIX N CMEeLaHHbIX NPO6 KOANYEeCTBO
paccmatpuBaemblx Npob 3HAYMTENbHO yMeHb-
wunock. Mo3tomy 6bina NOCTPOEHA BEPOATHOCT-
Has Mojenb pacnpefeneHus MUHepanusayuu
nnacToBOM BOAbl HA OCHOBE Pe3yNbTaToB UCCe-
A0BaHuUs haKTMyeckux npob. BepoATHOCTHbIe
pacnpefeneHus MruHepanusaLum Ans peruoHoB
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3aKa4yKM CEeHOMaHCKOW ¥ NOATOBapHOW BOAbI

npeAcTaBaeHbl Ha PUCYHKe 6.

[paduku NNOTHOCTM pacnpefeneHus Mu-
Hepanusayum oTanvaloTca (GOpPMON, HO MaK-
CUManbHas TOYKa M CpeAHAs BeNuynHa y pac-
CMaTpuBaeMblx BbIGOPOK MPUXOAATCA Ha OAHY
1 Ty e BeANYMHY MuHepanusaumm 8 360 mr/n.
lpadukn dyHKUMM pacnpefeneHus nepece-
KalTcA B OJHON TOYKe, 4YTO FOBOPUT O CTaTu-
CTUYECKOI CXOXECTU ABYX BbIGOPOK PErMoHoB
CeHOMaHCKOW 1 NOATOBAPHOI BOAbI MO MaTema-
TUYECKOMY OXMAaHMI0. ITO yKa3blBaeT Ha oAu-
HaKOBOEe MPOMUCXOXAEHWe U NPUHAANEXHOCTb
K eAWHOMY BOAOHOCHOMY NNacTy yKasaHHbIX
BOA, B paccMmaTtpuBaembix BbIGOpKax, YTo nog-
TBEpXAAeT NpaBUbHOCTL Bbibopa Mpob Ans
OL,eHKN CpefHero 3HayeHWs HavyalbHOW MU-
Hepanusauuu nnactoBon BOAbl. XapaKTepHbIN
COCTaB BOAbI NPU MUHEpanu3ayuun 8 360 mr/n
npvBeaeH B Tabnuuie 4.

Crout oTMeTUTb, 4TO hopma pacnpepene-
HUA NPEeACTaBNEHHbIX HA PUCYHKEe 6 BbIGOPOK
CBUAETENbCTBYET O BAUAHUN MUHEPANOTUYeCcKo-
ro coctaBa BMeLLAKLWMX NOPOA Ha MUHepanu-
3aluio N1acToBom BoAbl. TaK, ANA CEHOMaHCKOW
BoAbl (CeBepHas 4aCTb MECTOPOXKAEHUSA) Cpes-
Hee 3Ha4YeHWe MYHepanu3aLum C BEPOATHOCTbIO
95 % HaxoauTca B uHTepBane 7 500-9 300 mr/n
(norpewHocTtb £13 %), a ANA NOATOBApHOM
BOAbl — B MHTepBane 6 900-9 900 mr/n (no-
rpewHoCcTb +18 %).

Mo pesynbTatam NpoBefeHHbIX UCCNefoBa-
HUIN MOXHO cAienatb cieaylolime BbIBOAbI:

1. HeGonbloi NPOLEHT yCTbeBbIX NPO6 BOAbI
MOXeT xapaKTepu3oBaTb MIacToByl BOAY
13-3a BAUAHNA pa3nnyHbiX paKTopoB., Kaca-
foLuxcs pa3paboTKu MeCTOPOKAEHMA:

® npoBejeHus reon0ro-TeXHUYeCcKnx
MEepONpUATUIA;

® 3aKayKW areHTOB BbITECHEHWSA;

®  NofyYyeHUs HENMKBUAHBIX NPOG C 3aBbllUeH-
HbIMW 3HaYEHUAMUN MUHEepPanu3aLum.

2. TMpoBeseHa pabota no otcenBaHuio npobd
13 NCXOLHOM BbIGOPKU YCTbEBBIX NPOG BOAbI
MeTofjaM/W  MaTeMaTU4yeCcKon CTaTUCTUKM,
BK/ItOYaloWwas B ce6s HECKONBKO CTaauii:

e oTcenBaHue Npob, pasbaBneHHbIX TEXHONO-
rMYecKUMu Xuarkoctamu MNMM;

e 0oTOGpPaKOBKAa HENMUKBUAHBIX NPO6;

e ypnaneHue M3 ocTaBlleiics BbIGOPKM npob
C NpU3HaKamMu 3aKaynBaemom BObl.

3. B pesynbrate nonyyeHa BbiGopKa, KoTopas
XapaKTepusyeT niacToByl0 BOJY HEOKOM-
CKOro BOJOHOCHOro Komnnekca. CpeaHsas
BeNUYMHA MUHepanusaumu — 8,3 r/n. Mpu
3TOM BenMYMHa MOBTOPAETCA ANA pasHbIX
pervoHoB 3aKauku mectopoxaeHns N.

[ina noaTBepXAeHWA NONAYYeHHbIX pesynb-
TaTOB HEOOXOAMMO NPOBECTH UCCNefoBaHus,
KOTOpble [O/XHbl BK/OYaTb Ka4yeCTBEHHbIN
ot6op rAy6UHHBIX Npo6 NNactoBoi BOAb
1 OXBaTblBaTb BCIO MAOWaAb MeCTOPOXAEHUA,
a He OT/leNbHble y4acTKu. B cBA3M C 3TUM KOM-
naHuei 000 «PH-tOraHckHedTeras» CoBMeCTHO
C NpoeKTHbIM MHcTUTYTOM PH-BawHUMVHedT
3annaHupoBaHa paboTta no fanbHenlwemy wuc-
CNefo0BaHNI0 MUHepanu3aLum NNactToBon BOAb
mectopoxzenuna N. B HacToswee Bpema nofo-
GpaHbl KaHAMAATbI Ha 0T6OP NPO6 1 3anNaHUpPo-
BaHbl 1a60PaTOPHbIE IKCMEPUMEHTBI.

Utormn

® 3aKauyKa BOAbl MPOUCXOAUT M3 pasHbIX
MCTOYHNKOB (CEHOMaHCKas, noatoBapHas,
MX CMecu W npecHas). Mpu 3TOM BO3MOM-
Hbl PUCKM HECOBMECTUMOCTW C MNAcToBOA
BOJIOM M MOPOAOiA, NpuUBOAAUIME K CONe-
OTNOXEHWI0, HabyxaHWio [NUH, KOo/lbMa-
Tauumn npusaboiHon 3oHbl nnacrta (M3M)
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Puc. 4. KoHyeHmpayuu 0CHOBHbIX KOMNOHEHMOB N0 yCMbeBbIM NPo6am 800bl pe2uoHa 1:
a — epaguku pasHocmu (R1) u om+oweHus (R2) uoHos Na* u Cl; 6 — epagpuku koHyeHmpayuu

uoHos Na* u Cl; 8 — epapuk muHepanuzayuu

Fig. 4. Concentrations of the main components from estuarine water samples of region 1:

a — graphs of the ratio of Na* and Cl ions; 6 — concentrations of Na* and Cl ions; 8 — salinity for

the Cenomanian water injection region
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Puc. 5. KoHyeHmpayuu 0CHOBHbIX KOMNOHEHMOoB8 NO yCmbesbIM Npobam 800kl pe2uoHa 2:
a — epaguku pazHocmu (R1) u omHowerus (R2) uoHos Na* u Cl'; 6 — epaguku koHyeHmpayuu

uoHos Na* u Cl; 8 — epaguk muHepanuzayuu

8

Fig. 5. Concentrations of the main components from estuarine water samples of region 2:

a — graphs of the ratio of Na* and Cl ions; 6 — concentrations of Na* and Cl ions; 8 — salinity for

the region of produced water injection
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Tabn. 4. XapakmepHslili cocmas nnacmosoli 800bi nnacmos AC mecmopoxcdeHus N
Tab. 4. Characteristic composition of the formation water of the formations of the NPP of the field N

HCO,, mr/n SOz, mr/n Cl, mr/n CaZt, mr/n Mg2+, mr/n Na*+ K*, mr/n MuHepanusauus,
Mmr/n
3478 0 2201 30 18 2653 8 360

28

HarHetaTeNbHbIX CKBAXUH MeXxaHW4yeCcKumu
npumecsmun. 1na onpegeneHns BO3MOXHbIX
PVCKOB HY}HO 3HaTb COCTaB NiactoBon (no-
pOBOI) BOAbI.

Boabl nnactos rpynnel AC, npuHagnexa-
e K HeOKOMCKOMY BOAOHOCHOMY KOM-
naeKcy, oxapaktepu3oBaHbl He6OoNbWMUM
KOIMYECTBOM NPO6 1 MMEIT 3HaUNTENbHbIN
pa3bpoc nccneayembix BennumH. Mo3atomy
MUHepann3aumna n MOHHbIN COCTaB NMPUHATHI
N0 aHanormm ¢ 04HOBO3PACTHbIMU N1acTamu
COCeJHEro MecTOPOXAEHUA, 4TO rOBOPUT
0 HM3KOW A0CTOBEPHOCTU MPUHATLIX CBOMCTB
nnacToBoN BOAbl HEOKOMCKOro BOJOHOC-
HOro KoMMiekca B npefenax HedTaHOro
mectopoxaeHua N. [lo MOHHO-coneBOMYy
COCTaBy ¥ MMWHepanu3auuvM noA3emHble
BOAbl HEOKOMCKOrO KOMMAeKca MpUHLM-
nuanbHO He OTNIMYAIOTCA OT BOA anT-anbb-
CEHOMaHCKOro Komnaekca. B kpaeBbix 4a-
cTAx 6acceilHa pa3BWTbl CONOHOBATbIE K-
ApoKap6oHaTHble HaTpMeBble BOAbI C MUHe-
panusauueit 1-3 r/n. Mo mepe NorpyxeHns
OT/NIOXEHUIN OHW NEPEeXOoAAT B XIOPUAHbIE
HaTpueBble BOAbl C COAEpXaHWem conew
10 20-25r/n.

AHanuM3 ycTbeBbIXx npob 3a nepuoa
2008-2022 rr. noKasas, 4to 60/bWUHCTBO
M3 HWUX MNPUBA3AHbI K Te0N0ro-TexHuye-
CKUM MeponpuATMAM. ITO O3HayaeT, 4To
B 106bIBaeMoii NoNyTHOW BOAE MPUCYTCTBY-
I0T TEXHONOTMYeCcKne MXWUAKOCTW, UCMNONb-
3yemble NpU reos0ro-TeXHON0rnyecKnx
meponpusatusx (IMTM).

B pesynbtate nposefeHHON paboTbl 6bina
cthopmupoBaHa BbibopKa U3 10% ycTbe-
BbIX NPo6 6€3 npumecn TeXHONOTUYECKON
1 NPEeCcHON BOJA 1 NOAYYEeHO CTaTUCTUYECKoe
COBMajeHne MyrHepanu3auumn n coctaBa Be-
prudruMpoBaHHbIXNPO6 C AaHHBIMM aHaNM3a
NOpOoBOV BOAbl HA KOHCEPBUPOBAHHOM Kep-
He C COXpaHeHHOW BOAOHACHILLEHHOCTbIO.
[nA OoueHKM HayanbHOM MWUHepanu3ayum
NAacToBoOi BOAbl ObINO BbIAENEHO TPU pe-
rMOHa 3aKayKu BOAbl — CEHOMAHCKOW, MOA-
TOBApHOW U NpecHon BoAbl. [lnA Kaxaoro
pervoHa Mo COOTHOWEHWI WOHOB Obina
npoBeAeHa AMarHoCTMKa CMelleHua nna-
CTOBOM BOAbI C BOAAMY APYTNX UCTOYHWNKOB.
Mo ee pe3ynbTatam B BbiGOpKax Npob ceHo-
MaHCKOM M NOATOBapHOW BOA OCTaB/eHb
TONbKO Te NPOo6bl, KOTOPble OTHOCATCA K nna-
CTOBOW BOJE, HE MO/ BEPHEHHOW CMeLleHMI0
C APYrumu BOJaMm.

CraTuctnyeckoe cpaBHEHWE UTOrOBbIX Bbl-
60poK Npob BOAbI KAXAOTO pernoHa noka-
3370 COOTBETCTBME MO MaremaTnyecKomy
OXMAAHMIO U PaCXOXAeHne Mo gucnepcun.
370 roBOPUT 0 TOM, YTO BOAA B 06enx BbiGop-
Kax MMeeT eJuHOe NPOVCXOXAEHNE U OTHO-
CUTCA K eJMHOMY BOAOHOCHOMY KOMMIEKCY,
pacxoxpaeHve no AUCNepCcrmn BbI3BAHO BNSA-
HVYeM M1HEepanbHOro coctaBa NopPoA.
[onyyeHo crTaTMcTMYeCcKoe coBMajeHue
MUHepanusauumM u coctasa Bepudmunpo-
BaHHbIX NP06 ¢ AaHHbIMW aHan13a NopoBon
BO/bl Ha KOHCEPBMPOBAHHOM KepHe C Co-
XPaHeHHON BOAOHACHILLEHHOCTbIO.
KomnaHueit 000 «PH-tOraHckHedTeras»
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Fig. 6. Statistical models for the distribution of formation water samples for the regions

of Cenomanian and produced water injection

COBMECTHO C MPOEKTHbIM UHCTUTYTOM
PH-BawHWMWHedbTs 3annaHupoBaHa pa-
6oTa no AanbHeillwemy WCCNeA0BaHMIO
MUHepanu3alLnMu nnactoBoi BOAbI MECTO-
poxaeHua N. B Hactosuee Bpemsa nopjo-
6paHbl CKBaMMWHbI-KaHAMAATbl Ha OT6OP
npo6 u 3annaHupoBaHbl nabopaTopHbie
IKCMEPUMEHTbI.

BbiBoabl

MuvHepanu3auua nnactoBoW BOAbl SABAAETCS
3HaYMMbIM MapamMeTpoM TMpu OLEHKe pecyp-
COB YrneBOAOPOAHOIO Chbipbs, AUATHOCTUKE
WCTOYHNKOB OOBOAHEHMWS, MPOBEAEHUM nCCre-
[IOBAHUIA MO OLEHKE PUCKOB CONEOTNOXEHUS U
aHanu3e KayecTBa 3aKauynMBaemoii Boabl. [lpoBe-
NIeHHbIV aHaNM3 yCTbeBbIX NPO6 BOAbI MoC/e OT-
CenBaHus HeNMKBUAHbIX, Pa30aBieHHbIX TEXHN-
YeCKOM XUAKOCTbIO, CMELLAHHbIX 3aKa4yBaemoi
BOAOM Npo0 noKasan MUHEepanu3auuio Huxe
MPUHATON MUHEpanu3auum BOA HEOKOMCKOro
BOJJOHOCHOTO KOMMieKca mectopoxaeHus N.
370 CBMAETENbCTBYET O HAaNNYNM HeonpeaeneH-
HOCTW B BeNMYMHE MUHepanm3auny niactoBon
BO/bl HA IAHHOM MECTOPOXAEeHUN N Heobxoau-
MOCTV NPOBEAEHUs [0MNo/HUTENbHOro, 6onee
KayecTBEHHOro otbopa rny6uHHbLIX MPo6 BOAb.
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Results

Water is injected from different sources (Cenomanian, commercial,
their mixtures, and fresh). In this case, there may be risks
of incompatibility with formation water and rock, leading to scaling,
swelling of clays, clogging of the bottomhole formation zone (bottom-
hole formation zone) of injection wells with mechanical impurities.
To determine possible risks, it is necessary to know the composition
of formation (pore) water.

The waters of the AS group formations, belonging to the Neocomian
aquifer complex, are characterized by a small number of samples
and have a significant scatter of the studied values. Therefore,
mineralization and ionic composition are taken by analogy with
the same-age layers of a neighboring field, which indicates
a low reliability of the accepted properties of the formation water
of the Neokomsky aquifer within the oil field N. In terms of ion-salt
composition and mineralization, the groundwaters of the Neocomian
complex do not fundamentally differ from the waters of the Aptian-
Albian-Cenomanian complex. Brackish bicarbonate sodium waters
with salinity of 1-3 g/l are developed in the marginal parts of the
basin. As the sediments sink, they pass into sodium chloride waters
with a salt content of up to 20-25 g/1.

Analysis of wellhead samples for the period 2008-2019 showed that
most of them are tied to geological and technical measures. This
means that the produced associated water contains process fluids
used in well interventions (geological and technological measures).
As a result of the work carried out, a sample of 10 % wellhead
samples without admixture of process and fresh water was formed
and a statistical coincidence of the mineralization and composition
of verified samples with the data of pore water analysis on a preserved
core with preserved water saturation was obtained.

To assess the initial mineralization of formation water, three regions

of water injection were identified — Cenomanian, bottom water
and fresh water. For each region, according to the ratio of ions,
the diagnostics of mixing of formation water with waters of other
sources was carried out. According to its results, in the samples
of Cenomanian and commercial water samples, only those samples
were left that belong to formation water that is not subject to mixing
with other waters.

e Statistical comparison of the final samples of water samples from
each region showed agreement in terms of mathematical expectation
and discrepancy in dispersion. This suggests that the water in both
samples has a common origin and belongs to a single aquifer, the
discrepancy in dispersion is caused by the influence of the mineral
composition of the rocks.

e Statistical agreement of mineralization and composition of verified
samples with the data of pore water analysis on a preserved core with
preserved water saturation was obtained.

e Therefore, “RN-Yuganskneftegas” LLC, together with the design
institute “RN-BashNIPIneft” LLC, has planned to study the salinity
of the formation water of the field N. Currently, candidate wells
for sampling have been selected and laboratory experiments are
planned.

Conclusions

Formation water salinity is a significant parameter in assessing
hydrocarbon resources, diagnosing sources of watering, conducting
studies to assess the risks of scaling and analyzing the quality
of injected water. Therefore, the use of a weaker mineralization
value (8 g/l) compared to the accepted value (18 g/l) can significantly
affect the optimization of development and calculation of hydrocarbon
reserves.
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