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Abstract

The high pressure high temperature environments fail and natural gas
exploitation are characterized by extreme temperatand pressures. Wells with depth
exceeding 15,000 ft (4,570 m) are becoming commdh cwver the world. The
bottomhole temperatures in most cases exceed 280eger (110 degree C).To produce
the oil and gas from any well economically and effirely, complete zonal isolation is
indispensable. Zonal isolation implies that a piadlar zone may be produced or
drained with the exclusion of any other zone irresgive of their proximity. Zonal
isolation also aids well control and is achieved the sheath of cement placed between
the metal linear and / or casing and the wall tfe wellbore. The concept of zonal
isolation has become over the year a “creed” in tpetroleum industry. In the process
of the completion of wells, cement is usually us¢lde need for zonal isolation can
never be more critical than in the deep HP HT welldere pressure temperature and
stress conditions are extreme and intense. The aemsponsible for this zonal
isolation can however be compromised by severatdecthat come into play during
the life of the well. Stresses are imposed overetinon the wellbore downhole by
pressure and well bore temperature. In high press high temperature wells, the
stress associated with the extreme temperature qanes conditions is a common cause
for loss of compressive strength with accompaniedrease in permeability. This is
known as’ Cement retrogression’. This paper mo@gperimental data received via an
investigation into the use of local Nigerian silioes material as substitute for imported
Silica flour. Modeling was done using Autodesk sitation
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1.0 Introduction

This paper is an offshoot of experiments condudtedietermine if Nigerian sands rich in silica cam Wised as a
substitute for the expensive Silica flour used bifidg companies in Nigeria. [1]

Experimental data were generated from the suhistitutf Ughelli sands and Benin sands into slurmparration for the
high temperature high pressure (HTHP) environmehtse Niger Delta. The cements used during theperaments were
API grade G cement and Ordinary Portland cememsdtre and temperature were from 5,000 psi to @0p80and 200
degrees Fahrenheit to 350 degrees Fahrenheit tesghgcCuring time ranged from 30 minutes to 12ibuates

From analysis of experimental data it was deterdhit@t Benin sand were a poor materials for séioachment of
slurries [2] and Ughelli sands held greater prosf#&aand [4].

Subsequently, it was determined to model the delteaata from the investigation so that the ratecefment
retrogression in the HPHT environments of the Nifmlta and the role of the indigenous Ughelli samds be
mathematically defined.

Autodesk Simulation2012 was the software of chomeproprietary software developed by Autodesk fur finite
element analysis (FEA) of systems.

11 THE ENVIRONMENT

The cement in a HTHP environment resides in thaulsnbetween the hole and the outer casing. Ingsdtion it is
subjected to high temperature (>230 degrees Faitdrdnd pressure (> 2,000 psi). This cement in RTéhvironment
undergoes a rapid loss of compressive strengtlootintious exposure to extreme temperatures. [5]énd
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Usually more than half of their original strengshast within14 hours. Cement structures fail assalt of fatigue due to
the degradation of their microstructure. X-ray wifftion studies show that calcium hydroxide andidiom silicate alpha-
hydrate are the culprits. These hydration prodaptsear together, and some times, singularly, dépgmh the temperature
at which the cementing compound had been curedtl@dength of time of exposure. These compoundgusanly or
together lead to cement retrogression. Taking thematics of a borehole (Figurel) for illustratibe cement between the
casing and the annulus holds the casing in posstimh that the perforation is best position foioxery. With failure of the
cement, the casing is displaced and this optimsitipaing is lost.

N
The borehole
The cement
The casing

"

Figure 1. Schematics of a well bore

As a consequence of this HTHP, the cement retregseand is therefore unable to “hold” the casingdsition; zonal
isolation is hence compromised. Cement retrograssiay be considered a chemical reaction wherebyeneonder high
temperature and pressure breaks down

2.0  The Experimental Model

With this, a metallic box was designed, of knowmensions, with an inner metallic box which houségating element
capable of generating heat to mimic the high teatpee obtained in a HTHP environment (Figures 2n& 4). This void
between these two boxes was filled with the ceralemty of investigation and the contraption wag¢hafter subjected to
high pressure. The full documentation of the metiagly used in this experiment can be found elseeu{&t.

The outer metallic box

The heating box (heating element inside)
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Figure 2: The relative position of the heating boyand the outer metallic box
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Figure 4: Dimensions of the metallic boxes Figure 3: Representation of the boxes (drawn to st=)
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Figure 5: Starting Autodesk Simulation from the
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New Features

Start a wizard for creating a new Autodesk Simulation model

FEAModel  PY/Designer Override Default Urits..,

Choose analysis type:
New FEA Model Steady-State Heat Transfer

Recent Files This il let you begin a new Autodesk T Aohcabone:
Simulation FEA Mode! from scratch, Please T
‘specify your analysis type using the Structures
controls o the right before dicking New. Furnaces; Insulating walls
Electrical components

Table 1: Tables of dimension and
their measurement units

S/N Dimension Units

1 Length Inches,

2 Time Seconds, minutes
3 Pressure Psi

4 Temperature Degree Fahrenheit

CAP NUM SCRL

Figure 7: Define the measurement system to be usadthe project
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A model of the mould and heating box was used.yTWere drawn to scale using a Computer aided de&gD)
application, Autodesk 2012. The CAD drawing of theuld and heating box from the Autodesk softwareto€AD 2012
were Imported to Autodesk simulation 2012 (Fig8yeand meshed in Autodesk simulation (Figure @nable FEA of the

Figure 9: The Model after importation into Autodesk simulation

A Thermal analysis of the model was undertakendbgcsing:

Analysis Type > Thermal > steady state heat transfefrom the menu

A linear steady-state heat transfer model was &dopt was assumed that the effects of radiatiahcamvection can be
safely ignored and only the effects of conductiarheat transfer were considered.

An equation expressing the heat flow by conducison

AT

Where

e (= heat flow

» k =thermal conductivity (a constant) entered asaterial property. Isotropic materials fall undeistcategory.

* A =cross section area of an element face

AT C o
e L =the temperature gradient in the direction normal to the area, A..................cc.ccceee... (2)
heate
r was setup as the source of heat in the simulafiba heat source is the coil inside the heatettlamdink is the harden
cement slurry.
Setup > heat source >heater
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3.1 The Loads and the Constraints
The heater is placed at a constant temperaturéec@fdggree Fahrenheit. The temperature of the heat@odeled as a
constant temperature to mimic the effect of thetlgeranal heat expected at the depth of the earth.
The harden cement slurry is modeled as a sink.dkpected to be receptive of the “geothermal’tfram the heater).
This temperature effects the harden slurry (panttBe simulation, Figure 8 and Figure 9) and isleted using the “Internal
heat generation” menu which is applied to a paat till either act as a heat source or heat sinbuighout the analysis. The
internal heat generation is specified on a permellasis.
The volume of cement slurry is calculated thus gisiata from the Table 2.
The slurry resides in the annulus between the manttithe heater, therefore the volume would bev@theme of the mould)
— (the volume of the heater)

Table 2: Dimensions of Mould and Heater boxes

| Length | Height | Width
Mould
| Internal dimension | 12.0 6.02 110
Heater
| External dimension | 9.60 3.52 8.88

* All measurements in inches
The experiments were conducted over a wide rah¢enperatures, pressures and compositions; textyserof 200 - 350
degrees F and pressures range of 5,000 psi to@PgI0These data are from the Table 3. The modslakecked in order to
validate the robustness of the model

O i = L= S e ] Autodesk Simulation Mechanical _[FEA Editor - [Mould and Heating Box Assembly for Sim.ferl]

Mesh  Draw  Setup [NEEIFRN Sclection View Tools  Getting Started &3 -

5 Contact (Defeul: Bondied)

“Mould and Heating Box Assembly for Sim.fem” saved

Figure 10: Validation of Entries

4.0 Conclusion
The cement in HT HP environment was observed torlder stress due to the temperature pressurétioonat depth.
Factors that were observed to affect temperataeeimcludes the following, namely:

1. Cementtype

2. Aggregate and additives

3. Ambient Temperature

4. Placement Techniques
A study of the completed simulated model (Figurg dlowed the effects of the thermal expansion. @érigdration is a
very exothermic process, leading to a rise in teaipee, if the surface temperature is allowed taate greatly from that of
the core, thermal cracking will develop. Generaliaipns were used to estimate the temperaturearidethermal stress
developed. The outer surface cools faster tharctine of the section. By thermal expansion/contoagtihe temperature
differential induces thermal (tensile) stressethatsurface. It was assumed that the thicknedseof¢ment sheath around the
wellbore and the temperature raise due cement tigdria insufficient to lead to thermal expansiand cracking).

Cement hydration produces a rise in internal teatpege, but other factors must be examined, sudieasflow to or from
the environment. In this case there is a heat flam the environment to the cement at depth dubdcgeothermal heat at
depth. The temperature at depth was estimated #il tieree direction and only one degree of freedsmiefined for these
elements; the temperature.

Journal of the Nigerian Association of Mathematic&thysics Volume 25, No. 2 (November, 2013), 2784 2

279



Analyzing Cement Retrogression with... Onwuachi-lheagwara, ldigbe and OlafuyiJ of NAMP

Figure 111: The completed Autodesk Simulation model

Figure 12: Heat flux

Heat Flow Rate
dis

5.095557 2 +010
3.991635+010
2/936654.+010
1.881753Fe+010

T =.267212e+003
2.251701a+002

Figure 13: The heat flow rate
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The value of the heat rate through a face is aftebly the heat flow. A positive value indicateattheat is flowing out of
the element ; a negative value indicates thatisdliwing into the element through the face.

Load Case: 1 of 1 18 - a

Figurel4: Heat flux precision

Figure 12, 13, and 14 show the results of the taéanalysis of the cement slurries. They reveaktienge in the heat flux,
the heat flow rates through the different facesthedprecision of the heat flux for the simulatiogspectively.
Mathematical modelling with Microsoft Excel (Figui to Figure 19) reveals a complex relation betwegrperimental
pressure and the compressive strength of the ceshamies. Trend line analysis showed that thetigiahip between the
compressive strength of the cement slurries abédehpressure is most likely to have an exponefutiation.

Table 3: Trend lines

S/N Trend line Figure R’

1 Exponential 15 0.987

2 Linear 16 0.970

3 Log 17 0.852

4 Poly 18 0.985

5 Power 19 0.910
z 15 y= 3'678“0'143)( . —&—Compress.
2 1 Rf=0.987 Strength, Psi
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Figure 15: The Change in Compressive Strength witRressure at Constant Composition and Temperature
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Figure 16: The Change in Compressive Strength witRressure at Constant Composition and Temperature
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One of the worst fit came from a logarithmic regiea trend with R= 0.852 (Figure 17)

L 17
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Figure 17: The Change in Compressive Strength witRressure at Constant Composition and Temperature
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Figure 18: The Change in Compressive Strength witRressure at Constant Composition and Temperature
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Figure 19: The Change in Compressive Strength witRressure at Constant Composition and Temperature
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