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Abstract: cement is the main material used cementing oil wells, which directly affects of cementation or
cementing, in the last years has occurred many problems in a number of oil wells. As studies of the Montara well
blowout 2009 and gulf of México 2010 showed that one of the main contributing factors to the failure was the
substandard cementing cement. Design was reported to be the third most concerning technology gap for the
cementing operations. Also a similar survey of the HPHT professionals that had been conducted two years
earlier in the 2010 HPHT. Wells Summit reported that the cement Design as the biggest technology gaps for
cementing oil wells operation, so this paper covers the functions of oil well cement, the API classification and
properties of dry cement also provides a review of some of the best practices and case studies in the area of
HPHT cementing. It also examines some crucial problems in HPHT cementing and provides some
Recommendations.
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HNCCIEAOBAHUE IEMEHTA B IPOHECCE HEMEHTUPOBAHUA
_ HE®TSIHbBIX CKBAKHUH
Aan-Hona Y.I[.l, Kosocosa H.B. (Poccuiickas @enepaumsi)

YUne-Hooa Yeama Jocabbap Xaou — mazucmpanm,

Kageopa cmpoumenbCmea YHUKAIbHbIX 30AHUI U COOPYHCEHUL, UHIHCEHEPHO-CIMPOUMENbHBLIL (haKyibmen,
2Konocosa Hamanws bopucosna — ooyenm, nouémmuuiii pabomuux evicuieco npogeccuonanrbHozo oopazosanus PO,
cmapuwuil npenodasament,

Kagheopa cmpoumenbcmea YHUKATbHBIX 30aHULL U COOPYAHCEHUT,

Canxm-IlemepOypeckuii cocydapcmeennviii horumexnuueckuil ynugepcumem um. Ilempa Benuxoeo, 2. Canxm-Ilemepbype

Annomauyun: yemenm A6NIA€MCA OCHOGHBIM UCHONB3YEMbIM MAMEPUATOM Ol YEeMEHMUPOBAHUSL HeDMAHBIX
ckeadicun. CoomeemcmeenHo om Kaiecmed YeMeHma HanpsaMyl0 3d6UCUm U KAvecmeo co30a8aeMblX
yemeHmuwlx KoHcmpykyuil. Hccnedosanus, nposedenHvle 6 pe3yivbmame npopuléa ckeadxcumnvl ¢ Mouwmapa (8
2009 2.) u 6 3anuse Mexuxo (¢ 2010 2.), nokazanu, 4mo OOHUM U3 OCHOBHBIX (PaAKMOPOS, Komopwvie npusenu K
paspyuienuto, bvln Hekauecmeennwli yemenm. Coznacro pesyiemamam onpoca cneyuanucmos HPHT, komopwiti
ovin npogedern 6 2010 200y, mpemuii no 3HauuUMOCmu @QAKmop, NpuBOOAWUL K PAa3pbléaM YeMeHmMHbIX
KOHCMPYKYUil, M0 OwubKu npu npoeKmuposanuy YeMeHmHol KOHCMPYKYul U HapyueHue mexHon0euiecKoeo
npoyecca. B Oannoii cmamve uccredosanvi pyHKyuu yemeHma 018 HeQMAHGIX CKEANCUH, PACCMOMPEHb
saxcuetuue npobnemol yemenmuposanus HPHT, uzyuena xnaccugpurayus APl u ceoticms cyxoeo yemenma, a
maxaice npugedeH 0030p IYUUIUX NPAKMUK U MeMaAMULecKux ucciedosanuil 8 oonacmu yemenmuposgarnuss HPHT.
Kniouesvie cnosa: yemenm, yemenmuposatue, memnepamypa.

Introduction: Cementing is the process of mixing and pumping cement slurry down to fill the annular space
behind the pipe. When setting, the cement will establish a bond between the pipe and the formation. Unlike oil
and gas wells, the casings in geothermal wells are usually fully cemented back to the surface. Portland cement is
the most type used cement. The American petroleum institute (API) classifies cement to 8 types according
properties. Cementing mixtures is made by cement with water and additives. The additives are mixed with
cement slurry to alter the properties of both the slurry and the hardened cement [1]. The success and long life of
well cementation requires the utilization of high-grade steel casing strings with special threaded couplings and
temperature-stabilized cementing compositions. Hydraulic sealing must be established the cement and the casing
and between the cement and the formation This requirement makes the primary cementing operation important
for the performance of the well Geothermal wells are drilled in areas with hot water or steam and because of the
hostile condition special planning is necessary to ensure the integrity of the well. When primary cementing is not
well executed due to poor planning [1].
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Fig. 1. Typical cementing process (API, 2009) [2]

In general, there are five steps in designing a successful cement placement:

a) Analyzing the well conditions: reviewing objectives for the well before designing placement techniques
and cement slurry to meet the needs for the life of the well;

b) Determining slurry composition and laboratory tests;

c¢) Determining slurry volume to be pumped, using the necessary equipment to blend, mix and pump slurry
into the annulus, establishing backup and contingency procedures;

d) Monitoring the cement placement in real time: comparisons made with the first step and change
simpleminded where necessary;

e) Post-job evaluation of result Cementing operation is [2] continuous process as shown in Figure 1 (API
2009).

The importance of cementing

The most important functions of a cement sheath between the casing and the formation are (Rabia, 1985):

a) to prevent the movement of liquid from one formation to another or from the

formations to the surface through the annulus

b) To holding the casing string in the well

c) To support the well-bore walls (in conjunction with the casing) to prevent collapse of formations

d) To prevent blowouts by forming a seal in the annulus

Cementing is also used to condition the well

a) To seal loss of circulation zones;

b) To stabilize weak zones (washouts, collapses);

c) To plug a well for abandonment or for repair;

d) To kick-off side tracking in an open hole or past a junk;

e) To plug a well temporarily before being re-cased

Cement. Its widely used plugging material is formulated as slurry of water and cement that is
compositionally managed in terms of gallons (gal) of water or pounds (Ib) of additives per 94-Ib sack (sk) of
cement. Cement used in plugging has improved significantly over the past few decades. The cement composition
in the early days of the oil industry is similar to what is used today, but today’s cement uses a number of
additives that enhance the sealing of the cement in the wellbore (lde et al., 2006). With the advances in well
drilling technology and the types of wells being drilled and completed, the cementing technology has improved
to allow for cementing of horizontal wells, high-pressure wells, high temperature wells, low-temperature wells,



Co2 wells, and other specialty applications [3]. There are many cement classes approved by the API. The
differences between cements lie in distribution of the five basic compounds as table 1.

Cement type for high temperature or high pressure well. For the last 50 years, the most commonly used
cements for thermal wells have been Portland cement, Silica-Lime system, and High-Alumina cement.
Table 1 presents Cement class standard specification; some information were taken from Nelson 2006.

Classes A and B: These cements are generally cheaper than other classes of cement and can only be used at
shallow depths where there are no special requirements

Class C: This cement has a high ¢3s content and so produces a high early strength

Table 1. Cement class standard specification

Class Depth (ft.) Temperature (°F) Purpose Properties
A Use when special properties are not
0 -6,000 80 -170 required. (0]
MSR and
B 0-6,000 80-170 Moderate or high sulfate resistance. HSR
O, MSR,
C 0-6,000 80-170 High early strength. HSR
Retarder for use in deeper well
D 6,000 — 10,000 170 - 290 (High temperatures & high pressure).
E 10,000 — 14,000 170 - 290 For high pressure and temperature
For extremely high pressure and high
F 10,000 — 14,000 230-320 Temperature. MSR and
HSR
G All depths
Basic well cement (improved slurryj
acceleration and retardation).
H All depths
For extremely high pressure and high
J All depths >230 temperature. HSR

O: Ordinary, M: Medium, H: High, O: Ordinary, S: Sulfate, R: Resistance, E: Early, TT: Thickening time

Classes D, E and F: These are known as retarded cements due to a coarser grind, or the inclusion of organic
retarders (lignosulphonates). Their increased cost must be justified by their ability to work satisfactorily in deep
wells at higher temperatures and pressures

Class G and H: These are general-purpose cements, which are compatible with most additives and can be
used over a wide range of temperature and pressure. Class G is the most common type of cement used in most
areas.

Class H has coarser grind than Class G and gives better retarding properties in deeper wells [6]. Other types
of cement not covered by the API specification include:



» Pozmix cement. This is formed by mixing Portland cement with pozzolan (ground volcanic ash) and 2%
bentonite. This is a very durable cement. Pozmix cement is less expensive than most other types of cement;

« Gypsum cement. This is formed by mixing Portland cement with gypsum. These cements have a high
early strength and can be used for remedial work. They expand on setting and deteriorate in the presence of
water;

« Diesel oil cement. This is a mixture of one of the basic cement classes (A, B, G, H) with diesel oil or
kerosene with a surfactant. These cements have unlimited setting times and will only set in the presence of
water. Consequently, they are often used to seal off water producing zones where they absorb and set to form a
dense, hard cement [4, 5].

Portland cement chemistry:

Portland cement is a calcium silicate material; most of its components are tricalcium silicate (C3S) and
dicalcium silicate (C,S). With the addition of water, tricalcium and dicalcium silicate hydrate to form a
gelatinous calcium silicate hydrate called “CSH phase” which is an early hydration product and excellent
binding material at well temperatures less than 230°F (110°C). In high temperature, “CHS phase” decreases the
compressive strength and increases the permeability of the set cement. Swayze (1954) describes this
phenomenon as Strength Retrogression. At temperatures above 230°F, conventional Portland cement system
results in a significant loss of compressive strength within one month. The main problem is a serious
permeability increase; within one month, the water permeability's of the normal density class G cement were 10-
100 times higher than the recommended limit (0.1 mD). High-density Class H permeability was barely
acceptable. The Compressive strength and permeability behavior of Portland cement at an elevated temperature
are presented in Figure.

Strength retrogression can be prevented by reducing the bulk lime with a silica ratio (Menzel, 1935) cement
could be replaced partially by fine silica sand or silica flour. At 230°F, we must put average 40% silica BWOC
will reduce cement silica ratio and at this level, to berm rite, which preserves high compressive strength and low
permeability is formed[6].
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Fig. 2. Ppermeability behavior of Portland cement at elevated temperature (Nelson and Eliers, 1985)
1 = N density Class G
2 = N density Class G
3 =H density Class H
4 = L density extended cement

High Alumina Cement

It is used because it can withstand wide ranging temperature fluctuations. Figure 3shows the effect of curing
temperature high alumina cement extended to 70% crushed firebrick (Heindl and Post, 1954). From 1,022°F tol,
742°F, recrystallization occurs. The strength and durability of high alumina cement between 440°F to1830°F are
controlled by the initial water to cement ratio. The amount of added water to prepare slurry should be minimum;
at least 50% of the solids should be cement. Dispersant is helpful for pump ability of the slurry.

Silica sand should not be used for temperatures exceeding 572°F because of the change in the crystalline
structure; thermal expansion is relatively eventually disrupt the cement. The most commonly high at these
temperatures and thermal cycling could used extender for high alumina cement is crushed alum inosilicate
firebrick.
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Fig. 3. Compressive Strength of High Alumina Cement crushed firebrick concrete after 4 months exposure from 68°F to
2,190°F (Heindl and Post, 1954)

Other suitable materials include calcined bauxite, certain fly ashes diatomaceous earth, and perlite aluminate
phase. Since it is not widely used, currently class J cement is not in the API cement list, however, it’s still used
mainly for geothermal well applications. Similar cement known as belite silica cement has been used in high
temperature wells cementing (Bulatov, 1985). It’s very useful because addition of silica is not required and
retarder is not necessary for circulating temperatures less than 300°F. Cement silica ratio of class J cement is
adjusted and obtained upon curing [7, 8].

Properties of Cement

The main properties required of cement slurry are summarized below

Compressive Strength

To support the casing string a compressive strength of 500 psi is generally thought to be adequate. This
includes a generous factor of safety. The casing shoe should not be drilled out until this strength has been
attained. This is referred to as ‘waiting on cement’” (WOC). The development of compressive strength is a
function of several variables including temperature, pressure, amount of mixwater added and elapsed time since
mixing. With proper accelerators added the WOC time may be reduced to 3-6 hours.

Table 2. Compressive Strength of Cement [6]

Typical compressive strength (psi) at 24 hours
High
Temperature(F) Pressure(PSI) cliEs o early API API R
& B ded class
Portland strength class G classH DEF
class C !
60 0 615 780 440 325 -
80 0 1470 1870 1gs |, 1 :
95 800 2085 2015 2540 0 211 -
110 1600 2925 2705 2015 | 2 .
316
140 3000 5050 3650 4200 0 3045
448
170 3000 5925 3710 4830 0 4150
200 3000 : - 5110 |, * 4775

Thickening Time (pumpability)

This is the time during which the cement slurry can be pumped and displaced into the annulus (i.e, the slurry
is pumpable during this time). The slurry should have sufficient thickening time to allow for mixing, pumping
and displacement before the cement sets and hardens in the annulus. Generally 2-3 hours thickening time is
enough, including a safety factor to allow for delays and interruptions in the cementing operation [9, 10].

Table 3. Cement Thickening Times [6]

HIGH PRESSURE THICKENING TIME (hr)
High
Depth (ft) Static Temp F & Gl '; early API API ded Ffj;z;
strength class G classH
Portland D,EF
class C




2000 110 4 3 3 3.9 -
4000 140 3.5 2.5 2.5 3.25 4
6000 170 2.5 2 2.1 2 4
8000 200 1.6 1.75 1.75 1.65 4

Slurry Density

The standard slurry densities, may have to be altered to meet requirements (e.g, a low strength formation may
not be able to support the hydrostatic pressure of a cement whose density is around 15 pp). The density can be
altered by changing the amount of mixwater or by using certain additives. Most slurry densities vary between
11-18.5 pp.

Water Loss

The setting process is the result of a dehydration reaction. If water is lost from the cement slurry before it
reaches its intended position its pumpability will decrease and water sensitive formations may be adversely
affected. The amount of water loss that can be tolerated depends on the type of cement job, for example:

» Squeeze cementing requires a low water loss since the cement must be squeezed before the filter cake
builds up and blocks the perforations;

» Primary cementing is not so critically dependent on fluid loss. The amount of fluid loss from a particular
slurry should be determined from a pilot test. Under standard laboratory conditions (1000 psi filter pressure, with
325 mesh) a slurry for a squeeze job should give a fluid loss of 50-200 cc. For a primary cement job 250-400 cc
is adequate.

Corrosion Resistance

Formation water contains certain corrosive elements, which may cause deterioration of the cement. Two
commonly found compounds are sodium sulphate and magnesium sulphate. These will react with lime and ¢3s
to form large crystals of calcium sulphoaluminate. These crystals expand and cause cracks to develop in the
cement structure. Lowering the C3A content of the cement increases the sulphate resistance. For high sulphate
resistant cement the c3A content should be 0-3% [11, 12].

Recommendations for a Good Cementing

Most of the failure in cementation oil wells caused by cement to this should improve the performance of the
mix either by adding improved chemicals or study the production of cement with high specifications Based on
the survey in HPHT Summit, cement design is one of the HPHT technology gaps that should be given high
attention. In the design phase, increase of temperature will decrease plastic viscosity and yield viscosity To
overcome the strength retrogression problem, when the static temperature exceeds 230°F silica by weight of
cement should be added to Portland cement. For temperatures exceeding 750°F, HAC is more suitable than
Portland cement. Silica in HAC should not be used as an extender for temperatures exceeding 570°F. mixing of
silica sand, silica flour, hematite manganese tetroxide with expansion additives showed the good performance.
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