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BBEAEHUE
J17151 TOrO YTOOBI IOATOTOBUTL CKBAKUHY
K OYPEHUIO CIEAYIOUIETO YIACTKA, J0OBIYE
WJI KOHCEPBALIMH, HEOOXOIUMO IIPOBECTH
LEMEHTUPOBAHUE — MIPOLECC TOATOTOBKU U
334KA4KH [JEMEHTA B CKBAXKUHY. LIeMEHTHPOBAHME
BBITNIOJIHAETCS JJ1s PA3JIMYHBIX 1IeJIeN. LleMeHT
06€eCeYnBAET FEPMETUYHOCTb U YCTOMYUBOCTD
CTBOJIA CKBAKMHBIL. Yallie BCETO EMEHTHPOBAHNE
BBIIIOIHAETCS AJ151 U30JIALUN BOJOHOCHBIX
TOPHU3OHTOB. B IIporiecce 3aKaHYNBAHUA
JIOOBIBAIOIIEI CKBAXKHBI [IEMEHTUPOBAHUE
HEOOXOUMO /151 U3OJISIIIUU 3ATPYOHOTO
NPOCTPAHCTBA ITOCJE CIYCKA OOCAAHOIM KOJIOHHBL
Taxske OJJHOM U3 LEJIEN IIEMEHTUPOBAHUS
ABJIIETCSA U3OJIALNSA 30H NOITIOMEHUS UIIN
Y4ACTKOB CKBA’KUHBIL, B KOTOPBIX IPUTOK (DJIIOUAA
YMEHBIITHJICS WA MTOJIHOCTBIO IPEKPATHUIICS.
[Tpu HanTpaBIEHHOM OyPEHUU LIEMEHTUPOBAHUE
MIPOBOAUTCA JIJISL OTCEYEHH ST OCHOBHOT'O CTBOJIA
U OypeHUs ydacTKa Habopa yria. Kpome Toro,
LEMEHTUPOBAHUE MOKET BBIIIOIHATHCA C LIEJIBIO
KOHCEPBAIIUN CKBA’KUHBL
Kak npaBuio, Cioco6 3aKAYKU LIEMEHTA
(B 06CaAHYIO KOJIOHHY HJIN B 3aTPyOHOE
IPOCTPAHCTBO) BBIOUPAETCS UCXO/S U3 OOJIBIIOTO
KOIUYECTBA (PAKTOPOB. BOT HEKOTOPBIE U3 HUX:
* IUIOTHOCTD LIEMEHTA IIPU PA3HBIX 3HAYEHUAX
IJIACTOBOT'O JIABJICHUS;
* Ka4ECTBO LIEMEHTHOT'O KAMHSI MEK/Ty KOJIOHHOH
U TIJIACTOM;
* BpEMSsI 3aKAYKHU IIEMECHTZ;
* BO3MOXHOCTb IIEMCHTHPOBAHHUSI KOJIOHHBI
I10 BCEH JJIMHE (60pBbOA C IOIVIONICHUSAMU,
HEOOXOAUMBIE OO'bEMBL, TPOKAYUBAEMOCTD
LIEMEHTHOI'O PACTBOPA);
* TIOBBIIIECHHUE IPOYHOCTH IIEMEHTHOT'O KAMHS;
* Ka4EeCTBO U JJOITOBEYHOCTb IIEMECHTHOI'O KAMHSL
JaHHBIE (PAKTOPHI 32BUCST OT IAPAMETPOB
CKBAXHUHBI, IOHUMaHUE KOTOPBIX ITIO3BOIAT
KOPPEKTHO NOJ06PATh TUII IIEMEHTHOT'O
pacTBOpa sl KOHKPETHBIX 33/1a4.

CKBA)XUHHbLIE NAPAMETPbLI

IToMuMO KpernneHus 06CaHON KOJIOHHHBI,
LIEMEHT TAKXKE OOECIIEUNBAET U3OJISIIUIO TIJIACTOB,
T.€. IPEJOTBPAIIACT [IEPETOKU MEXK/Y BCKPBITBIMU
nacTaMu. ITpu npoeKTUPOBAHUN PA6OTHI 11O
LEMEHTHPOBAHUIO OUCHb BAXKHO IIPUHUMATD BO
BHHUMAHHE [TAPAMETPHI CTBOJIA CKBAXKUHBI /151
obecriedyeHU ST HaJeKHOM U30JISIIIHU .

B crarbe npuBeicHbl HEKOTOPBIE U3 KJIIOYEBBIX
[IAPAMETPOB, KOTOPBIE BIUSAIOT HA YCIIEITHOE
IIPOBEJICHUE PA0OT 1O HEMEHTHPOBAHUIO
CKBAKUHBL.

MYBUHA

[71y6rHA CKBaKUHBI BIUSCT HA TAKHUE
[1APAMETPBI, KaK: KOJIMYECTBO (DJIIOU/IOB,
06'beM (PIIION/IOB, IOTEPH ABJIEHUA HA TPEHHUE,
rU/IPOCTATUYECKHUE [JABJICHUS, TEMIIEPATYPA.

INTRODUCTION

Part of the process of preparing an oil well for further
drilling, production or abandonment, cementing a well
is the procedure of developing and pumping cement
into place in a wellbore. Used for a number of different
reasons, cementing protects and seals the wellbore.
Most commonly, cementing is used to permanently
shut off water penetration into the well. Part of the
completion process of a prospective production well,
cementing can be used to seal the annulus after a
casing string has been run in a wellbore. Additionally,
cementing is used to seal a lost circulation zone or
an area where there is a reduction or absence of flow
within the well. In directional drilling, cementing
is used to plug an existing well, in order to run a
directional well from that point. Also, cementing is
used to plug a well to abandon it.

Generally, there is a whole gamut of concerns about
cement placement (down the casing and up the
annulus), and some of which include:

» Cement density vs. pressure “window” from
formation

* Cement bond between pipe and formation

* Cement pump time

* Ability to place the cement over the whole column
(fluid loss control, correct volumes, pumpability)

» Cement strength development

» The quality and longevity of the seal.

These concerns are tied to the well parameters, and
understanding the well parameters assist in the design
of cement slurry that achieve its design objectives.

WELL PARAMETERS

Along with supporting the casing in the wellbore,
the cement is designed to isolate zones, meaning that
it keeps each of the penetrated zones and their fluids
from communicating with other zones. To keep the
zones isolated, it is critical to consider the wellbore and
its properties when designing a cement job.

Some of the key well design parameters that affect
the success of every well cementing job are discussed:

DEPTH

The depth of the well influences the amount of
wellbore fluids involved, the volume of wellbore fluids,
the friction pressures, the hydrostatic pressures, the
temperature, and, thus, the cement slurry design.
Wellbore depth also controls hole size and casing
size. Extremely deep wells have their own distinct
design challenges because of high temperatures, high
pressures (HPHT), and corrosive fluids.

WELLBORE GEOMETRY

The geometry of the wellbore is important in
determining the amount of cement required for
the cementing operation. Hole dimensions can be
measured using a variety of methods, including
acoustic calipers, electric-log calipers, and fluid
calipers. Open hole geometry can indicate adverse
(undesirable) conditions such as washouts. Wellbore
geometry and casing dimensions determine the
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TaxkuM 06pa30M, INTyOHHA CKBAKUHBI BJIUSAET

Y HA COCTAB LIEMEHTHOT'O pacTBOpa. Taxxke
IJIyOHMHA CKBAKHUHBI BJIUAET HA OOBEM
CKBAXKMHBI M1 00CaJIHOM KOJIOHHBL [Tpu nopbope
LIEMEHTHOT'O PACTBOPA JJI5 INTyOOKHUX CKBAXKUH
BO3HHUKAIOT ONIPEJIEJIEHHBIE TPYAHOCTU HU3-34
AHOMAJIBHO BBICOKHX TEMIIEPATYD U JABJICHUN U
KOPPO3HOHHO-AKTUBHBIX (DJIIOH/IOB.

FTEOMETPUA CTBOJIA CKBAXXWHbI

T'eomeTpus CTBOMIA CKBA’KUHBI SIBJISIETCS
BaKHBIM (DAKTOPOM, BIMAIONIUM HA
HEOOXO/IMMBIH OO'bEM IIEMEHTHOI'O PACTBOPA.
Pa3zmeprel CKBAXKUHBI OIIPEACISIOTCI TAKUMU
METOAAMH, KaK AKyCTUUECKAS, IJIEKTPUYECKAS
U FU/IPABINYECKAS KaBEPHOMETpUs. [eomeTpus
OTKPBITOI'O CTBOJIA CKBA’KUHBI MOXET CO3/JaTh
HEOIATONIPUATHBIE YCJIOBUSA, HAIIPUMED,
pa3MbIB CTBOIA. [eOMETPHSA CTBONIA CKBAKUHBI U
pa3Mepbl O6CATHBIX KOJIOHH ONPEJEIAIOT OObEM
3aTPyOHOrO NPOCTPAHCTBA U HEOOXOAUMBII
0OBEM PACTBOPA.

DopmMa NONEPEYHOT'O CEYEHUA CTBOJIA
CKBa’KMHBI OIIPEJIENISAET PACCTOAHUE MEXTY
06CaTHOM KOJIOHHOM U CTEHKOM CKBAKUHBI.

DTa PopMa OLIPENEIISET TEOMETPHUIO

3aTPyO6HOrO MPOCTPAHCTBA, KOTOPAS BIUAET

Ha 3P OEKTUBHOCTD 3aAMEIEHUA 6yPOBOTO
pacTBOpa. PEKOMEH[yeMOE MUHHMAJIBHOE
PacCTOAHNE MEXKY CTEHKOU CTBOJIA CKBA’KUHBI U
06CaTHOM KOJIOHHOM CcOCTaBAsgeT OT 19 10 38 MM
(muameTp CcTBOJIA 6OIBIIE JUAMETPA OO6CATHON
KOJIOHHBI HA 50—76 MM). MEHbIIICE PACCTOSIHUE
OTPAHUYMBACT JIBIDKEHUE (PJIIOU/IOB, YTO, KAK
IIPABUJIO, YCIIOXKHSET IIPOLIECC 3AMEIICHUS.

Jpyrum Ba>KHBIM IIAPAMETPOM I'€OMETPHUH
CTBOJIA CKBAXKMHBI SIBJISIETCS yI'OJl HAKJIOHA. YTOJI
HAKJIOHA BJIMSET HA (PAKTUYECKYIO [TTyOUHY
CKBAKHHBI 110 BEPTUKAJIU U TeMIIepaTypy. [Ipu
LEMEHTUPOBAHUU CKBAKHH C 6OJIBIIUM OTXOIOM
OT BEPTHUKAJIN MOI'YT BO3HUKHYTB OIIPE/IC/ICHHBIE
TPYAHOCTH IIPU 3aMEIIEHUU 6y POBOI'O paCTBOPA
M3-34 TOI'O, 4YTO 0O6CAAHAS KOJIOHHA MOXET OBITh
HE OTLEHTPUPOBAHA OTHOCUTEJIBHO CTBOJIA
CKBAKHHBL TPyTHOCTH, BBI3BAHHBIC U3MCHECHUEM
I€OMETPUHU CTBOJIA, MOKHO PEIINUTD C IIOMOIIIBIO
LEHTPATOPOB OOCATHOM KOJIOHHBL LIeHTpaTOphl
HUCIOJIb3YIOTCS JUISI LEHTPUPOBAHUS OOCAJHONU
KOJIOHHBI OTHOCHUTEIBHO CTBOJIA CKBAKUHEI,
4TO OOECIICYUBAECT OJMHAKOBBIIN ITPO(PUIIb
3a2TPyH6HOrO IPOCTPAHCTBA IO BCEY JIJTMHE
KOJIOHHBL

TEMMEPATYPA

Temmneparypa 110 CTBOJIY CKBA’KHMHBI
ABJIAETCA KPAMHE BAXKHBIM ITIAPAMETPOM IIPU
MIPOEKTUPOBAHUU PAOOT IO LEMEHTHPOBAHUIO.
Kak npasuiio, ONpeAessaIoT TPU 3HAYECHU L
TEMIIEPATYPHL: JUHAMUYECCKASA TEMIIEPATYPA HA
3200¢€, CTAaTUYECKas TEMIIEPATyPa Ha 3260€ U
auddepennanbHas TEMIIEpATypa (PasHuIla
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annular volume and the amount of fluid necessary.
The hole shape also determines the clearance
between the casing and the wellbore. This annular
space influences the effectiveness of drilling-fluid
displacement. A minimum annular space of 0.75 to
1.5 in. (hole diameter 2 to 3 in. greater than casing
diameter) is recommended. Annular clearances
that are smaller restrict the flow characteristics and
generally make it more difficult to displace fluids.
Another aspect of hole geometry is the deviation
angle. The deviation angle influences the true vertical
depth and temperatures. Highly deviated wellbores
can be challenging because the casing is not as likely
to be centered in the wellbore, and fluid displacement
becomes difficult. Problems created by geometry
variations can be overcome by adding centralizers
to the casing. Centralizers help to center the casing
within the hole, leaving equal annular space around
the casing.

CKBaXuHa A CkBaxxuHa B
Well A Well B

d

daxkTryecKas I'nmy6buna no
ry1yOrHa 110 CTBOJY
BCPTHKAIN Measure Depth
True Vertical (MD)
Depth (TVD)

OAMHAKOBAS TNIOTHOCTb PACTBOPA

Same hydrostatic pressure down

Pucynox 1 — 3asucumocms haxmunecrkorl
271YOUHBL CKEANCUHBL O 2eOMemPUn
cmeona

Figure 1- Relationship between wellbore
geometry and true vertical depth (TVD)

TEMPERATURE

The temperatures of the wellbore are critical in
the design of a cement job. There are basically three
different temperatures to consider: the bottom hole
circulating temperature (BHCT), the bottom hole static
temperature (BHST), and the temperature differential
(temperature difference between the top and bottom
of cement placement). The BHCT is the temperature to
which the cement will be exposed as it circulates past
the bottom of the casing. The BHCT controls the time
that it takes for the cement to set (thickening time).
BHCT can be measured using temperature probes that
are circulated with the drilling fluid. If actual wellbore
temperature cannot be determined, the BHCT can
be estimated using the temperature schedules of
American Petroleum Institute (API) RP10B. The BHST
considers a motionless condition where no fluids are
circulating and cooling the wellbore. BHST plays a vital



MEX/y TEMIIEPATYPOH HA ITTyOHHE NTOLbEMA
LEMEHTA U TEMIIEPATYPOI HA HUXKHEU I'DAHULIE
LEMEHTA). [JuHaMHYeCKas TEMIIEPATYPA HA
3260€ — 3TO TEMIIEPATYPA, IPU KOTOPOH
06€eCEUNBAETCA HUPKYIALNSA [IEMEHTHOTO

role in the strength development of the cured cement.
The temperature differential becomes a significant
factor when the cement is placed over a large interval
and there are significant temperature differences
between the top and bottom cement locations.
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pPacTBOPA MPH BBIXOAE U3 OO6CATHON KOJIOHHBL

JuHaMHU4YeCKas TEMIIEPATYPA ONPEJEIAET 4 00: — 1 Cpenmsn renmeparypa

BPEMS 3aT'yCTEBAHUS LIEMEHTHOTO PACTBOPA. ; Ha yCTbC

JUHAMUYECKAS TEMIIEPATYPA U3MEPSIETCS C 4,000 Average surface
temperature

ITOMOIIIBIO JATYNKOB TEMIIEPATYPHI B 6YPOBOM y 6.000 - :

pacTBope. IIpy HEBO3ZMOXXHOCTHU O PEJIEICHUS z 8.000

JMHAMHWYECKOU TEMIIEPATYPBI UCIIOJIb3YETCA g < 10,000 LB*F100 1

TEMIIEPATYPHBINA PEXKUM IO CTAHAAPTY «i g 12,000

AMEPHKAHCKOTO HEPTIHOTO HHCTUTYTA S A 14,000

(API) RP10B. Cratnyeckas TeMIeparypa 16,000

ONpeAENAaeT CTATUYECKOE COCTOSHHUE HA 3200€, 18,000

B KOTOPOM HE TPOUCXOJUT UPKYIALIUA

(IIIONIOB, CJIEAOBATEIBHO, HE OXJIAXK/IAETCS i} 100 150 200 250 300 350

300U CKBAKUHBL CTaTUYECKAA TEMIIEPATYPA Temneparypa, °F

UI'DAET BAKHYIO POJIb IIPH HA60OPE MPOYHOCTH Temperature, °F

LIEMEHTHOI'O KAMHS BO BPEMS 3aTYCTEBAHUS.

JuddepeHnInanpaas TEMIEPATyPa ABIACTCS
BAXKHBIM (PAKTOPOM IIPU HEMEHTUPOBAHNH
JUIMHHBIX YY4CTKOB C OOJIBIION PA3ZHULIEU MEXTY
TEMIIEPATYPOU Ha INTyOMHE NOABEMA [IEMEHTA U
TEMIIEPATYPOI HA HUKHEU I'PAHULIE LIEMEHTA.
B aTOM Cilydae 13-3a pa3sHULIBI TEMIIEPATYP
MIPUMEHAIOTCA IBA PA3HBIX THUIIA IIEMEHTHOT'O
pacTBopa.

JyrHaMH4YECKAs TEMIIEPATYPA BIUAET HA
BpEM 3AI'yCTEBAHUA LIEMEHTA, PEOJIOTHIO,
MIOIJTIOMIEHUS, CTAOUIBHOCTD LIEMEHTA U BPEMA

Pucynok 2 — Tabauua zpaouenma
memnepamypsvt, 0eMOHCMPUPY0oua
u3menenue memnepamyput 1o Cmeory
CK8adNCunvL

Figure 2 — Temperature gradient table
showing bow temperature varies over the
depth of the well

Because of the different temperatures, commonly, two
different cement slurries may be designed to better
accommodate the difference in temperatures.

The bottom hole circulating temperature
(BHCT) affects slurry thickening time, rheology,
fluid loss, stability (settling), and set time. BHST
affects compressive strength development and
cement integrity for the life of the well. Knowing

JaBJIeHHE B CKBAKHHE
Pressures in the Wellbore

P1 — ITimacroBoe
JIaBJICHUC

P2 — Buyrpennee
JIABJIEHUE 3AKAYKH

P3 —T'napo-
CTATUYCCKOC
JIaBJIEHUE

P1 — Formation
Pressure

JIBMKEHHE PACTBOPA

P2 — Internal
Pump Pressure

JIBUZKEHHE PACTBOPA

P3 — Hydrostatic
Pressure
JIBMKEHME PACTBOPA

the actual temperature that the cement will
encounter during placement allows operators

to optimize the slurry design. The tendency to
overestimate the amount of materials required to
keep the cement in a fluid state for pumping and
the amount of pumping time required for a job
often results in unnecessary cost and well-control
problems. Most cement jobs are completed in less
than 90 minutes.

BBEPX BHU3 BBEPX

Downstroke Upstroke

-

Upstroke

HKT/Tubing
Verbe/Well Head ——

OGcaas Korora/Casing
3arpy6Hoe npoctpancrso/Annulus
OBparmsii kaman/Rod string

Kononna nacochbix mranr/Pull Rod

Trrosas mus [Lyrskep/Plunger
Knaman xojta/Travel Valve
Kamepa/Barrel

FORMATION PRESSURES

When a well is drilled, the natural state of the
formations is disrupted. The wellbore creates a
disturbance where only the formations and their
natural forces existed before. During the planning
stages of a cement job, information about the
formations’ pore pressure, fracture pressure, and
rock characteristics must be known. Generally,
these factors will be determined during drilling.
The density of the drilling fluids in a properly balanced

Vposes suakocti/Fluid Level

Tepoparmorie oTsepcTis/Perforations
Beacsatomuit kranan/ Standing Valve

Dunsp/Strainer Nipple

P2>P3 - Knanan
XO/1a OTKPBIT
P2>P3 —Travel Valve
Opens

P2 <P1 — BcachIBaromuit
KJIATTaH OTKPBIT
P2 <P1 - Standing Valve
Opens

P2 <P1 — BcacwhIBaromuit
KJIATTaH OTKPBIT
P2 <P1 - Standing Valve
Opens

Pucynox 3 - Onucamenvuuiii anaiu3 0aénreHus é

cKeaxicune drilling operation can be a good indication of the
Figure 3 - A descriptive analysis of the pressures } limitations of the wellbore. }
in the wellbore To maintain the integrity of the wellbore, the
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CXBATBIBAHUSA. CTATUYECKAS TEMIIEPATYPA BIUAET
Ha JIMHAMUKY HAa60pa IPOYHOCTH HA CKATHE U
LEJIOCTHOCTD IEMEHTHOI'O KAMHS Ha IPOTSKEHUHN
IKCILIYaTALIUM CKBAXKUHBL 3HAHUE (DAKTUUECKOM
TEMIIEPATYPHI IPU LIEMEHTHPOBAHUH TTO3BOJISIET
ONTHMHU3HUPOBATb COCTAB LIEMEHTHOI'O PACTBOPA.
3a4aCTYIO TAKUE TAPAMETPHL, KAK OOBEM
MaTE€PUAJIOB JUIS NOAAEPKAHUS [IEMEHTA B )KHUJIKOM
COCTOSTHUH JJIs1 3AKAYKH, 4 TAKXKE BPEMS 3aKAUKHU
MEPEOLIEHUBAIOTCA, YTO IPUBOAUT K ITOBBINIEHUIO
CTOUMOCTHU PA6OTHI M IPOOIEMAM IIPH KOHTPOJIE
33 CKBAXKUHON. BOMBIIUHCTBO paboT No
LEMEHTUPOBAHUIO BBIIIOJIHAETCSA MEHEE yeM 32 90
MUHYT.

MJACTOBOE JABJIEHUE

IIpu 6ypEHNH CKBA’KUHBI HAPYIIAETCA
€CTECTBEHHOE COCTOAHUE IJIACTOB. CKBAKMHA
BBI3BIBAET BO3MYILEHUE €CTECTBEHHBIX
CHUJI, AEUCTBYIOINX B IIACTAX. BO BpemA
MJIAHUPOBAHUSA PAOOT MO LEMEHTHPOBAHUIO
HEOOXOIUMO YYUTBIBATH INIACTOBOE MOPOBOE
JaBJIEHUE, JABJICHUE PA3PbIBA, 4 TAKKE
XapPaKTEPHUCTUKU I'OPHBIX NOPOJ. Kak npasuiio,
3TU HAPAMETPHI ONIPEAETAIOTCA BO BpDEMS OYPEHUS.
IIpy KOPPEKTHOM YIIPABJIEHHUH IIPOLIECCOM
OypeHHs IO INIOTHOCTU OyPOBOI'O PACTBOPA
MOJKHO CYIUTB O IIPEJICIbHBIX 3HAYEHUAX JAHHBIX
apaMeTPOB.

[ obecrieueHn 1IeIOCTHOCTH CTBOJIA
CKBa’KUHBI THJIPOCTATUYECKOE JABJIECHHUE,
OK43BbIBAEMOE LIEMEHTOM, OYPOBBIM PACTBOPOM
U APYTUMHA PIIOUAAMUA, HE JOJIKHO
NPEBBIMATD AABJIEHHE PA3PbIBA HAUMEHEE
CLIEMEHTHPOBAHHOIO IIACTA. JlaBJIEHUE PA3PHIBA
ABJIAETCA BEPXHEN I'PAHUIIEN I1JTACTOBOI'O
JaBJIEHUSA, IPU KOTOPOM ITOPOJja HAYNHAET
paspymartbcs (JaBIeHUE, HEOOXOANMOE JIJIA
pacmupenus Tpemun). ['uapocrarnyeckoe
JaBJIEHUE CKBA’KUHHBIX (DJIIOUJIOB, 4 TAKXKE IIOTEPHU
JaBJIEHUA HA TPDEHUE NIPU JBUKEHUU (DIIIOUIOB
HE MOI'YT IIPEBBIIATD JABJIEHHE PA3PbIBA. B
MPOTUBHOM CJIYY4€ IOPOJd HAYHET PA3PYIIATHCA.
Paspymenue nopoasl IPUBOJAUT K IOTEPE
KOHTPOJIA 34 IIJIACTOM U IIOIVIOIMIEHUAM. YCIIEITHOE
NEPBUYHOE LIEMEHTUPOBAHHUE ITO3BOJAET
NPEAOTBPATUTD ITOIVIOIIEHUA. [laBJIEHUE B
CKBA)KMHE TAKXKE BJIMAET HA JUHAMUKY HAO0Opa
HpO‘{HOCTI/I IIEMCHTHOI'O KaMHJI.

IIpy NPOEKTUPOBAHUHN PAGOT O
LIEMEHTHPOBAHUIO BCETJ A HEOOXOAUMO YUUTHIBATD
[IPEAEIBHBIC 3HAYCHU S TEMIIEPATYPHI U JABJICHUS B
CKBaXHHE. HU3Kas TeMIeparypa 3aMejIsaeT BpeMs
3aI'yCTEBAHUS. BBICOKAs TEMIIEPATYPA YCKOPSIET
BpEMSI 3aI'yCTEBAHUSL.

MJIACTOBbIE XAPAKTEPUCTUKN

T'opHble TOPOABI, KOTOPBIMU IIPEJCTABICH
ILJIACT, IPEABABIAIOT PA3/IMYHbIE TPDEOOBAHMS K
COBMECTHUMOCTH CO CKBA)KMHHBIMHU (PIIIOUIAMHU.
YyBCTBUTEIBHOCTD ITTMHUCTBIX CJIAHIIEB K
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hydrostatic pressure exerted by the cement, drilling
fluid, etc. must not exceed the fracture pressure of
the weakest formation. The fracture pressure is the
upper safe pressure limitation of the formation before
the formation breaks down (the pressure necessary
to extend the formation’s fractures). The hydrostatic
pressures of the fluids in the wellbore, along with the
friction pressures created by the fluids’ movement,
cannot exceed the fracture pressure, or the formation
will break down. If the formation does break down, the
formation is no longer controlled and lost circulation
results. Lost circulation, or fluid loss, must be
controlled for successful primary cementing. Pressures
experienced in the wellbore also affect the strength
development of the cement.

Every cement design must take into account the
temperature and pressure extremes in the well.
Low temperature retards the cement set time. High
temperature accelerates the cement set time.

FORMATION CHARACTERISTICS

The composition of formations can present
compatibility problems. Shale formations are sensitive
to fresh water and can slough off if special precautions,
such as increasing the salinity of the water, are not
taken. Other formation and chemistry considerations,
such as swelling clays and high-pH fluids, should be
taken into consideration. Some formations may also
contain flowing fluids, high-pressure fluids, corrosive
gases, or other complex features that require special
attention.

Other Key Concepts to consider are summarized in
the figure 5 below.

Cucrema (S)
SYSTEM (S)
* [IpoHuijaeMocTs / Permeability
* [TopucrocTts / Porosity

e CkuH-3(pPexr / Skin around the
wellbore

e [y10112/16 KOJJIEKTOPA / Areal
extent of the resevoir

Bxo, e BrIxO, e
na}ﬁﬂﬁgﬁ) » MomnocTb nacta / Thickness n;’l}fﬂﬁg'&)
INPUT (I) | * Baskocts pmonos / Fluid Viscosity | OUTPUT (O)
* CxxumaeMocTb / Compressibility
I ——— [r————

IIpamoe pemenue / Forward Solution O=1x S

O6parHoe pemieHue /Inverse SolutionS=0 /1

Pucynox 4 — Onucanue ounamuKk CUCmeMmul
NAACMOBbLX XaPpaKkmePucmux

Figure 4 — A System Dynamics Description of
Formations Characteristics

OTHER CEMENTING PROBLEMS THAT MUST BE

ADDRESSED IN THE DESIGN

1. Well Control — It is very important that until the
cement sets, it must control the pore pressure like
any other well control fluid.
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IPOXOIKU IJIOTHOCTh .
poxozn IMPKyJISIyH Stuck pipe
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K CKBAKHUHBI
OHCTPYKIIMSA )
KOJIOHHDI Hole cleaning
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configuration

Pucynox 5 - JIpyzue napamempuoi, komopuvie ciredyem
nPUHAMS 60 6HUMANHUE

Figure 5 — Other Well Design Parameters to Consider

AOPYTUE NPOBJIEMbI,

KOTOPbIE HEOBXO4UMO

YYECTb NP NPOEKTUPOBAHUU PABOT NO

LEMEHTUPOBAHUIO

1. KoHTpOnb 32 CKBA)XUHOMN. O4E€HDb BAKHO
KOHTPOJIHMPOBATD IVIACTOBOE ITIOPOBOE [ABJICHHE,
KaK U JABJIEHHE (PIIIOUIOB JJO MOMEHTA
CXBATBIBAHUA LIEMEHTA.

2. TIpokaunBaeMOCTb. Bpems 3aKa4KU LIEMEHTA
JIOJDKHO OO€ECTIEYNBATD ITOJIHOE BBITECHEHUE
LIEMEHTA U3 KOJIOHHBI B 3ATPyOHOE
IIPOCTPAHCTBO.

3. bopb6a ¢ nornomeHuAMA. O6E3BOKUBAHUE
LIEMEHTHOI'O PACTBOPA MOXKET TAKXKE MMPUBECTH K
YCKOPEHHIO CXBATBIBAHUA LIEMEHTA.

4. KOHTPOJIb MEXIIJIACTOBBIX IIEPETOKOB.

5. TloaBneHNE ECTECTBEHHBIX TPEIUH B IIJIACTE,
BBI3BAHHBIX [IEMEHTOM.

BbiBObl
I1pu 3aKaHYNBAHUHN HE(PTAHBIX U IA30BbIX

CKB4’KHH LIEMEHT U30JIMPYET CTBOJI CKBAXKUHBI,

NPEAOTBPAIAET MOBPEXIECHUA OOCATHON

KOJIOHHBI, 4 TAK)KE U30JIUPYET BOJOHOCHBIE

TOPHU30HTHI OT ITONAAHHA CKBA’KUHHBIX (DJIIOUIOB.
OCHOBHBIE (PAKTOPBI, KOTOPBIE CIELYET

YYUTBIBATB JJI YCIIEMTHOI'O BBIITOJTHEHUS PA60T IO

LEMEHTUPOBAHMIO, HE U3MEHMJINCD 34 6051€€ YEM

50 sieT. JaHHbIE (DAKTOPBI KJIACCU(PUITUPOBAHBI HA

BOCEMb OCHOBHBIX PA3/EJIOB:

1. CocrosiHue 6ypoOBOIO pacTBOPA.

2. Ucnonb3zoBaHue 6ypepHbIX pACTBOPOB U
IIPOMBIBOYHBIX JKUJIKOCTEN.

3. IBUKEHHE Oy PUIBHOU KOJIOHHBL

4. LIeHTpHUPpOBAHUE OOCATHOIM KOJIOHHBI.

5. ObecnedyeHmne BLICOKOM CKOPOCTH
NPOAABIUBAHUSA IIEMECHTHOI'O PACTBOPA.

6. MoziemMpoBaHNE COCTABA IIEMEHTHOI'O PACTBOPA
JI18 ONIPENEIEHHOUN TEMIIEPATY PLL.

7. TIon6op U TECTUPOBAHUE PA3JIUYHBIX COCTABOB
LIEMEHTHOI'O PACTBOPA.

8. BeI60Op HEOH6XOJUMOTO COCTABA IIEMEHTHOT'O
pacTBopa.

2.

Pumpability — The pump time must be long enough
to completely displace the cement from the pipe to
the annulus.

. Fluid Loss Control — If the cement dehydrates, it can

also shorten the “set” time.

. Communication control (avoiding channels)
. Invasion of natural fractures in the pay by cement.

CONCLUSION

In completion of oil and gas wells, cement isolates

the wellbore, prevents casing failure, and keeps
wellbore fluids from contaminating freshwater
aquifers.

The basic factors engineers and operators must

consider for successful cementing jobs have not
changed in more than 50 years. These factors are
summarized in eight basic ideas:

XN AN AN

. Condition the drilling fluid.

. Use spacers and flushes.

. Move the pipe.

. Centralize the casing.

. Maximize the displacement rate.

. Design slurry for proper temperature.

. Select and test cement compositions.

. Select a proper cementing system.
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