IJE TRANSACTIONS C: Aspects Vol. 29, No. 9, (September 2016) 1214-1218

International Journal of Engineering

RESEARCH
NOTE

Journal Homepage: www.ije.ir

Considerations of Well Cementing Materials in High-pressure, High-temperature

Conditions

S. S. Tabatabaee Moradi®, N. Ivanovich Nikolaev

Department of Well Drilling, Oil and Gas Faculty, Saint-Petersburg Mining University, Saint Petersburg, Russia

PAPER INFO

Paper history:

Received 19 June 2016

Received in revised form 24 July 2016
Accepted 25 August 2016

Keywords:

Well Construction

Cement

Compressive Strength
High-pressure High-temperature

ABSTRACT

As worldwide demand of hydrocarbon is growing fast, the oil and gas companies have been forced to
explore reservoirs with more hostile conditions, such as high-pressure, high-temperature conditions.
Improved technology, material selection and testing procedures are required to overcome the common
problems in these conditions. One of the main phases of well construction is cementing job.
Appropriate selection of cementing material can guarantee a successful cementing job. Many
researchers investigated the required cement properties for applications in high-pressure, high-
temperature conditions. However, the focus of their work was on the mechanical properties of set
cement, while the other properties have not been studied enough. The purpose of this work is to
produce a high resistant cement system, which can satisfy the other essential requirements at the same
time. The main other requirements include free fluid content, thickening time and expansion capability,
which have been investigated in this work. The results show that although some cement systems have
high mechanical resistant, but their application is limited due to undesirable values of other properties.
Therefore, different additives have been used to adjust the properties of the final cement system. The
high-resistant cement is produced by adding siliceous material. Free fluid content, thickening time and
expansion capability of the high-resistant cements are adjusted by adding polyvinyl alcohol,
lignosulfonate and MgO, respectively. The combined effect of these additives is investigated to
develop a high-resistant system, which has optimum values of other essential properties too.

doi: 10.5829/idosi.ije.2016.29.09c.05

1. INTRODUCTION

drilling technology, wells have been drilled and
completed in more complex environments, like high-

One of the most difficult and expensive phases of oil
and gas well construction is cementing job. Cements are
pumped inside the wellbore to fill the annulus space
between the casing and surrounding rock formation,
provide structural integrity to the wellbore, support
casing, protect it against corrosion and prevent the
unwanted migration of fluids from one layer to another.
An effective cementing job can guarantee the long-term
production life of the well and reduce the operational
problems and costs of future workovers [1]. In practice,
different design and composition of cement systems are
utilized based on the available material and the
geological condition inside the wellbore. In recent years
with the fast development of petroleum exploration and
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pressure, high-temperature (HPHT) conditions. The
well is situated at HPHT condition if the bottomhole
pressure is more than 69 Mpa and/or bottomhole
temperature is more than 150 °C. Despite the extensive
technological development of cement materials,
problems of cementing in these environments still
remain.

Many researchers investigated different aspects of
the above problem and studied the cement properties at
elevated temperatures and pressures [2-7]. However, the
main attention was on the mechanical and strength
properties of the set cement. Krakowiak et al. [8] have
worked on the mechanical and chemical properties of
conventional oil well cements at temperatures up to 200
°C. They studied the micro-structure and micro-texture
of neat oil well cement and silica-rich cement at
elevated temperatures. In another work, Ulm and James
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[9] studied the effect of high temperature and pressure
on the fracture toughness of a series of baseline oil well
cement formulations. Pang et al. [10] tested a variety of
different types of oil well cements to study the effects of
curing temperature and pressure on their tensile test
behavior. In the work of Le Saout et al. [11], the
chemical structure of cement aged at normal and
elevated temperatures and pressures have been studied.

This research studies not only the mechanical and
strength characteristics, but also other important
properties of especially formulated cement at elevated
temperatures and pressures.

2. MATERIALS AND SLURRY DESIGN

The cementitious material considered in this work was
ordinary Portland cement obtained from local providers
inside the Russian Federation (composition (wt.%):
61.34 C;5S, 14.61 C,S, 5.49 C3A, 16.62 C,AF). C;A and
C4AF have little contribution to the cement strength
development. CsS is responsible for early strength
development, while C,S is responsible for final strength
development of the Portland cement. With respect to
high temperature and high pressure conditions, additives
have been used to modify the cement properties. Sand
and silica flour were added to the cement systems to
provide high mechanical properties by optimizing the
material compactness. Silica flour with a mean particle
size of 20 um was formed by grinding of quartz sand
and contained more than 98% SiO,. Manganese
tetraoxide (Mn30O,) was used as the weighting agent to
obtain cement slurries with density above 2000 kg/m®.
Manganese tetraoxide is a water-dispersible additive
with narrow particle size distribution, high density (4.8
SG) and hardness. To prevent the set cement shrinkage
magnesium oxide (MgO) was used to enhance the
cement expansion capability.

Cements with expansion behavior result in improved
annular sealing during well cementing and underground
gas storage [12]. Other components of the mix cements
included antifoaming agent, lignosulfonate retarder, a
clay mineral (attapulgite) as anti-settling agent and
polyvinyl alcohol as fluid loss control additive. The
total mass of these additives was less than 6% by weight
of the dry blend.

3. EXPERIMENTAL METHODS

3. 1. Sample Preparation The cement samples
were prepared in accordance with standard procedures,
which involved dry premixing of Portland cement,
weighting material, silica sand or silica flour and
magnesium oxide. The retarder, polyvinyl alcohol,
attapulgite and antifoaming agent were added directly to
the water and mixed manually. Then prepared dry
composition and water were mixed for 3 minutes. The
water-to-cement mass ratio for all systems was W/C =
0.5. W/C ratio can significantly affect the properties of
the slurry (thickening time, flowability, free fluid
content, etc.) and set cement (strength properties,
permeability, etc.). W/C = 0.5 was considered as the
most common value for the W/C, which is used in field
applications. One part of the prepared mixture was
taken for further investigations on the slurry. The other
part was casted into cylindrical steel moulds (diameter
40 mm, height 40 mm) with the aid of jolting apparatus.
For curing purposes the moulds were placed in a high
temperature and pressure cell, where pressure was
imposed with CO, gas. The rationale behind selecting
the curing conditions is to simulate field conditions of
oil wells based on published literature. After 24 hours
curing, samples demoulded and left inside the water for
3 days before subjecting to different laboratory tests.
Table 1 summarizes different cement compositions and
curing conditions considered in this study.

TABLE 1. Composition and curing conditions of different cement systems

Blend materials, % mass concentration

Other additives, % by the weight of the blend

Composition F;(;rrgggs Mn:Os SSZ;%a ?;CI:S? MgO | Lignosulfonate  Attapulgite p;)llg/c\)/ri]r;)l/l Ar;ggcr)]et\m Curing conditions

1 85 15 2 - 0.5 Room condition

2 85 15 2 R 05 t=120 °(C£,4Ph=) 150 psi
3 70 15 15 2 05 t=120 °(C£,4Ph:) 150 psi
4 70 15 - 15 2 - 05 t=120 °(C2'4Ph:) 150 psi
5 70 15 15 2 25 05 t=120 °((;,4Ph:) 150 psi
6 70 15 - 15 2 25 05 t=120 °((;,4Ph=) 150 psi
7 70 15 - 15 2 25 05 t=120 °((;,4Ph=) 150 psi
8 65 15 - 15 5 2 25 05 t=120 °C, P= 150 psi

(24 h)
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3. 3. Free Fluid Test Minimizing the free fluid
content of cements is essential to help to eliminate
channels that may serve as pathways for formation
fluids. These channels highly affect the quality of
cementing job. In order to measure free-fluid content,
the prepared slurry was stirred for 20 minutes at a speed
of 150 r/min, and temperature of 25 °C in an
atmospheric consistometer. After 2 hours the volume of
developed supernatant fluid was measured and recorded
as free fluid content. Later the milliliters of free fluid
can be converted to a percentage of free fluid using
following formula [14]:
%FFC = “E2 (1)
mo
in which Vge is the recorded value of free fluid content
in cm®, p is the density of the cement slurry in g/cm® and
m, is the starting mass of cement slurry before stirring
in consistometer in g.

3. 4. Thickening Time Thickening time is the
duration between the beginning of cement preparation
and when the cement attains 100 Bearden units (Bc) of
consistency. Bearden units (Bc) of consistency are used
to express the resistance of the cement to flow
(pumpability). Cements with higher amounts of
consistency are less pumpable in comparison with
cement with lower values of Bc. The sufficient
thickening time allows proper slurry placement in the
annulus. The range of consistency is between 0 and a
maximum of 100 Bc. Industrial data show that the
optimum consistency range is 10— 30 Bc and for cement
slurries with a consistency of larger than 70 Bc
difficulties are considerable during pumping. The
thickening time in this study is measured using a
pressurized consistometer. The times of 30 Bc and 70
Bc, which are the optimum and maximum allowable
consistency ranges respectively, are reported for all
cement compositions.

3. 5. Expansion Capability It is known for a
long time that the reaction of cement with water
(hydration) leads to volumetric shrinkage of hardened
paste, in result of which, pore space are developed
around the cement body. These developed pore spaces
and mechanical shocks, caused by milling inside the
casing or tripping operations result in poor bonding
between the cement and casing and subsequently fluid
migration into the well [15]. Application of expandable
cements can minimize these negative effects and
increase the bonding quality between cement and
casing. CaO and MgO are considered as the most used
additives to create expandable cements with high
bonding quality. However, MgO is used in this work
due to its better performance at elevated temperatures
[16]. Expansion cells are used to investigate the
behavior of cement systems containing MgO as

expandable additive. The cell is filled with the cement
and then is cured for a specified time. As the cement
expands, the sleeve of the cell moves along the cell pins.
The expansion is calculated by measuring the distance
between the pins, before and after cement hardening
process.

4. RESULTS AND DISCUSSION

4. 1. Compressive Strength Compressive
strengths of samples 1 to 4 are presented in Figure 1.
Samples 1 and 2 are reference samples with no additive.
The first sample is cured in room condition, whereas the
second sample is cured at HPHT conditions.

It can be seen that the compressive strength is
decreased in reference sample by increasing temperature
and pressure. The problem of decreased strength is
solved by adding silica content to the cement. In
compositions 3 and 4, silica sand and silica flour are
added to cement in a mass concentration of 15%.
Samples containing silica flour developed more
compressive strengths than samples containing silica
sand. The difference in the strength development of
these samples can be attributed to the fine particles of
silica flour, which can be positioned more closely
between cement particles, producing smaller pore
spaces to improve the strength properties of the cement.
Additionally silica flour particles can more effectively
participate in pozzolanic reactions, due to the fact that
the rate of these reactions is proportional to the amount
of available surface area for the reaction.

4. 2. Free Fluid Content The percentage of free
fluid content for the slurry compositions 1, 3, 4, 5 and 6
are presented in Figure 2. The results show more free
water content for sample 3 which contains silica sand.
The higher surface area of silica flour particles results in
less free fluid content in sample 4. In samples 5 and 6
the polyvinyl alcohol is added to investigate its effect on
the volume of free fluid content. Result demonstrate no
free fluid in the samples containing polyvinyl alcohol
with silica flour.

4. 3. Thickening Time Although cement
compositions containing silica flour develope more
compressive strengths and demonstrate no free fluid
content using polyvinyl alcohol, but the pumping time
of these slurries may not meet the requirement for
HPHT applications. Figure 3 shows the consistency of
measurements of samples 1, 5, 6 and 7. It can be seen
that the thickening time (in which the consistency
reaches 70 Bc) of slurry 6 containing silica flour is
shorter than  slurries containing silica  sand.
Lignosulfonate was added to sample 7 as a retarder to
control the thickening time and adjust it based on the
requirement of the HPHT environments.
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4. 4. Expansion Capability Sample 7
containing silica flour, polyvinyl alcohol and
lignosulfonate demonstrated reliable compressive
strength, consistency values and no free fluid content.
But due to the shrinkage of hardened cement, poor
bonding quality between the casing and cement was
expected. Therefore expanding additive was utilized to
solve the problem. Adding MgO to the sample 7
resulted in an expansion value of 4.6%. MgO was
selected based on its behavior at high temperature
conditions, as expansion is more temperature-sensitive
than pressur-sensitive. CaO expandable cements can
hardly be applicable at temperatures above 80 °C.

5. CONCLUSIONS

A proper cement slurry design can significantly improve
the quality of oil well cementing job. With complexities
like HPHT conditions developing high quality
cementing materials remains a challenge. Most attention
in these conditions is on the high mechanical properties
of cements, which are enhanced by adding silica
contented materials. In this study, 8 cement slurries
were formulated to investigate characteristics of the
cements like free fluid content, thickening time and
expansion capability.

The results show that cements containing silica flour
represented better mechanical response and compressive
strength values. Although these samples demonstrate
less amount of free water due to their high surface area,
but polyvinyl alcohol is essential to reach no free water
content (0%). Silica flour also affects the thickening
time of the slurries. Controlling the thickening time is
possible by use of lignosulfonate retarder. Without a
retarder, a cement system with silica flour may not meet
the pumping requirements. Also to ensure a quality
bond between the cement and casing, expansion
capability of samples with MgO was investigated.

5. REFERENCES

1. Moradi, S.T. and Nikolaev, N., "Optimization of cement spacer
rheology model using genetic algorithm (research note)",
International Journal of Engineering-Transactions A: Basics,
Vol. 29, No. 1, (2016), 127-131.

2. Santra, A.K,, Boul, P. and Pang, X., “Influence of nanomaterials
in oilwell cement hydration and mechanical properties”, in SPE
International ~ Oilfield Nanotechnology Conference and
Exhibition, Society of Petroleum Engineers., (2012).

3. Rahman, M.K. and Murtaza, M., "Effect of nanoclay on
mechanical and rheological properties of oil well cement slurry
under hpht environment", in 5th International Symposium on
Nanotechnology in Construction, NICOM-5, Chicago, USA,
May., (2015), 24-26.

4. Khan, W., Rahman, M., Mahmoud, M. and Sarmah, P., "Mwcnt
for enhancing mechanical properties of oil well cement for hpht
applications", in SPE/IADC Middle East Drilling Technology
Conference and Exhibition, Society of Petroleum Engineers.,
(2016).

5. Chartier, M.A., Thompson, S., Bordieanu, M., Bustamante, G.,
Saunders, J.R. and Kaiser, T., "Performance characterization and
optimization of cement systems for thermally stimulated wells",
in SPE Canada Heavy Oil Technical Conference, Society of
Petroleum Engineers., (2015).

6.  Shadravan, A. and Shine, J., "Sustainable zonal isolation under
extreme high temperature conditions”, in SPE/IATMI Asia
Pacific Oil & Gas Conference and Exhibition, Society of
Petroleum Engineers., (2015).

7. Soleimanzadeh, S. and Mydin, M.O., "Influence of high
temperatures on flexural strength of foamed concrete containing
fly ash and polypropylene fiber", International Journal of
Engineering, Vol. 26, No. 1, (2013), 365-374.

8.  Krakowiak, K.J., Thomas, J.J., Musso, S., James, S., Akono, A.-
T. and Ulm, F.-J., "Nano-chemo-mechanical signature of



10.

11.

12.

S. S. Tabatabaee Moradiand N. Ivanovich Nikolaev / IJE TRANSACTIONS C: Aspects Vol. 29, No. 9, (September 2016) 1214-1218

conventional oil-well cement systems: Effects of elevated
temperature and curing time", Cement and Concrete Research,
Vol. 67, (2015), 103-121.

Ulm, F.-J. and James, S., "The scratch test for strength and
fracture toughness determination of oil well cements cured at
high temperature and pressure”, Cement and Concrete
Research, Vol. 41, No. 9, (2011), 942-946.

Pang, X., Meyer, C., Funkhouser, G.P. and Darbe, R,
"Depressurization damage of oil well cement cured for 3days at
various pressures”, Construction and Building Materials, Vol.
74, (2015), 268-277.

Le Saout, G., Lecolier, E., Rivereau, A. and Zanni, H.,
"Chemical structure of cement aged at normal and elevated
temperatures and pressures, part ii: Low permeability class g
oilwell cement", Cement and Concrete Research, Vol. 36, No.
3, (2006), 428-433.

Appah, D. and Reichetseder, P., "Practical improvements in cao-

13.

14.

15.

16.

1218

swelling cements”, Journal of Petroleum Science and
Engineering, Vol. 36, No. 1, (2002), 61-70.

Swayze, M., Effects of high temperature & pressure on strengths
of oil well cements, in Drill & prod prac. 1954, AP| Dallas.72-
81.

Choolaei, M., Rashidi, A.M., Ardjmand, M., Yadegari, A. and
Soltanian, H., "The effect of nanosilica on the physical
properties of oil well cement”, Materials Science and
Engineering: A, Vol. 538, (2012), 288-294.

Velayati, A., Kazemzadeh, E., Soltanian, H. and Tokhmechi, B.,
"Gas migration through cement slurries analysis: A comparative
laboratory study”, Int. Journal of Mining & Geo-Engineering,
Vol. 49, No. 2, (2015), 281-288.

Rubiandini, R., Siregar, S., Suhascaryo, N. and Efrial, D., "The
effect of cao and mgo as expanding additives to improve cement
isolation strength under hpht exposure”, Journal of Engineering
and Technological Sciences, Vol. 37, No. 1, (2005), 29-48.

Considerations of Well Cementing Materials in High-pressure, High- RESEARCH
temperature Conditions

S.S. Tabatabaee Moradi, N. Ivanovich Nikolaev

NOTE

Department of Well Drilling, Oil and Gas Faculty, Saint-Petersburg Mining University, Saint Petersburg, Russia

PAPER INFO

Paper history:

Received 19 June 2016
Received in revised form 24 July 2016
Accepted 25 August 2016

Keywords:

Well Construction

Cement

Compressive Strength
High-pressure High-temperature

G Tl 5 O3loe gl il 5 GLEST s SIS 5 S5 (sl 8 8« Sskn e w0 e S5 Gl L
Do 53l Sl (ool dal b ) s s oK e 6l ods SVL (glos 5 jlib Lol s s 3
slpe bl .l (5 Olases Sllas ol Ctle ol ol 51 Sl L 55 ge 4Bl 3 s ARE LT sls
Sl Olos Sl 3550 ol (93h5 Olims il B3 pe ()5 Olaww Dllas o diS (e KI5 o onlis Olos
Olosw S (SOIKe oy 635 2 LT LIS 55 505 Wl il 3ls 15 oy o 555m 15 VL (slos 5 5L23 Jal b 5 5 )08

S Sl pslie Olae G W5 LISl G 1w Sl s e B e 4 Kos ol &S b s o

Cbl 5 i 0l bl Jlw gl ole Kos Lol ol S el 0 1y 5L sy s ol Llg s
Jplfuwd@‘\;;;!éﬂzfcui =k Ll 4 S I3 sy GRash cpl 55 45 Aies LLL
slse cpl ply s &@Jf.l:ua\?wbljﬂ:\byo;}:LL@_’«T:J,{JLSL»MJ;.MJAQLLJ sy 3l W SO
\;v.uéA.g‘;K:Lfaéljﬁ;)}})éléijbj‘\ﬂ{u}uubow.JJ‘a.LiA}LEm'C)Wf‘PV.:E;:6|}{Q}L€ﬁuiéjj‘3~

S s b 0 b eg s palhe Ole (Bl ool 5ty Ol ol Jw e T e

b balas cpslie pims dnny Sda b ls oyl ool oS5 3 08 e it e AT 5 DUl s xS

sl 0 dsn 8 ) S ol S g

doi: 10.5829/idosi.ije.2016.29.09¢.05




