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B cmamuwe onucarna memoouxa
onpeoenerus 2uoPaABIUHECKUX

nomeps 8 LgupKyﬂﬂquHHOZﬁZ cucmeme
KOUMIOOUH2060LL YCIMAaH06KU. Boioenern.
OCHOBHbBLE NAPAMENIPDL, onpeae/zmomue
xapaxmep meuveHus HCUOKOCIIU B
2UOKUX MP)YOax, u onpeoeneHa ux
B3AUMOCBA30b.

IIpu NPpOBEIEHUU PEMOHTA CKBAKUHBI C IOMOIIBIO
KOJTIOOMHI'OBBIX YCTAHOBOK BA>KHBIM MOMEHTOM
JULSL OOECTIEYEH N BBICOKOI 3(D(PEKTUBHOCTU PAb6OT
ABJISIETCS IPABUIBHBIA NOJOOP TEXHOJOTUYECKUX
KHUJIKOCTEN U PEKMMOB UX 3aKa4UBaHUA. OTHON
U3 OCOOEHHOCTEN TUAPABIUYECKOTO PACUETA
LUPKYJIAIUOHHONM CUCTEMBI KOJNTIOOMHI'OBOH
YCTAHOBKH SIBIIETCA TO, YTO 34 CHET MAJIOTO
MIPOXOAHOrO ceueHus ruokux Tpyo (I'T) B HUX
CO3/AI0TCS 3HAYUTENBHBIE TH]PABINYECKUE TOTEPU
JasneHus. Hanboiee pacnpOCTPAaHEHHBIMHU B
Poccnu apnsaiorces I'T ¢ HAPYKHBIM JUAMETPOM
38,1+50,8 mm. [Ipu 3TOM OHU NPAKTUYECKU HE
33aBUCAT OT ITTyOUHBI CKBAXKUHBI — 3TO OOYCJIOBJIEHO
OCOBEHHOCTBIO KOHCTPYKIIUU KOJITIOOMHTOBBIX
YCTAHOBOK, KOTOPas NPEAYCMATPUBAET
MPOKAYNBAHNE TEXHOJIOTUYECKUX JKUJIKOCTEN Yepe3
BCIO KOJIOHHY I'T, B TOM YHCJIE M UEPE3 Ty €€ YACTh,
KOTOPAasl HAMOTAaH4 HA 6apabaH. [JJONOIHUTEIbHBIE
TUJPABIMYECKUE CONTPOTUBIIEHU S, OOYCIOBJIEHHBIE
WCKPUBJIEHUEM HAMOTAHHOM HA 0apa0aH 9aCTH
TPYOBL, MAJIBI B CBA3U C OOJIBIION BETUYUHON
OTHOIIEHUSA AUaMeTPpa 6apadaHa K AUAMETPY TPYOHI,
MO3TOMY UMM MOXKHO IPEHEOPEYS [1].

IIpu ncnonb3oBanuu I'T HEOOXOAUMO YUUTHIBATD
JONOMHUTENBHBIE TPEOOBAHUA, TIPENBABIAEMBIE K
IPHUMEHSIEMBIM COCTABAM U MaTepuaiam [2]:
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This article describes a method to
determine hydraulic losses in the
circulation system of the coiled tubing rig.
The main parameters governing the fluid
Sflow pattern in the coiled tubing and their
relation bave been identified.

To ensure high efficiency of well workover using
coiled tubing rigs it is important to correctly choose
process fluids and modes of injection. One of the
findings of the hydraulic analysis of the circulation
system of the coiled tubing rig is that due to the small
run-in clearance of the coiled tubing considerable
hydraulic pressure losses occur. Coiled tubing with
the external diameter of 38.1+50.8 mm are most
commonly used in Russia. Furthermore, they are
practically unaffected by the well depth which is due
to the design features of the coiled tubing rig which
provides for the pumping of the process fluids through
the whole CT string including the CT that is on the
reel. Additional hydraulic resistances caused by the
curvature of the reeled CT are small due to the high
ratio between the diameters of the spool and the
tubing, hence, they can be ignored.

When using CT it is necessary to take into
consideration additional requirements to the
compounds and materials that are used:

* dynamic viscosity and compound density of the
compounds should allow pumping them —ina
turbulent flow — through the whole length of the
CT at an injection pressure not exceeding the tubing
collapse resistance;

¢ when using structure-changing compounds the
time of initial setting or gelation should be at least
twice as high as the time of injection of the whole CT
contents to ensure the possibility of well flushing;



* IUHAMHUYECKAS BA3KOCTDb U IIJIOTHOCTD
COCTABOB JJOJIKHA ITO3BOJIUTh IIPOKAYATD €TI0 B
TYpOYJIEHTHOM PEXUME Yepe3 BCIO AuHy I'T
IIPU AABJIEHHUHM HATHETAHM S, HE IIPEBBIIIAIONIEM
Ipeena IPOYHOCTHU MATEPHATIA TPYO;

* IIPU UCHOJIB30BAHUU COCTABOB, U3MEHSIOMINX
CBOIO CTPYKTYPY, — CPOKH HA4aJ1a CXBATBIBAHUS
WUJIA TeJIE0O0PA30BAHMA JOJIKHBI HE MEHEE UEM
B 2 pa3a NPEBBIIIATDL BPEMS IIPOKAYKH BCETO
o6bema, Haxoggmerocs B I'T, ajs obecrieueHu s
BO3MOXXHOCTH IPOMBIBKM CKBA>KUHBI;

* COCTABBI HE JIOJIKHBI O0J1a/1ATh IPKO
BBIPA’KEHHBIMU TUKCOTPOITHBIMU CBOMCTBAMU,
TAK KAK JII00as, 1aKe HENPOJOJIKUTEIbHASA
OCTAHOBKA B IIPOLECCE 3aKAYKU MOKET IPUBECTHU
K 3HAYUTEJIIBHOMY POCTY TMPABINYECKUX
CONIPOTHUBJIEHUI U, KAK CJIEACTBUE, IPUBEACHHUIO B
HerogHocTs I'T.

JIOTIOJTHUTENBHBIM OIrPAHUYHUBAIOI UM
(PaKTOPOM NPU NIPOBEAECHUH TH/IPABIUYECKUX
PACYETOB ABIAETCA CHUKEHUE TPOYHOCTU TPYOBI.
Pa3BuTHE METOIUK IPOYHOCTHOTO PACYETA
TUOKUX TPYO CAEPKUBACTCS OTCYTCTBUEM JJAHHBIX
006 YCTaJIOCTHBIX CBOMCTBAX UCITOJIb3YEMOI'O
JUISL U3TOTOBJIEHNUA THOKUX TPYyO MaTEpHAIA.
TpagUIIMOHHO CYUTAETCSA, YTO OCHOBHBIMH
(daxTopamu, ONPENENAIONUMHU JOJITOBEYHOCTh
TPYOBL, ABJSIIOTCS PAJIUYC €€ U3Tuba U JaBJICHUE
TEXHOJOTUYECKOM KUAKOCTU. [Ipruem nocnennee
B OIIPEJIEJIEHHOM JUANIA30HE 3HAYEHNUN UT'DAET
PEMIAIONYIO POJIb.

B pabore [3] 1puBEAEHBI PE3YABTATHI CTATUYECKUX
UCHIBITAHUI 06pa31oB ['T, U3TOTOBICHHBIX U3
cranu HS-80, ¢ pa3/iM4HOM CTENEHBIO U3HOCA:
HOBBIX, UMeromux 50% u 100% BbIpaOOTAHHOI'O
pecypca. ABTOPAMH OTMEYAETCA OTCYTCTBUE
MJIOMIAJIKY TEKYYECTU HA JUATPAMME PACTAKEHHUS.
VCTaHOBJIEHO, YTO IO MEPE BEIPAOGOTKH PECYPCA
YIPYTI'UE CBONUCTBA CTAJIN (YI'OJI HAKJIOHA KPUBBIX
PACTAXKEHUA) U3MEHAIOTCA HE3HAYUTEIBHO,

IIPH 3TOM IIPUMEPHO HA 20% CHUXXAETCS IIPEJEIT

MIPOYHOCTH.

PaccMOTpHM ypaBHEHHE, OIIUCHIBAIOIIEE
pacnpenenenne AaBJIeHUN B IUPKYIALIMOHHOMN
CHUCTEME KONTIOOMHTOBOM YCTAHOBKH [4]:

P3:PH+PFCT_AP’ M

rae P, — 3a6ornoe gasnenue, I1a; P, —g1asiaenue
HarHeTanus, [1a; P — ruipOCTaTUYECKOE JIABJICHHE
Ha rmyouHe cycka I'T, Hzl;Z,P3 — CyMMapHbIe
TUApaBINYECKUE IIoTepy, I1a;

I'mpaBIndeCcKre NOTEPH CKIAABIBAIOTCS U3 IOTEPD
O JUIMHE TPYOBI, O6YyCIOBIEHHBIX TPEHUEM, U IOTEPD
Ha MECTHBIE CONTPOTUBJIEHUSI, KOTOPBIE UMEIOTCS
B y3J1aX OOBA3KU MaHHU(OJIbJA KOJITIOOMHIOBOI
YCTAHOBKH, B MECTAX CpamuBanus ['T, a Takke B
KoMItOHOBKe Hu3a I'T. B pa6oTax [5, 6, 7] mpuBeICHbBI
PE3YABTATEI SKCIIEPUMEHTAIBHOI'O ONPEIE/ICHUSA
TUAPABINYECKUX COTPOTUBIEHUH B y3/IaX

* the compounds should not have prominent
thixotropic properties as any even shortest
suspension during injection can lead to considerable
increase in hydraulic resistance and, as a result, to
damaging the CT beyond repair.

An additional restraint of hydraulic analysis is the
tubing strength loss. Development of CT strength
prediction methods is restrained by the lack of data
on the fatigue properties of the materials used to
manufacture coiled tubing, Traditionally, the main
factors determining the service life of the tubing are its
bend radius and process fluid pressure with the latter
playing a major role within a certain range.

The article ‘Determination of the steel strength
properties of coiled tubing’ by V. Syzrantsev, A.
Zemlyanoy, G. Zozulya, et al. reports the results of the
static tests of the specimens of CT manufactured from
HS-80 steel with various degrees of wear: brand-new,
50% wear and 100% expired service life. The authors
emphasize the lack of the yield line on the tensile
stress-strain diagram. It was found out that with the
depletion of the service life the elastic properties of
steel (the slope angle of the stress-strain curve) do not
change significantly; furthermore, the breaking point
decreases by 20%.

Let’s consider the equation describing the
distribution of pressure in the circulation system of a
coiled tubing rig:
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where P3 is bottom-hole pressure, Pa; P, is injection
pressure, Pa; Prer is hydrostatic pressure at the CT
running depth, Pa; Y| P, is the total hydraulic losses, Pa.

Hydraulic losses are composed of the losses along the
length of the pipe caused by friction and of the local
friction losses which occur in the manifold assembly
of the coiled tubing, at the CT joints and at the CT
bottom-hole assembly. The articles ‘Development of
gas-well workover techniques which do not require
killing the well’ by R. Sakhabutdinov; ‘Opportunities
and prospects of coiled tubing in the gas and oilfield
service sector in Russia’ by A. Zemlyanoy, V. Dolgushin,
V. Shatalov, M. Listak, G. Zozulya, A. Kustyshev; and
‘Specifics of the hydraulic analysis of the circulation
system of the coiled tubing rig’ by A. Zemlyanoy report
the results of the experimental determination of
hydraulic resistances in the CT circulation system units
making it possible to conclude that the bottom-hole
assembly accounts for the highest pressure losses at
the local resistance points while the pressure losses in
the manifold and CT joints are very small and do not
have determining influence on the overall losses in the
system.

Pressure losses due to the hydraulic resistance in
the cylindrical-section tubing are described by the
following equation:

8oL
ap,, = iPEC @) .
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TEXHOJIOI'MU

ITUPKYJISITHOHHOIM cucTeMbl I'T, Ha OCHOBE KOTOPBIX
MOJKHO C/IEJIATh BBIBO/I, YTO HAUOOJIBIIIHUE ITOTEPH
JIABJICHUS HA YYACTKAX MECTHBIX COITPOTHUBICHNH
MIPUXOZSATCS Ha 3a00MHYIO KOMIIOHOBKY, TOT/IA
KaK IOTEPH /IABICHUS B MAHUQOBC U y371aX
CpamnIMBaHMs TPYObI BECbMA MaJIbl 1 HE UMCIOT
OIIPEACIISIONIETO BANSHUS Hd CYMMapHBIC IOTEPU B
CHCTEME.

[ToTepu AaBIACHUS HA TH/IPABIHYCCKUC
COIIPOTHBJICHUS B TPYyOAX ITMITUHAPUIECKOI'O
CEUYEHUSI OITMCHIBAIOTCS yDABHEHHUEM:

_ 8L’
AP, =)L )

e 4 — KO3(P(PHUITUEHT I'UIPABINYECKOTO
CconpoTUBJIeHUs 1apcy; p — INIOTHOCTD (PIIION/1A,
Kkr/m% L — mmuHa I'T, M; Q — 06'bEMHBIN PACXO]],
M?/C; d — BHYTPEHHUI JUAMETP TPYObL, M.
KoadpuueHT ruipaBIndecKoro CONpPOTUBICHUS
Japcu 3aBUCUT OT TUIIA U CBOUCTB IIPUMEHAEMBIX
JKHUJIKOCTEN. Ha €ro BEMMYHUHY OKA3BbIBAIOT
BJIMSIHHUE J1BA O€3PA3MEPHBIX IAPAMETPA: YHCJIO
PelrtHONBACA, OTIPEEIIAIONIEE PEKUM TEUYEHU
JKHUJIKOCTH, U OTHOCUTEIBHAS IIEPOXOBATOCTD
MHOBEPXHOCTHU TPYOBL C 3TUMHU U3BECTHBIMU
3HAYEHUAMU KO3(P(PUITUEHT I'UIPABINYECKOTO
COINPOTUBJICHUS JapCH MOXKET OBITh OIPEAEIICH TUOO
rpaUYECKU C MOMOMIBIO IUArPAaMMBI My, THOO
PACCYMTAH C TOMOIIIBIO METO/1A TTOCJIENOBATEIbHBIX
NPUOINKEHUI U3 ypaBHEHUA KONOpyKa:

& 4+ 25
3,7d +Re \//1—]’ 3)

I7IE ¢ — MIEPOXOBATOCTb BHYTPEHHEN TOBEPXHOCTH
TPYOBI, M.

Juarpamma Myau (puc. 1) npeacrasiser
COOOM HE YTO MHOE, KAK KOPPEIAITUOHHOE
cooTHomeHue Konbpyka, OTIIOKEHHOE B BOHHBIX
JIOTAPU(PMHUUECKUX KOOPAUHATAX, U OTPAXKAET
33BUCUMOCTD KO3(PPUITUEHTA THIPABIUYECKOTO
TPEHUA OT YUCaa PefiHONbICA.

Pemas ypasHeHuUe (3) OTHOCUTEJIBHO A,
MO>KHO BBIPA3UTh (PYyHKIIHIO, KOTOPAS TIO3BOJIUT
MHOCTPOUTDb 3AaBUCUMOCTB 3TOT'O KO3 (PUITHEHTA
OT TAKUX CBOUCTB KUJKOCTH, KAK IIJIOTHOCTD
U BA3KOCTB, KOTOPBIE ONPEJEIAIOT BETUYNHY
uncina Perinonpca. [lonyuyeHHBIN rpaduk (pHC.
2) OTpaXkaeT BEJIMYMHY BIUAHUA KAXKIOTO U3
3TUX (PAKTOPOB HA BEJIMYUHY I'H/IPABINYIECKOTO
CONPOTHUBJIEHUSA TP 33JAHHOM BHYTPEHHEM
auameTpe TpyOosl (38,5 MM) U TOCTOSHHOM PACXO/IE
SKUIKOCTH (2,65 11/C). I3 IpeICTaBICHHOTO IrPaduKa
MOJKHO CJIEJIATD BBIBO/, YTO YBEIMUEHUE TNIOTHOCTHU
pacTBOpPAa NPH HEU3MEHHBIX 3HAYEHUAX BAZKOCTH
MNPUBOAUT K YMEHBIIEHUIO TH/IPABIUYECKUX ITOTEPD,
TOI'/IA KAK YBEJIMYEHHE BA3KOCTH IPUBOAUT K UX
3HAYUTEIBHOMY POCTY.

B TO ke Bpems 60JIBIIOE BIUAHUE HA
KoappunuenT Japcu okaseiBaeT guamerp I'T,
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where 1 —is the Darcy hydraulic friction factor; p —is
the fluid density, kg/m? Lis the CT length, m; Q is
the volume flow rate, m3/sec; d is the tubing internal
diameter, m.

Darcy hydraulic friction factor depends on the
type and properties of the fluids used. Its magnitude
is affected by two non-dimensional parameters:
Reynolds number which determines the fluid flow
pattern and relative pipe surface roughness. With
these known values Darcy hydraulic friction factor
can be either determined graphically with Moody
diagram or estimated using the method of successive
approximations from Colebrook equation:

Vo Og[ 37d Re 2V 3)

where ¢ is the roughness of the pipe inside surface, m.

Moody diagram (Fig. 1) is nothing else but Colebrook
correlation ration put on a log-log grid and reflects the
dependence of hydraulic friction factor on Reynolds
number.
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Pucynox 1 - 3nauenue noagwuuueuma
2UOPABIULECKOZ0 MPEHUS ONA HCUOKOCIETE
pa3auunoii 6asxocmu

Figure 1 - Hydraulic friction factor for fluids
ofgvarious viscosity

When solving the equation (3) in relation to A, we
can express a function which will make it possible
to plot this coefficient versus such properties of the
fluid as density and viscosity which determine the
magnitude of Reynolds number. The resulting diagram
(Fig. 2) reflects the effect of each of these factors on
hydraulic friction at a given pipe diameter (38.5 mm)
and a constant fluid flow rate (2.65 1/sec). From the
provided diagram it can be concluded that increase
in the compound density at a constant viscosity leads
to reduction in hydraulic losses whereas increase in
viscosity leads to their significant growth.

At the same time Darcy factor is greatly affected

by the diameter of CT which is accounted for when
determining both the roughness and Reynolds number



KOTOPBIY YYUTBIBAETCS IIPU ONPECIEHNUH KAK
LIEPOXOBATOCTH, TAK U YUCJId PeriHOMB/CA,

U OO'bEMHBIN PACXO]] JKMUJIKOCTH, ONIPEACIISIONI NI
€€ CKOPOCTh.

IIpoaHaIn3UpPOBAB IPEACTABJIECHHBIN HA PUC. 3
rpaguk 3aBUCUMOCTHU A (Q, d) [11s1 BOABI
(p=1000 kr/™? u= 0,001 ITasC), MOXKHO CAEIATH
BBIBOJ] O TOM, YTO YBEJIMUYEHHUE PACXOAA XKUJKOCTHU
BEJET K IIOCTENIEHHOMY CHUXKEHUIO KO3(phpunuenTa
Japcu, HO IPU 3TOM YBEJINUYUBAIOTCSA IOTEPHU
JlaBJICHUS B cUCTeME. [IpryeM B O6IACTH BBICOKUX
PACXOJ0OB JOCTUTAETCS TAKOE €T'0 3HAUYEHUE, ITOCTIE
KOTOPOTO NPHU JAAJBHEUIIEM YBETUUYEHUU PACXO/A
JKHUJIKOCTH KO3(P(PHUIIUEHT THIPABINYECKUX TIOTEPD
NPAKTUYECKU HE U3MEHAETCSA. BEIMYMHA TAKOrO
KPUTHUYECKOT'O 3HAUYEHU S PACXO/]A 3ABUCUT OT THUIIA
JKHUJIKOCTH U €€ CBOUCTB, 4 TAKXKeE OT gruaMmeTpa I'T, HoO
HN3-32 HEJOCTATOYHOM MEXAHUYECKOU IPOYHOCTH
TPYOBI JOCTHYD TAKOI'O PACXO/d BO BpEM S
MPOBEJICHUA ONIEPALIUN HA CKBAKUHE IPAKTUUECKHU
HEBO3MOXKHO. B TO € BpeMsd YBEINYEHHE JTUAMETPA
MPU MAJIBIX OOBEMHBIX PACXOAAX (/11 BOLBI — MEHEE
1 71/C) IPUBOJAUT K YBETUYEHUIO KOI(P(PUITHEHTA
TUPABIMYECKUX NOTEPD, 4 IPU OOJIBIINX PACXOJAX
Ha6II0/1A€TCSI OOPATHASI 3ABUCUMOCTb.

Ha pucyHKe 4 MOKa3aHa 3aBUCUMOCTb U3MEHEHU
TUPABIMYECKUX IOTEPD JABJIEHUA OT O6BEMHOIO
pacxoja v IMJIOTHOCTH *KUAKOCTH IIPH IOCTOAHHOM
BA3KOCTH U IUaMeTpe TPyOrL M3amenenue
pacxoja JKUAKOCTH OKA3bIBAET OOBIIEE BIMAHUAE
Ha BEJIMYMHY ITOTEPD JABIEHUA B CUCTEME 110
CPaBHEHUIO C U3MEHEHUEM ITNIOTHOCTHU. Takxe
MOKHO KOHCTATHPOBATD, YTO IPU OOJIBIINX
3HAYEHUAX IVIOTHOCTH JKUJKOCTH YBETUYUBAETCS
BJIMSTHUE PACXO/14 HA KOHEYHOE 3HAYEHHE ITIOTEPD
JIaBJIEHUA B CUCTEME.

INoTepu AaBIEHNA B MECTHBIX CONIPOTHUBIIEHUAX
OIPEAEAIOTCA YPABHEHUEM [4]:

AP, = (€))

rae & — K03 PUITUEHT MECTHBIX COIIPOTUBJICHUI.

Pemas ypasHenue (1), c yaetom (2) u (4)
MOJIYYAEM CJIEAYIONIEE BBIPAXKEHUE, ONTHUCHIBAIONIEE
pacnpeneseHuE JaBJICHUN B LUPKY/IALMOHHON
CHCTEME KOJNTIOOUMHTOBOM YCTAHOBKHU:

8pLQ | 8
o + 2 —peH,, o)

P,~P,=]

rae H . — rny6una cnycka I'T B CKBaXKUHY, M.

W3 1aHHOTO ypaBHEHUS BUJHO, YTO Ha
JaBJIEHUE HATHETAHU A OKA3BbIBAIOT BIMAHUE
IUIOTHOCTD MPOKAYUBAEMON XKUJIKOCTH, OOIas
JunHa, fuaMeTp I'T, a Tak:ke r1yOrHa €€ CIIyCKa B
CKBAXUHY, PACXOJ, ’KUJIKOCTH, KOMIIOHOBKA HM34
I'T 1 BeIMYnHA THAPOCTATUYECKOTO IABIECHH .
[TpryeM ecnu THAPOCTATHYECKOE AABJICHHUE
MIPEBBICUT CYMMAPHYIO BEJIMYUHY ITIOTEPD, TO
paBasd 9aCThb YPABHEHUA IPUMET OTPULIATEIBHOE 4

O6beMHBIIT PacXofi, J1/C
Volume flow

te—f Koa(hHUIMEHT IM/PABINYECKOTO CONPOTHBICHUS
aea—4_Hydraulic friction factor
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BazkocTs, [1a'c
Viscosity, Pa’sec
[I10THOCTB, KI/M?

Density, kg/m’

Pucynox 2 — 3a6ucumocnms u3menHenus
KodPPunuenma 2uoPaGaIULECcKoz0 COnPOMUENEHUA
OMm NAOMHOCIU U BAZKOCMU Hcuokocmu ). (p, 1)

Figure 2 — Dependence of the bydraulic friction factor
onthe fluid density and viscosity ). (p, 1L

s Koa(duiuent rujipasiyeckoro ConpoTUBIeHUs
E Hydraulic friction factor

Buyrpennuii
auamerp I'T, MM
CTinternal
diametr, mm

Pucynox 3 — 3asucumocms usmenenus
KoapPpunuenma 2udPasauuecKo2o CoOnpomuIeHus
0om 006emMH020 pacxoda u ouamempa mpyost . (Q,d)

Figure 3 - Dependence of the h%draulic friction factor
on the volume flow rate and tubing diameter . (Q,d)

Iorepu gasnenus, MITa
Pressure losses, MPa

JOGBEMHBL PACXOZ, 1/c -
lume flowrate, I/sec

EROD
TI10THOCTB, KI/M?
Density, kg/m?

Pucynox4 — 3aeucumocms usMeHeHusn
2uopasaruueckux nomeps 0asnreHus om 00seMHo20
pacxoda u nromuocmu cuoxocmu P (Q, p)

Figure 4 — Dependence of the bydraulic pressure losses
on the volume flow rate and fluid viscosity P (Q, p)

and volume flow rate which determines its velocity.

After analyzing the dependence diagram A (Q, d) for
water (p= 1000 kg/m? u=0.001 Pa-sec) in Fig. 3, it can
be concluded that increase in the fluid flow rate leads
to gradual reduction in Darcy factor while pressure
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3HAYEHUE, T.€. IEPECTAHET BBIIIOIHATHCS YCIOBUE
MPOKAYUBAEMOCTU.

Taxum 06pa3oM, MOKHO BBIJICJIUTh 'PDAHUYHbBIE
YCJIOBUS AJ151 BBIOOPA ONTHUMAJIbHBIX TAPAMETPOB
TEXHOJIOTUUECKUX IPOLIECCOB, CBA3AHHBIX C
OPOKAYUBAHUEM XKUIKOCTU yepes I'T, ucxons us
HEOOXOIMMOCTU OOECTIEUEHU HEPA3PBIBHOCTH
MMOTOKA (AP > P ) IO HUKHEH I'PAHUIIC U YCJIOBUS
COXPAHEHMS IPOYHOCTH TPYOBI (AP <P ) —110
BEPXHEN. 3HAA 3TU OI'PAHUYEHUS, MOXHO IIPU
HM3BCCTHBIX 3HAYCHHUAX IIJIOTHOCTH U BA3KOCTHU
JKHUJIKOCTH, 4 TAKXKE PEKHUMA TEUEHU S, KOTOPBIA
B YCJIOBHAX MaJIOTO MIPOXOJHOI'O CEYEHU OYIET
ABIATBCA JTAMUHAPHBIM TOJIBKO ITPHY OYCHDb
MAJICHBKHX 3HAYCHHUAX PACXOJ4, BBIZICTIUTDH
ONTHMAJIBHYIO OObEMHYIO CKOPOCTD 3aKA4YUBAHUS,
KOTOPAsI CO3A4ACT Hanubosee 3(PPEKTUBHBINA NTEPENA]]
JIaBJICHUS HA 3200€ JJI IPOBEJECHUS KOHKPETHOM
TEXHOJIOTUUYECKOM ONEPAIINH.
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losses in the system increase. Furthermore, in the area
of high flow rates it reaches the magnitude after which
the hydraulic loss factor with further increase in the
fluid flow rate practically remained unchanged. Such
critical magnitude of the fluid flow rate depends on
the type of the fluid and its properties as well as on the
diameter of the CT; however, due to the insufficient
mechanical resistance of the pipe it is practically
impossible to reach such flow rate during well
operations. At the same time increase in the diameter
at low volume flow rates (less than 1 I\sec for water)
leads to the increase in the hydraulic friction factor and
areverse relation can be observed at high flow rates.

Figure 4 shows the dependence of hydraulic
pressure losses on the volume flow rate and the fluid
density at a constant viscosity and diameter of the pipe.
Changes in the fluid flow rate have greater effect on the
magnitude of pressure losses in the system compared
to changes in the density. It can also be stated that at
high values of the fluid density the flow rate has greater
effect on the final value of pressure losses in the system.

Pressure losses at local resistances are determined by
the equation [4]:

8’
APMC = _7%4_ > (4)

where & is the local resistance factor.

By solving the equation (1) with account for (2) and
(4) we obtain the following formula which describes
the pressure distribution in the circulation system of
the coiled tubing rig:
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where H_ is the CT running depth, m.

From the above equation it is clear that the injection
pressure is affected by the injected fluid density,
the total length, the diameter of the CT as well as its
running depth, the fluid flow rate, the CT bottom-
hole assembly and the magnitude of the hydrostatic
pressure. Furthermore, if the hydrostatic pressure
exceeds the overall losses, then the right-hand side
of the equation will assume a negative value, i.e. the
condition for pumpability will not be fulfilled.

Thus, we can single out the boundary conditions
for choosing the best process flow parameters related
to the pumping of the fluid through coiled tubing
based on the necessity to ensure flow continuity
4P >P, ) for the lower boundary and pipe strength
retention (4P <P_ ) for the upper boundary. Being
aware of these limitations and knowing the density
and viscosity of the fluid as well as the flow pattern
which under the conditions of a low run-in clearance
will be streamlined only at very low flow rates, we can
determine the best volume injection rate which will
create the most efficient pressure differential at the
bottom-hole to perform a specific process operation.



