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Cc(hanbTOCMONIONAPA(PUHOBBIE OTIIOKEHUS B

KOJIOHHE JIN(PTOBBIX TPYO HEPTEAOOBIBAIOINX

CKBAXMH IMATHOCTUPYIOTCSI pAOOTHUKAMU
HE(PTENPOMBICJIOB IO CTENEHHU YXYAIIEHNUSA PA6OTHI
INIYOMHHOTI'O HACOCHOT'O O60PYJOBAHUSA U IO CHUXKEHHIO
J1IeO6UTAa CKBAXKUH IPU YCJIOBHOM IIOCTOSTHCTBE
OCTAJIBHBIX 3HAYUMBIX (PAKTOPOB. TaKue OILIEHKHU
JIAIOT TOJBKO KA4ECTBEHHYIO KAPTUHY OOPA30BAHUSA
OTJIOKEHUI B HICOCHO-KOMIIPECCOPHBIX TPYOAX 1 HE
MO3BOJAIOT ONPEAEATH MACCY UJIU OOBEM OTIIOKEHUI.
[TocnenHue mapaMeTPhl BAXKHBL /I ONIPEAECTIEHHS OObeMA
OPraHHUYECKOT'O PACTBOPUTES, KOTOPBIM HEOOXOJUMO
JIOCTAaBUTB B KONOHHY HKT o ogHOM U3 CyIeCTBYIONUX
TEXHOJIOTHH [1, 2]. B HeTETOOBIBAIOMNX KOMIIAHHUSIX
CJIOKMJIACH TPAKTUKA MACCUBHOI KCILTYyaTAlIUN
INIYOMHHOTI'O HACOCHOT'O O60PYJOBAHMA CKBA’KHUH, KOT/1A B
TEUYEHNE BPEMEHU JIEOUT MO KUJKOCTU CHHUKAETCA U3-34
HAPACTAHUA OObEMA OTVIOKEHUI B ITTyOMHHOM HACOCE U
KOJIOHHE TU(PTOBBIX TPYO. IIpH 3HAYUTEIBHOM A JCHUH
JeO6UTA CKBA’KUHBI WJIH ITOJTHOM €TI0 UCYE3HOBEHUN
konoHHy HKT 1 HacoOC NOAHUMAIOT HA ITIOBEPXHOCTD,
PEBUBUPYIOT, YAAIAIOT OTIOKEHUS ITPOITAPKOH, 4 HACOC,
KaK IIPABHJIO, 3AMEHAIOT HA HOBBINM. OpraHu4ecKue
PACTBOPUTENHN MOT'YT HOJHOCTBIO YIAJIUTD OTIOXKEHU,
HAKOIUIEHHBIE B TPY06aX, HO CTOAT JOPOT'O, TO3TOMY
JUISI 3KOHOMHUYHOTO IIPUMEHEHUA TAKUX PEATEHTOB
HEOOXOAUMO 3HATH C OOABIIION TOYHOCTHIO O6bEM
OTJIOKEHUI B KOJIOHHE JIM(PTOBBIX TPYO.

B kauecTBE pENEPHOI JKUJKOCTH, TO €CTb JKUJKOCTH CO
CTAOUIBHBIMHU CBOMCTBAMU, OTIMYHBIMHU OT CKBAXKMHHO
JKMJIKOCTH, MOXKHO HUCIIOJIb30BATh JIBE KATETOPUN
JKUJKOCTEN. BO-TIEPBBIX, 9TO JKUJKOCTD, JOCTABJIECHHAA
B KOJIOHHY JIN(PTOBBIX TPYO C MOBEPXHOCTH 3EMJIU I10O
CIIELIMAJIBHOM — PEATE€HTHOU TPYOKE, IIPOJIOKEHHON
O MEKTPYOHOMY IIPOCTPAHCTBY OT YCThA IO HACOCA.

B kauecTBe penepHON XKXKUJKOCTH MOXKET BBICTYIIATD
MHHEPATU3OBAHHAA BOJA, U TOI/1A €€ OObEM B

kononHe HKT nokaxer o6bem ACIIO. PazymHee B
JAUATHOCTUYECKUX LIEIAX HUCIIOIb30BATh OPTAHUYECKUH
PaCTBOPUTEID, TAK OH CIIOCOOEH BBITTOJIHUTD CPA3y

JABe (PYHKIIUU — ITIOKA3ATh KOJIMYECTBEHHO HAJIMYUE
OTJIOKEHUI U CIYCTA HEKOTOPOE BPEMA YAAIUTD UX
ONPENIENIEHHYIO YaCTb.

PenepHOI >KUIKOCTBIO MOXKET CIIYKUTh U JOObIBAEMAsT
TUIACTOBAA IIPOAYKIINSA, HO C UBMEHEHHBIMU CBOMCTBAMU.
PaccMOTpHM J1BE TEXHOJIOTMH, IO3BOJISIIOIINE CIAE/IATh
39TO HA CKBAKMHAX, O60pY,IIOB3HHbIX YaCTOTHBIMHA
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sphalt, resin and paraffin deposits in the tubing
string of oil producing wells can be identified
by oilfield workers. The main symptoms are
the depression of donwhole pumping equipment
performance and the decreasing of well flow rate
with a relative regularity of other key factors. Such
estimations can give only a qualitative picture of
sediment formation in the tubing and do not allow
to determine the mass and volume of sediments.
The latter parameters are important if one needs to
determine the volume of organic solvent to be pumped
in the tubing using one of the existing technologies
[1, 2]. Operators have a practice of passive running of
downhole pumping equipment (when in the course
of time fluid production decreases). Such decrease
id caused by the accumulation of sediments in the
downhole pump and the tubing string. When the flow
rate of well is significantly decreased or even stopped,
the tubing string and the pump are pulled out of hole
and revised. The sediments are removed by means of
steam cleaning, while the old pump is replaced with
the new one. Organic solvents can fully remove the
sediments formed in the tubing. But they are rather
expensive. That’s why in order to cut costs of such
treatments, it’s necessary to precisely know the volume
of sediments in the tubing string.

To address this issue, we can use the so-called
“reference fluids”. These are the fluids with unvarying
properties, which differ from the properties of well
fluids. There are two categories of “reference fluids”.
Such fluids can be delivered from the surface into the
tubing string with the help of a special tube that runs
through the annulus, from the wellhead down to the
pump. Salt water can be used as a “reference fluid”. It’s
volume in the tubing string can show the volume of
asphalt, resin and paraffin deposits. It is more sensible
to use organic solvent as a “reference fluid”. It can fulfill
two functions: quantitatively indicate the presence of
sediments and remove some part of them after a while.

Produced formation fluid can also be used as a
“reference fluid”. But we need to change its properties.
Let’s consider two technologies allowing to perform
this change. They both require the presence of
frequency converters that can modify the supply
current of electric submersible pump (ESP). The first
technology allows to modify the composition of fluid
in the tubing string, while the second one allows to



PETYAATOPAMHU TOKA MUTAHUS IOTPYKHOI'O
NNEKTPOABUTATEIIS LEHTPOOEKHOIO HACOCA. 1o IepBOi
TEXHOJIOTHH OYAET MEHATBCA COCTAB TPAHCIIOPTUPYEMOI
110 kosioHHe HKT >kHUIKOCTH, 4 IO BTOPOH TEXHOJIOTUU
MOKHO PETYIUPOBATb TEMIEPATYPY TAKOU *KUJKOCTHU.
TexXHOIOrns MO U3BMEHEHUIO COCTABA CKBAXKUHHON

JKMJIKOCTH OCHOBAaHA HA U3BECTHOM (DAKTE CKOIVIEHU S

B MEKTPYOHOM IPOCTPAHCTBE CKBAXKUHBI BBIIIIE

INIYOMHHOI'O HACOCA MPAKTUYECKH 6€3BOAHON HEPTH.

DTO O6CTOATENBCTBO, B Y4CTHOCTH, UCIIOIB30BAHO

ABTOPAMHU U300PETEHUS [3] IPU OIITUMU3ALUN PEXUMA

IKcIyaTanuu YOI H. ABTOpaMy HOBOU TEXHOJIOTUH

OPEJIOKEHO PETYIUPOBATD YACTOTY TOKA U, yBEJIUUUBAS

IPOU3BOAUTENBHOCTD ANEKTPOLIEHTPOOEIKHOTO

HACOCA HA ONPE/IEJIEHHBIN IEPUOJ BDEMEHH, U3MEHATD

coJiepkaHre HE(PTU B KOJIOHHE JTU(MPTOBBIX TPYO B

CTOPOHY €TI0 CHIXKEHU A O1arofaps 0Téopy 6€3B0JHOM

HEMTH U3 MEKTPYOHOTO MIPOCTPAHCTBA CKBAKUHBI.

DTa TEXHOIOTHUS yIOOHA U JIJIS1 ONIPEJICICHUSI OObEMA

OTJIOKEHUH B KOJIOHHE TU(PTOBBIX TPYO C MOMOIIIBIO

PENEPHON XKUAKOCTH, B KA4ECTBE KOTOPOU BBICTYIIAET

CKBaKMHHASA )KHUJIKOCTD C MEHBIIIEN OOBOAHEHHOCTBIO.

Cxema HEO6XOUMOTO O60OPYIOBAHMS IPEACTABICHA HA

pHC. 1,2 CTTOCOO PEANTUIYETCA B CIEAYIOMEM ITOPAIKE.

1. HacTOTY 9IEKTPUUECKOTO TOKA IIOI'PYKHOTO
anexrpoasurarens YOI H NOHMXAIOT 4O MUHUMAJIbHBIX
snadyenu (40 I'm), 1, Kak CaeCcTBUE, TIOHUXKAIOT
MIPOU3BOAUTENBHOCTD 3JIEKTPOLIEHTPOOEKHOIO HACOCA.
B MeXTPyOHOM IPOCTPAHCTBE CKBAKHUHBI OYICT
HAKAIUIUBATHCA HEPTD C MEHBIIUM COJAEPKAHHUEM BOJIbI
Omaropaps rpaBUTAIIMOHHOMY OTCTOIO CKBA>KMHHOM
NPOAYKIIUU B MEKTPYOHOM IIPOCTPAHCTBE.

2. O6GBOAHEHHOCTD HE(PTHU B KOJIOHHE JTU(PTOBBIX TPYO
OyJIET JA’KE€ UyTh BbIIIIE OOBOJHEHHOCTHU IJIACTOBOM
JKMJIKOCTH BBULY ITOCTYIUIEHU A OIIPEJETIEHHOTO
KOJIMYECTBA BOJbI U3 MEXTPYOHOI'O TPOCTPAHCTBA.
TToBpIIEHHAST OOBOJJHEHHOCTD OyJIeT (PUKCUPOBATHCS
BO BPEMEHH BIIAIOMEPOM 7 HA YCThE CKBA’KHUHBL.

3. Ha BTOpOM 3Tarle UCCIEeNOBAHNA CKBAKUHEBI B
(PUKCHPOBAHHBIN MOMEHT BPDEMEHU YACTOTY TOKA
MOBBIIAOT 10 60—70 11, TEM CAMBIM PE3KO MTOBBIIIAIOT
OTOOP KUJKOCTU U3 CKBA’KUHBL. B KOJTOHHY TU(PTOBBIX
TPyO HAUMHAET OCTYIIATh MAJIOOOBOJHEHHASI HEPTH
U3 MEXTPYOHOI'O IIPOCTPAHCTBA, IOHMXXASI OOLIYIO
OGBOJHEHHOCTD )KUJKOCTH B KOJIOHHE JIMPTOBBIX TPYO.

4. MOMEHT MOCTYIUIEHUA HA YCThE CKBAKUHBI HE(PTH C
MEHBIIEH OOBOJHEHHOCTBIO TAKXE (PUKCUPYIOT BO
BPEMEHH, 4 TIO PACXOIOMEPY 6 OTIPEICIISIOT CPEIHUIT
JIe6UT CKBAKMHBI ITOCJIE TTOBBIINIEHUS YACTOTHI
3JIEKTPOTOKA TUTaHuA ITO]I.

5. BHyTpenHui o6beM KonoHHbI HKT, He 3aHATHIN
OTJIOKEHHUSIMH, HAXO/ISIT KAK IIPOU3BE/ICHNE
M3MEHEHHOI'O JICONTA CKBAKUHBI HA PA3HUILY
3a(pUKCHPOBAHHBIX BDEMEH (BpPEMs NO/IX0/1A PEIIEPHOI
JKUKOCTH).

6. O6'beM OTIIOKEHIH HAXOSIT KAK PA3HUITY MEXKIY
MOJIYYEHHO BETMYNHOM U OO'bEMOM YHUCTHIX TPYO
JUQPTOBOM KOJIOHHOI O MACTIOPTHBIM JJAHHBIM.

TexHOIOTHs IO U3MEHEHUIO TEMIIEPATYPhI

CKBaKMHHOH JKUJJKOCTH OCHOBAHA HA BHIICIIPHUBEICHHOH

METOJJOJIOT'MH, HO B KAYE€CTBE U3MEHSIEMOTO U

HAOII0/JAEMOT0 ITAPAMETPA BEIOPAHA TEMIIEPATYPA

8 7 1 — o6ca/1Hast KOJIOHHA CKBAKHUHBI,

2 — xononHa 1MdTOBLIX TPYy6 (HKT),

3 — OTJIOKEHUA Ha BHYTPEHHEN
nosepxHocTu HKT, 4 — norpy»kHoM
anexrpoasurarens (I11910), 5 —
3JIEKTPOLEHTPOOEXKHBIN Hacoc (DIH),
6 — pacxojomep, 7 — BIaromep,

8 — CTAaHIUA yIIPABJICHUA CKBAXXUHOI C
YACTOTHBIM PETY/IATOPOM TOKA,

9 — KabeJIb ANEKTPONUTAHUS HACOCA.

1 — casing string, 2 — tubing string,

3 — sediments on the internal surface

of the tubing, 4 — submersible motor,

5 — ESPunit, 6 — flow meter, 7 — humidity
meter, 8 — well control station with current frequency converter
installed, 9 — pump’s power cable

Pucynox 1 - Cxema uccareooeanus
CKEANCUHBL 1Y eM USMEHEHU
00600HenHOCMuU Hehmu 8 AUPMOBbLX
mpyoax

Figure 1 — Well survey model based on the
changing of oil water cut in the tubing string

change the temperature of this fluid.

The technology of well fluid composition
modification is based on the well-known fact: in the
annulus above the downhole pump there is always an
accumulation of virtually pure oil. This fact was used by
the authors of the invention [3] during optimization of
ESP unit operating conditions. The authors of the new
technology suggest to adjust the current frequency,
thus increasing the discharge capacity of ESP unit for
a short period of time and changing (decreasing) the
oil content in the tubing string due to the recovery
of pure oil from the annulus. This technology is also
useful for determination of sediments volume in the
tubing string with the help of well fluid serving as a
“reference fluid”. Figure 1 shows the design concept
of equipment required for the implementation of the
above-mentioned technology. The technique includes
the following steps:

1. The current frequency of the ESP unit is decreased
to minimal values (40 Hz). This lowers down its
discharge capacity.

Oil with less water cut will accumulate in the
annulus due to the effect of gravitation settling of
production fluid in the annulus.

2. The water cut of 0il in the tubing string will be
even higher than that of the formation fluid. This
is because of the fact that a certain volume of water
will move from the annulus to the tubing string.
Increased water cut of oil will be recorded (the
moment of time) by the humidity meter 7 installed
on the wellhead.

3. On the second stage of well survey we suggest to
increase the current frequency up to 60-70 Hz, thus
dramatically increasing the well drainage. Oil with
less water cut moves from the annulus to the tubing
string, and the total water cut of well fluid in the
tubing string decreases.

4. The moment when oil with less water cut reaches
the wellhead is recorded (the moment of time)
as well. The flow meter 6 determines the average
well flow rate after the current frequency has been
increased.

5. The internal volume of the tubing string that is not
filled with sediments can be found as a production
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TEXHOJIOT'NI

JIOGBIBAEMOY CKBAXKUHHOU NNPOAYKIUH. [IpH U3MEHEHNUU
CO CTAHIIMU YIIPABIEHUS YACTOTHI EKTPUIECKOIO
TOKA MEHSIETCSI MOIITHOCTB [ 1D/, B 4aCTHOCTH, €€
TEIJIOBBIJIEIAIONAS CIIOCOOHOCTD, 4 B COYETAHUU

C NOCTOSTHCTBOM CKBA>KMHHOI'O IIOTOKA B 30HE

I15]] 3TO IPUBOAUT K USMEHEHUIO TEMIIEPATYPbI
JKMJIKOCTH HA BBIXO/IE U3 AJIEKTPOLIEHTPOOEKHOTO
HACOCA. DTO U3MEHEHUE (PUKCUPYETCS BO BDEMEHU
JATYUKOM TEMIIEPATYPHI B HUXKHEN YACTU KOJIOHHBI
JUPTOBBIX TPYO (pHUC. 2). Ha npuBeieHHON cXeMe

30HOI1 A 0603HaY€EHA 06JIACTb HATPEBA IIIIACTOBOM
JKMJIKOCTH U OHOBPEMEHHOTO OXJIAXK/ICHUS
MHOTPYKHOIO AJIEKTPOABUTATENA. Birarogapsa HaIu4duIo
ac(anbTOCMONIONAPAPUHOBBIX OTIOKEHHUH HA
BHYTPEHHEN MIOBEPXHOCTU KOJIOHHBI IM(PTOBLIX TPYO
CTEMNEHDb TEIUIONEPEAAYN YEPE3 CTEHKHU HACOCHO-
KOMIIPECCOPHBIX TPYO TU(PTOBOA KOJIOHHBI 3HAUUTEIBHO
CHMIKAETCS, U YEPES ONPEJEIEHHOE BPEMSA JKUJKOCTD

C U3MEHEHHOU TEMIIEPATYPOM JOXOIUT 0 YCThs
CKBAXXUHBL, U 9TOT MOMEHT (PUKCHUPYETCS JATIYUKOM
TEMIIEPATYPHI B BEPXHEIN YaCTH KOJIOHHBI TH(PTOBBIX TPYO.

O6BEM OTIOKEHNH B IN(PTOBBIX TPYOAX ONPEAETAIOT
no popmyie:

2

Vo =E4D —K-Q-(t, -1, o)
rae V=~ — o6beM OTJIOKEHUH Ha BHYTPEHHEH
MOBEPXHOCTU KOJIOHHBI TU(PTOBBIX TPYO;

D — BHYTPEHHUN AUAMETP YUCTHIX TU(PTOBBIX TPYO;

K — SMIIUPUYIECKUN KOIPPHUITUEHT, YIUTBIBAIOII NI
Pa3HHITY B COCTOSIHUU CKBA’KMHHOI MTPOAYKIIUH B
KOJIOHHE TU(PTOBBIX TPYO U B YCTPOUCTBE MO U3MEPEHUIO
€ro 06'bEMA, ONIPEAECIIAECTCA IPEABAPUTENBHO JIJIS
konoHHbI HKT 6€3 o1y1oxkeHurt; Q — NpOU3BOANUTEIBHOCTD
ANEKTPOLIEHTPOOEKHOIO HACOCA, MOAJEPKUBAETCS
TTOCTOSTHHOM BO BPEMsI OIICHKU OTJIOKCHUM; t, —
XPOHOJIOTMYECKOE BPEMS UBMEHEHU S TEMIIEPATY PbI
CKBaKMHHOI NPOJYKIIMU B 30HE JATUYUKA TEMIIEPATYPEL,
YCTAHOBJIEHHOI'O B HYDKHEN YaCTH KOJIOHHBI TU(PTOBBIX
TPyO. t, — XPOHOJOI'MIECKOE BPEMA MU3MCHECHUA
TEMIIEPATYPHI CKBAXKUHHOM ITPOYKIIUU B 30HE JATUHKA
TEMIIEPATYPBI, YCTAHOBJIEHHOT'O B BEPXHEN YaCTHU
KOJIOHHBI JTN(PTOBBIX TPYO.

Bo BpeMs OCYIIECTBIEHUS NPEIJIOKEHHOT'O CIIOCOHA
NPOU3BOAUTEIBHOCTD DLIH min pacxos CKBaXXMHHON
JKUJIKOCTU B KOJIBIIEBOM IIPOCTPAHCTBE B 30HE [1D]]
NOJJIEPKUBAETCA HOCTOAHHOU BEJIUYHHOI ITyTEM
PEryJIMpOBaHUs YCThEBOU 3aABKKU 10, pacronoKeHHOM
B BEPXHEN 4aCTU KOJIOHHBI IN(PTOBBIX TPYO.

Tepmorpammbl HE(PTEIOOBIBAIOMNX CKBAXKHUH CEBEPO-
3anajja bamkopTOCTaHa, MOJIYIEHHBIE C IOMOMIIBIO
CITYCKO-TIOJYbEMHBIX OIEPAIUI B MEKTPYOHOM
OPOCTPAHCTBE ABTOHOMHBIX CITAPEHHBIX MAHOMETPOB-
TepMOMeTPOB ThUta AMT-06, TOKA3bIBAIOT, YTO
TEMIIEPATYPA OT YCThsI CKBA’KHUHBI MOBBIIIAETCA 1O
IUIACTOBOI'O 3HAYEHUs HA IPUMEPHOI rmybune 1400 M B
cpeareM ¢ 12 10 24-26 °C. YTO6BI OIIEHUTH BO3MOKHOCTD
NPpUMEHEHM HArpeTOu B 30HE [10/] 1 D1 H 11acToBOit
JKHUJKOCTHU B KA4€CTBE MEYEHOM — PENEPHOU XKUJKOCTU
HCIIOJIb3YEM JJI1 PACYETA KOHEYHOM TEMIIEPATYPHI
B 30HE YCTBEBOI'O JIATYUKA TEMIIEPATYPBI (POPMYITY
akajgemuka B.I Illyxosa:
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of modified well flow rate by the time between two
above-mentioned points (the time of “reference
fluid” coming up).

6. The volume of sediments can be calculated as the
divide between the above-obtained value and the
volume of the tubing string according to its rated
values.

The technology of well fluid temperature
modification is based on the above-described
technique. In this case, the temperature of production
fluid was chosen as a varying and controllable
parameter. When the current frequency of submersible
motor is changed from the well control station, the
motor’s power and heat-producing ability change as
well. Taking into account that the well flow rate in the
motor’s area is constant, one can conclude that the
temperature of well fluid downstream the ESP unit
will be modified. This modification is recorded by the
temperature sensor situated in the lower part of the
tubing string (see Figure 2). Zone A presented on Fig. 2
is the area of formation fluid heating and simultaneous
cooling of submersible motor. Due to the presence
of asphalt, resin and paraffin deposits on the inner
side of the tubing string, the rate of heat transmission
through the tubing string walls is dramatically
decreased. Within a given period of time the fluid
with its temperature modified reaches the wellhead.
This moment is recorded by the temperature sensor
installed on the upper part of the tubing string.

The volume of sediments in the tubing string can be
calculated using the following formula:

_ T .DZ
sed 4

where V_, is the volume of sediments on the inner
side of the tubing string; D is the inside diameter of the
clean tubing string; k is the empirically determined
coefficient that takes into account the difference
between the state of well fluid in the tubing string and
the device for measuring of its volume. The coefficient
is preliminary determined for the clean tubing
string; Q is the discharge capacity of the ESP unit (is
maintained at a constant level); t, is the time when
well fluid temperature was modified. The moment of
time is determined on the basis of data recorded by
the temperature sensor in the lower part of the tubing
string; t, is the time when well fluid temperature was
modified again. The moment of time is determined on
the basis of data recorded by the temperature sensor in
the upper part of the tubing string;

During the process of temperature survey the
discharge capacity of the ESP unit (or the well
fluid flow rate in the annulus zone adjacent to the
submersible pump) is maintained at a constant level by
means of adjusting the sliding valve 10 mounted on the
upper part of the tubing string.

Temperature logs obtained in oil producing wells
of the north-western Bashkortostan with the help of
autonomous couple pressure-temperature gauges of
AMT-06 type show that well fluid temperature at the
depth of 1,400 m (4,600 ft) is around 12 °C while at
the wellhead — around 24-26 °C. In order to estimate

-k Q- (t,—t), ®



KD, x
Gp-C,

t,=t,+(,—t) e : €

rae t_— cpeansist Mo Ce4eHUIO KOJOHHBI HKT
TEMIIEPATYPA HA PACCTOAHNH X OT OLIH;

t —Temieparypa OKpyKaloIei CPEABL,

tH — TEMIIEPATYPA KUJKOCTU HA BbIXO/E DLIH;

K — noanwsiii koagppuuuenm menionepeoauu
OT IIOTOKA B OKPYKAIOLIYIO cpeny, Br/(m? - °C); D, —
HapyXHBII JuaMeTp KojnoHHbB HKT; G — 06'beMHBIN
PACXOJL JKUJIKOCTH, M?/C; P — TUIOTHOCTD JKUJIKOCTH,
KI/M3; Cp — KO3(P(PHUIIUEHT YAEIBHON TEILIOEMKOCTH,
Jx /(xr + °C); € — OCHOBAHME HATYPAIBHOTO JIOTapU(dpMa,
pasHOE 2,72.

1 CpeiHEN TEMIIEPATYPBI OKPYKAIOIIEU CPEbI
no annHe HKT npumeM ee MUHUMAJIBHO BO3MOXKHOE
3HA4YeHUe, TO €CTh 12 °C, HaMepPEHHO YBEIUYHB CTEIICHD
TEIJIONOTEPD HAIPETOU HE(PTH IIPU €€ NOABEME HA
MOBEPXHOCTDb 3¢MJIU. VICXOJHBIE JAHHBIE K TPDEM
BAPUAHTAM K paCY€TaM 1O (popmysie (2) NPUBEJCHBI B
Tab6m. 1.

TemnepaTypy )KHUJKOCTH HA yCThE CKBA’KUHBI I10
nepeomy eapuanmy pacCIuTLIBAEM U3 YCIOBUM:
IJIACTOBAS JKUAKOCTD C TEMIIEPATYPOH 25 °C IPOXOAUT
INIYOMHHBIA HACOC 6€3 HaTPEBA.

JIJ1s TOrbEMA IITACTOBOM KHUJIKOCTH IIPUMEHSIOT
06b1uny10 KostoHHy HKT, mapametp K=5,0 Bt/(M? - °C).

Bmopoii eapuanm — 11J1aCTOBAS )KUJKOCTb
HarpenaeTcs 10 45 °C o1 [ID]] u pabouunx Kosiec
ANEKTPOLEHTPOOEKHOTO HACOCA 6s1aroAaps
3HAYUTEIBHOMY MOBBIIMIEHUIO YACTOTHI AJIEKTPHUYECKOTO
TOKA, HOCTYHAIOIIETO HA TTOI'PY>KHOM 3JIEKTPOABUTATEb.

151 nogbeMa MIACTOBOH XKUAKOCTU NPUMEHSIOT
06b1aHyI0 KosmoHHy HKT, K=50 Bt/(m? - °C).

Tpemuii eapuanm — 111aCTOBAS KUJKOCTD
HarpenaeTcs 10 45 °C ot [ID/] 1 pabouyux KOJec
ANEKTPOLIEHTPOOEIKHOTO HACOCA.

15 morbeMa MIACTOBOY XKUAKOCTU IPUMEHSIOT
konoHHy HKT ¢ Ternionsonamnuen, napameTp
K=1,0 Br/(M? - °C), TO €CTb YMEHBIIAETCS B 5 Pa3.

J1s1 yno6CTBa IPUBEJEM PE3YILTATH PACYETOB B
CBOJHOM TA0OJI. 2.

I1ory4eHHBIE PE3YJIBTAThI TIOKA3BIBAIOT, UYTO
MHUHHUMAJIBHBIN CKA4OK IOBBIIIEHUS TEMIIEPATYPBI Ha
YCThE CKBAXKUHBI IIOCJIE €TO «Pa30rpeBa» B 30He 1D
u DIIH moxeT nocturars 4 °C. Takoi 3HAYUTETbHBIH
CKA4OK TEMIIEPATYPBI MOXKHO 3AMETUTD C IIOMOIIIBIO
MNPAKTUYECKU JIIOOOT'O TEPMOMETPA, 4 3HAYUT, U
UJEHTUPUITUPOBATD «<MEUEHYIO» dKUJKOCTD ITOCIIE
YBEJIHMYEHUA YACTOTHI AJIEKTPUYECKOTO TOKA,
nocrynaromero Ha [TD/1, IIpuMeHenne HaCOCHO-
KOMIIPECCOPHBIX TPYO C BHYTPEHHEN TEIVION30AILIUEN
3HAYUTEJIBHO MOBBIIIAET YCIIEMHOCTD IPUMEHEHHU
NPEIOKEHHOM TEXHOIOT U N.

B pa6ore [4] TpUBEAEHBI TEMIONOTEPU MTPH 3aKAYKE
B CKBA’)KHHY TOPSIYEN BOJIBI, PACCYUTAHHBIE TIO
yIpoIneHHOI popmyre A JO. Hamuora. B wacTHOCTH,
YKAa3bIBAETC, YTO TIOTEPU TEMIIEPATYPBI TEMJIOHOCUTEIIA
Ha m1yorHe 1000 M IPUMEPHO COCTABNAIOT 17 °C.
IIpuBeeHHAA B CTATHE OLIEHKA CTENIEHU OXJIAXK/ICHUA
CKBaKMHHON NPOAYKIIMU IIPU NOABEME IO YCThS HE
NPOTUBOPEYUT JAHHBIM UCTOYHHMKA [4].

0

1 — o6ca/iHast KOJIOHHA CKBAKHUHBI, 2 — KOJIOHHA IN(PTOBLIX TPYyO
(HKT), 3 — oT/1o;keHUs Ha BHyTpeHHEH nosepxHocTu HKT,

4 — Orpy>KHOM 371eKTpOoABUTATEND (ITD]]), 5 — 37EKTPOLIEHTPO-
6exHbIi HacoC (DLIH), 6 — MHOrO(YHKIIHOHAIBLHBIN KaGEeIb
3JIEKTPONUTAHHUA, CBA3U U YIIPABJIEHUS, 7 — CTAHLIMSA YIIPABICHUA
CKBA’)KMHOM C YaCTOTHBIM IPEOOPA30BATENEM TOKA, 8 — BEPXHUIA
JIATYHK TEMIIEPATYPBI, 9 — HYDKHUH JIATYUK TEMIIEPATYPBI,

10 — perynmpyemas 3aIBHKKA.

Kosmp1ieBoe MPOCTPAHCTBO MEK]Ty OO6CATHON KOTOHHOM U ITD]]
0O03HAYCHO HA CXEME 30HOI A

1 — casing string, 2 — tubing string, 3 — sediments on the internal
surface of the tubing string, 4 — submersible motor, 5 — ESP unit,

6 — multi-purpose cable (provides power supply, communication, and
control), 7 — well control station with current frequency converter
installed 8 — upper temperature sensor, 9 — lower temperature sensor,
10 — adjustable sliding valve.

The annular space between the casing string and the submersible
motor is denoted as Zone A

Pucynok 2 — Cxema mepmomempuu
cKeancunst ¢ YIIIH c uacmHuosimn
pezyaupoeanuem anexmpomoxa 1193/

Figure 2 — Temperature survey model for
a well equipped with ESP unit that allows
current frequency adjustments

the possibility of using formation fluid heated by the
ESP unit as a “reference fluid”, we will use the formula
of academician V. Shuhov for calculation of outlet

temperature in the wellhead zone:
_ KenD,x
Gp-C,

t=t,+(t,—t) € , )

where t_is the tubing section-average temperature
atadistance X from the ESP unit; € is the ambient
temperature; t is the temperature of fluid
downstream the ESP unit; K is the overall coefficient
of beat transfer from the fluid flow to the ambient
medium, W/(m? - °C); Dn is the outside diameter of the
tubing string;

G is the fluid volumetric flow rate, m?/sec; p is the
fluid density, kg/m?; C_is the specific heat capacity
factor, J/(kg - °C); € is the Napierian base (72.72).
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Taoauua 1 — HcxooHnwsie OanHbie 011

pacuema mpex sapuanmoes osuixicenusn As an average ambient temperature we will take its
NAACMOBOU HCUOKOCMU N0 KOJIOHHE minimal value, i.e. 12 °C, thus intentionally increasing
AUPmoaevix mpyo the level of heat losses of oil during its trip to the
Table 1 - Initial data for three variants surface. Table 1 shows the initial data for three variants
of calculation of formation fluid motion of calculations performed using formula (2).
througb the tubing string The fluid temperature at the wellhead can be

calculated using the first variant of its

! o IlracToBas >KM/IKOCTH HArPEBAETCS motion: formation fluid with a temperature
= g5 ¢ :g S R of 25 °C passes through the pump with no
° 5 SE %ol: Formation fluid is heated by the . p g pump
D i E‘ ¢ g = g submersible motor and the ESP unit heatmg.
e g g _—8' E S = ‘2 Z| 06rrumas xo- | Komonna HKT crermo- A standard tubing string can be used for
Parameter | S & E| 58 H g §| rommaHKT HsomIen lifting the formation fluid. Coefficient K is
38 7 58 # &| Conventional | Tubingstring with heat 1t0 5.0 W/(m? - °C
>3 tubing string insulation equal to 5. /(m )-
© T nene N N The second variant provides for the
p 2-¥1 BApDHAHT 3-¥1 BapuaHT K R
aHT 20 variant 3 vagiant formation fluid to be heated up to 45 °C by
17 variant the submersible motor and the impellers
Temneparypa f the ESP unit. It can be done b f
OKpyaIOmes of the unit. It can be done by means o
1 cpezpr, °C t, 12 12 significant current frequency increase.
Ambient A standard tubing string can be used for
temperature, °C i . . . .
lifting the formation fluid. Coefficient K is
Haganbnas 25
TeMmeparypa (unacrosas equal to 5.0 W/(m? - °C).

2 mmﬁﬁj? c t, Temmepa- 45 45 According to the third variant, the
formation fluid Typa) formation fluid is heated up to 45 °C by the
temperature, °C submersible motor and the impellers of the

HapWKHM? aua- ESP unit.
e1rp HKT, . . . . . .
3 ?ubiig outslrdt D 73 73 A tubing string with heat insulation is used
diameter, mm for lifting the formation fluid. Coefficient K
O6BeMHBII pac- isequal to 1.0 W/(m? - °C), i.e. it is reduced
XOJT JKUJTKOCTH, )
ey five-fold.
B oumcirictiow | © 30 30 Table 2 shows the results of calculations.
rate of formation The results of calculations demonstrate
fluid, m?/day L. . . .
: that a minimum increase of formation fluid
IInoTHOCTH .
SMYJILCHOHHOL temperature at the wellhead after it was
5 *“Iff/‘;gm o, 950 heated by the submersible pump and the ESP
: . o e
Fluid density, unit can be as high as 4 °C. Such .a significant
kg/m? temperature step can be recognized by
Koaddpurment almost every temperature gauge. This allows
Tegﬂgféﬁxm to identify “reference fluid” after the increase
HedTH, of current frequency. Utilization of tubin:

) I c, 2000 _ nttrequency. Ut ubing
Oil specific heat string with heat insulation substantially
capacity factor, improves the success rate of the suggested

J/(kg"°C) technology.
TTosnas Temio- :
HPOBOHOCTS Paper [4] preser}ts. the. calculations of beat
MaTepHaIa 10 losses during the injection of hot water into
xonouit HKT, (ymenpmaercsis 5 pas) | the well. A simplified formula of A. Namiota
7 Br/u® - °C) K >0 >0 (is decreased five-fold) i d th Th h i hat th
Overall cocf- is used there. The authors point out that the
ficient off heat losses of heating medium temperature at
Wt/r(‘;’f_?fb) the depth of 1,000 m (3,280 ft)) are equal
TLTHHA KOTOHTHbT to 17 °C. The estimation of formation fluid
8 HKT,m x=L 900 900 cooling degree presented in this article is in
Ablbilir e, agreement with the data presented in
paper [4].
[0 U306PETEHHUIO [5] IPEAIATAETCS TEMIOU30IUPOBATDh Invention [5] suggests to insulate the tubing string
KOJIOHHY JIM(PTOBBIX TPYO CHAPYXKU (POPMUPOBAHUEM HA from heat by means of creation of paraffin layer on
€€ MOBEPXHOCTHU NMAPAPHUHOBOTO CJIOSI IyTEM BPEMEHHOT'O its outer surface. The latter can be done using the
MOABEMA IIJIACTOBOU MPOAYKLIUHU I10 KOJIBLIEBOMY temporary elevation of formation fluid level in the
OPOCTPAHCTBY CKBAXKUHEL Brarogapst 06pa3oBaHUIO annulus. Due to the creation of heat insulating layer
TEIUIOU3OIUPYIOMIETO CJIOA Napa(prHA HA BHEITHEN on the outer surface of the tubing string and the inner
cropoHe KonoHHb! HKT 1 BHYTpEHHEIN CTOPOHE OOCAHBIX surface of the casing string, the oil temperature at the
KOJIOHH TEMIEPATYPa HEPTH HA YCThE ONBITHOM wellhead of pilot well increased from 18 °C to 24 °C.
CKBAKUHBI IIOBBLICUIACH C 18 110 24 °C, TO ecTb HA 6 °C. This data shows that the difference between the
DTHU (PAKTUUECKHUE JAHHBIE TOKA3BIBAIOT, YTO PA3HUIIA formation fluid temperature in the ESP unit area and
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TEMIIEPATYP HA YCTHE CKBAKUHBI IIJIACTOBOM KUJKOCTHU U
HATPETOU B 30HE OTPYKHOI'O AJIEKTPOABUTATENS MOXKET
OBITD BBIIIIE PACCYUTAHHBIX 4 °C.

W3 ABYX PACCMOTPEHHBIX B CTAThE TEXHOIOTUH
OILIEHKM 0O'beMa OTIOXKEHUI B KosioHHe HKT Haubonee
NPAKTUYHON, HA HAII B3IVIA, ABIAETCA T4, IO KOTOPOU
MEHAETCA OOBOJHEHHOCTD CKBAKMHHOM TPOAYKIIUU
34 CYeT OTOOPA OE3BOTHOM HEPTU U3 MEKTPYOHOTO
OPOCTPAHCTBA. [TO 3TOM TEXHOJIOTUH CKAYOK
OOBOTHEHHOCTH BO BDEMEHHU OYZET 60JIEE BBIPAKEHHDBIM,
4E€M U3MEHEHUE TEMIIEPATYPhI CKBAXKMHHOM JKUJKOCTH
HA yCThe. I3MEHEHNE TEMIIEPATYPI JKUJKOCTH BO
BPEMEHHU OYZIET HOCUTB OOJIEE IIJIABHBIA XaPAKTEP
6maropaps €€ TEMIONPOBOJHOCTH U MTEPEIAYE TEMIOBOM
3SHEPIUU HE TOJIBKO 34 NPEJEIBI KOJIOHHBI JIM(PTOBBIX
TPYO, HO U B TPAHUYHOI O0JIACTU CAMOM CKBAXKUHHOU
JKHJIKOCTH.

BbIiBOIBI

1. B craTbe NpUBEAECHDBI TEXHOIOI'UU 110
OIIPEJIEJICHUIO OObEMA OTIIOKEHHUH B TU(PTOBBIX
TPy6ax HEPTEAOOBIBAIOMIUX CKBAXKUH, OCHOBAHHDIE
HAa yIIPABIIEMOM U3MEHEHUH OIIPEAETIEHHBIX CBOUCTB
TPAHCHOPTUPYEMBIX )KUJIKOCTEHN: TEMIIEPATYPBI U
KOMIOHEHTHOT'O COCTABA. YCJIIOBHO 3TH XKUJKOCTH
HA3BaHbI PENIEPHBIMU >KHUJIKOCTSAMH BBUIY UX IPKO
BBIPAKEHHOTO OTIIUYHUS OT PAHEE IBHIKYIIEHUCS
JKHJIKOCTH.

2. CHabxeHue HeTEeAOOBIBAIONIEN CKBAKUHBI
JIOTIOJIHUTEIBHBIM OOOPYAOBAHUEM B BUJIE YACTOTHOT'O
PEOOPA30BATESA TOKA, TATYUKOB JABICHUSA U
TEMIIEPATYPHIL, YCTBEBBIX PACXOAOMEPOB U BIATOMEPOB
OPUOIHIKAET €€ K KATETOPUH UHTEJUIEKTYAJIbHBIX,
CIIOCOOHBIX JUATHOCTHPOBATH HE TOJIBKO COCTOSTHHUE
IUTACTOBBIX (PIIIOM/IOB M INTYyOMHHOI'O HACOC4, HO U
KOJIHUYECTBEHHO OLICHUBATH HAJIMYUE OTIIOKEHUI B
KOJIOHHE JIN(PTOBBIX TPYO CKBAKIHBDL
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Tabnuua 2 — Ycmoveaovie memnepamypuot
CKEANCUHHOU NPOOYKUUU NPU PASAUUHBLX
pexcumax sxcnayamauuu CK8aNCUNHBL C
YoIH

Table 2 — Temperatures of formation fluid
at the wellbead. Three variants of well
operation conditions are considered

Temneparypa
SKHIKOCTH HA
BBIXOACE M3 DITH,
°C
Formation fluid
temperature
downstream the
ESP unit, °C

Temneparypa
JKHIKOCTH HA
YCThE CKBAYKH-
HBI, °C

PeKHUM 3KCIUTYyaTAITHH
CKBAKHHBI

Well operation conditions Formation fluid
temperature at

the wellhead, °C

1. TImyGHUHHBIF HACOC HE
Pa30rpeBAET MIACTOBYIO
SKUJIKOCTb.

2. Kononna HKT — oGbIYHas. 25 14,7

. Formation fluid is not heated
by the submersible pump.

—_

2. Conventional tubing string

1. TmyGUHHBII HACOC
Pa30TPEBAET IIACTOBYIO
SKUJIKOCTb.

2. Kononna HKT — o6pruHast. 45 18,9

1. Formation fluid is heated by
the submersible pump.

2. Conventional tubing string

1. Tmy6MHHBII HACOC
Pa30rPEBAET IJIACTOBYIO
SKUJTKOCTB.

2. Konmonna HKT - ¢
TEIJIOU3OJIAIAET. 45 36,2

1. Formation fluid is heated by
the submersible pump.

2. Tubing string with heat

insulation

at the wellhead can be higher than the value of 4 °C
obtained in the present paper.

In our opinion, the most practical technology (out of
two presented here) of sediments volume estimation
is the first one. It is based on the modification of
formation fluid water cut by means of pure oil recovery
from the annulus. The step change of oil water cut
will be more apparent in time than the step change
of oil temperature at the wellhead. The change of oil
temperature will be more gradual due to the transfer of
heat not only beyond the tubing string, but also within
the oil’'s border region.

Conclusions

1. The article presents two technologies that allow to
estimate the volume of sediments in the tubing strings
of oil producing wells. Both technologies are based on
the method of controllable variation of produced fluids
properties: their temperature and composition. These
fluids are nominally called as “reference fluids” because
of their obvious difference from the initial fluids.

2. Completion of an oil producing well with
additional equipment, including current frequency
converter, temperature and pressure sensors, wellhead
flow meters and humidity meters moves it to the
category of smart wells that are able not only to
diagnose the state of formation fluids and downhole
pumping equipment, but also to compute the volume
of sediments in the tubing string.
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