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ANNOTATION 

 An impressive novelty in oil and gas production is the achievement of an oil 

reservoir layer without obstacles in the initial stages of drilling. Despite the initial 

problems, a geomechanical modeling process is required to achieve optimal drilling 

fluid pressure and also to drill safely in relation to pore pressure. The destruction of 

the borehole wall and other consequences during drilling are usually a mistake in the 

study of the stability of the borehole and the lack of an accurate forecast of pore 

pressure. The above reasons slow down the work at the drilling stage, which leads to 

additional finances. 

In this thesis, work was done on geomechanical engineering, which is used at the 

initial stages of the development of oil fields. For a more correct study of the stability 

of the wellbore, the maximum width was used. Work has also been done with 

sensitivity analysis, which is used to test and evaluate each factor for changes in 

wellbore reliability. Many data were obtained from engineers working in the field, as 

due to the covid-19 pandemic and the moving of many employees to remote work, as 

well as the lack of access to practice for health safety. In addition, for a more accurate 

result, it was necessary to work with a specific depth, because many drilling reports 

indicate the general section of the wellbore. The sensitivity analysis was calculated in 

two methods,such as EXCEL and @RiskExcel. According to the results, among all 

the parameters: uniaxial compressive strength, Poisson's ratio, Young's modulus, the 

most effective is the maximum horizontal stress, since it acts perpendicular to the 

axis. According to this study, you can see the most common problems during drilling. 

 

Key words: drilling, wellbore stability; sensitivity analysis;  pore pressure, 

geomechanical modeling, in-situ stresses, covid-19, horizontal maximum stress, 

“Daily drilling reports”, uniaxial compressive strength, Poisson’s ratio, Young’s 

Modulus,



 

 
                                                                

АННОТАЦИЯ 

    Внушительная новизна в добыче нефти и газа это достижение нефтяного 

пласта без препятствий в начальных этапах бурения. Несмотря на 

первоначальных проблемах, для достижения оптимального давления бурового 

раствора и также для безопасного бурения по отношению к поровому давлению 

требуется процесс геомеханического моделирования. Разрушение стенки ствола 

скважины и также другие последствия при бурения как правило являются 

ошибкой при исследования стабильности ствола скважины и отсутствие точного 

прогноза порового давления. Вышеуказанные причины замедляют работу на 

этапе бурения, что приводит к дополнительному финансированию. 

В данной дипломной статье была проделана работа по геомеханической 

инженерии, которую используют на начальных этапах разработки нефтеных 

месторождений. Для более правильного изучения устойчивости ствола 

скважины была использована максимальная ширина. Также была проделана 

работа с анализом чувствительности, который используется для проверки и 

оценки каждого фактора на изменения в надежности ствола скважины. Многие 

данные были получены от инженеров работающих в поле, так как в связи с 

пандемией короновируса и переводом многих сотрудников на дистанционный 

режим работы, а также недопуском на практику для безопасности здоровья. 

Помимо этого, для более точного результата нужно было работать с 

конкретной глубиной,ведь во многих отчетов по бурению указывается общий 

участок ствола скважины. Анализ чувствительности был рассчитан двумя 

способами: EXCEL и @RiskExcel. Согласно результатам, среди всех 

параметров: прочность на одноосное сжатие, коэффициент Пуассона, модуль 

Юнга, наиболее эффективным является максимальное горизонтальное 

напряжение, так как оно действует перпендикулярно оси. Благодаря данной 

работе, можно увидеть наиболее часто встречающие проблемы во время 

бурения. 

 

Ключевые слова: бурение, оптимальное давление, устойчивость ствола 

скважины; анализ чувствительности; геомеханическое 

моделирование,пандемия, отчет о бурении, максимальное горизонтальное   

напряженияе, поровое давление, смещение стенки, , прочность на одноосное 

сжатие, коэффициент Пуассона, модуль Юнга, измерение диаметра скважины. 
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АҢДАТПА 

 Мұнай мен газ өндірудегі әсерлі жаңалық-бұрғылаудың бастапқы кезеңдерінде 

кедергісіз мұнай қабатына қол жеткізу. Бастапқы проблемаларға қарамастан, 

бұрғылау ерітіндісінің оңтайлы қысымына қол жеткізу және біркелкі қысымға 

қатысты қауіпсіз бұрғылау геомеханикалық модельдеу процесін қажет етеді. 

Ұңғыманың қабырғасының бұзылуы және бұрғылау кезіндегі басқа да 

салдарлар, әдетте, ұңғыманың тұрақтылығын зерттеудегі қателік болып 

табылады және кеуек қысымының нақты болжамының болмауы. Жоғарыда 

аталған себептер бұрғылау кезеңіндегі жұмысты баяулатады, бұл қосымша 

қаржыландыруға әкеледі. 

Бұл дипломдық мақалада мұнай кен орындарын игерудің бастапқы кезеңдерінде 

қолданылатын геомеханикалық инженерия бойынша жұмыс жасалды. 

Ұңғыманың тұрақтылығын дұрыс зерттеу үшін максималды ені қолданылды. 

Сондай-ақ, ұңғыманың сенімділігіндегі өзгерістерді тексеру және бағалау үшін 

қолданылатын сезімталдықты талдаумен жұмыс жасалды. Көптеген мәліметтер 

далада жұмыс істейтін инженерлерден алынды, өйткені короновирус 

пандемиясына және көптеген қызметкерлерді қашықтықтан жұмыс режиміне 

ауыстыруға, сондай-ақ денсаулық қауіпсіздігі үшін практикаға жіберілмеуіне 

байланысты. Сонымен қатар,дәлірек нәтиже алу үшін белгілі бір тереңдікпен 

жұмыс істеу керек болды, өйткені бұрғылау туралы көптеген есептер ұңғыманың 

жалпы ауданын көрсетеді. Сезімталдықты талдау екі жолмен есептелді: EXCEL 

және @riskexcel. Нәтижелерге сәйкес, барлық параметрлердің ішінде: бір осьтік 

сығымдау күші, Пуассон коэффициенті, Юнг модулі, ең тиімдісі-максималды 

көлденең кернеу, өйткені ол оське перпендикуляр әрекет етеді. Осы жұмыстың 

арқасында бұрғылау кезінде жиі кездесетін мәселелерді көруге болады 

Түйінді сөздер:  бұрғылау, оңтайлы қысым, ұңғыманың тұрақтылығы; 

сезімталдықты талдау; геомеханикалық модельдеу, пандемия, бұрғылау туралы 

есеп, максималды көлденең кернеу, кеуек қысымы, қабырғаның жылжуы,, бір 

осьті сығымдау күші, Пуассон коэффициенті, Юнг модулі, 
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INTRODUCTION 

 

     1.1 Wellbore instability  

  Wellbore instability problems bring significant cost increases to drilling operations. 

These problems can occur in a variety of forms including stuck pipe, loss circulation, 

hole enlargement, unintentionally induced tensile fractures or difficult directional 

control incidents. In severe conditions, wellbore instability can increase non-

productive time and create simultaneous occurrences of multiple instability incidents, 

which potentially can lead to losing the well if they are not handled with proper 

mitigation. Wellbore instability is a function of imbalance in the required wellbore 

pressure applied and the fluid pressure in the formation, in addition to chemical 

interactions between the formation and the drilling or completion fluids, and 

interactions between these fluids and native formation fluid. Deviation and azimuth 

of the well also influence the wellbore stability as the stress distribution around the 

wellbore is dependent on the orientation of the wellbore, with respect to the in-situ 

stresses and the hoop stresses introduced through drilling the wellbore. To avoid 

wellbore instability problems in drilling, a proper well design needs to be developed 

for the formations to be drilled and completed for production, which requires 

understanding of the in-situ stress state, pore pressure, and geomechanical properties 

of the reservoir formation.    

     1.2 Objectives of the study 

     Wellbore instability problems significantly increase the cost of drilling and 

operations in the petroleum engineering companies. At the initial stages of drilling 

and completion, the main object are to predict the stability of the wellbore during 

construction and maintain integrity during its production. 

The main targets of the study were to: 

- Measure the proportion of each parameter effect on the stability of a wellbore. 

- Develop a calibrated geomechanical model for each area of the field aligned 

with the pore pressure, fracture gradient and in situ stress profiles 

- Advise mud properties and practices, Rate Of Penetrations (ROP)s, swab and 

surge allowances, torque and drag monitoring etc. that are required to 

minimize potential drilling issues. 

- Study the effect of stress direction on instability and highlight any changes due 

to borehole deviation 
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     1.3 Available data  

     The data availability is one of the invocation faced during the work. 

Geomechanical engineering was considered as an main part, but values needed for 

calculations were limited by a specific depth (0-5100m).  

 Well Logging Data  

     Wireline logs are one of source of geomechanical characterization in this research 

study. The log data are used to determine the compressive failure within the field and 

this is well-illustrated by numerous image and dual-caliper logs. 

Daily Drilling Reports  

     From this reports, drilling progress chart has been created showing many 

challenges that caused non-productive time (NPT) during drilling. This data is useful 

to determine the main cause of wellbore instabilities.  

In-situ stresses  

       The processed Formation Integrity Test (FIT) and Leakoff Test (LOT) results as 

in-situ stresses were part of the data reviewed for this study by the company 

representatives. The dataset for the X Field is limited. 

 

Figure 1- The Leak-Off Test (LOT), Formation Integrity Test (FIT) values and 

minimum horizontal stress (σHmin) 
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       Problem diagnostic 

 

     2.1 Problem diagnostic methodology  

     Geomechanical research depends on the relation between mechanical properties 

and qualities of rocks with the stresses acting on the site. At the moment when the 

stresses acting in the rock are below the yield strength, the rocks act flexibly and the 

deformations are small. However, if the stress changes resulting from excavation 

during drilling, or from pore failure or thermal changes, exceed the compressive yield 

strength, peak strength, or pore fracture strength, the rock will explode as a result of 

shear or compaction, causing indirect irreversible deformation. The land articulation 

of the geomechanical, or basic, forms that are liable for the improvement of 

numerous oilfields incorporate collapsing, blaming, breaking and diapirism. The 

stress regimes and strains going with these deformations can control the current day 

initial stresses and surfaces in numerous reservoirs. [Error! Reference source not 

found.] 

     The mechanical stability of a well depends on the effective stresses in place, the 

mechanical strength of the exposed layers, and the geometry of the well.  The 

occurrence of instability of the holes, as a rule, is the result of mechanical and 

chemical influences. Mechanical instability occurs when the stresses in the wellbore 

exceed the mechanical strength of the formation, either in tension (which leads to 

formation failure) or in compression (which leads to breakouts, collapse, or collapse 

of the formation).  The onset of formation failure (or tensile failure) indicates drilling 

with too high a mud weight, and a borehole breakout suggests that the mud weight is 

too low.  Between these two extremes is the range of drilling mud weights for safely 

drilling a well - the safe drilling window.  The upper limit of this window is 

controlled under certain circumstances by the minimum horizontal stress, when it can 

be expected that the ECDs (Effective Circulation Density) above the minimum EMW 

(Effective Mud Mass) for the well section can lead to losses due to the opening of 

previously existing unfavorably oriented natural cracks.      

The methodology is based on an incremental design approach, and the quality of 

forecasts depends on the accuracy, variability, and quantity of field data. It is 

therefore essential to conduct assessments as new field information becomes 

available. This would increase the credibility of the assessment. 

The methodology used for this study was divided into five main research areas: 

problem diagnosis, stress analysis, sensitivity analysis, and finally, results and 

recommendations. 
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Figure 2- Relief plot illustrating the tangential stress distribution around a vertical 

borehole in an anisotropic stress field.  The coincidence of regions of highest and 

least tangential stress with the azimuths of 𝝈 𝑯𝒎𝒊𝒏and 𝝈 𝑯𝒎𝒂𝒙respectively.  

The figure above shows a graphical representation of the values of tangential (or" 

ring") stresses around the wall.  Two water zones with high compressive stresses will 

correspond to the breakout areas if the stresses exceed the rock strength.  They are 

always aligned in the direction of the lowest stress in the vertical wells. Areas of low 

tangential stresses are aligned in the direction of maximum stresses and areas of 

tensile stresses.   

     2.2 Stress Analysis  

     Stress is defined as the force acting on a unit area that pushes or pulls a body of 

material.The magnitude of the force and the properties of the material determine the 

reaction of the material to the applied stress. Zobak (2010) describes the stress as a 

second-rank tensor with nine components that determine the density of forces acting 

on all surfaces passing through a given point. All these nine components are shown 

as: 

 
The nine components define the direction the force and the face it is acting on. Since 

each component is acting perpendicular to two axis and acting in one direction, there 

are nine magnitudes and three directions to define. 

As shown in Figure below vertical stress prevails in the normal fault mode; fault slip 

occurs when the minimum horizontal stress reaches a relatively lower value than the 

vertical stress and pore pressure. When there is a significant difference between the 

maximum horizontal stress and the minimum horizontal stress, a slip error will be 

created. On the other hand, the reverse fault is caused by a large difference between 
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the maximum horizontal voltage and the vertical voltage. As soon as both horizontal 

stresses exceed the vertical ones, the earth's crust shortens. 

 

Table 1- Definition of S1 and S3 for Andersonian faulting classifications 

(PetroWiki, 2015) [Error! Reference source not found.] 

 

 
 

 
Figure 3-Faulting regimes [Error! Reference source not found.] (Ahangari, 2017) 

 

     The X field was interpreted as having a Strike-slip mode. Consequently, the stress 

difference is highest for a vertical well compared to horizontal wells. The well 

pressure required to prevent a breakout is highest in vertical wells and usually 

decreases with increasing slope. However, for wells with a high slope, there is a 

strong azimuthal dependence. It may not be possible to use sufficiently high mud 

weights to prevent failure, and some breakthroughs must be allowed. Breakouts have 

generally been tolerated recently in high-slope wells due to problems with well 

cleaning and steering. The mud weight may not be able to be reduced in high 

inclination wells compared with vertical wells for these reasons. However, it may be 

possible to maintain the mud weight in use in the vertical wells through the 

overburden should more challenging well designs be proposed. 

 

     2.3 Sensitivity Analyses 

     Sensitivity analysis is a method for evaluating the constantability of a system. The 

sensitivity of each factor was developed by changing its meanings in a given values 

while keeping all other factors constant at their base value. Then there were created 

graphs, according to the equations that we found and these adjusted equations are 
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used to quantify the sensitivity of each factor. The sensitivity of displacement of the 

borehole walls is a criterion of stability to the factors of these types of rocks. 

     Also for more accurate results, we performed another sensitivity analysis. 

Sensitivity analysis was conducted with the @RISK Excel, a program that provided 

calculation of the risk severity using Monte Carlo simulations to show probabilities 

of specific input parameters. 

 

 

     2.4 Results and Recommendations 

 

     The final portion of this report will be the examination of results. Analysis will be 

based upon the findings from field background research, previous work, the stress 

analysis and the sensitivity results. Relationships between the stress anisotropy, 

acoustic properties and petrophysical properties will be discussed in an attempt to aid 

in optimization of the future drilling and completion designs. The analysis portion of 

the report will also provide recommendations for future work.  

MAIN PART 

 

     3.2 Well X-77  description 

 

The 16” section 

 

     The 16” section was drilled vertically with water-based mud (WBM), with mud 

weight increasing gradually from 1.25 SG at the start of the section to 1.40 SG once 

TD was reached at 1956 m MD. A drilling time summary of the 16” section is 

presented in Figure 4. Minor light spots were found on several short wiper trips in the 

Jurassic and Triassic periods, and some expansion was required. Some more stable 

bottlenecks, requiring both read and reverse flow, have been tested to the base of the 

Triassic. Small glasses, with rats of the order of 3.6 m3 / h, were also tested after 

drying in the upper Triassic.One logging run was carried out successfully (DLL-

MLL-MAC-DSL) and the 13 3/8” casing was run to TD twelve days after the section 

was started. 

 

The 12 1⁄4” section 

 

     The 12 1/
4” section of Well X-88 took 67 days to complete and for this reason it is 

presented on two drilling time summaries shown in Figure 5 and Figure 6. Losses 

were experienced throughout the section, although maximum rates of only 2 m3/hr 

were recorded. The drilling mud weight of 1.40 – 1.41 SG was used for drilling up to 
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the middle of Tartary, where the drilling mud density was increased to 1.48 SG. The 

site was drilled vertically to a depth of 4,674 m in the upper part of the Artinskoye 

after very slow drilling through the Irenskaya and Filippovskaya formations. 

Frequent bottlenecks, caverns, and the need for sweep and reverse sweep were 

observed at the base of the Triassic and in the upper part of Tartary, although these 

problems decreased in frequency after the mud weight was increased from 1.41 to 

1.48 s. Some bottlenecks and packages were also observed in the Irena formation. 

The frequent trips carried out in the second half of the section were mostly trouble-

free, and three logging runs (DLL-MLL-DSL-MAC; ZDEN-CN-GR; STAR-CBIL-

GR) were carried out with some overpulls noted. 

 

The 8 1⁄2” section  

 

     The 8 1⁄2” section was drilled with a mud weight of 1.18 SG (WBM) and was 

drilled vertically to a TD of 5275 m MD (cored from 5005 – 5188 m MD) with a 

maximum loss rate of 0.5 m3/hr. No problems were experienced while drilling, 

coring and during the multiple trips, and three logging runs were carried out 

successfully (DLL-MLL-DSL-MAC; ZDL-CN-DSL; STAR-CBIL-GR). On the 

fourth logging run the RCI tool became stuck in the Upper Serpukhovian and the 

cable was cut. Fishing operations were successful and the RCI log was re-run, 

followed by the MRIL logging string. The section was plugged and sidetracked. 

The X-88 STH well was launched in the 8 1/2 " well from a depth of 4986 m in 

the Lower Serpukhov and was built horizontally in the north-west azimuth. A brief 

description of the drilling time, showing both 8 sections 1⁄2” and 57⁄8”, is shown in 

Figure 5. 

     The short section was drilled from 4,986 m to 5,182 m in an 8 1/2-inch hole 

prior to launching the 7-inch liner. In this section, there were no obvious problems 

with the drilling mud mass (WBM) of 1.19 SG and the maximum loss rate of 1 

m3/hour. The well was then continued in a 5 7 × 8 inch well and drilled to TD 5716 

m MD in seven days using a drilling mud weight (WBM) of 1.08 SG. One trip was 

required due to a MWD tool failure, the chisel was marked as "rolled", and the string 

was found to be hanging while the slide was being drilled. However, no further 

problems occurred, and two runs of drill pipes (DL-ML-MEC-DSL-TERM; ZDL-

ZDEN-CN)were successfully conducted in the open well. 
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Figure 4-Well X-88- 16” Section  

 

 
Figure 5-Well X-88- 12 1/4” Section  
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`  

Figure 6-Well X-88- 12 1/4” Section  

 

 

 
Figure 7-Well X-88- 8 1/2” Section  

 

 

          3.3 Well X-77  Geomechanical Interpretation 

     The minor tight spots experienced in the 16” section may indicate a limited 

amount of wellbore failure (breakout) in the Triassic claystones. Initially, tight spots 

were experienced while pulling back through the top of the Jurassic and Cretaceous. 

However, it is noted that no circulation was carried out prior to pulling out of hole, 
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therefore the tight spots encountered may have been due to inadequate hole cleaning. 

No tight spots were seen to recur in the section; therefore failure was likely to be 

limited. The losses encountered in the Triassic are likely to be seepage losses to the 

frequent sandstone interbeds due to the mud overbalance. 

    The caliper was reviewed for the 16” section and is shown in Figure 4 along with 

the geomechanical model predictions for each section presented as a profile. It can be 

seen that the well becomes progressively more overgauge towards the bottom of the 

section, with the caliper reading up to 20” in places. This increase in hole size 

corresponds to a zone where a large extent of wellbore failure is predicted in the 

claystone / siltstones by the geomechanical model. It is also likely that there is an 

‘overprint’ from the reaming operations, where failed material will have been 

removed from the wellbore wall by mechanical disturbance and circulation. 

    The profile also shows the model forecasts for the 12 1/4-inch section. It can be 

seen that in the clays and siltstones of the III Triassic formation and in the Tatar 

deposit, a zone of excessive calibration is marked. The company said significant 

problems were noted when drilling the site, which included repeated bottlenecks, 

cavities, drag, and the need for expansion and reverse expansion. It is likely that 

extensive wellbore failure occurred in the area, although this was later stabilized 

when the weight of the drilling fluid was increased. CBIL log (round image of the 

well ) was run in a 12 1/4-inch section, although logging encountered difficulties and 

the log was not viewable. 

     The hole appears to be closer to the calibration in Kazansky, then increases in 

diameter in Irensky, which is due to the destruction of the clay layers in the salt. The 

upper part of the site was opened for 46 days during logging operations. Therefore, it 

is likely that the degree of well failure has increased over time, as well as as a result 

of disturbances during multiple trips. Such effects can be carefully analyzed, but the 

focus of the current work has been on identifying the underlying failure processes.     

Very few drilling problems were experienced in the 8 1/
2” section. However, a CBIL 

(Circumferential Borehole Imaging) was available for viewing, which indicated 

widespread destruction of the borehole throughout the section. An example of the 

extent of the breakout observed in the Upper Serpukhov is shown in Figure 9 for the 

zone between 4709-4714.8 m A.D. The lithology is described as dolomitic limestone 

in the composite log, and the caliper is also above the gauge in this section. The 

image log shows that the hole was intact in the Lower Serpukhovsky, although the 

underlying Upper vise and significantly failed. These observations are reflected in the 

model forecasts. 
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Figure 8- Model Prediction and Caliper Comparison for Well X-77  
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Figure 9-CBIL Log Showing Breakout in the Upper Serpukhovian of Well X-88  
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Database 

     The essential parameters for assessing the mechanical stability of a wellbore in 

any lithology are: 

- The depth trend of the magnitudes of the in situ principal stresses. 

- The depth trend of the azimuths of the in situ principal stresses. 

- The depth trend of the pore pressure. 

The properties describing the mechanical strength of the material.  

For this assessment, the main stresses at the site were assumed to be oriented 

vertically and horizontally, with the values of the vertical stresses being equivalent to 

the overburden pressure. These premises imply that the total stress field at a point is 

determined with knowledge of the 3 main stress values and the azimuth of one of the 

horizontal stresses. It is possible that the rotation of the stress axes in situ may occur 

near the salt wall. The degree of rotation is hard to obtain. On the other hand, due to 

the steep sides of both salt walls, the rotation is likely to be minimal, and the change 

in the behavior of each formation due to this will be taken into account during 

calibrating the model.      

Table 1- lithology, density of X-88 well 
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a. Stresses and Pore Pressure 

 

The processed Formation Integrity Test (FIT) and Leakoff Test (LOT) results 

were part of the data reviewed for this study by the company representatives. The 

dataset for the X Field is limited. The dataset reviewed included six FITs and one 

LOT.The resulting LOT and FIT pressures were then plotted and a trend line fitted to 

the data. This trend line was then used to give an approximate σHmin TVDbgl relation, 

which was used in the Salt-Free Model due to the location of the well that the tests 

were carried out in.  

Overburden    σhmin  = 2.526 ∙  TVDbgl     ,                          (1) 

where σhmin – minimum horizontal stress, psi; 

           TVDbgl  – true vertical depth below ground level, m. 

Reservoir   σhmin  =  2.348  ∙ TVDbgl .                               (2) 

The LOT, FIT values and σhmin TVDbgl trend by engineers of X-field used in 

each model are shown below in Figure 10 

 

Figure 10-The LOT, FIT values and SHmin TVDbgl trend  

 

 

b. Initial input data 
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Initially values of true vertical depth (TVD), vertical stress (σv), maximum and 

minimum horizontal stresses (σHmax, σhmin) given and provided by X-field engineers 

which is shown below in Table 2.  

Table 2- True vertical depth (TVD), vertical stress (σv ), maximum and minimum 

horizontal stresses (σHmax , σhmin) values. 

 

Porosity calculations: 

φ = (ρmat − ρb) ÷ (ρmat − ρfl) ,                                        (3) 

where φ – porosity, 

            ρmat – matrix density, g/cm3 

            ρb – bulk density, g/cm3 

            ρfl –fluid density, g/cm3 

            ρfl=1,094 g/cm3. 

 

Log density calculations: 

ρlog  = (σv2 − σv1) ÷ (8,35 ∙ 0,052 ∙ (TVD2 − TVD1))         (4) 
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where  ρlog– density of log, g/cm3 

Porosity from log density: 

φlog dens = (ρmat − ρlog) ÷ (ρmat − ρfl) ;                                    (5) 

where  φlog dens– porosity from log density 

Hydrostatic pore pressure: 

Pp1_hydro = 1 ∙ 8,35 ∙ 0,052 ∙ TVD                                               (6) 

Pp2_hydro = Pp1_hydro + 1 ∙ 8,35 ∙ 0,052 ∙ (TVD2 − TVD1)         (7) 

where  Pp _hydro– hydrostatic pore pressure, psi 

Theoretical porosity: 

φtheor  = 0,4 ∙ exp(−0,0002 ∙ (σv));                                           (8) 

Actual pore pressure: 

Pp_act = σv + (1/0,0002) ∙ LN(φlog dens ÷ 0,4)                                            (9) 

Uniaxial Compressive Strength: 

Table 3- Empirical relationships between UCS and other physical properties in 

sandstones. [Error! Reference source not found.] (D., 2006) 

 

 



 

 
31 
 

 

Table 4-Empirical relationships between UCS and other physical properties in 

sandstones. [Error! Reference source not found.] (D., 2006) 

 

Poisson's ratio: 

Poisson′s ratio = ((σhmin − Pp_act) ÷ (σv − Pp_act)) ÷ (1 + (σhmin − Pp_act) ÷

(σv − Pp_act))         (10) 

Young's modulus, GPa:  

Table 5-Young’s Modulus for different formations. [Error! Reference source not 

found.] (Ocak, 2009) 
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Table 6-Statistical relationships for estimation of modulus of elasticity for different 

geologic formations and all formations together [Error! Reference source not found.] 

(Ocak, 2009) 
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RESULTS 

 

     6.1.1 Offset Well Behaviour 

     When a well is drilled in a stressed environment, the stress around the well increases 

due to the removal of stress-bearing material existing at that location. Breakouts in a 

well are formed when the stresses near the well exceed the rock strength. A breakout 

within the sandstone blocks occurs only occasionally, and therefore, where intertwined 

sands and clays meet, a borehole profile is formed. This leads to problems with 

disconnecting, cleaning holes, and starting the casing. 

     Limited amounts of breakout in reservoir formations were observed on image logs. 

However, image log quality was variable due to observations many logs being pipe-

conveyed. Notwithstanding this, drilling problems within reservoir formations are rare, 

showing that breakout is not ‘progressive’ and stabilises providing that drilling 

disturbance in failed zones is limited.  

      

     6.1.2 Sensitivity analysis 

     A sensitivity analysis determines how different values of an independent variable 

affect a particular dependent variable under a given set of assumptions. In other 

words, sensitivity analyses study how various sources of uncertainty in a 

mathematical model contribute to the model's overall uncertainty. This technique is 

used within specific boundaries that depend on one or more input variables. [Error! 

Reference source not found.] (Kenton, 2019) 

     Sensitivity analysis is a method for evaluating the stability of a system. It links the 

uncertainty at the model's output to various sources of uncertainty at the model's 

input. The sensitivity of each factor was studied by changing its value in a given 

range while keeping all other factors constant at their base value. Sensitivity analysis 

describes the system sensitivity to a single factor.A real-world system character (such 

as wellbore stability in this study) is governed by several factors (in-situ stresses, 

geomechanical properties) with various physical quantities and units.  

     To calculate the displacement (𝑼𝒎𝒂𝒙 )of the well, the Equations 13-18 were used. 

The equations selected from a set of possible selected curves in order to estimate the 

displacement of the wellbore walls as close as possible to the numerical results. 

These adjusted equations are used to quantify the sensitivity of each factor. The 

sensitivity of the displacement of the well walls is a criterion of resistance to the 

factors of these types of rocks. The displacement of the well walls is practically not 

sensitive to changes in vertical stresses, so they are not shown in Fig.11. As expected, 

the displacement of the borehole walls increases (i.e. the stability of the well 
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decreases) due to an increase in internal stress and pore pressure, while an increase in 

the pressure of the drilling fluid or the pressure in the well reduces the displacement 

of the well walls (i.e., increases the stability of the well). As shown in Figure 8, an 

increase in the minimum horizontal stress led to a decrease in displacement, i.e., an 

increase in stability. An increase in the minimum horizontal stress resulted in a 

decrease in the displacement for the strong rock type in Figure 9. When the minimum 

horizontal stress increases, a more uniform stress field occurs, i.e. lithostatic stress 

field. This increases the stability of the well for weak rocks. Since the maximum 

horizontal stress in this analysis is constant, a greater increase in the minimum 

horizontal stress results in a higher stress concentration around the wellbore. This 

eventually led to higher displacements in the well wall, as it is increasingly controlled 

by plastic properties rather than elastic ones. The maximum horizontal stress appears 

to have a significant effect on the stability of the wellbore, as results change rapidly. 

𝑼𝒎𝒂𝒙 = (26.7 + 0.445 ∗ 𝑆ℎ𝑚𝑖𝑛 ) ∗ 10−3 +
9.63

𝑆ℎ𝑚𝑖𝑛
     

 
                                 (11) 

𝑼𝒎𝒂𝒙 = 10.4 ∗ 10−3 ∗ 𝑆 𝐻𝑚𝑎𝑥 − 0.4298                                                   (12) 

𝑼𝒎𝒂𝒙 = (1.27 ∗ 𝑃 𝑃
3

 − 97.1 ∗ 𝑃 𝑝
2 + 2217 ∗ 𝑃 𝑃 + 22400) ∗ 10−6      (13)                                                                                  

𝑼𝒎𝒂𝒙 = (534 − 8 ∗ 𝑃 𝑤) ∗ 10−3                                                                (14) 

𝑼𝒎𝒂𝒙 =
3.642

𝐸
                                                                                               (15) 

𝑼𝒎𝒂𝒙 = 0.11 ∗ 𝜈 + 0.22                                                                             (16)    

Shmin – Minimum  horizontal stress 

SHmax – Maximum  horizontal stress 

Pp – Pore pressure  

Umax – Maximum  wellbore displacement  
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Figure 11- Sensitivity analysis of in-situ stresses and pressures  

 

     Figure 12 shows the effect of geomechanical properties on wellbore stability. The 

increase in geomechanical properties reduced the stability of the wellbore in all cases, 

except for the case of the Poisson's ratio. Increasing the Poisson's ratio increased the 

displacement of the wellbore. Poisson's ratio is usually determined using well-

logging, fracturing data and core samples. In our case we found out using Eq(12). As 

all we know, Poisson’s Ratio, ν is the fraction of expansion divided by the fraction of 

compression. When a material is compressed in one direction, it usually tends to 

expand in the other two directions perpendicular to the direction of compression. 

Accordingly, as Poisson’s ratio increases, as the displacement of the wellbore 

increases.  

     Also in Figure 12 we can see how displacement changes within Young’s modulus. 

Elastic modulus is a number that depicts an object or substance's resistance from 

being deformed elastically (i.e., non-for all time) toward the force, when a force is 

applied to it. It is additionally known by various different names, for example, 

modulus of flexibility or Young's modulus. So, it increases the stress on an object,  

and decides how it strains (i.e twists) and by increasing Young’s modulus, the 

displacement of the wellbore decreases. . 
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     The exact solution for the most sensitive parameters cannot be given only on the 

basis of Figure 11 and  Figure 12, since the factors under study have different units of 

measurement and range of variation. Sensitivity analysis requires establishing a 

relationship between the studied factor (for example, the modulus of elasticity) and 

the nature of the system (for example, the stability of the wellbore).  

 

 
Figure 12-Sensitivity analysis of geomechanical factors  

     For more accurate results, we performed another sensitivity analysis. Sensitivity 

analysis was conducted with the @RISK Excel, a program that provides calculation 

of the risk severity using Monte Carlo simulations to show probabilities of specific 

input parameters. For each input parameter, probable ranges are determined by 

considering variations of input data as described in Table 7.   

 

Table 7-Input data ranges for the wellbore-stability sensitivity analysis 

  Actual Min Most 

likely 

Max 

Sh max, Mpa 607,1129 13,186 618,17195 1189,9809 

Pp_hydr,Mpa 257,7562 9,8268 262,27429 501,16753 

Sh min,Mpa 457,1712 17,429 465,18468 888,8994 

Mud pressure, Mpa 350,7246 12,375 352,00595 687,79303 

Poisson's ratio 0,356772 0,1957 0,3780594 0,496528 

Young's modulus, GPa 13,98268 1,3348 11,758382 28,854884 

 

     The breakout pressure (𝑃𝑏) is a criterion of stability in wellbore-stability 

sensitivity analysis.  To find breakout pressure Equations 19-23 were used. 
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𝑃𝑏 = 3𝑆ℎ𝑚𝑖𝑛 − 𝑆𝐻𝑚𝑎𝑥 − 𝑃𝑝                                                                                   (17) 

                                                                                      

 

 𝑆ℎ𝑚𝑖𝑛 =
(𝑆𝐻𝑚𝑎𝑥+2𝑃𝑝+𝑑𝑃+𝜎𝑑𝑇 )

3
  ;   𝑑𝑃 = 𝑃𝑚 − 𝑃𝑝                                                   (18) 

 

𝑆𝐻𝑚𝑎𝑥  =  
(𝐶𝑜+2𝑃𝑝+𝑑𝑃+𝜎𝑑𝑇)−𝑆ℎ𝑚𝑖𝑛(1+2𝑐𝑜𝑠2𝜃𝑏)

(1−2𝑐𝑜𝑠2𝜃𝑏)
 ; 2𝜃𝑏 =  𝜋 −𝑤𝑏𝑜 ;  𝑤𝑏𝑜  = 600   (19) 

 

     The probability of happening breakout in 10% and 90% values are simulated using 

@RISK Excel identify key driving factors at given uncertainties to prevent breakouts. 

The results of the probability density simulation are shown in Fig. 13. To prevent a 

breakthrough, a 10% value of 345 MPa was calculated, and a 90% value of 1298 

MPa.  

     It is necessary to evaluate the sensitivity of the output data to see the dominant 

parameters that affect the wellhead breakouts. In Figure 13, the tornado diagram 

shows that the most dominant parameters that affect the prevention of hole rupture 

are horizontal stresses, pore pressure, and UCS. Based on this sensitive analysis, the 

present study has focused on collecting baseline data, and future research should 

continue to focus on reliable geomechanical data and on-site underlying stresses. 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 Figure 13-Probability of breakout pressure. 
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A dimensionless sensitivity analysis on the stability of the borehole was performed. 

The extreme displacement of the borehole partition is chosen as the principle of 

immutability (i.e., wells with a higher displacement are considered unstable). 

dimensionless sensitivity analysis, using the hypersensitivity factor, allowed us to 

quantify the share of misconceptions in the way of thinking about the immutability of 

the wellbore, based on the discrepancy between the input geomechanical components 

and the stresses and pressures in place. As a result, it was found that accentuation at 

the highest level is practically an effective factor. due to the perpendicular borehole 

being a euphemistic former when looking at the most extreme level of accentuation, 

hawthorn will be common to the most extreme representation of accentuation, 

common to the axis of the borehole. Poisson matching always has a bit of an over-

sensitivity to the results. 

Risk analysis shows that the key parameters in determining the correct average 

weight to prevent well breakouts and tensile fractures are:  

- The in situ principle stresses magnitudes and orientations; 

- Uniaxial compressive strength; 

-  Pore pressure; 

- Internal friction angle of the formation; 

      

 

 

 

 

 

 

 

Figure 1- Contribution of various input parameters to minimum pressure 

to prevent breakouts 
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CONCLUSIONS AND RECOMMENDATION 

 

7.1  Conclusion 

 

- This work allows you to predict and prevent, reduce periods of wellbore 

instability in progression to reduce production costs and life-threatening 

conditions. The resulting collection region estimates and day-to-day production 

descriptions should be euphemistic in order to influence the variability of 

weather conditions in the wellbore. Geomechanical psychoanalysis has far-

reaching implications for reducing the duration of no-load production 

(NPT).The interpretation of the borehole condition for each position was based 

on the daily drilling reports, caliper logs and the interpretation of image logs. 

Test points within the geomechanical model have been graded for quality 

depending upon the amount of information that was available for each test 

point. The higher confidence test points are normally given to those where a 

problem is repeatedly seen, where caliper confirms reported problems or 

orientated four / six arm caliper or image logs are available. 

- A dimensionless sensitivity analysis is performed on wellbore stability. The 

maximum wellbore wall displacement is chosen as the stability criterion (i.e., 

wellbores with higher displacement considered more unstable). The results of 

this study may be used in oilfields planning. Taking into account the overall 

strength of the formations, engineers can plan on the number of needed 

geomechanical samples and tests for deriving the properties of the field, saving 

costs on low sensitive parameters and investing on most effective parameters.  

- Continuous updating of geomechanical models leads to more accurate 

predictions, therefore better models. 

- According to advise of field engineers some drilling guidelines supposed to 

mitigate: 

Hole cleaning: The emphasis while drilling sensitive formations should be to 

maintain a clean annulus to prevent packing off tight spots and stuck pipe.The key 

element in recognizing whether the hole is being cleaned properly is observation 

of the returns at the shale shakers. Any deviation from the normal trend must be 

reported to the drill floor immediately. This may indicate poor hole cleaning 

(reduction in cuttings) or hole instability (increase in cuttings, cavings). 

Circulation rates must be sufficient at all times to clean the hole but not to cause 

erosion of the sands particularly in the Jurassic.The actual flow rate will be 

established by experience, but it is recommended that the following minimum 

flow rates be used where it is known that breakout may be occurring. 
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ECD (Equivalent Circulating Density) Monitoring is the key to successfully 

drilling weak formations. It is best achieved by use of a PWD tool in the BHA 

(Bottom Hole Assembly) because any swab and surge incidents can be 

instantly seen and repetition avoided.It is also the easiest way to know whether 

or not the annulus is being loaded with cuttings or cavings. 
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Glossary 

 

Allowable damage angle:       The damage angle that a wellbore can tolerate while 

still able to be successfully cleaned. 

 

 

Breakout:                                 Compressive failure experienced in the wellbore wall. 

In anisotropic stress conditions this leads to wellbore enlargement in                                                                              

the minimum horizontal stress direction. In isotropic stress conditions breakout leads 

to a uniform wellbore enlargement. The failed rock forms carvings. 

 

Breakout mud weight:               The minimum mud weight that is accurate to prevent 

wellbore breakout. 

 

Cavings:                                     Rock that originates from the borehole wall cause of 

borehole instability. 

 

Compressive stress:                   Stress that squeezes and crushes sooner than pulls 

apart. 

 

 

Damage angle:                           Half of the sum of all angles subtended at the mid of 

the circular wellbore by circumferential arcs of breakout. 

 

Deviated well:                            Well with a trajectory with inclinations more than 

10°. 

 

Fracture initiation pressure:       The pressure at which new fractures are formed in 

undisturbed rock formations by tensile failure. 

 

In situ stress:                               Stress that is present naturally within a rock mass. 

 

 

Linear elasticity:                         Deformation that follows a linear relationship with 

applied stress. Once the stress is removed rock properties return to their original state 

providing the elastic limit has not been exceeded.  

 

Minimum safe mud weight:        The minimum mud weight required to prevent 

wellbore breakout (see breakout mud weight). 
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Offset well:                             An existing well considered to have penetrated 

sufficiently similar formations to those anticipated for the proposed well to be used in 

the design of the proposed well. 

 

Overburden stress (σV):         The vertical component of stress at a point due to the 

weight of overlying formations. 

 

Poisson’s ratio:                     The ratio of lateral elastic strain to longitudinal elastic 

strain experienced by an object undergoing elastic deformation. 

 

Pore pressure:                        The pressure of the fluid filling the formation porosity. 

This is known as formation pressure in non-reservoir formations and reservoir 

pressure within reservoir rocks. 

 

Principal stresses:                  Three orthogonal stress components that define the 

stress tensor at a given location, comprising the maximum stress magnitude, the 

minimum stress magnitude, and the intermediate stress magnitude. The 3 shear stress 

magnitudes reduce to zero in the principal stress directions. 

 

Strain:                                    The ratio of change in length to original length caused 

by applied stress. 

 

Strength:                                The property of a material that maintains the material in 

mechanical equilibrium when subjected to stress. 

 

Stress: A force (load) applied to an object expressed as magnitude per unit area. At a 

given location within the object the stress magnitude varies with orientation. Stress is 

described by 6 stress components, being 3 shear stress components and 3 normal 

stress components, all with potentially different magnitudes. Where the object is a 

body of non viscous fluid the shear stress components are zero and the normal stress 

components are all equal, in this special case stress is known as pressure. 

 

Stress path parameter, K: The ratio of change in effective horizontal stress to change 

in effective vertical stress. 

 

Tensile:                             Stress that pulls apart and separates. 

 

Tensile mud weight:         The mud weight at which new fractures are initiated. 

 

Tensile failure:                  The breakdown of the fabric of the material leading to     

fractures caused by stress components pulling the material apart and exceeding the 

tensile strength of the material. 
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Tornado diagram:            A common tool used to depict the sensitivity of a result to 

changes in selected variables. It shows the effect on the output of varying each input 

variable at a time, keeping all the other input variables at their initial (nominal) 

values. 

 

Uniaxial:                         Having one axis. With reference to rock mechanics, 

‘uniaxial’ refers to the application of stress in one axis only, normally the long axis of 

a core specimen with no stress applied in the other axes, i.e. around the core 

specimen. 

 

Uniaxial compressive strength (Sc): Strength value derived from uniaxial 

compressive testing of prepared core samples. Correlation exists between wireline 

logging measurements and Sc. Strength is typically measured in psi 
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ABBREVIATIONS 

 

B                           Breakout test point 

CALI                    Single arm caliper data 

DA                        Wellbore damage angle 

ΔP                         Change in Formation Pressure 

Δt                          Delta t (sonic interval transit time) 

ECD                      Equivalent circulating density 

EMW                    Equivalent mud weight 

FIT                        Formation integrity test 

ft                            Feet 

GR                        Gamma ray 

LCM                     Loss circulation material 

LO                         Losses test point 

LOT                      Leak off test 

MD                        Measured depth 

MPa                      Mega (x106) Pascals 

ν                             Poisson’s ratio 

NB                         No breakout test point 

NOLO                   No losses test point 

NOT                      No tensile failure test point 

Nphi                      Porosity data 

OBM                     Oil based mud 

OK                         No geomechanical stability issues, test point 

POSNB                 Possibly no breakout test point 

PP                          Formation pore pressure test point 

Pp                          Formation pressure 

ppg                        Pounds per gallon 

psi                         Pounds per square inch 

Rhob                    Bulk density 

SC                        Uniaxial compressive strength 

SG                        Specific Gravity 

σHmax                 Maximum horizontal stress 

σHmin                  Minimum horizontal stress 

σV                        Vertical stress 

T                          Tensile failure (breakdown) test point 

TD                       Total Depth, either hole section TD or total depth of the well. 

TVDRKB           True vertical depth relative to RKB 

TVDss                 True vertical depth relative to mean sea level (sub sea) 

UCS                     Uniaxial Compressive Strength 

WBM                  Water based mud 
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OFFSET DATA USED IN DIPLOMA PROJECT 
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          LOG DATA REVIEW OF X-88 WELL 
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        Figure B1. Depth plot on well X-88 
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Figure B2. Log data on well X-88 
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Figure B3. Borehole images showing breakouts are the result of high horizontal 

stress in the field. The image is from well X-88. 
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