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Well cementing is considered as one of the most important and expensive operations during the well construction
processes.

The main objectives of the cementing job are to seal the annular space, provide the integrity of the well, protect
casings against thermal and hydraulic loads, support the casing pipes and prevent the fluid migration in the annular space
[3,4].

Many factors affect the effectiveness of the cementing job and durability of the cement sheath during the production
life of the well. Failure in the cementing operation may endanger the whole well construction process and result in
additional cost of well repairing operations, which are also considered as time-consuming operations.

During the production life of the well, the cement sheath may be objected to various types of stresses, resulted from
thermal changes inside the wellbore or fluid movements inside the production tubes. Theses stresses may exceed the
strength of the cement rock itself or the bonding strength between the cement rock and the casing (or formation rock), as
a result of which the integrity of the well is lost.

Integrity of the cement sheath is studied in many researches by numerical or analytical approaches, during which the
induced stresses in the cement rock or at its boundaries with the formation and casing are analyzed and the stability of
the rock is determined using different available failure criteria [2].

In these work an analytical approach is considered the asses the failure probability of the cement sheath under the
assumed circumstances. The induced stresses inside the cement rock and at its contact boundaries with the formation
rock and casings can be calculated from the following sets of equations [5]:
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In the above equations ¢, 6, and o are the radial, hoop and axial stresses. r,, 7 and r are the internal radius of the cement
sheath, the external radius of cement sheath and radius of investigation respectively. P, and P, are pressures at the casing-
cement and the rock-cement contact interfaces respectively, and can be found by solving several mathematical equations,
which include the mechanical and thermal characteristics of the casing, cement rock and formation rocks. These equations
are briefly discussed and presented in the research of [1].
Equations (1), (2) and (3) are developed for the composite system of rock-cement-casing, which is formed by
applying the thick cylinder theory. Based on this theory the elements of the composite system are bonded together and
create a uniform thick cylinder (Figure 1).
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Figure. 1. Formation-cement-casing composite system
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The proposed system is on the pressure from both sides: pressure inside the wellbore, which is due to the fluid
movement inside the tubes and formation pore pressure from outside. The resultant induced stresses from these pressures
are calculated from the presented equations and are analyzed by a failure criterion to assess the failure probability of
the cement sheath. The cement sheath will fail if the induced stresses inside the cement or its boundaries exceed the
mechanical strength of the cement rock.

The used failure criterion in this work can be represented as follows:
01 =0ct qo3 )

where g;and o3 are maximum and minimum principal stresses, o, is the compressive strength of the cement rock,
respectively. From the above equation, it is evident that the cement rock compressive strength plays a crucial role in the cement
sheath stability. Therefore cement compressive strength measurements in the laboratory condition are significant for a truly
evaluation of the well integrity.
q, o1and o3 are found from following equations:
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The equations for calculating failure criterion and induces stresses are solved for a series of proposed data, including:
mechanical and thermal properties of cement rock, casing and formation, pore pressure, formation and wellbore
temperatures and geometrical characteristics of the wellbore.

Using the given failure criterion and calculated induces stresses, the failure probability of the cement sheath as a
function of the pressure inside the wellbore is evaluated and presented in figure 2.
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Figure. 2. —failure probability of the cement sheath

As it is evident from the figure, the cement sheath failure probability will increase by increasing the pressure inside
the wellbore, as the induced stresses may exceed the strength of the cement rock. At wellbore pressure greater than 150
MPa, the failure probability is almost 100%. In this case, developing a high strength cement system or lowering the
pressure inside the wellbore by adjusting the production parameters like the hydrocarbon flow rate, may be proposed as
a proper solution.

In addition, it can be concluded that the cement rock strength characteristics have a significant effect on the stability
of the cement sheath and its durability during the production life of the well.
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MCCNEAOBAHUECEOAMMEHTALMOHHON YCTONYNBOCTU
TAMIMOHAXHbIX PACTBOPOB
U.N. AGenbxaepoB, A.C. KypmaHranu, A.A. AnaeB
Hay4Hbil pykosodumenb npogheccop P.A. Azzamos
Yeumckuli 2ocydapcmeeHHbIlU HeghmsHOU mexHuU4Yeckull yHueepcumem, 2. Y¢ha

BaXHOCTh Ka4eCTBEHHOIO LIEMEHTHUPOBAHMSI OOYCIIOBJICHA TEM, YTO 3TO 3aKIIOYMTEIBHBIN ITal CTPOUTENHCTBA
CKBa&XHH, IT03TOMY HEYJa4d IIPH €ro BBIIOJHEHHH MOTYT CBECTH K MHHHMyMYy oOxupaeMbiii sddexr. CtoumocTb
CTPOUTENIECTBA CKBAXKHH, OCOOCHHO ITyOOKMX, BBICOKA, a ymIepd OT HEKaueCTBEHHOTO WX KPEIUICHUs, MOXXET OBITH
eme GonpimM. [Iponece rieMeHTHPOBAHMS CKBAXKUH — CJIOXKHAsE HEOOpaTUMasi OIleparysi, PEMOHT HJIH BOCCTaHOBIICHUE
CBSI3aHbI CO 3HAUUTEIBHBIMU 3aTpaTaMu CPEJCTB U BpeMeHHU [2].

[Tpn nemMeHTHPOBAaHMU HEOOXOIUMO YUHUTHIBAThH Psii (PaKTOPOB, OKA3BIBAIOIINX BIMSHUE Ha KOHCYHBINH pe3yabTar
CTPOUTENIECTBA CKBAXKHH, OTHUM N3 HUX SBISCTCS MONYyYECHHE IIEMEHTHOTO KaMHs C HEOOXOIMMBIMH MEXaHUYECKUMHU
CBOICTBaMU, 00ECIIEUSHNE XOPOLIETo CIEINICHHUS [IEMEHTHOTO KaMHsI ¢ 00CaIHOM KOJIOHHOM U CTEHKaMH CKBAXKHHBI.

B HakJI0HHO-HANpPaBICHHBIX U FOPU3OHTAIBHBIX CKBaXKMHAX KAUECTBO KPEIUICHUS XYyKE, YEM B BEPTUKAJIbHbIX, 3TO
CBSI3aHO C TEM, YTO IPOUCXOAUT CEAUMEHTALUS TBEPbIX YACTHUL], a TAKXKE PACCIIOCHUE LIEMEHTHOI'O pacTBOpa, B UTOre
9TO MOXKET NIPUBECTH K YXY/IILICHUIO CIEIUICHUS [IEMCHTHOTO KaMHsI ¢ 00Ca HOH KOJIOHHOM.

CeUMEHTAMOHHOI  yCTOHUMBOCTh TAMIIOHAQ)KHOIO PACTBOPAa O3HA4aeT €ro YCTOMYMBOCTb K JCHCTBHIO
IPaBUTALMOHHBIX CHJI, IPUBOSIINX K Pa3/IeJICHUIO IUCIEPCHOM Cpe/ibl U JUcHepcuoHHON (a3bl. CeMMeHTalnoOHHYO
YCTOMYMBOCTb TAMIIOHAKHBIX PACTBOPOB MOKHO OLICHUTH BEJIMYUHOI BOAOOTIENICHUS - KOJIMYECTBOM BbIAEIUBLICHCS
BOJIbl Ha TIOBEPXHOCTU TaMIIOHA’KHOI'O PacTBOPA.

Henocrarounas ceauMEHTAllMOHHAS yCTOMYUBOCTh TAMIIOHAXHBIX PACTBOPOB IPUBOAUT K PA3BUTHUIO LEJIOr0 psila
SIBIICHUY, TAKUX KaK:

- YBEJIMUYCHUE IPOHULAEMOCTH LIEMEHTHOIO KaMHsl B/I0JIb HAIIPABJICHUS JBHKCHUS BOCXOAIIEH [IPU CEAUMEHTaUN
KUJKOCTH 3aTBOPEHMUS, IIPU ITOM IIPOYHOCTh LIEMEHTHOIO KaMHsl B 3-4 pa3a MEHbILIE;

- HapylIeHHEe CIUIONIHOCTH TaMIIOHQKHOTO KaMHS B 3aTpyOHOM IIPOCTPAHCTBE B IONEPEYHOM HAIPABICHUU
B pe3ynbrare 00pa3oBaHHs BOASHBIX «IIOSICOB»; B IPOJOJBEHOM HANPaBICHUH - B PE3yJbTaTe IIOSBICHHS KaHAJIOB
pa3In4HON NPOTSKEHHOCTH, IIPOMBITBIX BOCXOJSIIIUM [1I0TOKOM BOJBL U JP.

[MockonbKy OOJBIIMHCTBO CKBAXKHH SIBISIFOTCSI HAKJIIOHHO-HAIIPABICHHBIMHI, TO BEPOSITHOCTh 00pa30BaHMs KaHAJIOB
3a CYeT CeAMMEHTAI[MOHHOTO PAcCIOCHHS B IEMEHTHOM KaMHE M Ha KOHTaKTe [IEMEHTHOTO KaMHsI ¢ 00CaHON KOJIOHHOM
U TOPHBIMU IIOPOJAMU OYEHb BesuKa [2].

MHOro4ucieHHble IPUMEpPbl HEKAUECTBEHHBIX LEMEHTUPOBAHUN CKBaXUH B pE3YylbTaTe HUCIOIb30BaHUs
TPAAUIMOHHBIX YUCTBHIX TAMIIOHAXXHBIX PAaCTBOPOB MOKA3bIBAIOT, UTO JUIS YCIOBUH KPEIUICHUSI CKBAOKHH HEOOXOANMO
B LIEMEHT BBOJAUTH JTO0ABKH, CIIOCOOCTBYIOIIVE YITyUIICHHUIO CEANMEHTAIIMOHHOI YCTOHYMBOCTH PAcTBOPA IOBBIIIAS
JIICHEPCHOCTh IIEMEHTAa WIIM BBOJAS BBICOKOIMCIIEPCHBIE J00aBKH, KOTOpBIE OyIyT CBS3BIBATH OOJIBIIEE KOIHIECTBO
BOJIbl CBOCH MOBEPXHOCThI0. CeUMEHTAlIMOHHAS YCTOMYUBOCTD TAKXKE YIYUIIAeTCs [IPU MOBBIICHUU BSI3KOCTH BOJIbI
(o6aBKaMH BEICOKOMOJICKYJISIPHBIX BEIIECTB).

Mertoauka SKCIIepUMEHTAIbHBIX UCCIEC0BAaHUH 3aKIF0YAETCs B IPOBEICHUU OIBITOB C TAMIOHAKHBIMU PaCTBOPaMU
C Pa3IMYHBIMU JJ0OABKaMH B BEPTUKAJIBHBIX M HAKJIOHHBIX IMIMHIpPAX. B BepTUKAIbHOM HMIMHIpPE OTTECHsEMAs IIPH
CeVIMEHTAMY M30bITOYHAs MOOWIBHASI BOJA 3aTBOPEHUSI CTPEMHTCS BepX, NPOXOIMT depe3 BCIO Maccy pacTBopa
(puc,1, a).

B naxmonsoM 1mmmmHzape (puc. 1, 6) Boxa, Mpo#as CKBO3b CPaBHUTEIBHO HEOOJNBIION CIIOH pacTBOpa, JOXOIHUT
JI0 BHYTPEHHEH IOBEpXHOCTH ILWIMHAPA M, CKOJb3s BIOJb Hee, o0pa3dyeT BOCXOASAIMIMI MOTOK. Ecim HakIOHHBIN
LWINHJP YCJIIOBHO Pa3AeiIMTh HA BJIEMEHTHI, TO B KaXKJOM U3 HUX BOJa MoJHUMaeTcs BBepX. Ilpu omnpeneneHHOM yrie
& o g HAKJIOHA LIWJIMHIPA CKOPOCTh JABUKEHUSI BOZbI BOJIb €I0 BEpXHEH
= TR CTEHKH MaKkcuMallbHa. Bogooraenenue yBeauuuBaeTcst ¢ pocToM
; HAKJIOHA LIWIMHJAPOB U, KaK IpaBWiO, B 2-3 pa3a BbIIIE, YeM B

BEPTUKAJIBHBIX [1].
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Puc. 1. Cxembl 6apuanmog ceOumeHmayuy mamnoHai3cHo20 pacmeopa 6 YuiuHopax
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