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W3MEHEHWE TEMMNEPATYPbI B NMPU3ABEONHOW 30HE MJIACTA
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BeepoeHue

OfHMM 13 OCHOBHBIX (haKTOPOB, CYLLIECTBEHHO
BISIIOLLMX Ha MPUTOK »KUAKOCTA K 32000
000bIBAIOLLIMX U MPUEMUCTOCTb HarHeETaTE NbHbIX
CKBaYKWH, SIBNSETCS COCTOSIHME NPN3abonHOoM

30HbI MiacTa (M3M1). B npouecce akcnnyataumm
CKB&)KMH MO pas/IM4YHbIM MpUHMHaM yxyaLakoTcs
dunbTpaumoHHble xapaktepucTukn MN3M1 kak B
000bIBAIOLLX, TAK Y B HArHETATENbHBIX CKBXKMHAX.

B cBA3u ¢ 3TM OQHOM N3 OCHOBHbIX 3adaY npu
opranHvaummn 0odbiun HeddTH SBNSETCS NoaaepXaHne
M3l B COCTOSIHMM, NO3BOMSAOLLEM MaKCUMN3NPOBATb
MPWTOK U MPUEMUCTOCTb MacTa. 3To 06ycnoBvBaeT
3HAYMMOCTb ANarHOCTUKM cocTosaHNs M3 npu
ncenenoBaHun CKBakH. OnpeneneHne CknH-akrTopa
MO3BONIFAET KA4eCTBEHHO OLEeHUTb cocToaHme 11311,
NOEHTUPULMPOBATE NPUYNHY CHYDKEHMS OebuTa 1
MPUEMUCTOCTN CKBEXKMH.
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Introduction

The bottomhole formation zone (BFZ) is one of the main
factors that influence the fluid flow into the bottomhole

in producing wells and the intake capacity of injection
wells. Well operations are impaired by BFZ filtration in

both producing and injection wells due to a variety of
reasons. So, one of the main objectives of oil production is
to maintain the BFZ’s condition that allows the maximum
production flow and intake capacity of the formation. This
shapes the importance of measuring the BFZ's condition
while researching and planning the well. Determining the
skin factor helps the qualitative evaluation of the BFZ's
condition and identifies causes of any reduction in the flow
rate and intake capacity.

The temperature/pressure transient tests of the well (TPT)

allow the determination of the remote zone’s permeability,
pressure and skin factor of the formation. The main problem
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MMapoaMHaMmnyeckne nccnenoBaHns ckaxkuH (ITOMC)
[0atoT BOBMOXKHOCTb OMnpeaenTb MPOHULAEMOCTb
yAaIeHHOW 30HbI M1acTa, N1acToBOE AaBMeHME U
CKUH-hakTop. INpn aToM ocHOBHasA npobnema [ANC
3aKJIKYaETCH B TOM, YTO OMPedesIEHHOMY 3HAYEHNIO
CKWH-(haKTopa COOTBETCTBYET MHOXECTBO 3HAYEHWI
MPOHULIAEMOCTU U pafiyCoB 30HbI MoBpexxaeHns [1, 2].
CraHpapTHas npoueaypa aHamaa gadHbix [ ONC [3, 4]
npeanonaraeT, YTo TeMneparypa naacta NocTosiHHA,
O[HaKO, Kak NOKaabIBatOT 3aMepbl B ANHAMIIKE,

OHa MOXXET CYLLIECTBEHHO N3MEHSTLCS. [1O0CKOSIbKY
TemMnepaTypHbI PPOHT PaCcCnpPOCTPAHAETCS 3HAYUTENTBHO
MeOJIeHHee, YeM (DPOHT AaBIEHNS, MPEACTaBASETCS
BO3MOYXHbIM MO U3MEHEHUIO TEMMepPaTypbl, 3aBUCSILLIEN
OT CKOPOCTU UIbTpaLmn, rpaamMeHTa AaBieHns,
CBOWICTB »XVOKOCTW 1 NMOPOAdp!, ONpeaenTb napameTpsbl
OKOJIOCKB&XKMHHOW 30HbI M1acTa, Takne Kak paanyc
MOBPEXOEHNS N MPOHNLAEMOCTb CKNH-30HbI.

TepMoaHaMNYeCKNe XapakTeEPUCTMKM NOTOKa B
MOPWCTOM Cpene B OCHOBHOM U3YHa/IUCh C YHETOM
KOHBEKTVBHOIO 1 KOHOYKTVBHOIO NMepeHoca Tena.

B ogHol 13 cambix paHHUX paboT [5] npeaioxeHa
aHanuUTU4Yeckast hopmysa aas onpeaeneHvs
TEMMNepaTypbl B CKBXXMHE Kak (DYHKLMN OT FTyOuHbl
HarHeTaTeIbHOM CKBaXXMHbI. BOIbLLION NPopbIB B 3TOM
obnactu 6bin caenan 9.5. HYekantokom [B], KoTopbIv
HalLle/1 aHaJIMTUYECKYHO 3aBUCHMOCTb TeMNepaTypbl OT
OaBneHns B paboTaroLlmx J0ObIBAOLLIMX CKBRXKUHAX.

B pabote [7] 6biln Npea/ioxxeH NHCTPYMEHT ONs
onpeneneHns pacnpeneneHns TemnepaTypbl B miacte
NPV N3MEHSIOLLIEMCSI MOJ1Ee AaBfeHWs], a TakxKe NoKasaHo,
YTO B HE(DTEHAChILLIEHHOW MOPUCTON cpeae MoryT
NposiBNATLCS aamabaTndeckmin adhdekT, addekT
[bxoynsa — ToMCoHa 1 TennonepeHoc Npu ha3oBoMm
nepexoge. B paboTe [8] mpeanoXxxeHa MeToamka OLEHKM
MPOHULIAEMOCTU CKNH-30HBI U pafuyca NoBPeXXaeHNs
0151 0OObIBAIOLLIX CKBaXKMH HA OCHOBE aHa/M3a
TeMnepaTypHbIX AaHHbIX. YPaBHEHME SHEPIETNHECKOMO
BaniaHca ¢ y4eTOM Harpesa nNpu TpeHun 1 adhdexTa
[bxoynsa — ToMCcOHa paccmaTtpuBanock B paboTe [9].

Takxe psaoM cneumanmcToB Obi NPOBEAEHDI
YNCIEHHbIE NCCMea0BaHNs CBOMCTB N1acToB B
MHOMOMIaCTOBOM KOJIIEKTOPE M1 MO TEMMepPaTypPHbIM
[OaHHbIM OLEHEHbI MPOHULIAEMOCTb 1 CKUH-(aKTop
KaxKOO0ro nnacra B 4o6biBatoLLmx ckBaxkmHax [10].

B pab6ote [11] nsyyeHa nonHas mMoaesb
pacnpoCTpaHeHns TeMnepaTypHOro poHTa Ha
OCHOBE MeTOa pacLleneHns Ha (On3ndeckme
npoueccol (Operator-Splitting method) 1 nokasaHo, 4To
TeMnepaTypHble JaHHbIE B COBOKYMHOCTM C AaHHbIMMU
TpaauumoHHbIX MeToaoB [AVIC MOXHO MCNOMb30BaTb
015 OLEHKM MapaMeTPOB KOJIIEKTOPa U [OObIBAEMOM
Hed TV (MPOHMLIAEMOCTb, MOPUCTOCTb, KOIMMULINEHTI
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TPT faces is that different values of the damaged zone’s
permeability and radii correspond to a certain skin factor [1,
2]. In typical BFZ’s with the output analysis procedure [3,

4] the formation temperature is constant while its variations
can be considerable according to the logs. The thermal
front spreads much more slowly than pressure front,
therefore it is possible to determine the wellbore parameters
such as the damage radius and skin-zone permeability
against the filtration rate and the changes in temperature,
pressure gradient, fluid and rock properties.

The temperature/pressure transient characteristics of flow
in porous medium were mainly studied with due regard to
thermal convection and conduction. One of earliest works
[5] suggests the analytical formula to determine the well
temperature as a function of the injection well depth. The
breakthrough [6] in this field was made by E. Chekaluk who
found the temperature-pressure relationship in producing
wells. The thesis [7] describes a tool to determine the
formation thermal distribution pattern under the changing
pressure pattern and shows that adiabatic effect, the Joule-
Thomson effect and that heating of the phase transitions
may occur in petroleum-saturated porous medium. The
thesis [8] describes a procedure to determine the skin-zone
permeability and damaged zone radius in the producing
wells based on the temperature data analysis output. The
thesis [9] covers the power balance control taking into
account frictional heating and the Joule-Thomson effect.

In addition, specialists numerically investigated the
formation properties in a multi-zone reservoir and by
measuring the temperature data, determined each
formation’s permeability and skin-factor in the production
wells [10].

Thesis [11] studies a full thermal front spreading model by
the operator-splitting method and shows that temperature
data along with conventional TPT output may be used

to determine the reservoir and produced oil parameters
(permeability, porosity, adiabatic expansion ratio, Joule-
Thomson ratio, thermal conductivity). Thesis [12] deduced
the analytical solution linking Peclet number and formation
permeability.

This Article is solving a full nonstationary problem to
determine pressure and heat distribution patterns across
the formation, taking into account the wellbore effect,
storage effect and thermal effect on a production or
injection well during their operation or shutdown. It contains
the output of numerical modeling and evaluation of the
thermal effect on spatiotemporal distribution of temperature
in the formation.

Mathematic Model

Considering a radial flat model of one-phase fluid injection/
production during operation with a constant injection

ROGTEC | 49



B [10BblMA

agnabaTtnyeckoro paclumpeHus, Ihxkoynsa — TOMCOHa,
TemMnepaTyponpoBogHocTy). B paboTte [12] nonydeHa
aHanMTU4eckas opmyna, CBssbiBatoLLas Ynco MNekne u
MPOHNLIREMOCTb MNJlacTa.

B HacTosLLen cTaTbe pellanach NOSHaA HeCTaLMOHaPHAs
3aja4a Mo OLeHKe pacrnpeneneHns 0asieHns 1
TemMnepaTypbl B MiacTe C y4ETOM BNUSHUS CTBO1A
CKBaXKMHbI, MOCIENPUTOKa/MOCNE0TTOKA XNOKOCTU
1 TemMnepaTypHbIX 3HeKTOB 419 A0ObIBAIOLLEN

1N HarHeTaTeIbHON CKBaXKMH B MPOLECCe NX
sKcnyaTtaumm 1 Npu OCTaHoBKeE. [peacTaBieHbl
pe3yIbTaTbl YACIEHHOrO MOLEMPOBAHNS 1 OLIEHKM
BJIMSHUS Pa3/INYHbIX TeMNepaTypHbIX 3(hdeKToB

Ha NMPOCTPAaHCTBEHHO-BPEMEHHOE pacnpenesieHne
TemMnepaTypbl B niacTe.

MaTtemaTtnueckasa mogenb

PaccMoTpyM MAoCKo-paamanbHyo MOOENb HarHeTaHNs/
0006bI4M 0OHOMA3HOM XUOKOCTY B NNacT nNpu
aKcnnyaTauun ¢ NOCTOAHHOW NPUEMUCTOCTLIO/0eOUTOM
g B TeHeHNe Neprioaa BPEMeHN 1, (eTan 1) n nocne
OCTaHOBKM CKBaXKMHbI (3Tan 2). MatemaTtnyeckas Moaesb
aTana 1 onNUCbIBAETCH CUCTEMOM YPaBHEHWI

(1)
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r dr
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w ar
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C HaYasbHbIMUN U MPaHNYHBIMUN YCITOBUSIMUA, C YHETOM

3hHEKTOB BNUAHUSA CTBOJIA CKBaXKMHbBI 1 OCTATOYHOMO
npuTOKa B NnacT
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rAe ¢, — YAesbHas TernoemMKoCTb MK MOCTOSHHOM
OaBMeHun; p — MIOTHOCTL; T — TemMneparypa;
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capacity / rate ¢ in time period ! (phase 1) and after
well shutdown (phase 2). Phase 1 mathematic model is
described by equation system

2 1

ar* ror

aT d
—(c,p)v (a—— e—P)+

r dr
d
mole,p), S -al(T-T,),

ap_ (#p 10p) __kop
ot ar* ror) p.ar’

r,sr=r,

with initial and limiting conditions and taking into account
the wellbore influence and residual flow into the formation

(c,p)r @)
(E] P gy,
r Ny, Ay "l
T|1-=rl‘ = T;.’ ’ Tl;:;” = Te’

%), —smalrel)
ar 2mtkh ot

Pl =Pes Plig = Pe>

r=n, r=n,

where ¢, specific heat at constant pressure; p — density; T
— temperature; v —filtration rate; p — pressure; I] — adiabatic
ratio; r — well radius, r, — external reservoir boundary
radius; ¢ — porosity; u — viscosity; k — permeability; A —
heat-conductivity factor; a = 6A /h* — environment-heat
exchange rate [13]; & — formation thickness; x = k/pdc,

— pressure conductivity factor; ¢, — system compressibility;
C, = ¢V, —wellbore effect factor; V, —fluid in well; & —
Joule-Thomson ratio; T, — injected fluid temperature; T, p,

— formation temperature and pressure respectively; T.p,-
temperature and pressure respectively at time point

1yt = 1st phase duration and well shutdown time point; £, s
and ¢ - indexes of liquid, matrix and saturated porous media
respectively ((c,p)=(1-)(c,p) +(c,p)); A, = (1-D)A +dA).
2nd phase mathematic model is also described by equation
system (1) with initial pressure and temperature conditions
obtained at the 1st phase end and limiting conditions (2).

The first equation in the mathematic model (1) results from
heat flow balance in porous media element [6].

2
T 1T
A, (6_2+_<_}
or ror

www.rogtecmagazine.com



PRODUCTION

v — CKOPOCTb (hunbTpauuu; p — gasnexuve; 1 —
aamadbaT4ecKnin KOSMMULNEHT; r, — paanyc
CKBaXKWHbI, r, — panyC KOHTypa nutaHung; ¢ —
NMOPUCTOCTb; |l — BA3KOCTb; k — MPOHNLAEMOCTb;

A — KOS DUUMEHT TenI0NPOBOAHOCTW; a = 6\ /h* —
KO3 dUUMEHT TeNIoobMeHa C OKpY>KaroLLEen cpeaom
[13]; h — TOoNwwHa nnacTa; x = k/pdce, — KO3 ULMEHT
Mbe30MPOBOAHOCTU; ¢, — CXKMMaAEMOCTb CUCTEMbI;

C, = ¢V, — KOAPDULMEHT BNVSHNS CTBONIA CKBAXKMHBI;
V. — 00beM XUAKOCTW B CKBaXWHE; & — KO3 MOULMEHT
Ixoyna — TomcoHa; T, — TemnepaTypa HarHeTaemom
XnakocTtu; T, p, — COOTBETCTBEHHO MNJ1acToBbIe
Temneparypa u fiasnenue; T, p, — COOTBETCTBEHHO
TeMnepaTtypa v jaBleHNe B MOMEHT BPDEMEHW 1 1,

— ONNTENBHOCTL NEPBOro 3Tana 1 MOMEHT BPEMEHN
OCTaHOBKW CKBaXKWHbI; MHOEKCHI f, s N t OTHOCATCS
COOTBETCTBEHHO K XXMOKOCTU, CKESETY U HACBILLLEHHOW
NnopuUCTON cpene

((c,0)=(1-0)(c,p),+c,p) )i A, = (1-GIA+dA).

MaTemaTtnyeckas Mofeib BTOPOro sTana Takke onncaHa
CUCTEMOW ypaBHEHW (1) C HaYaTbHbIMK YCIOBUSIMM

05 faBneHvs U TeMneparypsbl, NOJyYeHHbIMU B KOHLE
NepBOro atana, 1 rpaHNYHbBIMKY YCAOBUSMUA (2).

MepBoe ypaBHeHne B MaTemaTudeckor mogenm (1)
noJly4eHo 13 ycnoBus GanaHca TensoBbIX MOTOKOB B
3NEeMEHTE NopucTor cpenpl [6]. B maHHOM cnydae

2
T 10T
Ay (a_2+_<_J
ar ror

cnaraemMoe XapakTepunayeT TenioobMeH B paamanbHOM
HanpaB/eHUN 3a CYeT TernIoNPOBOAHOCTY B
HacbILLIEHHOM NOPUCTOM Tene, craraemoe —a(T-T)
onpenensieT TeMI00OMEH C OKPYXKaroLLVIM NOpOoaaMn B
BEPTVKaIbHOM Harnpas/eHun, crnaraemoe

JT
~(Gp)r Vg

OTBeYaeT 3a KOHBEKTVBHbIM nepeHoc Ternna. Ocoboe
3HaYeH1e VMeIOT craraemble, 3aB1CALLIME OT AaBNeHVs,
onpegensemble 13 NepBoro Hadana TePMOOMHAMUKU,
Tak, 019 KBasMCTaUMOHaPHbIX aanabaTnyeckmx
MPOLIECCOB B N30/IMPOBaHHbIX CUCTEMAX MPW MOCTOSHHOW
SHTPOMUM MOXXHO MOJY4YNTb CBSA3b MeXay TemnepaTypon
N OaBreHvem

dT =wdp, m= BT , ©)
(cpP)y

roe p= _:3(:’?) — KO3 PULMEHT TEMMNEPATYPHOrO
p

pacLUNPEHVSI.

N5 N303HTaNbMMIHBIX MPOLECCOB NEPBOE HAYaI0
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In this case the summand characterizes radial-directed
thermal exchange due to thermal conductivity in a saturated
porous solid, summand «(7-T) determines vertical-directed
thermal exchange with the surrounding rock and summand
-determines the thermal convection.

oT

[
(Pl Var

The most important are pressure-dependent summands
that are determined by the the first law of thermodynamics.
Thus, for quasi-steady-state adiabatic processes in isolated
systems under constant entropy, temperature-pressure
relationship may be obtained

dT =ndp, m= o (3)
(cpP) s
where 1 (ap) — thermal-expansion coefficient.
p\aT/,

For isoenthalpic processes, the the first law of
thermodynamics can be represented as follows [6]:

dT =edp, £=M. (4)

(Cpp)f

Similar to adiabatic process, isenthalpic process runs
in isolated system with no thermal exchange with the
environment. The difference is, that in adiabatic process
external work is possible due to reduced inner power of
the system while in isoenthalpic process the system work
transforms into heat that will stay therein. The (3) and
(4) expression allow to find relation between the Joule-
Thomson ratio and adiabatic expansion coefficient

1

where the first right member determines heating of the
substance following the motion line due to friction forces
and the second member shows the fluid cooling is
influenced by adiabatic expansion.

+, )

Taking into account expression (5), equation (1) can be
represented as:

T T 19T
P f[arz rar] ©
0
(fpp)fv—-v]—pmwpp)f P _o(r-1,),
r
where summand —va—P characterizes choking heating of
or

the fluid caused by friction forces and summand
dp shows the fluid cooling is influenced by

dr
adiabatic effect.

"'1¢(CPD)_,-
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TEPMOOMHAMVIKL MOXKHO 3arcaTb CeOyHOLLIIM 0Bpa3oMm [6]:

dT =edp, £=ﬁf _1. (4)

(Cpp)f

1303HTaNbNUIHbLIM NPOLECC, Kak 1 aanadbaTu4ecKni,
NPOTEKAET B N30INPOBAHHON cucTeEMe 6e3
TennoobMeHa C OKpyXxawLlen cpegon. Paznnyune
MEXY HMU 3akto4aeTCs B TOM, YTO B
agnadbaTM4ecKoM MpoLEecce BHeLLHSS paboTa
COBEPLUAETCS 3a CHET MOHVKEHNS BHYTPEHHEN
3HEepPrnn CUCTeMbI, a NPU N303HTaNbMUNHOM
npoLecce paboTa, coBepLlaemMas CUCTEMOW,
npeBpaLlaeTcd B TEMIO, KOTOPOE OCTAETCS B HeW.
CornacHo BbipaxkeHusM (3) 1 (4) MOXXHO HalTK CBS3b
Mexay KoadhduumeHTamn [xoyna — ToMmcoHa n
agnabaTn4yeckoro pacLuMpeHns

1
(cpp)f

rOe nepBblii YeH B MPaBov YacTu onpeaenseT
HarpeB BeLLEeCTBa Mo NMyTW ABWKEHMS 32 CHET paboThl
CWN TPEHUS, a BTOPOW — OXNTaXKAEHNE 3a CHET
aanabaTtuyHecKoro pacLIMPEHVs.

+1, )

C y4eToM BbipaxxeHus (5) ypaBHeHKe (1) MOXKHO 3anmncaTb
crneayroumM obpasom:;

(Cpp)r Py }‘r — t

dt or r ar

oT [azT lgl_

aT  adp ap
- = e L _a(T-T,),
(Cpp)fv or v ar +T]¢(Cpp)f dt 0-( c)

d
roe cnaraemoe =V d_P XapaKTepuayeT APOCCESbHbIN
r

Pa30rpeB XXWOKOCTU 3a CHUeT paboT CUJT TPEHWS;

cnaraemoe dp — OXI@XKAGHUE XINAKOCTH,
"'1¢(Cpp);- -
Dodt

CBA3aHHOE C a,L'J,I/Ia6aTVI‘-{eCKI/IM pacwmnpeHneM.

MNonHas NpousBoaHas MO BPEMEHW OMNpeaesniseTcs Kak

dp_9p 9
dt ot ar

3

roe V = v/® — CKOPOCTb OABMXKEHUS XKUAKOCTU.

OueHKa BNNSHWSA pasninyHbliX 3dEKTOB Ha M3MEHEHVE
TemMnepaTypbl Ha 3a60€e 00ObIBAIOLLIMX CKBEXKVH

PaccmaTpuBanack paboTa [oObIBAIOLLEN CKBaXKMHBI C
nocnenytoLLe OCTaHOBKOW NpY CredyoLLMX 3HAYEHNSX
dursmnyecknx 1 TeNNOMUINYECKUX MaPaMeETPOB XXNOKO-
CTV 1 nnacTa:
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Total time derivative is determined as:

dp _dp 9P
dt ot or

3

where V = v/® — fluid motion velocity.

Evaluation of Various Effects Influence on Bottomhole
Temperature Variation in Producing Wells

The evaluation considered a producing well and following
shutdown with the following physical and thermal-physical
parameters of the fluid and formation:

r, = 0,108 m; r, = 1690 M; h = 4 Mm;

h,, = 2500 M; ¢ = 0,21; u,= 3 MITa-c; k = 10:107 mxm?
(cpp)fz 1,4 MJIx/(M3-K); (.*:p-p)S = 2,16 MJIx/(M>K);
}Lf: 0,6 Br/(mK); A =1 Br/(m'K); ¢, = 0,0005 MITa’l;
T, =70 °C; T, = 70 °C; p, = 20 MIla; q = 10 m’/cyT;
g = -0,4 K/MIla; m, = 0,03 K/MIla; a = 6 A =
= 0,375 Br/(K-m?); £, = 5 cyT; t = 5 cyT.

stop
The complete problem (1) was solved numerically with a
control volume approach [14]. First, the pressure distribution
pattern across the formation was found to determine fluid
filtration rate. Then the temperature equation, in view of the
specified heat effects, was solved. The output of numerical
pressure and temperature modeling in marginal conditions
is well consistent with known analytical solutions [3, 6, 13].

Note, the first conductive and convective summands in
temperature equation (1) are responsible for thermal transfer
across the formation. The summand fractional contribution

is determined by Peclet number Pe = (cpp) fvrw/it, that
characterizes convective-conductive summand relationship.
Therefore, Pe > 1 results in convective heat, while Pe<1 results
in conductive heat. The last three members of the sum in
temperature equation (1) (Joule-Thomson effect, adiabatic
expansion, heat exchange with environment) are heat sources.

Fig. 1 shows the dynamics of distinctive influence of heat
sources and Peclet number on the temperature during

the producing well operation and shutdown. It shows that
temperature variation is mainly influenced by adiabatic
effect and heat exchange with environment at the beginning
of the producing well operation (before borehole pressure is
stabilized) and by the Joule-Thomson effect after borehole
pressure is stabilized. In course of the well operation,

the convective summand plays key role in heat transfer.
Once the well is shut down, the main effect is exerted by
adiabatic expansion, then the Joule-Thomson effect, and
thermal exchange with environment afterwards. Thermal
transfer across the shutdown producing well is defined by
the convective summand (Pe > 1) at the beginning when
heated fluid flows from the formation to the well, and by
conductive summand (Pe < 1) once the fluid flow stops.
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r, = 0,108 m; r, = 1690 M; h = 4 Mm;
h,, = 2500 M; ¢ = 0,21; u,= 3 mlTa-c; k = 10-1073 mxm?;
(c,p)p= 1,4 M]Lx/(m3K); (c,p)s = 2,16 M/ (M3K);

}L!: 0,6 Br/(mK); A =1 Br/(m'K); ¢, = 0,0005 MITa’l;
T, =70 °C; T, = 70 °C; p, = 20 MIla; q = 10 m’/cyT;
g = -0,4 K/MIla; m, = 0,03 K/MIla; a = 6 A =

= 0,375 Br/(K-m?); £, = 5 cyT; ¢

stop =5 CyT.
MNonHasa 3agada (1) pewanack YMCneHHO METO0OM
KOHTPOIbHOrO o6bema [14]. CHavana HaxoaMIoCh

pacnpegeneHne gasneHus
a

According to the modeling output, in the course of the
producing well operation, adiabatic expansion contributes
to the fluid cooling near to the well bottomhole while the
Joule-Thompson effect contributes to to heating. And vise
versa, when the producing well is shut down, adiabatic
effect contributes to heating while the Joule-Thompson
effect contributes to to cooling. Due to heat exchange with
environment, temperature in the formation, top and bottom
equalizes and the heated fluid near to the bottomhole
gradually cools down.

Mo NAacTy, N0 KOTOPOMY 3
onpenensaacs CKOPOCTb
hUNbTPaLMM XXUOKOCTH.
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pPaboTbl M OCTAHOBKW O00bIBAKOLLEN CKBaXKMHbI
npencrasnexHa Ha puc. 1. 13 Hero BugHo, 4TO B
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PucyHok 1. OueHka BNnsgHWS pasnnyHblix 3dexkToB Ha TeMmnepartypy B florapud-
MUYECKOM (a, 6) 1 NMHENHOM (B, T) MacluTabax BO Bpems paboTbl U OCTAHOBKM
[06ObIBAOLLEN CKBaXKMHDI

Figure 1. Evaluation of Various Effects Influence on Temperature in Logarithmic Scale
(a, b) and Linear Scale During Producing Well Operation and Shutdown

The study covered temperature trend in the operating
well bottomhole of different skin-factors. According to
the temperature variations analysis, reduced permeability
of skin-zone of fixed radius results in temperature rise in
the bottomhole. This is explained by major temperature
differences near to the well due to low BFZ permeability
and the Joule-Thompson effect eventually causes greater
temperature rises.

ROGTEC |53



B [10BblMA

Ha4asibHbIN NeproL BPeEMEHU (00 YCTaHOBIEHUS
3ab0MHOro JaBneHus) BO BpeMst paboThbl 40ObIBAOLLEN
CKBa>XMHbl OCHOBHOE BINSIHNE Ha N3MEHEHWE
TemnepaTypbl 0Ka3biBaOT agnadaTnyeckuin apdexT

1N TENNIOOOMEH C OKPYXKaoLLEN Cpeaow, nocne
YyCTaHOBNEHUst 3aO60NHOM0 aaBneHus — adhdexT [xoyns
— TomcoHa. Mpu paboTe CKBaXKMHbI FNaBHYO POJib B
TEMIONEPEHOCE NMPAET KOHBEKTUBHOE CrlaraeMoe.
[Mocne OCTaHOBKM CKBaXKMHbI OCHOBHOW BK1a4 BHOCUT
ahhekT agnabaTnyeckoro paclumpeHvsi, 3aTem
athdekT [xoyna — ToMcoHa 1 ganee Teni00bMeH

C OKpy>KaloLlen cpenon. 3a TensionepeHoc

B OCTaHOBJIEHHON A00bIBAOLLEN CKBaXKUHE B
HaYasIbHbIA MOMEHT BPEMEHW, KOFAa NponNCXoanT
OTTOK HarpeTom XXMOKOCTU U3 NnacTa B CKBaXKMHY,
OTBeYaeT KOHBEKTUBHOE cnaraemoe (Pe > 1), nocne
NpeKpaLLeHNst OTTOKa >XXNOKOCTU — KOHOYKTUBHOE

(Pe < 1).

PeaynbTaTbl MOAEMPOBaHWS NMoKasasv, YTO BO BPeEMS]
paboTbl 4OObIBAIOLLIEN CKBaXKMHbI aamadbaTnyeckmii
3(hdeKT CNOCOBCTBYET OXTAKAEHNIO XXNOKOCTA
BON3K 32605 CKBaKMHbI, 3hdekT [xoynsa — ToMCoHa
— HarpeBaHuto. 11, HAOBOPOT, BO BPEMSI OCTAHOBKM
0006bIBaOLLEN CKBaXKVHbI aguabaTnieckmn adhdexT
CnocobCTBYET HarpeBy, adhdekT [xoyns — ToMmcoHa —
OXJIKOEHNIO. 3a CHET TENNOOOMEHA C OKPY>KAKOLLEN
Ccpenon TeMnepaTtypa B nsacTe, KpoB/e U NoaoLLBe
BbIPaBHMBAETCS, W HArpeTas >XMOKOCTb BOM3M 32004
MOCTEMNEHHO OX/1aXKAAETCS.

ViccnepoBanack aMHaMuvKa TeMmnepaTypbl Ha 3a6oe
pabOoTatoLLEN CKBaXKVHBLI MPY Pa3INYHbIX 3HAYEHKSX
CKUH-hakTopa. AHa/IN3 N3MEHEHVS TEMNePaTypb!
nokasasl, 4To C YMeHbLLUeHeM NMpoHMUaemMoCT CKNH-
30HbI NP (hUKCMPOBaHHOM ee paduyce TemnepaTypa Ha
3ab0e yBeMUMBAETCH. 3TO MOXKHO OOBACHUTL BOMBbLIMMM
rpagveHTamMu TemnepaTypbl B3N CKBaXKMHbI 38 CHET
H13KoW npoHvuaemocTw IN3M1, B pesynbtaTte addekT
bxoynsa — ToMCOHa okasbiBaeT 60/IbLUEE BIUSHUE HA
POCT TemMnepaTypbl.

Takrm 06pa3om, oueHKa BAVSHNS PasdnYHbIX SPGEKTOB
Ha U3MEHEHVE TemMnepaTypbl Ha 3a60e padoTatoLLMX
000bIBAIOLLIX CKBEXKMH MOKa3asa, YTO OCHOBHYHO POJib B
Harpese »XXNOKOCTK Ha 3aboe nrpaeT addekT [hkoynsa —
ToMcoHa, 1 A9 MHTEepnpeTaumm TeMnepaTypHbIX OaHHbIX
MOXXHO MCMO/1b30BaTh METOAVIKY, MPEASIOMEHHYIO B
pab6ote [8].

OueHKa BNUSHUS pasindHbIX 3MEKTOB Ha N3MEHEHME
TeMnepaTypbl Ha 3a60€e HarHeTaTeTbHbIX CKBEXKWH

PaCCManI/IBa}'IaCb pa60Ta HarHeTaTesIbHON CKBaXKWHbI C

nocnenyoLLe OCTaHOBKOWM NpW CriedytoLLmX PUSUHECKNX
1 TENNOOUSNHECKMX NapameTpax:
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Therefore, according to the evaluation of various effects
influence on bottomhole temperature in the producing well,
bottomhole fluid heating is mainly influenced by the Joule-
Thomspon effect and temperature data can be interpreted
by the procedure proposed by thesis [8].

Evaluation of Various Effects Influence on Bottomhole
Temperature in Injection Wells

The evaluation considered an injection well and following
shutdown with the following physical and thermal-physical
parameters:

r, = 0,108 m; r, = 1690 m; h =4 wm hw = 2500 M;
¢ = 0.21; u; = 0,4 wmllag; k = 10:1073 mMKM?;
{L‘Pp)f-: 4,2 MJTx/(M3K); (c,p)=2,16 MJTk/(m3-K);
hf= 0,6 Br/(m'K); A, = 1 Br/(m'K); ¢, = 0,0005 MIla’}
T, =48 °C; T, = 70 °C; p, = 22 MIla; g = 269 m*/cyT;
e, = -0,0001 K/MITa; n;= 0,001 MITa; a = 6A}H* =
0,375 Br/(K-M3); IP =5CyT; t,

stop — 3 CyT.

According to the analysis of different summands, the
influence on the temperature trend during the injection well
operation and shutdown, in the course of injection well
operation the key role is played by convective heat and
the bottomhole temperature will eventually equal to the
temperature of the fluid injected into the formation. When
the well is shut down and the injected fluid temperature is
below the surrounding rock temperature, the bottomhole
temperature will rise mainly due to heat exchange with the
surrounding rock. Fig. 2 shows dynamics of distinctive
influence of source members and Peclet number during the
injection well operation and shutdown.

Being low, the adiabatic expansion coefficient and the
Joule-Thompson ratio do not actually cause changes in the
bottomhole temperature. Therefore, during either producing
or injection well operation the heat transfer is determined by
convective summand.

Heat transfer is defined by convective summand (Pe > 1) at
the beginning, after the well shutdown when cold fluid flows
from the well to formation, and by conductive summand
(Pe < 1) once the fluid flow stops.

According to the analysis of the temperature trend in the
bottomhole in shutdown wells with different skin-factors
and fixed radius of the skin zone, reduced permeability of
the skin-zone results in the bottomhole temperature drop
in 10 days’ period. This is explained by a slower flow of the
cold fluid in low-permeability skin zone.

Therefore, according to the evaulation of various effects
influence on bottomhole temperature in shutdown and
injection wells, the key role in near-well fluid heating is
played by heat exchange with environment.
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r, = 0,108 m; r, = 1690 m; h =4 wm hw = 2500 Mm;
¢ = 0,21; up = 0,4 mIlac; k = 10-107° mMxm?
(cpp)f-: 4,2 MJIx/(M>K); (cpp)s:2,16 MJTk/(m3-K);
he= 0,6 Br/(M:K); A, = 1 Br/(m:K); ¢, = 0,0005 MITa";
T, =48 °C; T, = 70 °C; p, = 22 MIla; g = 269 m*/cyT;
g = -0,0001 K/MITla; Ny = 0,001 MIIa; a = 6h5h2 =

0,375 Br/(K-M3); t,= 5cyT; stop

=5 CyT.

AHaNN3 BAUSHUA Pa3/INdHbIX CnaraeMbiX Ha OUHAMKKY
TemnepaTypbl B NpoLecce paboTbl M OCTAHOBKM
HarHETaTE/IbHOM CKBaXKMHbI MOKasas, YTo BO BPeMs
pPaboTbl HArHeTaTETbHOW CKBaXKHbI OCHOBHYHO

PONb UFPaeT KOHBEKTUBHbIV MEepeHoc Tenna, u
TemMnepaTy- pa Ha 3aboe CO BPeMEeHeM CTaHET paBHa
TemnepaType 3akadmBaemMon B NaacT XnokocTtu. Bo
BPEMSI OCTAHOBKM CKBaXKWHbI, EC/IM TEMMNepaTypa
3aKayrBaeMOW XNOKOCTU MeHbLLE TeMnepaTypbl
OKpY>XalLLMX Nopoad, TeMmnepartypa Ha 3aboe byaeT
pacTy NPENMYLLECTBEHHO 3a CYET Tens1I006MeHa ¢
OKpPY>KaoLLMMK nopodamu. [JnHammka XapakTepHOro

BJIMAHNAX NCTOYHNKOBbIX
a

Conclusion

Radial flat case numerical modeling of the pressure and
temperature distribution patterns across the formation
considered the thermal effects (Joule-Thompson effect,
adiabatic effect, heat exchange with environment),
conductive and convective heat, wellbore effect and the
storage effect. The analysis which was based on the model
output studied showed the influence from various thermal
effects on the bottomhole temperatures in injection and
producing wells during their operation and shutdown.

The thermal effects evaluation showed that producing

well temperatures are basically influenced by the Joule-
Thompson effect and shutdown injection well temperature
is mainly influenced by the heat exchange with environment.

Changes in bottomhole temperature, in the cases of BFZ
contamination, were studied. It was discovered that in
producing wells the reduced skin-zone permeability resulted
in the bottomhole temperature rising. In shutdown injection
wells, where cold fluid flow occurred, the heating effect near
to the bottomhole develops later.
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PucyHok 2. OueHka BAngHWs pasninyHbix 3deKTOB B TIOrapudMrUHeCcKoM (a, 6) 1
NNHEMHOM (B, I) MacLuTabe BO BPeMS paboTbl I OCTAHOBKW HArHETATEIbHOM CKBaXKMHbI
Figure 2. Evaluation of Various Effects Influence on in Logarithmic Scale (a, b) and Linear
Scale During Injection Well Operation and Shutdown
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YTO C YMEHbLLIEHMEM MPOHNLAEMOCTU CKNH-30HbI
Temnepatypa Ha 3aboe 3a 10 CyT yMeHbLIaeTCs.
OTO MOXKHO OB6BACHUTL BONee MEONEHHBIM
OTTOKOM XOJ10OHOW XUOKOCTU B CKUH3OHE HU3KOW
MNPOHNLIAEMOCTN.

Taknm 06pasom, oLeHKa BAVSIHUS Pa3/InYHbIX

3D EKTOB Ha MBMEHEHWE TEMMepaTypbl Ha 3aboe
OCTAHOBJIEHHbIX HarHeTaTENIbHbIX CKBa>KMH MoKasana,
YTO OCHOBHYIO POJib B HArpeBe »naKocT B6IN3K
CKBaXXWHbI UrpaeT TEMI00OMEH C OKPY>KatoLLEN
cpenon.

3aknoueHue

BbINoNHEHO YncneHHoe MoaeMpoBaHne
PaCnPOCTPaHEHNS AaBEHNS 1 TEMNepaTypbl B

naacTe /19 NJI0CKOPaONasibHOro Cyyas ¢ y4eToM
TemMnepaTypHbIX adhdexToB (adhdexT koynsa —
TomcoHa, agnabaTtnieckmin aeKT, TENT00OMEH C
OKPY>KaIOLLIEN CPeaon), KOHAYKTUBHOIO U KOHBEKTUBHOMO
nepeHoca Tenna, BAUSHUS CTBOIA CKBaXKWHbI 1
NOCENPUTOKA/MOCNEOTTOKA XXNAKOCTU. Ha ocHOBe
pesyNbTaToB MOAEIMPOBaHUSA NPOBENEH aHan3
BNNAHUS PA3NNYHBIX TeMnepaTypHbIX 9PEHEKTOB Ha
N3MEHEHNe TeMMNepaTypbl Ha 3ab0e HarHeTaTebHbIX

1 0OBBIBAKOWMX CKBEXKMH Ha 3Tanax akcnayataumum

1 ocTaHOBKN. OLeHKa TeMnepaTypHbIX 3PdeKTOB
nokasana, 4Yto B paboTaruyx JO6bIBaAOLLMX
CKBa>KMHaxX OCHOBHOE BJIMSIHUE Ha U3MEHEHNE
TemnepaTypbl okasbiBaeT addekT [xoynd — TOMCOHa,
B OCT@HOBJIEHHbIX HAarHeTaTe bHbIX 1 000bIBAOLLNX —
TENNOOOMEH C OKPYXKaKOLLIEN Cpeaon.

MpoBeOeH aHanNn3 N3MeHeHUsa TeMnepaTypbl Ha
3aboe npu 3arpsasHeHnn M3, Jnga gobbiatowmx
CKBa>XWH BbIAB/EHO, YTO C YMEHbLUEHNEM
MNPOHNLIAEMOCTU CKMH-30HbI TEMMNepaTypa Ha
3ab0€e yBenmM4mBaeTCs, AN OCTaHOBIEHHbIX
HarHeTaTeAbHbIX CKBaXXWH C XOJIOQHON 3aKa4KOW

ahekT HarpeBa BONM3K 32605 NPOSABAAETCS MO3XKE.
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