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AHHOTaUMUA

B cratbe paccMmaTpuBarOTCA BO3MOXHOCTU UCNOJIb30BaHUA MeTo4a CTALLMOHAPHOI0 A0JITOBPEMEHHOro MOHUTOPUHIA AUHAMUKH
paﬁOTbl CKBaXXWHbI HA OCHOBEe 6ap07epmuqecmx napameTpos. TexHonorua no3BonseT KONNYeCTBEHHO onpeaenATb U3SMEHeHUA
npou3BOAUTENIbHOCTU CKBAXWHbl B 3aBUCUMMOCTU OT NoBeAeHUA nonA Temnepatyp, 410 Aaer AOnOnHMTeanblﬁ UCTOYHUK
uHdopmauuu o pabote CKBaXKMHbI. AHaIN3 OCHOBAH Ha Aedopmaluu nons TemnepaTyp, MHTEHCUBHOCTb KOTOPOTO OnpeaenseTcs
6a30BbIM 3¢h(heKTOM TenI006MeHa CTBONA U BMELLAIOLLUX ero ropHbix nopog. Meroauka 6b11a onpo60BaHa Ha peabHbIX AaHHbIX,
6bInM YTOYHEHbI OrpaHU4YeHUA ee NPUMEHUMOCTU U NpeasioXKeHbl N0AX0Abl K MOAEePHU3aLnN pa3pa607aHHoro ajaroputma.

Matepuanbi n metozbl KnioyeBble cnoBa
B paboTe ncnonb3oBanoch YncneHHoe moaenupoBaHme Tepmobapuyecknit MOHUTOPUHT, TEMI0BOE NoJjie, KOHTPO/b pa3paboTky,
noBe/leHUA TEMMNEPATYPHOro Mo B 3aBUCUMOCTU OT ANHAMUKM AVHaMMKa fo6biun

Npou3BOANTENIbHOCTU CKBAXWNHbI. Ona OI'IpO6OBaHVIH MeToaa Ha
peanbHbIX FeOd)l/I3VI'~IECKVIX AaHHbIX CKBaXWHbI 6bin CO3[aH anroputm
N paccynTaHa NnorpewHoCTb. AHaNUTUYECKNUM NyTEM BbIABNEHbI
orpaHunyeHunsa pa60TbI npeanoxeHHoro metoaa.

Ans uutupoBaHua
ConosbeBa B.B. MeToauka pacyeta AHaMMUKU NPOU3BOANTENLHOCTU CKBAXWUH N0 pe3ybTaTaM NoCTOSHHOrO MOHUTOPUMHIa TemnepaTypsbl
npu KOHTpose pa3paboTku MmecTopoxaeHuii // kcnosnuus Hedts Mas. 2024. N2 6. C. 44—47. DOI: 10.24412/2076-6785-2024-6-44-47

Moctynuna B peaakuuio: 09.09.2024

GEOPHYSICS UDC 550.832.6 | Original Paper

Well production dynamics reconstruction approach based on the results of continuous
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Abstract

The article discusses the possibilities of using permanent long-term barothermal monitoring of well performance to quantify well production
history. The technology makes it possible to quantify changes in well production depending on the behaviour of the temperature field. It provides
an additional source of information about well production. The analysis is based on the deformation of the temperature field, the intensity
of which is determined by the basic heat exchange effect between the wellbore and surrounding rocks. The method was tested on real data and
the limitations of its application in its original form were identified. During the study, approaches to modernise the proposed algorithm were
suggested.

Materials and methods Keywords
Numerical modelling of the temperature field behavior depending on barothermal monitoring, temperature field, reservoir development
the dynamics of well productivity was used in the work. To test the surveillance, production dynamics

method on real well data, the algorithm of interpretation was generated,
and the error was calculated. The limitations of the proposed method
were analyzed.
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OaHUM M3 Hanbonee pasBMBAIOLWMXCA Ha-
NpaBieHNn B TEXHUYECKOM MiaHe Ha AaHHbIN
MOMEHT ABNAETCA MOHUTOPUHT PaboThbl CKBAKM-
Hbl. CTallMOHAPHbIE TOYEYHbIE JATYNKY AelleBne
1 flerde B yCTaHOBKe M B aKcnayataumum. OaHa-
KO HECMOTPA Ha NPAKTUYHOCTb U 3HAYUTENbHO
MeHblune TpyAo3aTpaTbl, Npy WCNOAb30BaHUM
CTaHAapPTHbIX 4ATYMKOB YACTO BCTPEYAKOTCA CAy-
4aum MOJIOMKMU MU HEKOPPEKTHOW perncrpauum
3amMepoB. 3a4acTylo CUTyaLus CAOXHAA C TOY-
KU 3peHns 3amepoB AebuTa CKBaMMWH Ha yCTbe.
3amepbl OTAENbHbIX CKBaMWH aebuta cenapa-
TOPOM NPOBOAATCA HEYACTO, YTO He Mo3BOAsAeT
onucartb MOAHOCTbIO AMHAMUKY MX paboTbl Ans
CBOEBPEMEHHOTO BbIABNEHUA NOTEeHUMana yse-
AnyeHns [o6blYn yrieBoaopoaoB.

[ns npeogoneHus AaHHoi npobnembl as-
TOopom Oblna npeanoXeHa METOAMKA CTauu-
OHApHOro MOHUTOpMHra A06bLIYN HAa OCHOBE
TOYEYHOro Aatynka Temnepatypol. Mepsbie pa-
60Tbl B 06N1aCTV aHanM3a ANHaAMUKI U3MEHEHUA
TENA0BOro NoAs B IKCN/YaTALMOHHbBIX CKBAMMU-
Hax NPOBOAMNNCH AOCTATOYHO AABHO, U WX CO-
BEpLIEHCTBOBaHMWe Beaetca Ao cux nop [1, 2].
MeToanKka aBTopa HanpaBieHa Ha [OMNONHMU-
TenbHoe onpegeneHve aebuta U BoccTaHoBe-
HUE U3MEHSIOLUXCA PEKMMOB PabOTbl CKBAKM-
Hbl. [0NIHOE onK1caHne MeToAUKM NpeacTaBieHo
B cTatbe [3]. MeTos OCHOBbLIBAETCA HA OAHOM
13 rnaBHblX Tepmobapuyeckux 3ddextos —
TennoobmMeHe MOTOKA CO CTEHKOW CKBaMMHBbI.
B 0CHOBE METOAMKU NEMUT KnaccuyecKas Mo-
nenb Penmu [3]:

AT=T.-T; =
= =, o)
=1"-B|l-e? |+AT e*

cy, t
oW o

27,
34ecb n fanee T — yucno «MNN»;
AT — pasHuua cneaylowmx Temneparyp:

T, — Temnepatypa Ha cTeHke ckBamuHbI, T —
reotepmuyeckas Temnepatypa nnacra; I’ — re-
OTEPMUYECKUI TPaSUEHT TeMNepaTypbl ¢ ry6u-
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Puc. 1. llpumep popmuposarusa

mens08020 NOJIA B8 CMBO/E CKBANUHBI

Ha mamemamuyeckol modenu. Pabomarouwjudi
naacm HaxooumcA Ha 3a60e CKBAXCUHbI (Wugpp
Kpusbix — 0ebum CKBAXCUHbI:

om 0 do 150 m3/cym.)

Fig. 1. An example of the temperature
distribution vs. depth. An analytical solution for
single reservoir at the bottom of the well (curve
code — well flow rate: from 0 to 150 m3/day)
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®opmyna 3—4. OyeHka 0e6uma Ha OCHOBE MOHUMOPUH2A MeMnepamypsl 8 CMBoJIe CKBANCUHbI

A0 rNy6UHbI N3MepeHusi; B — HOpMUPOBaHHbIi
Ko3bduumMenT Tennootaaun, ¢y, — obbemHas
TENNOEMKOCTb 3anoNHUTENs CTBONA CKBAMMHbI;
Q — pebut ckBaxuHbl, f(t) — dyHKuMa Bpeme-
HU; A — TENNONPOBOAHOCTL NNacTa.

Bnarogaps Yyemy MOXHO MPEANONOMKUTD,
4TO Ha [0CTATOYHOM yAaneHun OT UHTepBana
NPUTOKA B CKBAXWHY OTAANeHWe Tepmorpam-
Mbl 6yeT B OCHOBHOM 3aBUCETb OT WHTEHCUB-
HOCTM paboTbl Nnacrta, a HanpasneHne KPUBOH
CXOMe C HanpasieHWeM TreoTepMOorpammol
B cKBauHe [3] (puc. 1).

AHanu3 noBejeHUs TepMOrpamm B CKBa-
UHE MO3BONMA CPABHUTL pacnpocTpaHeHue
ABYX pasHbIX Noseii: jaBneHune u temneparypa.
B xoge 4ero 6bin0 BbIABNEHO, Y4TO AMHAMMUKA
M3MEHEHWs TemMnepaTypbl MOXO¥a Mo CBoemy
MOBEAEHUI0 HA AWHAMUKY WU3MEeHEeHus nons
AaBNEeHNsA, N3yYyeHne KOTOporo B 0TPacau npo-
BoauTCA GOMNee WUPOKUM KPYrom uccnesosa-
Teneil. [laHHas aHanorus HaTtonKHyna asTopa
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Ha pa3paboTKy MeTOAWKM aHanu3a AMHAMUKK
NPOWN3BOAUTENbHOCTU U KONIMYECTBEHHON OLeH-
Kn febuta Ha OCHOBE MOHUTOPUHra Temnepa-
Typbl B CTBONE CKBaXMWHbl. [lo6aBneHbl creay-
towne obosHavenna: Q  — obbemHbld gebut
BO Bpems paboTbl CKBawMHbl B pexnme No n;
(t,~t, ;) — Bpema paboTbl CKBaXMHbI B pexu-
me Ne n; AT — npupauwenue Temnepatypbl;
E, — wnTerpanbHas nokaszatenbHas @yHK-
unA; ap — TemnepaTypanpoBOAHOCTb Cpefbl;
T, — paamnyc ckBaxuHbl (hbopmyna 3-4).

Mpu anpobalny MeToaNKM Bbin NOyYeHbI
NoNoXMTeNbHble pe3ynbTathl. OfHAKO 6bIN0 Bbi-
ABNEHO, YTO PACMOJI0KEHNE TOYEYHOTO AaTYNKA
LOMKHO 6bITb KaK MUHWMYM Bbille Ha CTO Me-
TpOB OT MHTepBana paboTbl unn HKT B HU3KOAE-
GUTHBIX FOPU3OHTANbHbIX CKBAXMHAX [4].

PacnonoxeHue B6nu3un nnacra
PacnonoxeHne patyvMka sBnseTca d)aK-
TOpOM, BANAKOWMM Ha VIHdJOpMaTVIBHOCTb
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Fig. 2. Temperature measurements near the intervals of the perforated reservoir

(curve code — measurement depth)
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Fig. 3. Temperature measurements above the intervals of the perforated reservoir

(curve code — depth)



46

1 KayecTBO NOAYYeHHbIX pe3ynbTatoB. V3BecT-
HO, YTO AATYMK 3a4acTyl0 HAXOAUTCA HUKe
KonoHHbl HKT, uto nossonser He obpauwatb
BHMMaHMA Ha BO3HWKalOUMe TeNNOBble WYMbl
BCneacTsme pabotbl Hacoca B 3KCMAyaTalUMOH-
HbIX CKBaxMHax. OaHaKo 4acTo TOYeYHbI AaT-
YMK B TOPM30HTANbHbIX CKBaXMHAX pacnonoxeH
B Nnape MeTpoB OT paboyero ropu3oHTanbHOro
MHTEepBana, YTo 3aMeTHO CKa3blBaeTCs Ha NnoBe-
JAeHUn nons Temneparyp.

Ha pucyHke 2 npepctaBneHbl 3anucu gat-
YMKOB Temnepatypbl, NPOBEAEHHbIE B IKCNAya-
TaUMOHHOW CKBaXWHe, Korga AaTtyMK HaxomguT-
ca B6aM3M pabotatouwiero nnacra. BugHo, uto
Ha none Temnepartyp nomumo 3ddekra Tenno-
obmeHa TaKkxe BAUAIOT 3P EKTbI CMELMBaAHNA
B CKBaXMHe, M3-3a Yero fipKMe U3IMeHEeHUA pe-
UMOB paboTbl CKBAXKMHbI HE NPOCNEKMUBAIOTCA.

OAHAKO ecnun paccMOTpeTb MHTepBas, Haxo-
aswmics sbiwe nutepsana HKT (puc. 4), To yxe
nocne yaaneHus ot nnacra Ha 50 MeTpoB MOX-
HO YBMAETb MOMEHTbI CMEHbl PEXMMOB PaboTbl
CKBaXWHbl M MPOBECTU KONUYECTBEHHYIO 06-
paboTky uHTepBanos. Kak BMAHO Ha rpaduke,
CKBauHa pabortana cTabunbHO AONTOe Bpems,
O[lHaKo B anpene npousoluna HenpeasuieHHas
cuTyauus, npuBejllas K ee 0CTaHOBKe, YTO XO-
POLLO BMAHO NO NAaBHOMY YMEHbLUIEHMIO TeMMe-
paTypbl cTBONA.

MeToaMka no3BOASE€T MOHWUTOPUTL pa-
60Ty CKBaMMWHbI KAaK Ha Ka4yeCTBEHHOM, TaK
1 Ha KONMYeCTBEHHOM YPOBHE W OLeHUTb J1Ha-
MUKy ee paboTbl. OfHaKO orpaHuyeHune pacno-
NOM¥eHUs rNy6UHHOro AaTYMKa MOMKET 3aMETHO
CHU3UTb FPaHNULbl NPUMEHUMOCTU METOLUKMN.

[Ba patuuKa Temneparypbl

Kak 6b110 onucaHo Bbile, MHTEpPNpeTayus
CTalMOHAPHOrO AaTYMKa Temneparypbl MOMXeT
GbiTb BOCNPOM3BEEHA HA JAaHHbIX, HA KOTOpPbIE
yXe He BAMSAIT CTOPOHHUE (DAKTOPbI, U TEPMO-
rpamma no csoeit (opme CTaHOBMTCA napain-
nenbHa reotepme.

[na cHATMA AaHHOro orpaHuyenus Gbina
paccmoTpeHa BO3MOMXHOCTb pasMelleHns Ao-
MONHATENILHOMO TOYEYHOro AaTYnKa Temnepary-
pbl B6AM3M OCHOBHOrO. Takas MOAepHM3auus
MO3BONUT NPOBOAUTL KONMYECTBEHHYIO 06pa-
GOTKY pe3yNbTaToB N3MEPEeHUR, Aaxe eciu aar-
YunK pacnonaraetcs B6au3un nnacra (puc. 4).

[lononHUTENbHBIA AATYMK NO3BONNT HE TONb-
KO pewwuTb Npo6iemy pacnonoKeHns UCKIoYm-
TENbHO B NapaniefbHbiX 4acTAX TEPMOTrPAMMBbI,
HO 1 YBENIMYUT KaYeCTBO NoNyYaembix pesynbra-
T0B. Bnarogaps AByM 3amepam Ha pasHbix ry-
GuHax, NOsBAAETCA BO3MOXHOCTb BOCCTAHOB-
NIEHUA UCTUHHOM reoTepmbl B CKBawuHe. Cama
(opmyna pacyera ge6uta CKBAKMHbI TAKKE N3~
MeHuT cBoi Buga. [lo6asnexsl cnepyowme 060-
3HauYeHUst: " =10 Cprad T ; T, — Temnepatypa
Ha rny6uHe U3MepeHna z,; T, — Temnepatypa
Ha rnybuxe nsmepenus z, (bopmyna 5-6).
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Puc. 4. Cxema pacnonoxceHus 08yxmo4eyHbix 0am4yukos memnepamypsbl Ha pa3Hol 2nybuHe
Fig. 4. Layout of two temperature sensors at different depths

MeToANKa CTaHOBUTCA NpUMeHUMa ANAa C/iy4yaes,
Korga pacnojioxeHue fatynKa Ha 3Ha4vyuTesb-
HOM pacCToAHMUM OT IKCNAyaTupyemoro njaacra
TeXHONOorn4eCKn HeBO3MOXKHO.

Mpumep ncnonbzoBaHus
MOJ,epPHM3UPOBAHHOK METOAUKM pacyeTa
OUHAMUKU NPOU3BOAMNTENIbHOCTU CKBaXKUH

MpeanoxeHHasa KoHdUrypauma MeTOANKM
Gbina onpoboBaHa B BEPTUKANbHOI CKBaXUHE
C HECKONbKMMU nnactamu. B ckBamwuHy 6bino
cnyuieHo Tpu npubopa TenemeTpuu y HTepBa-
nos pabotsl nnacra. B xoge nccneposanus 6bin
BbIABIEH NEpPeTOK Ha OCTAHOBKE CKBaMMWHbI,
BCNefCTBME Yero MeTOANKY B UCXOLHOM Bapu-
aHTe Ucnonb3oBaTh He NonyyYnnocs (puc. 5).

Bbino NpUHATO pelueHne M3MEHUTb MeTo-
AMKY 1 onpo6oBaTb HOBbI METOZ aHanu3a AaH-
HbIX, Gnaroaaps yemy Gbin onpeseneH HaKIoH
TepPMOrpammbl 1 pPacnpocTpaHeH Ha NPeToYHbIN
nnact. lMonydyeHHblii pe3ynstar Gbin CpaBHeH
C NPOUHTEPNPETUPOBAHHLIMU AAHHBIMU MO [Ny-
GuHe. Pe3synbTaThl CpaBHeHWUs NPeACTaB/eHbI
Ha pUCYHKe 6.

BuaHa pgoctatoyHO BbICOKAasA CXOAMMOCTb
MOJyYEHHbIX [aHHbIX C peanbHbIM Aebutom
B CKBaxuHe. CTOUT TaKXKe OTMETUTb, YTo Gnaro-
fapa MeTOAMKe MOXHO NONy4nTb JUHAMUKY 13-
MeHeHUs 1e6MTOB N0 KaXAoMy M3 UMeLUXcs
nnacros.

Utormn

B ycnoBusx, korga otpacnu pebyertcs fooutbes
noBbllWeHNA HedTeOTAAUM HA 3pesbiXx MecTo-
pOXAEHMAX, BeCbMa BaXHbIM fABNAETCA npa-
BU/IbHBIY BbIGOP CKBAXUWH-KAHANAATOB ANs NPO-
BEJEHNA Treosoro-TeXHUYeCKnx MeponpuaTui
ANs noBblweHns Aobbiun. MaccoBoe BHeape-
HMe HefopOrnx WU JOCTOBEPHbIX AAaTYMKOB ANA

Bnarogapsa nopoGHOW mMoaubUKaUMKU, NOCTOAHHOrO MOHWUTOPUHrA PaboTbl CKBAMMH
n=1:
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®opmyna 5-6. Pacdvem debuma ck8axcuHb!

1 nx obpaboTka B pexume peanbHOro Bpeme-
HV NMO3BONAT ONEPATUBHO BbIABAATL CKBAXUHbI
CO CHMKEeHMEM 06bIYM, @ MHTEPNPETaLWs NoNy-
YeHHON MHpOPMALMN COBMECTHO C AMHAMUKOM
JaB/ieHns No3BOAWT BbipaboTaTb noaxoasiiue
MEpPONpPUATUAA ANs NOBbIWEHNUSA A06bIYN.

MepBbIM WAromM B JAaHHOM HanpaBaeHUU
ABNAETCA OpraHu3auus nocTosHHoro 6apo-
TEPMUYECKOrO MOHUTOPMHra paboTbl CKBa-
XUH W MHTepnpeTauus Mnony4YeHHbIX AaHHbIX
N0 aBTOPCKON MeToAMKE.

BbiBOAbI

B cTatbe npuBeseHa MeTOAMKA BOCCTAHOBe-
HWUA AMHAMUKU NPOU3BOAUTENBHOCTU CKBAXUH
Ha OCHOBe 6apoTEPMUYECKOr0 MOHUTOPUHTA.
MeTtoguka onpo6oBaHa Ha CKBAXWUHHbBIX AdH-
HbIX M MOKa3ana BbICOKyt0 paboTocnoco6HOCTb.
Ee cywecTBeHHbIM NpenMyLLECTBOM MO CPaBHe-
HUI0 C M3BECTHLIM MOAXOOM K OlieHKe aebuta
TONILKO M0 AMHaMUKe 3a60MHOro JaBieHus AB-
NAETCA OTCYTCTBUE 3HAUYUTENbHOIO M3MEHeHWs
[aHHOW 3aBUCUMOCTY BO BpEMEHU, B OT/IMYME OT
4acToro n3meHeHus KO3 burLneHTa NPOSYKTUB-
HOCTW CKBaXWH. [loaxoa No oueHKe AWHAMUKK
nebuta Ha OCHOBE aHanM3a AUHAMUKK Temne-
paTypbl NO3BONAET ONEPATUBHO BbIABAATL MPO-
6nemHble CKBaXWHbI 1 BHOCUTb KOPPEKTUPOBKM
B NMAaHbl NPOBEAEHNA re010ro-TeXHNYeCKnX me-
pONPUATUIA HA MECTOPOXAEHUN ANS NOBbIWEHUA
106b14n.
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Results
:. 100 In conditions when petroleum industry needs
z to increase oil recovery from mature fields, it
2 =0 is very important to choose the right candidate
= ) ol )' wells for production enhancement operations to
o | prwsarn e —— ﬂ.\.\&'""”*‘ increase production. Massive implementation
of inexpensive and reliable sensors for
continuous monitoring of well production and

-50
01102020 17102020 27102020 06112020  16.11.2020  2611.2020  06.12.2020 . X X
real-time processing of their records allow

fara promptly identifying wells with a productivity
flaenetne decrease. Combined interpretation of rate
records received, together with the dynamics
of bottom-hole pressure will allow developing
right actions to increase production. The first
step in this direction is the organization of
continuous barothermal monitoring of well
operation and interpretation of the obtained
data using the author’s method.
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Hasnenwve, MMNa

0 Conclusions
01.10.2020 17402020 27102020  06.11.2020 16112020  26.11.2020  06.12.2020 The article presents a method for restoring
fara the dynamics of well production rate based
on barothermal monitoring. The method has
been tested on well data and has shown high
applicability. Its significant advantage over the
well-known approach to estimating flow rate
only based on the dynamics of bottomhole
h pressure is the absence of significant changes
~f in this relationship over time, in contrast to the

Temneparypa
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frequent change in the well productivity index.
The approach to estimating the dynamics of
flow rate based on the analysis of temperature
17102020 27102020 06112020  1611.2020 26112020  06.12.2020 changes dynamics allows for prompt

Aara identification of well problems and adjustments
of the plans for production enhancement
operations to increase production.
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Puc. 5. MicxodHble daHHble no memnepamype u 0asAeHuUI0 8 CKBAXCUHe
Fig. 5. Initial temperature and pressure data in the well
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