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ABSTRACT

AN EXPERIMENTAL STUDY ON THE EFFECTS OF DIFFERENT
CHLORIDE SOURCES ON THE PROPERTIES OF API CLASS G CEMENT

Ramaza¥oppkbku
M.S., Department of Cemeiingineering

Supervisor: Prof . Dr . Ksmail ¥zg
CoSupervisor: Prof . Dr. Serhat |
November2014,94 pages

In the petroleum industry, oil well cements are used in the form of slurries during
the constructiorof oil or natural gas wells. Preservititg integrity of the well and

the casing, providing zonal isolation are some ofubesof these special cements.

Oil well cement slurries used in the petroleum industry are subjected to different
exposure conditions than ordinary Portland censinties used in the construction
industry. Therefore, oil well cements are required to possess different engineering

properties than ordinary Portland cements.

During their usage, these cements often interact with various chloride sources either
from the water that is being used in theeparationof the slurries, or sometimes
intentionally used as an additivedohieve requiregropertiesTherefore, there is a
need to identify the effects @hlorides from different sourcem the properties of

oil well cements.

This study presents an experimental progtiaatinvestigats the effects of dferent
chloride sources othe properties ofslurries prepared bglass G cementn the
experimenal programa total of 22cementslurriescontainingKCl, CaCkL andNacCl

at various amountare preparedA control cementslurry with no saltaddition is



used as aeferenceCementslurriesusedin all experimentsare prepared witlthe
same water/cement ratio (0.44) siged for Class G cement in API Specification
10A. The experiments thatre carriedout according to APl Spec 10for the
conditions of mediundepth oil wells include free fluidontent thickening time,

compressive strength and rheology of cement slurries.

As a result of the experimental program, it was observed that different chloride
sources have different effects on cement
concentration isery clear on thickening time, compressive strength and rheological
propertes when compared with the free fluid properties. It is seen that, Gaé
mosteffectiveaccelerator when compareddther chloride sourcesiowever, when

used in higher amounti$,negatively affects the flow properties of the slurries. NaCl

is alsoan effective accelerator when usedlawer amounts.On the other hand,

when used in higher amounts it rather works as a retaf@r.on the other hand,

works rather as a dispersant to improve the flow properties of the sldrhes.

optimum amount depels on the cement properties.

Keywords: Well cemening, API Class G cementhlorides,free fluid, thickening

time, rheological properties, compressive strength
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¥Z

FARKLI KLOR ! RKAYNAKLARININ APIG SINIF | ¢ KMENTONUN
¥ZELLKKNERKKK!SKERKDEREYSELBKRAL I k MA

Rama z an 0¥zl gue
Yé¢ksek ¢chinmegsoendi sl i Ji BoIl ¢ mg
Tez Y°neti Kissnai | P¥afg.,r DiYAMAN
Ort ak Te zPrdfOn SerhatAKIN i

K a s 20f,94 sayfa

Petrol sektve caddaal Beatyudodldrod ragqimai sné mget r ol
-imentolaré ile hazérlanan -imento kar ét
tiplerinin kullaném alanlaréndan bazél ar
korumak ve b°lgesel yal ét eémé s arflahda makt é
-imentolaréndan farkl & ol ar ak, petr ol S €
kokul |l ar a mar uz kal maktadeér . Bu nedenl
-imentolardan farklé ©°zelliklere sahip ol
Petrol -i mentnol lauwlel, ankéalraénk ésnu lia-rid a k i ya
Il yil extirmek 1 -1n elkglkeanyenm ki atrleadlaa rraa kuiz fk
Bu nedenl egrkdyam&kléarkélnoern petr ol -i ment o

etkilerini belirlemek gerekmektedir.

Bu- al é Kk ma, farkl ée klorg¢r kaynakl ar éneén, (
czerine etkisini arakteéeran deneysel bir
oranlarda KCI, CaGl v e NaCl kull aneéel ar ak topl am
hazeéer | Referaesd lear.ak kul |l anél mak ¢zere tuz Kk
hazéerl anméxkter. xeun d yalneérl iam t-d memé& mod ak ar €
-imentonun API Speclefautat ment dOAdbramdéan ab e
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hazérl anmékteéer . Hmkzear Eéma@an sembhbesb E&Kavekeba
koyul akmae zakawné®°zellikleri, orta derinlikte
al enarak, APl Spec 10A06 da belirtilen kokul/l
Far kl¢erk kyymakl!l ar &, -¢ment odedt kimdrekbh ég® st er mi Kkt
Kull anél an tuz mi ktarl ar é@&nén etkileri, sert
koyul akma zamaneée, basma dayanémé ve akeéek °
g%zl enmi ktir. DiJernitruz}t amantke y hlarimar ICarCd n é n
czerinde daha et kil ol duju ve dijer tuzlar
oranl ar kull anél ar ak bewme ery ¢ kssoenku - Ima rka a rvliaa re
kull anél maséenén akék gPaldlimk€iconini al dpsxy k €
miktarlad a kull anél déj énda hezl andér écé, yé¢ksek
geci ktirici ol arak =-alékteje g°r¢éegl megkter. A
KCI'd6 nin etkiliKuwllldagal g z-liemepinketuxzel | i kl er
oranl aretkeériopdduju g°zlenmicktir.

Anahtar kelimeler: Ku y u -i ment ol ama, KIPb r gamblestérn,é f e -1 m
sévé, koyul akma zHama@dman&ghkmék °zellikleri,
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CHAPTER 1

INTRODUCTION

1.1. General

Well cementing is one of the most important operations performed on a gas, oil and
geothermal wellPrimary well cementing is the process of placing cement slurry in
the annulus between casing (protective pipes) and the formations exposed to the
wellbore. The main purpose of primary cementisgo provide zonal isolation in

the wellbore of oil and gasells, e.g., to exclude fluids such as water or gas in one
zone to another zone. A hydraulic seal must be obtained between the casing and the

cement, and between cement and the formations to gain zonal isolation.

In primary cementing, after drilling theell to the desired depth, tlaill pipe is
removed and the larger string of casingushed intdhe well. The cement slurry is
pumped through inside dhe casing to fill the annular column then out into the

anndar space, as shown Figurel 11].

When primary cementing isnsuccessfullit is necessary to do a squeeze cementing
job. In squeeze cementing, a cement slurry is forced through into porous formations,
voids orperforationsn the casing or in to the formation from whitte water or gas

is flowing into the borehole, as shown Figur 12]. The aqueous phase of cement
slurry enters into the formation, while the solid particles are forced to filter out on

the permeable formation surfa .
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In wells, cement slurries are exposed to high temperatures and/or high pressures and
sometimes to corrosive formation fluids. Therefore, cement slurries require some

special properties.

There are always some problems on cement slurries that are used on primary
cementing jobs performed across massive salt andporate formations.
Unsatisfactory early compressive strength, which catisesollapse of theasing

due towell enlargement from the highly plastic formations, poor zonal isolation

between cement and formation are some of these propdéms

Another problem that coulte faced in designing the cement slurry is in Arctic
regions. The cement slurry irthese rgions should not freeze before hardening
around the casing in frozen formations. To decrease the freezing point under
formation temperature, some chloride sourcesoften added to slurrywith some

adverse affects on the setting and hardening charaicteris

Salts that areintroduced into the cement slurry from formation dissolution during
cementing operatiomwill also affect the physical properties dhe cement slurry.
After theinitial set, sak will continue to dissolvinto the unsaturated cement and

will result with micro annulus between cement and salt formatin

Beach stated that, salt inhibited the swelling of montmorillonite particles in-water
sensitive shales and sands [6]. Slagle and Smith showed afterattaly
experiments that with the increasing salt concentrations, cement and formation bond

is improving [7].

Moreover, sometimes salts are intentionally or unintentionally added in well
cementing operationsSalts have been extensively used in well cdmgnfor
several reasons. One of them is the presence of salt in the availalrig waxer,
especially when seawater is used in offshore drillji8 In some offshore



locations, it can be so expensive and hard to find suitable mixing water for the

cemeiing operatior9].

It should be clarified that, all chemical additions to cement are called additives in
the oil industry. On the contrary to construction industry the term admixture is not

usedin oil industry [10]

1.2. Objective

Chloride is the most widg used treatment agent in cementing that generally has
economic and effective advantag8sea water slurry is kind of salt water slurry that
is used in offshore oil and gas cementing to decreasectst of cementing

operations 11].

The objective of thd study is twofold, (i) to investigate the effects of different
chloride sources (NaCl, CaCKCI) on the properties of API Class G cement, and

(i) to investigate the effects of NaCl on two different APl Class G cements. As a
result twentytwo (sixteen fus six) cement slurries were preparékhe same
water/cement ratio (0.44) is used while preparing the cement slurries as stated at
API Specification 10A for Class G cemdid2]. The free fluid, thickening time,
compressive strength and rheology of censdntries are determined according to

API Spec 10A for the conditions of medium depth oil wells.

1.3. Scopeand Limitations

This thesionsists ofive chapters,

Chapter 1 presents the introductisghortly explaining main viewof oil well
cemening and gives objective and scope of this thesis.



Chapter 2 presents the literature reviewoutthe oil well cements, special cement
types used in oil well cementind\PI cement types and their propertiebjorides

and theireffects on oil well cements

Chapter 3 presents the experimental stgtiprtly describing the test materials and

the procedures of trexperiments

Chapter 4 presents the results and discussiomgiselygives the test results and

discussion of the results.

Chapter 5 presentséhmain conclusion and gives the recommendations for future

researchers.

In this study:

1 No otheradditiveexcept salt waased

1 Onlythree diffeent chloride sources were used,

1 Contrary tothe literature, CaCGl was used by weight of wateio compareits
effects with the others

1 Theeffects of chloride on the microstructural properties of the cement slurries

are not discusse






CHAPTER 2

LITERATURE REVIEW

2.1. Oil Well Cement

In the exploration and production of oil and gas wells, there are various applications
of well cementing. The mairpurposeand the types of well cementing are

emphasizeearlierin Chapter 1.

The temperature rises with the increasing borehole depth. &#vgnncreasing
temperaturethe cement slurry has to be fluid to finish the cementing operdtion
addition to high temperature, cement slurry is exposed to both hydrostatic pressure
of drilling mud and/or cement slurry in the hole and the pumping ymesd cement

slurry[10].

Because of the abovenentioned environmental and physical exposure reginiles, o
well cementspecifications are different than the Portland Centgpés used in
construction industry. According to the well conditions, American Petroleum
Industry (API) determines the specifications for cement typesides the cements
listed in API, there are also other cement types that are used in well cembkmting.

this section, there cement types will be briefly described.



2.1.1. API Cement Typs

There are eight types of API Portland cements which are given from A to H. Depth
of wells and sulfate resistance degrees are the main criteria for classificatiéhm of
cements. These eight types of oil well cements illustrate the chemical and physical
requirements that fulfill the most of the well conditioBstremely hot and cold well
conditions are excluded from API specificatioifiere are general descriptiors f

API class cements and their ASTM equivalent as below;

A Class A is intended for use from surface
are not required. Available only in ordinary (O) type (similar to ASTM C150, Type

| cement).

A Cl ass ®foriuse framrstirface ™ €830 m depth, when conditions require
moderate to high sulfate resistance. Available both moderate (MSR), and high
sulfateresistant (HSR) typgsimilar to ASTM C 150, Type |l cement).

A Class C is i nt etod8@dm depth, wherscendifionsaequirs ur f ac e
high early strength. Available in ordinary (O) and moderate (MSR) and high sulfate

resistant (HSR) typesimilar to ASTM C 150, Type lll cement).

A Classes D, E and F are intended for us
"retarded cementsCsS and GA (fasterhydrating phases) amounts are reduced and

particle size of cement grains are increased due to retard hydration. These classes

are intendedor use from surface to 1,830 m to 4880 m depth, under conditions of
moderately high temperatures and pressures and available in both moderate (MSR)

and high sulfateesistant (HSR) types.

A Cl as s es ntendedfodusehs laasiceweli cement faanface to 2,440 m
depth as manufactured, or can be used with accelerators and retarders to cover a
wide range of well depths and temperatures. No additions other than calcium sulfate

or water, or both, shall be interground or blended with the clinkerngluri

t



manufacture of Class G and Class H cem&hey areavailable in both moderate
(MSR) and high sulfateesistant (HSR) types.

The chemical compositions of Classes G and Class H types are similar; their
principal difference is the specific surface aotdhe cement. Class is finer than

ClassH, and so hamorewater requirement than the Cldss

APl made restrictions on cement types to fulfill the requirements of cement slurries
according to the considerable depths. These depths are based on tiensond

imposed by the casirgement specification tests, and should be considered as
approximate values. The chemical requirements, physical requirements of API

cement types are listed in Tabld Z2nd Table 2.



Table 2-1 Chemical rguirements of API cement typek]

Cement class
A | B ] ¢c [ o] e | n
Ordinary grade (O)
Magnesium oxide (MgO), maximum, percent 6,0 NA2 6.0 NA NA NA
Sulfur trioxide (SO3), maximum, percent? 35 NA 45 NA NA NA
Loss on ignition, maximum, percent 3,0 NA 3,0 NA NA NA
Insoluble residue, maximum, percent 0,75 NA 0,75 NA NA NA
Tricalcium aluminate (CsA), maximum, percent® NR¢ NA 15 NA NA NA
Moderate sulfate-resistant grade (MSR)
Magnesium ox:de (MgO), maximum, percent NA 6,0 6,0 6.0 6,0 6.0
Sulfur trioxide (SO3), maximum, percent® NA 3.0 35 3.0 3,0 3,0
Loss on ignition, maximum, percent NA 3.0 3,0 3.0 3.0 3.0
Insoluble residue, maximum, percent NA 0,75 0,75 0,75 0,75 0,75
Tricalcium silicate (C;S) maximum, percent? NA NR NR NR 58 58
minimum, percent? NA NR NR NR 48 48
Tricalcium aluminate (C3A), maximum percentd NA 8 8 8 8 8
eetor e st oo < %€y [ we | e [ ww oz | os
High sulfate-resistant grade (HSR)
Magnesium oxide (MgO), maximum, percent NA 6,0 6.0 6,0 6,0 6,0
Sulfur trioxide (SO3), maximum, percent® NA 3,0 35 3.0 3.0 3,0
Loss on ignition, maximum, percent NA 3,0 3.0 3,0 30 3,0
Insoluble residue, maximum, percent NA 0,75 0,75 0,75 0,75 0,75
Tricalcium silicate (C3S) maximum, percent® NA NR NR NR 65 65
minimum, percent® NA NR NR NR 48 48
Tricalcium aluminate (C3A), maximum, percent® NA 3 3 3 3 3
iyt e il EA R EA R E
et e 3um o1ss M) yn | g | we | W | oz [ s
2 NAindicates “not applicable”
% When the tricalcium aluminate content (expressed as C3A) of the cement is 8 % or less, the maximum SO5 content shall be 3 %, or
3.5 % for class C cement
¢ NRindicates “no requirement”
©  The expressing of chemical limitations by means of calculated assumed compounds does not necessarily mean that the oxides are
actually or entirely present as such compounds. The compounds are calculated according to the ratio of the mass percentages of AlyO3
to Fex03, where w is the percentage mass fraction of the compound indicated in the subscript:
—  Whenw Ax:.ojl“'Fe;% is greater than 0,64, the compounds shall be calculated as follows:
CsA= 2.65\\"\,203 - 1‘69“?0203
C38 =4.07wg,q - 7.60usi0, ~ 672wy 0, ~ 143w o ~ 285m0,
C4AF = 3.04ng, o,
—  When Al,04/"Fe,0, 1S 0.64 cr less, the C,A content is zero
—  The C4S and C,AF shall be calculated as follows:
C38 =4.0Tncag = 7.60ngi0, ~ 448wy, 0, — 2.86wg,,0, - 285ng0,
C4AF =3.04nrq 0,
®  The sodium oxide equivalent, expressed as Nazo equivalent, shall be calculated by the formula
Naz0 equivalent is equal to 0,6581\-,(20 + WNa,0 =
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Table 2-2 Physical requirements of APl cement typ&g|

Well cement class A B C D G H
Mix water, % mass fraction of cement (Table 5) 46 46 56 38 44 38
Fineness tests (alternative methods) (Clause 6)
Turbidimeter (specific surface, minimum, m2/kg) 150 160 220 NR?® NR NR
Air permeability (specific surface, minimum, m2/kg) 280 280 400 NR NR NR
Free-fluid content, maximum, percent (Clause 8) NR NR NR NR 59 59
Compressive | Schedule | Final curing Curing Minimum compressive strength
strength test number | temperature | pressure MPa (psi)
(8 hcuring time) | Table 6 °C(°F) MPa (psi)
(Clause 9) NAP 38 (100) atm 17 14 2,1 NR 21 2,1
(250) | (200) | (300) (300) (300)
(Clause 9) NA 60 (140) atm NR NR NR NR 10,3 10,3
(1500) | (1500)
(Clause 9) 6S 110 (230) 20,7 NR NR NR 34 NR NR
(3 000) (500)
Compressive | Schedule | Final curing Curing Minimum compressive strength
strength test | number temperature | pressure MPa (psi)
(24 h curing (Table 6) °C (°F) MPa (psi)
time)
(Clause 9) NA 38(100) atm. 12,4 10,3 138 NR NR NR
(1800) | (1500) | (2000)
(Clause 9) 4S 77 (170) 20,7 NR NR NR 6,9 NR NR
(3 000) (1000)
(Clause 9) 6S 110 (230) 20,7 NR NR NR 13,8 NR NR
(3 000) (2 000)
Thickening- Specifi- Maximum consistency Thickening time (minimum/maximum)
time test cation test | (15 min to 30 min stirring min
schedule period) B
number
Tables 9
through 11
(Clause 10) 4 30 90¢ 90¢ 90¢ 90° NR NR
(Clause 10) 5 30 NR NR NR NR 90¢ 90¢
(Clause 10) 5 30 NR NR NR NR 1208 1208
(Clause 10) 6 30 NR NR NR 100¢ NR NR
2 NRindicates ‘no requirement”
b NAindicates ‘not applicable’
©  Bearden units of consistency, B, obtained on a pressurized consistometer as defined in Clause 10 ang calibrated in accordance
with the same clause
9 Minimum thickening time
& Maximum thickening time
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2.1.2.Thixotropic Cements

T h e thxotnopyoiistused for a system that is fluid under shear, but it develops a
gel structure when at rest . Thixotropic cement slurries are thin and fluid while
mixing, pumping and displacement, but dramatically form a rigid gel structure when

mixing or pumping stops ahown in Figure 2A[8].

1. Thin when mixed. 2. Rigid when pumping stops.

3. Fluid again when force 4. Thin when pumping is
applied. resumed.

Figure 2-1 ThixotropicBehavior[8]

Thixotropic cement systems are used in wells when excessivectatbshe cement
column is a common event [4]. Some wells fracture even under low hydrostatic
pressure because of weak zon&hixotropic cements prevent thellback by

reducing the hydrostatic pressure when gel strength incrgses
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Other important application of thixotropic cements is the treatment of lost
circulation while drilling. A gel structure begins to arise after slurry entertotise
circulation zone. With the increasing flow resistance, zone becomes plugged and

after cement sets, zonesdfectivelyconsolidated8].

2.13. Foamed Cement

Foamed cemens generally used to solve cementing problems whigtaused by
fractured, highly permeableuggy or cavernous formationSome formations are
able to support the hydrostatic pressure from only very figitls andsome of them
will not even support a column of water. Ulti@aw- density cements have been

developed to solve this cementing problé&h

Foamed cement hasl@av density with a relatively high compressive strength with
these characteristic will gidess damage to watsensitive formationgl5)].

Increasing well productivity by decreasing cement loss to potential production zone

beause of its lower densitg another advantage of foamed cenjd@.

2.14. Thermal Cements

At elevated temperatures and pressures, the physical and cheehiagidn of well
cements changdrastically. In thermal wells, formations with corrosive watad
weak formations are common. Cement slurry design should be done carefully for
these wells, otherwise it will resuih strengthloss increasedpermeability and

potentiallylossof zonal isolatior §].
The deep oil and gas wells, geothermal wells @guedmal recovery wells are three

main well typesof thermal cementing?ortland cement, Class J cement, siliocae

systems, and highlumina cement are generally used in thermal cemefg&]ng
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2.15. Latex- Modified Cement System

Latex is a common term that expresses an emulsion polymer. It is generally supplied
as a milky suspension of very tiny polymer particles, often stabilized by surfactants
to increase freeze/thaw resistance ardbit coaguléion when addedo Portland

cemant [8].

In 1920s, natural rubber latex wad added to mortars and concretes. After that, latex

modified concretes have become common place because of its advantages. Better
workability, decreased permeability, increased tensile strength, reduced shrinkage,

increased elasticity and impred bonding between cemenasing and cement

formationare some of these advanta@ieq.

Rollins and Davidsorstatedthat latex improved the cement performance when it
was added to the cement mix waféB]. Better bond tooil-wet and wateret
surfaces, improved resistance to contamination of formation fluids, lowered fluid

loss rate and increased durability are some benefits of latex in oil well cement.

Latex was identified as a suitable material for well cements andritferred
concentration of latex varied from 2.5% to 25% BW({1©]. This system has been
applied for many years but, application temperature is limited at undet 5022
xF) [8].

2.2. Chlorides and Oil Well Cement

Cement systems which contain significant quantities of chloride are commonly
called "salt cements[8]. Sals havebeen extensivelysed in well cementindpr
several reasons. One of them is flnesenceof salt inthe available mixg water,
especially wien seawater is used iaffshore drilling [8]. In some offshore
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locations, it can be so expensive and hard to find suitable mixing water for the

cementing operatiof$)].

The usage of sea water for preparing cement slurries for -dolencementing
applicatons has improvedonsiderably with the increasdfshore drilling. Casing,

liner and squeeze cementing operations Haaenmade by salt cements thate
prepared by sea water asix water. Easyaccessibility lower costs because of
eliminated transportiin of mixing water, and decreased storage for figater on
offshore platforms are the remarkable advantages of using sea water on offshore

cementing operatior{0].

Also, when placing cements across massive formations or-setsitive zones,
addition of sak has proverio beeffective[8]. Jonesstated in 1964thatthere is a
tendency to stop clay blocking salt concentration in water is increasgtll].
Moreover, Hewitt stated that, if the salinity of the surrounding fheiduces the
swdling of each clay usually increases. He also concludéd,herefore a
concentrated brine would cause the least damage; fresh water would cause the
most [22]. In 1951, Ludwig stated that sodium chlorideadded to the mixing
water to decrease the actiofi cement slurry and formation salt where the well

extends through a salt dorf.

Lewis et. al., stated that, if the filtrated watesalt concentrations are equal or
exceeds the formation waters salt concentrations, there is no hydration between salt
cement filtrate and watesensitive formations, such as, montmorillonite, illite of
chlorite.Salt cementslo not allow poor bonding and channeling caused by swelling,

or flowing of softened clay formations between the cement and fornjashn

After sonme laboratory tests, Cunningham et. ahtexl that, samples that contaadt
water had better bonding to a wasensitive formationNlioceng and no softening
of the shale hasccurred. On the other hand, samples that prepaeadith fresh

water tended to soften the shale. They also concluded that, the pH, ion content and

15



the solubilities of calcium hydroxide and calcium sulfate are influenced by adding
salt to cement slurries. The restrictionsoielling and migration of watesensitive
clays and decrasing of the fracture of noswelling shalesare some of these
influenceq24].

Furthermoresalts are common and cheaper than other chemical additives that can
modify the behavior of the cement systej@]. Using salt on oil well ementing
improves flow properties, increases slurry weight and supplies better bonding
between casing and swelling clays. Salt is also a good dispersant agent, compatible
with other additives and it can be used both accelerator and retardgr].
Cunnindham et al.also statedthat improving flow properties, being a fine
dispersing agent, good compatibility with most other additives, acting like both an
accelerator and a retarder with different concentrations, and increasing the slurry

weight are some beficial properties of using salt for oil well cementii2g].

In this section, the effects of various chloride sources omrhgertiesof cements

will be discussed.

2.2.1. Sodium Chloride (NaCl)

Sodium chlorideis known as rock salt. It is readily soluble in water and it has a
characteristic sharp tasfg5]. Sodium chloride is an ionic compound made up of
equal numbers of positively charged sodium and negatively charged chloride ions
[26].

Sodium chloride has bereused in oil well cementing more than decadBadt is
usuallyadded to the mixing watéefore mixing withcement 7].

It is stated by Lea et. dhat in cold weather, NaCl is added to Portland cement to

decrease the setting timeurthermore they statedthat NaCl is lesseffective than
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CaClb on the setting development cement, and its effect is erraf27]. Sodium
chloride has two opposite effects on the setting properties of cement. It acts like a
accelerator on low concentrations and like a retarder on high concenti&jianhs

9l.

Testresultsconducted by Ludwighowed that, compressive strength is increased
with increasing salt content of the mixing water and then decreased as the salt
concentration increasegd]. It is also stated byattus et. al.,that NaCl has an
erratic effect on concrete; it causes set acceleration in some cementsaagidge
effects in othersZ8].

Abalaka et. al., stated in 2011 that, at early ages, NaClduateeating effects on
compressive strength of concrete but it cannot be continued long term. There is a
loss on compressive strength of concrete on long term because of saline solutions
[29].

2.2.2. Potassium Chloride KCI)

Hunter et al.,, recommendethe use of KCI as an alternative to NacCl, in
concentrations of 3% to 5% by weight of water. They also stated that, it is much
easier to control the slurry properties with low KCI content than high NaCl content
slurry. The 5% bwow KCI slurry is considerea supply some protection against
formationof salt dssolution into the slurry [§.

According to Sweatman et alcement slurry containing 3% KCI demonstrated
properties such as thickening time, fluid loss, rheology, compressive strength

superior to NaCtement slurries with a lower cdst].

Miranda et al. howeverstated that, there is an erratic behaviortlomfree fluid

properties of cement slurries that ntan KCl as shown Figure -2 The
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experimental studiesalso showed that, compressive streting increaseswith
increasing KCI concentration up to7% bwow. However, compressive strength

decreases, if KCI content increases from 7% to 20% bj8ajv

Free Fluid (%)
.
‘L’"’\

\
\ 26 2
5 M %
5 _

0% KCI 3% KCI 7% KCI 15% KCI 34% KCI
1% KCI 5% KCI 10% KCI 20% KCI

Figure 2-2 Free Fluid versus % KCIl bwoy32]

According to Chenget. al, adding KCI to cement slurry increases the compressive
strength up to 8%, and after 24% KCI cement paste structure is destroyed with

compressive strengtieductionsas shown in Figure-3 [33].
Some experimental studies conducteyl Venkateswara et. .alalso showedan

increase in compressive strength of the OPC concrete prepared with KCI at both 28

and 90 day ageing periof34].
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Figure 2-3 Compressive Strength versus % KCI bw¢33]

Miranda et. al. stated that, KCI has accelerating effect on the hydration of cement
like NaCl at low concentrations and retarding effect at high concentrations. They
also stated that retardation effects of high KCI content is less emphasirethé

high NaCl content [2].

2.2.3. Calcium Chloride (CacCly)

Calcium chloride is undoubtedly the most efficientadly available andhe most
economic of all accelerator§35]. The associated mechanisms of GaGh

cementitious systems are complex, and still not completely unde[&d2gj 37].

In addition to acceleration of the initial set, there are several other effects of calcium
chloride.The presence of Cagihcreases the rate of heat generation during the first
hours after slurry mixing8]. According toRamachandran artdisharet. al., CaGl
accelerates both setting and hardening of Portland cement concrete. They also stated
that the hydration of systemCsA-CaCb-CaSQ.2H,O shows that theCaChb
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primarily accelerates the reaction betweeyh @Gnd gypsum Sulfate reacts first
followed by reaction of £\ and chloride after the gypsum has been used up.,CaCl
appears to stabilize the formation of trisulfoaluminate hydrate (ettiringite). After all
CaSQ is consumedconversion of trisulfoaluminate to monosulfoaluminateurs

[35, 36]. By contrast, it is concluded that, accelerators do not promote the hydration

of C3A, butmainly accelerate the hydration o€ 8].

Juenger et. gl.stated that Caglaccelerates the formation dfnner product
calcium silicate hydrate (G-H) with a lbw-density microstructure. The addition of
CaCb increass the pH of the Portland cement in the early period and at 24 hours
[38]. Bortoluzzi et. al., stated that the addition of Ga€tHuces the setting time

while the pH of cement increases in the aliperiod[39].

According to Torkittikul and Chaipanich, the hydration rate of Portland cement and
the early strength of the cement pastes increases by adding Ta&tompressive
strength of neat cement paste is lower than all cement pastes thatiogn@aC}

[40].

Kishar et. al., stated after someray diffraction analysis that the degree of

hydration of CaCl containing samples is higher than that of samples without,CaCl

According to them, this result confirms the acceleration effect of {fa&ll
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CHAPTER 3

EXPERIMENTAL STUDY

3.1. Materials

3.1.1. API Class G Cement

Class G cement ithe most widely usedype among API cemestin various well
conditions. It consists of mainly clinker with small amounts of gypsum. According

to API, manufacturers are prohibited to use chemical admixtures, such as glycols or
acetates to aid grinding. The clinker of this type of cement is coagsaiynd to

benefit from durability, lower porosityand increasedpumpability superior
resistance against chemical attacks, low hydration rate and decreased setting time in
well conditions. It is available in moderate sulfate resistant (MSR) and high sulfate

resistant (HSR) grades.

Two differentAPI Class G cemestwere suppliedby Bolu Cement plant andheé
requirements for Class G cement with H@fade and the properties of the cersent

used inthe experiments are presented in Tablé. I he cement Glodabel | e
represents the main cement tinas usedwith all chloride sour@s. On the other

hand t he c e @2 represdnta the tcementdthais usedto assess the

effects of cement type witNaCl addition.

As seen in Table 3.1, the cements used in this study conform to the API Class G
cement specificationd.hey both hae a relativelyhigh GS content and a low /S
content. The G2 cement seems to be finer as can be observed from the Blaine

fineness measurements.
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Table 3-1 Properties othe cemergused

Materials

Chemical Analysis (%) Gl G2 API Limits
(%)

CaO 63.52 62.34 -

SIiO, 19.75 19.27 -

Al ;O3 412 4.43 -

FeOs 5.69 6.15 -

MgO 1.74 2.76 Max. 6.00

SO; 2.64 2.87 Max. 300

Na,O 0.14 0.11 -

K>O 0.45 0.47 -

Cl- 0.0079 0.011 -

LOI 1.87 1.32 Max. 300

Free CaO 0.56 0.56 -

IR 0.56 0.70 Max. 0.75

Total alkali cont. 043 0.42 Max. 0.75

(Na2O equivalent)

. API Class G Cement

Compound Composition (%) Clinker

CsS 60.88 56.24 48-65

C.S 10.69 12.82 -

CsA 1.28 1.33 Max. 300

C,AF 17.32 18.71 Max. 300

2C;A+C,AF 19.89 21.37 Max. 24

Physical Properties Gl1lClass G G2 API Limits

Specific Gravity 3.19 3.19 -

Thickening time, min 116 113 90

Max. consistency between

15-30 minute, Bc 12 18 30

Free Fluid, % 5.7 5.62 5.9

Specific Surface, cfig 2843 2969 NR

Residue on 45 m sieve,% 21.1 14.8 -

Compressive Strength 8 houl

curing at atm. pressure, 3€), 3.7 3.0 Min. 2.1

MPa

Compressive Strength 8 houl

curing at atm. pressure, &Q), 10.9 10.4 Min. 10.3

MPa

NR: No Requirement
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3.1.2.Chloride Sources

Chloride sources are suppligdom TPAO Batman District, Well Compten
Department.The chemical properties @odium chloride, potassiumchloride and
calciumchloride aredeterminedand the main elements are summarizeshasvn in
Table 32. As seen in that table, the purity of thelaride sources are different for

each source, with Cagthaving a rather low purity when compared to the others.

Table 3-2 XRF results of chloride sources

% Elementary Concentration of Chloride Sources
NaCl KCI CaCl
Na Cl K Cl Ca Cl
#1 64.90 | 36.09 | 47.36 | 54.98 | 28.15 | 41.34
#2 60.00 | 40.94 | 46.89 | 55.33 | 30.65 | 43.39
Mean | 62.45 | 3852 | 47.13 | 55.16 | 29.40 | 42.37

The salt specimens are analyzeith both SEM and XRD. The crystatructure of
NaCl and KCI can be clearly seen in Figur2 and Figure 31. Also, Figure 36

shows theCaCl structure.

3.1.2.1. NaCl
NaCl salt has one peak ahe XRD resultas shown in Figure & andthe SEM

result in Figure 2. The result refers toalite mineral and it is the natural form of

salt. Itis commonly known as salt rock and it is the mineral form of NacCl.
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Figure 3-1 XRD analysis for NaCl
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Figure 3-2 SEM micrograph of NaCl

3.1.2.2. KClI

In Figure3-3, there is a peak that refers to sylvite mineral and Figu#shows the
SEM analysis result. Sylvite is potassium chloride (KCI) in natural mineral form.
forms crystals in the isometric system very similar to normal rock balite
(NacCl).
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Figure 3-3 XRD analysis for KCI
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Figure 3-4 SEM micrograph of KCI

3.1.2.3. CaC}
XRD analysis result is not clear for CaGhlt as it doeshave many impurities

corresponding tamore than one peak irthe XRD diagram (Figure 3-5). The

structure of CaGlcan be seen in SEkhalysig(Figure3-6).
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Figure 3-5 XRD analysis for CaGl

PR | Cnts
4.0K

30K
20K

10K

Figure 3-6 SEM micrograph of CaGl

3.1.3. Water

Tap water connected to the network in the Research Center of TPAO is used in this

study for preparinghe cement slurries.

26



3.2 Cement Slurry Compositions

With the G1 cement, a totaf sixteencementslurry compositionswith salt addition
including thereferenceslurry with no salt addition wengreparedFor each salt type

five different compositions are prepared with antswfl, 3 5, 7, 10%or KCI and
CaCh and 3, 5, 10, 12, 15% for Na®By weight of water800 g cement isised for
preparing cement slurrider, thickening time, free fluid and compressive strength
tests and 600 g cement is used fdirasonicCement Analyzeand rheology tests

The wi/c ratiorequired for Class G cement is 0.44 as specified in the APl Spec. 10A,
and thus all cement slurries anepared with the same w/c rafib2]. On the other
hand, with G2 cement, a total of six cement slurry compositions with NaCl addition

including the réerence slurry without any NaCl were prepared.

3.3 Experimental Procedures

3.31. Slurry Preparation

Cement slurries are prepared in the TPAO Centaforatoryaccording to the
specificatiors in APl Recommended Practice 10#]. After weighng the ement
and saltthesecomponents are mixdoly a two speed mixeilhis mixer, shown in
Figure 37, cell is bottomdrivenbladetypeandhas 1 liter sizeThe saltsare added
into water in the mixeand mixedat 4000 RPM Later cement is added to slurry
within 15 seconds. Aftethe cement is added ito the mixer, the slurry is mixeat
12000 RPM for 35 seconds
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Figure 3-7 Mixer used in this study

3.3.2. Free Fluid

The free fluid is similar to the property of bleeding iesin cement pastes. When
cement slurry is allowed to stand for a period of time prior to setting, water may
separate from slurry and acoulate at the top of the colum8]] All cement pastes
bleed to some extent. Bleeding ends when either the movemeatef i/ blocked

by the growth of hydration products or by the solids effectively coming into contact

with each other.

Specification tests for the free fluid of cement slurries apply only to Class G and
Class H cements.nl the free fluid test proceduregement slurries are prepared
according to API Specification 10/A2]. Thenthe slurryi s condi ti oned

XF) in the atmospheric pressure consistometer for 20 minutes.
The atmospheric pressure consistometer, as shown in Fig8redhsists of a

rotating cylindrical slurry container at a speed of 150 RPM with a temperature
controlled liquid bath.
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Figure 3-8 Atmosphericconsistometer

After conditioning of the cement slurry, 400 ml equivalent of cement slurry by mass
is taken to a 500 ml conical flagkatshown in Figure ®. The flask is then sealed

to prevent evaporation and left undisturbed for 2 hours.

The supernatant fluideveloped at the top of the flask is colleci¢dhe end of the 2
hours The free fluid content of the slurry is calculated by volume fraction and

expressed as percentage shown in Equation 3.1 as described by API Sgd2] 10A

Figure 3-9 Free fluid test samples
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% FF = (V= J ) 9*/100m (3.1)

Where;

%FF - is the free fluid content of the slurry, in percent

Ve - is the volume of free fluid collected, expressed in millimeters
| . is the specific gravity of slurry

Mg - is the initially recorded mass of slurry, expressed in grams

3.3.3. Early-age Compressive StrengthDevelopment

The cement slurrieare placed into 58 mm (2 inch)cubic mdds according to API

Specification 18 [12]. The molds are then subjected touaing regime appropriate
to the simulated well temperature conditidas 7 hoursand 15 minutes (Figure-3

10).

With shallow well tests for Class A, B or C cements, simple water bath curing at
at mospheric pressure and &8Gand€Hdemnen8, UF) i s
not only the same compressive strength test is used as for Class A, B or C cements,

but also a higher temperature tesé@t (J € 4 Ois uSeld at atmospheric pressure.

Later, they are cooled gradually in temperatmatrolled watebath ak7U C 450 r
minutes After the cooling period, cubic spewens are removed from their tds.
The compressive strengths of the specimens are tegtsall test equipmenh the
Cement laboratory ofTPAO Drilling TechnologyDepartmen{Figure 311).
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Figure 3-10 Temperature contiled water bath and the molds

Figure 3-11 Soil Test Equipment
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