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Abstract 
 
 
 

Well No.2 is a well at Block CA-2 deepwater Brunei where it is located in the east of 

Block CA-1 and west of Block SKE (Malaysia) and is about 100 km from Brunei 

shore. The sediments in Block CA-2 have thicker, young sediments which ranging in 

age, mainly derived from late Miocene to present Baram Delta. The reservoir is 

deepwater turbidite sandstone and source rocks are present within turbidites and 

Mass Transport Deposits deposition. Unique combinations of temperature and 

pressure, young formations and potential shallow flow zones have driven the design 

of cement properties to overcome these challenges.  

 

 

The purpose of this study is to investigate and determine causes of cementing 

failures encountered during the actual cementing jobs in deepwater Brunei, where 

cements slurry was found to be soft and took longer time to harden, which 

contributes to high non-productive time. Recommend optimum strategy or process is 

also implemented for future operation. The Ishikawa Diagram was employed to list 

down possible causes of the cementing failure. Each possible error was further 

analysed through laboratory test. 

 

 

In short, analysis of cementing failure led to the awareness that reassessment of 

cementing program is required to determine the nature of the poor cement job. This 

thesis also describes the importance of using lightweight cement and constant 

monitoring of laboratory test, mechanical operations and Equivalent Circulating 

Density to minimise the severity of cement failure. 
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CHAPTER 1 

 

1. INTRODUCTION 
 

 

Cementing is used as a seal between casing and borehole to avoid the fluid flow into 

the formations behind the casing and also as a remedial work in producing wells. 

Nowadays, deepwater activities are attracting attention of oil companies in this 

region due to unexplored activities. Declining revenue from shallow water and 

onshore sources has driven many companies to seek oil in deeper waters despite the 

cost of operation. Physically, deepwater is defined as the water depth of greater than 

400 m based on typical industry standards [1]. Geologically, deepwater environments 

have very young sedimentary sequences. Cementing jobs in deepwater environment 

is very challenging due to extreme conditions such as low temperature, weak 

formations, vibrations caused by currents and shallow water or gas flow which needs 

to overcome.  

 

 

It is important to have an extensive laboratory test with deepwater reservoir 

conditions before setting the cement to avoid problems during the drilling operation. 

Different methods on collecting accurate subsurface information as well as 

correlating the collected data with the laboratory conditions lead to the selection of 

the cement. This need to be reviewed to optimise and enhance the performance of the 

cement to avoid loss of time due to high daily rate in deepwater drilling rigs. 

 

 

This project focuses on reviewing the current cementing challenges and issues at 

Well No.2 in Block CA-2 deepwater Brunei region. This is followed by assessment 

of their performance while determining the causes of any failures that is related to 

cement job. Based on this study, an optimum cementing process will be implemented 

and recommended for this region. 
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1.1. BACKGROUND STUDY 

 

 

1.1.1. Deepwater Brunei Regional Settings 

 

Brunei Darussalam is located on the northwest coast of Borneo, near the equator. 

The country is bounded along the southern and eastern sides by the Malaysian state 

of Sarawak. Block CA-2 is located in the east of Block CA-1 and west of Block SKE 

(Malaysia) and is about 100 km from the Brunei shore. The nearest fields that have 

similar geological settings are located in Sabah Basin which is also known as NW 

Borneo Basin. 

 

 

Based on the basin formation, Sabah Basin forms part of the South East 

Asian (SEA) Tectonic Province. Discussed by Tapponier et al, the collision between 

the Indian Plate and Eurasia which was started 50 Ma are the results of the SEA 

Tectonic Province [2]. The second collision between the Dangerous Grounds and the 

South Borneo Block which is known as the Sabah Orogeny, gave rise to the younger 

Crocker Fold and Thrust Belt at around Mid Miocene. Hall et al said that the 

collision between the Australian Plate and Borneo is thought to result in a counter-

clockwise rotation of the latter [3]. 

 

 

The deepwater sediments in CA-2 Block have thicker, young sediments 

which ranging in age, mainly derived from the late Miocene to present Baram Delta. 

The reservoir is deepwater turbidite sandstone and source rocks are present within 

turbidites and Mass Transport Deposits (MTD), which transported organic matter 

from the shelf to the slope.  
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1.1.2. Block CA-2 Deepwater Brunei Cementing Strategy 

 

Unique combinations of temperature and pressure, young formations and potential 

shallow flow zones in deepwater, has driven the design of cement properties to 

overcome these challenges. Generally, using normal cement slurries could be 

problematic at shallow zones because of narrow margin between the pore pressure 

and fracture gradient. Hence, other alternatives should be used. Lightweight cement 

slurry exhibits no free fluid, excellent fluid loss control, short time of wait-on-cement 

time at low temperature and a shortened transition time of gel strength [4]. Therefore 

ideal cement must be designed to have the compatibility with deepwater conditions 

such as lightweight cement slurry as it can set quickly and develop high strength.  

 

 

With very young age formations, rocks will have a very low degree of 

compaction and solidity, hence very friable and prone to failure. The cementing 

strategy of Well No.2 at CA-2 block deepwater was divided into two. Firstly, 

lightweight slurry were used as the cement design to complete the cementing 

operation without losses at shallow zone of narrow margin between the pore pressure 

and facture gradient. Secondly, Conventional API Class G Cement was used as 

primary cement plan subjected to laboratory analysis and simulation test. Properties 

of these cements are explained more in detailed in Literature Review in Chapter 2 

and Results and Discussion in Chapter 4. 

 

 

Two specific problems encountered during cementing job at Well No.2 are 

Lost Circulation Plugs (LCP) and 7” liner cementing job. Both cement jobs took a 

very long time for cement slurry to harden compared to thickening time laboratory 

results and this contributes to high Non Productive Time (NPT) which means the 

time losses during operation. 
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1.1.3. Cementing Challenges in Deepwater Brunei 

 

Drilling in deepwater is more risky than shallow water because pressure, temperature 

and depths involved are greater, hence causing complication to access the blow out 

preventer and well for repairs if problem occurs. 

 

 

Features of Brunei deepwater are: 

 

a. Cold temperature especially at seabed area (4°C), 

b. Normally pressured, 

c. Young poorly consolidated formations with probability of shallow flow water 

or gas, 

d. Gas hydrates, and  

e. Narrowly margin between pore and fracture pressures.  

 

 

Environmental conditions may significantly affect the performance of the 

cement. Low temperature slows down the hydration process, comprising gel and 

compressive strength development, which are essential to prevent fluid migration 

and providing well structural support. On the other hand, high temperature sharply 

reduces cement strength and durability. From PETRONAS standards, at high 

temperature of about 110°C, Calcium Silicate Hydrate (C-S-H) will become high 

ratio of CaO-SiO2 C2-S-H, which reduce the cement strength [5]. These are 

explained more on cement hydration process section under literature review section.  

 

 

Both low and high temperature encountered in deepwater region requires careful 

design. This relates to Wait-On-Cement (WOC) time and remedial cementing works 

due to cement failure which is critical in cementing. The aim is always to reduce the 

time as operating cost of the drilling rig is very high in deepwater. 
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1.2. PROBLEM STATEMENT 

 

 

Cementing is one of the main critical sequences in drilling operation. Proper cement 

setting between the casing and the formation is very important and hence study and 

analysis of potential obstacles are crucial. This has to be done in the early stage of 

the field development because any miscalculations or design errors would lead to 

unnecessary Non Production Time and may have an impact on the setting of the 

casings. 

 

 

Accidents such as the 2010 Macondo incident in the Gulf of Mexico have 

resulted in severe blowout and loss of lives [6]. This later had been identified due to 

cement failure. Having bad cement can be disastrous not only to the surrounding 

environment but also to the well’s structure. Some of the consequences of having bad 

cement job are: 

 

 

1. Leak between casing and formation 

2. Soft cement (not enough strength to support the casing) 

3. Loss of wells 

4. Affect the company’s reputation 

5. Loss to the human life. 

 

 

There are two major factors that may cause the failures of cementing job. 

Human errors in cementing operation such as inconsistent amount of additives and 

mixwater can lead to inconsistent cement quality as compared to the laboratory 

results. Another reason is the inability to correlate the actual pressure and 

temperature accurately hence wrong pressure and temperature used in the laboratory 

testing could lead to wrong cement design. With potentially large reserves in 

deepwater region, it is important to assess current performance applied to the 

cementing and identify the main factors, which cause the failures. Therefore 

appropriate optimum cementing strategy must be implemented. 
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1.3. OBJECTIVES 

 

 

The main objectives of this project are to: 

 

1. Assess the geological behaviour formation properties over the depth of 

deepwater Brunei 

2. Analyse root causes that lead to potential failures of cementing operation 

3. Recommend possible techniques to overcome the cementing failures. 

 

 

Timeframe 

 

Below is the timeframe for this thesis. 
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CHAPTER 2 

 

2. LITERATURE REVIEW 
 

 

2.1. DEEPWATER OVERVIEW 

 

 

Nelson et al 2011 mentioned that deepwater reservoirs are commonly formed as a 

result of a complex interplay of sea-level fluctuation, high sediment yields from 

major rivers, tectonics and seafloor topography. It is an offshore area where the 

physical features of its environment is based on the water depths that is more than 

400 metres at the edge of flat area of the continental shelf adjacent to the continental 

slope [7].  

 

 

 
Figure 2.1: Depositional Model [7] 

 

 

Temperature of deepwater environments is very low and has thermocline 

behaviour when plotting the increasing temperature against increasing depth from the 

surface as stated in SPE 91002 [8]. Thermocline behaviour is when the temperature 

initially declines very quickly with depth. As depth increases and gets nearer to 

seabed, this thermocline will drop slowly as shown in Figure 2.2. 
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Figure 2.2: Temperature versus Depth in Deepwater Environment (Thermocline) [8] 

 
 

Mass-Transport Deposits (MTDs) as shown in Figure 2.3 were understood to 

have a major impact on the deepwater settings and they are mainly from the sediment 

gravity flows process such as slumps and debris slide. Furlow 1998 stated that 

turbidite system refers to a depositional body that contains graded sand, silt, and mud 

beds deposited by turbidity currents. This results in the thinly bedded formations [9]. 

 
 

 

Figure 2.3: Combination process of MTDs and Tubidity [9] 
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The presence of gas hydrates and Shallow Water Flows (SWFs) are normally 

located at the seabed or in shallow sediments below the seabed. Gas hydrates are ice-

like solids that formed from the turbidite sands, which provide the source of methane 

from land plants. These hydrates will occur due to capillary effect in coarse-grained 

sands at lower pressure while at high pressure in clay sediments. SWFs are water 

flow at the depth just below the seafloor. Brennan 2011 quoted that the formation of 

SWFs occurred in the Gulf of Mexico is from a rapid deposition of turbidite sands at 

a steep angle of between the continental shelf and the deepwater basin [10]. Coarsely 

graded sands deposited on the continental slope. 

 

 

2.2. CEMENTING OVERVIEW 

 
 
Deepwater drilling must overcome more technical challenges than shallow water 

drilling because of the much greater ocean depths is involved. Deepwater drilling is 

more expensive than shallow water drilling and some of the contribution factors are 

from the platform of drilling rig and high technology used to overcome the 

challenges such as lightweight design cement [11].  

 

 

Well cementing is a critical aspect of well construction. In the case of onshore 

and shallow water, cementing is more straightforward. In deepwater, it is essential to 

recognise the constraints for cementing and cement need to be carefully planned 

because of the unique deepwater conditions. 

 

 

Design engineers must know the formation in order to put all the important 

aspects of the cement design process. Slurry is tested extensively in laboratory to 

ensure that it will perform as expected at downhole conditions. In real situation of 

deepwater environment, abnormal temperatures will be confronted such that a 

normal temperature on surface will decrease rapidly towards the seabed and increase 

below the seabed. This causes complications when pumping the cement slurry, as it 

is exposed to these temperatures. Another critical aspect in cementing operations is 
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the lost circulation as this can cause Non Productive Time at deepwater drilling. The 

usual criteria that is associated with lost circulation in deepwater and not in shallow 

water are the shallow water flow and gas or salt zones that can be thousands of feet 

thick [12]. Drilling and cementing on these fragile zones can have total losses and 

design engineer must consider these challenges. 

 

 

Another feature of deepwater is the tight window between pore pressure and 

fracture gradient. The cementing engineer must carefully balance the cement design 

to achieve the ideal density, viscosity and slurry properties and also the spacer to 

remove the drilling mud and displace it with the cement slurry during operation [12]. 

Many operators have experienced in casing failures due to bad cement job which 

leads to cement sheath failures. These are the results from failure in proper pre-

cementing job planning and optimal designed cement slurry that can have a high 

impact on the real drilling situation. 

 

 

2.3. CEMENTING JOBS 

 

2.3.1. Primary Cementing 

 

As mentioned in cementing section in Heriot Watt University book that the process 

of a primary cementing is to place cement around the casing immediately after it has 

been run into the hole [13]. To achieve this, the cement has to be pumped down the 

casing, through the casing shoe and up into the annulus with the help of other fluids 

such as mud and spacer. Due to the fluids involve during cementing, primary 

cementing is all about displacing the fluids. Firstly, the casing and annulus will be 

cleaned by circulating the mud followed by releasing the wiper plug to provide 

physical separation between the displacing fluids of mud and cement slurry. Spacer 

is pumped to clean the mud to avoid contamination with displacing cement slurry. 

With the correct sequence, the objective of a primary cement job will be achieved by 

placing the cement slurry in the annulus behind the casing.  
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2.3.2. Secondary Cementing 

 

Secondary cementing is the process by which cement slurry is forced into place in 

order to carry out remedial work such as repair casing leaks, seal off gas or water 

zones and curing the fragile formation. These cement jobs are often called squeeze 

cement jobs because they involve cement being forced to cure leak casings or lost 

zones. During squeeze cementing the pores in the rock rarely allow whole cement to 

enter the formation since a permeability of about 500 darcies would be required for 

this to happen. There are two processes by which cement can be squeezed (Heriot-

Watt 2011 [13]): 

 
 

1. High pressure squeeze is a technique requires that the formation be fractured 

which then allows the cement slurry to be pumped into the fractured zone. 

 

2. Low pressure squeeze is a technique where the fracture gradient of the 

formation is not exceeded.  

 

 

Figure 7.2 and Figure 7.3 shown in Appendix 7.2 and 7.3 are the steps of primary 

cementing and secondary cementing.  
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2.4. CEMENT PROPERTIES 

 

 

2.4.1. Density 

 

Slurry density need to be controlled depending on the surface and downhole 

conditions because loss circulation can happen during cementing. According to 

Schlumberger, two parameters that can alter the density of the cement slurry are the 

amount of mixwater and the additives [14]. Density slurries used are usually in the 

range of 10 to 18.5 ppg.  In deepwater region where there is a narrow margin of pore 

pressure and fracture gradient near the seabed due to unconsolidated formation, the 

maximum density of the cement must be limited to avoid kick and formation 

damage. 

 

 

2.4.2. Thickening Time 

 

Define by American Petroleum Institute 1995, thickening time of cement slurry is 

the time during which the cement slurry can be pumped as it remains in a fluid state 

and can be displaced into the annulus [15]. It is one of the important properties of 

cement slurry because it can have an impact on the drilling operation and economics. 

A short thickening time will results early cement setting inside the casing, tubing or 

drill pipe while it is still being pumped. On the other hand, a long thickening time 

will be costly due to delayed cement setting and potentially contaminated by 

formation fluids. 

 

 

A value of 100 Bearden units of consistency (Bc) which is approximately 

equal to a viscosity of 100 poise will be the maximum target value as the cement will 

not be pumpable according to API Specification 10A and value of 70 Bc will be the 

minimum for deepwater [16]. Consistometer is a device used to measure the 

thickening time. Thickening time is also affected by temperature, pressure and fluid 

loss in the wellbore condition and this condition will be simulated along with the 

formulated cement slurry in a laboratory test before the operation is performed. 
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2.4.3. Rheology 

 

Rheology is an important property of drilling muds, drill-in fluids, workover and 

completion fluids and cement. The two standard rheological models used in drilling 

engineering are Bingham Plastic and Power Law models. These two models are non-

newtonian fluids which is shown in Figure 2.4 are shear-rate dependent and used to 

approximate the pseudoplastic behaviour of drilling fluids and cement slurries 

(Heriot-Watt 2005 [13]). 

 

 

 
Figure 2.4: Shear Stress vs Shear Rate of Non-Newtonian Fluids [13] 

 
 
 

Rheology of cement is complicated because of the difficulty in simulating the 

downhole temperature and pressure and also hydration reaction especially in 

deepwater environment. But since cement slurries commonly behave as Bingham 

Plastic fluids as shown in Figure 2.5, it can flow in the pipe with either in laminar or 

turbulent flow. The Plastic Viscosity (PV) and Yield Point (YP) can be obtained 

from a rotational viscometer when running a laboratory test but these predictions 

should be used with care. 
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Figure 2.5: Shear Stress vs Shear Rate for Bingham Plastic Fluids [13] 

 

 

Good rheology will play an important role due to the efficiency of the mud 

removal and cement displacement. Some influential parameters that affect the 

rheology are the cement density, dispersant, retarders, solid contents and the ratios of 

cement components. 

 

 

2.4.4. Compressive Strength 

 

Compressive strength of set cement is the stress required to cause failure of the 

cement under uniaxial compressive load (Schlumberger [17]). This idea is generated 

to monitor the stability of the set cement and determine the sufficient amount of 

compressive strength that is considered to be enough to support a casing string and to 

allow drilling to proceed without damaging the cement sheath due to vibration. 

Compressive strength is dependent on the temperature, pressure, amount of mixwater 

added and elapsed time since mixing.  

 

 

A value of 500 psi is accepted by industry as the minimum value of 

compressive strength required before drilling could proceed (Heriot-Watt 2005 [13]). 

Different class cement will have different rate of strength development, 
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concentration of additives and curing temperature. Wang et al 2009 mentioned that it 

is vital for the deepwater cement slurry to develop rapidly with satisfactory 

compressive strength at low temperature, so that subsequent operations can be 

carried without delay and reduce the daily rig cost [4]. Figure 2.6 below shows the 

compressive strength development of cement class A. 

 

 

 

Figure 2.6: Compressive Strength Development of Class A [17] 

 

 

 

Figure 2.7: Comparison of Compressive Strength between Deepwater Cement Slurry and 
Conventional Cement Slurry at Different Temperature [4] 
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Figure 2.7 shows the 24 hours strength of deepwater cement slurry is larger than the 

conventional cement slurry at the curing temperature range of 4°C to 24°C. It was 

revealed in SPE 125405 that deepwater cement slurry has excellent low temperature 

early strength behaviour and its compressive strength of set cement is also higher 

than of the conventional cement slurry [4]. 

 

 

2.4.5. Fluid Loss 

 

Fluid loss is a dehydration process and fluid loss rate is a rate at which water is 

forced out of cement slurry when it contacts permeable formation (Schlumberger 

[17]). Fluids in the cement are very important because the slurry need to be 

pumpable, while maintain its properties and complete the hydration process. 

Therefore the water:cement ratio need to be determined to prevent dehydration 

process of the cement. Wang et al 2009 quoted that the API fluid loss values for 

deepwater cement slurries are less than 50 mL in 30 minutes [4]. 

 

 

Some effects of fluid loss are the presence of cement bridges in narrow 

clearance area such as the liner and formation damage due to fluid loss to the 

formation, which after a long time build up the mud cake on the surface of the 

formation. 

 

 

2.4.6. Free Water 

 

Free water is the excess water during the hydration process of the cement. The slurry 

should exhibit no free water because it will reduce slurry volume and the pressure in 

the cement will drop. O’Leary et al 2004 stated that this could lead to an influx of 

reservoir fluids into the annulus and zonal isolation [5]. The maximum amount of 

free water for specific cement are usually determined in the laboratory test depends 

on the API Specification 10A to avoid channelling or layer of free water (water 

pockets) between the casing and the formation as this will impair the zonal isolation 

especially in the presence of high pressure gas bearing formation. 
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2.5. CEMENT HYDRATION PROCESS 

 

 

Cement has a clinker grain structure when without water; anhydrous, and it is made 

up of the mixed components of Portland cement as shown in Figure 2.8. Winter 

mentioned that majority of the materials contain silicates of about 80% [17]. When 

water is mixed (hydration), it involves many different reactions and this divided into 

four different phases as in Figure 2.9. This hydration process will bond together the 

individual sand and gravel particles and other components associated to the concrete 

to form a solid rock. 

 

 

 
Figure 2.8: Clinker Grain Structure wit Components of Portland Cement [17] 

 

 

I. Wetting 

 

The most reactive component in anhydrous state is the C3A. When contact with 

water, an instant exothermic process causes the C3A and C2A to react to form a gel. 

 

 

II. Induction 

 

From the reaction of wetting phase, the gel produced is the Calcium Silicate Hydrate 

(C-S-H) gel, which is semi permeable that acts as a protective coat shown in Figure 

2.10. During this period, the cement remains fluid and has low activity of heat. 
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Between the Induction and Setting 

 

It is during this period that the maximum heat evolution occurs after mixing and 

cement starts to thicken as shown in Figure 2.9. Depending on the composition in the 

cement, the cement strength can be accelerated and decelerated during this period 

and this is known as the Critical Hydration Period (CHP). 

 

 

III. Setting 

 
After the heating process, the percentage of the hydrated cement increases, hence 

cement starts to thicken and the heat flow is reducing. 

 

 

IV. Hardening 

 
During hardening process, the strength of the cement will still increase. The heat 

flow start to stabilise at very low heat and the reactions slow down which eventually 

ends the hydration process, hence no more further reaction. 

 

 
Figure 2.9: Hydration Process of Cement [17] 
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2.6. CEMENT ADDITIVIES 

 

 

2.6.1. Accelerators 

 

A conventional method of shortening the Waiting-On-Cement (WOC) times of the 

cement slurry and improve the early compressive strength of cement is by using the 

accelerator. Concentration of the accelerator depends on the environment condition 

of the operation which affected the hydration period of the slurry. Table 2.1 below 

are different types of accelerators. 

 

 

Table 2.1: Different Generic Types of Accelerators 

Inorganic halides CaCl2, NaCl, NH4Cl, KCl, Nal and NaBr 

Salts of formic acid HCOONa, (HCOO)2Ca 

Alkali salts of Nitrogen oxyacids NaNO3, KNO3, NaNO2 and Ca(NO3)2 

Miscellaneous organics Tri Ethanol Amine 
 

 

Some of the mechanism actions that can be done by the accelerators are 

increasing the permeability of the C-S-H gel envelope and increase the rate of OH- 

Efflux by counter-diffusion of Cl- or similar small anion as in Figure 2.10. 

 
 

 
Figure 2.10: Mechanism of Accelerators on Hydrate Morphology and Ion Flux [17] 
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Lightweight slurry is required in low temperature deepwater environment 

near the seabed and this slurry usually takes longer time to set depending on its 

formulated high water to cement ratios. Rae et al 1998 mentioned that in theory, 

adding accelerators will improve the WOC but this is not the case with lightweight 

slurry. Therefore adding special additives with a combination of accelerators will 

then improve the situation [8]. 

 

 

2.6.2. Retarders 

 

Main function of retarders is to increase the thickening time of the cement slurry 

during the CHP of the cement hydration process. In deepwater below seabed 

environment, there will be an increase in temperature as the depth increases. This 

high temperature will reduce the cement slurry's thickening time and retarders are 

used to avoid the early cement setting and extend pumpable time. Table 2.2 below 

shows different types of retarders. 

 

 

Table 2.2: Different Generic Types of Retarders 

Lignins R-1, R-3, R-5, R-8 

Sugars / Organic Acids R-14L, R-7 

Inorganics NaCl, Zno, KF 
 

 

One of the principle mechanisms for retarders is the precipitation theory 

where the additives react to form insoluble precipitate as in Figure 2.11. This acts as 

a gel membrane that hinders the movement of cement and mixwater ions across the 

membrane. 
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Figure 2.11: Mechanism of Retarders on the Precipitation Theory [17] 

 

 

2.6.3. Dispersants 

 

Dispersants is a liquid used to disperse small particles in a medium. Addition of 

dispersants in the cement slurry will reduce the viscosity, friction pressure and 

critical pump rates, hence improving the flow properties of the slurry that enable 

higher pumping rates when displacing the cement (Schlumberger [18]). It is also 

used to improve the fluid loss control and enhanced the existing retarders additive.  

In deepwater environment where the cements are lightweight, the function of the 

dispersants is to prevent the development of high Yield Point (YP) and Plastic 

Viscosity (PV) values found in the cement slurries. 

 

 

Different types of dispersants are: 

 

Table 2.3: Different Types of Dispersants 

Lignins R-1, R-3, R-5, R-12L, R-15L 

Sugars / Organic Acids R-23L, R-7, D-Glucono-d-Lactone 

Inorganics NaCl 
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2.6.4. Fluid Loss Additives 

 

By adding fluid loss additives, the viscosity of the cement and density will be 

maintained and therefore reduce the loss of fluid or prevent dehydration of the slurry. 

This loss of fluid from the cement slurry will transfer the fluid to the pores of the 

formation when the formation has a high permeability. As time goes by, the fluid 

will build up at the formation and produce a mud cake, hence damage the formation.  

 

 

Fluid loss also leads to lost circulation which increases the slurry density and 

at the same time changes the rheology and thickening time. Fluid loss usually 

requires squeeze cementing because the amount of water loss needs to be reduced in 

order to for the cement to be squeezed before the filter cake builds up. 

 

 

2.6.5. Antifoam 

 

Foams are often formed during the mixing of cement with mixwater containing 

additives such as the retarders, salts and fluid loss additives and this will cause 

problems to the performance of the cementing job due to the difficulties in handling 

and pumping the cement (Schlumberger [18]). Therefore antifoams are used during 

the preparation of a treatment fluid or slurries at surface before other chemicals are 

added. 

 

2.6.6. Gas Suppression 

 

Gas suppression cement additive is to prevent gas migration depends on the drilling 

environment conditions. Schlumberger have used three gas suppression cement 

additives that is design to adapt in high, medium and low temperature [19]. Low 

temperature gas suppression can be used in deepwater low-temperature area ranging 

from 0 to 71°C. During CHP, it creates a gel like impermeable cement filtercake 

barrier that prevents annular gas migration into the cement slurry. Two factors that 

need to be determined to stop the migration of gas are the Bottom Hole Circulating 

Temperature (BHCT) and slurry solid volume fraction [19]. 
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2.7. CEMENT SLURRY DESIGN (LABORATORY TEST) 

 
 
Cement slurry should be tested and simulated with downhole conditions in the 

laboratory in order to reduce uncertainties during actual cementing. There are six 

standard tests that need to be run in the laboratory and they are 

 
 

1. Density, 

2. Thickening time, 

3. Rheology, 

4. Compressive strength, 

5. Fluid loss and 

6. Free water 

 

The methods of each test are explained in Appendix 7.4 

 

 

2.8. TYPES OF CEMENT FOR DRILLING 

 

 

2.8.1. API Class G Cement 

 

Class G oilwell cement is a standard cement used widely in most industries which 

are compatible with most additives such as accelerators and retarders. It can be used 

over a wide range of temperature and pressure and compose of only one solids as 

shown in Figure 2.12 that needs water to flow as a slurry (Schlumberger 2003 [20]). 

Class G cement are the products obtained by grinding Portland cement clinker 

consisting essentially hydraulic calcium silicates, where only calcium sulphate and 

water are used when blending with clinker during manufacture [16]. 
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Figure 2.12: Standard Cement Slurry G [21] 

 

 

2.8.2. Lightweight Cement 

 

Lightweight cement is used depending on the conditions of the environment of 

drilling operation. Majority of this cements are used in deepwater environment. The 

reason for the use of lightweight cement as mentioned by Rae et al 1998 is that the 

formation of deepwater environment can be very friable and prone to failure where 

the margin between the pore pressure and fracturing gradient are narrow [8]. Some of 

the successful lightweight cement have been adopted in deepwater wells are foamed 

cement and particle based cement. 

 

 

2.8.2.1. Particle Based Cement 

 

Particle Based Cement (PBC) is a design that involves in blending variety of sized 

cement particlesas shown in Figure 2.13. The particle size distribution of these size 

particles is selected carefully to ensure that the final blend has a high final solid 

content [8]. Due to its packing efficiency, it needs low water content because of less 

additive concentrations to mix, reduction in fluid loss and free water due to the lower 

porosity and permeability of the cement (Schlumberger 2003 [21]). 
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As cited by Schlumberger 2003 that the benefits of using this cement are to 

improve the cement setting especially in low temperature deepwater environment 

[21]. Low temperature slows down the hydration process, compromising gel and 

compressive strength development. It also quickens the compressive strength 

development and improves the resistance from the shallow flow water or gas effect. 

On the other hand, the concept of particle based cement systems is inflexible because 

they need a specific solid volume fraction to handle with the situation associated. 

 
 

 

Figure 2.13: Particle Based Cement [21] 

 
 

2.8.2.2. Foamed Based Cement 

 

Foamed Based Cement (FBC) is a lightweight cement system that is designed due to 

limited pore pressure and fracture pressure in the formation below the seabed to 

isolate the hydrocarbon bearing sands at the bottom of the well without fracturing the 

fragile formations especially in deepwater. This system contains a base cement slurry 

mix with gas, usually nitrogen and surfactants as in Figure 2.14 (Ian et al 2000 [22]). 

 

 

The low density of the gas allows foamed cement slurries to be formulated 

with good quality, relatively dense, base slurries, to assure good setting 

characteristics and excellent mechanical properties of the foam, once set foamed 

cement requires careful coordination and control to ensure that base cement slurry 

and gas are mixed together in a correct proportions.  
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Figure 2.14: Foamed Based Cement [22] 

 

 

Some of the benefits of using foamed based cement are when the well is 

subjected to stress due to thermal effects. Ductility of the cement can compromise 

the bonding and sheath integrity which is better than normal cement. Nelson et al 

2011 cited that it can also be compressible which allows it to expand slightly to 

compensate for volumetric changes caused by leakoff and cement hydration [8]. The 

problem that can occur is that isolated bubbles in the foamed cement can 

compromise the quality of the foamed cement characteristics when the bubbles are 

touching one another. Hampshire et al 2004 revealed that due to its higher set cement 

permeability and its lower early and final compressive strength development 

compared to PBC, foam cement was not selected [23]. 
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2.9. QUALITY OF CEMENT 

 

2.9.1. Surface Evaluation 

 

2.9.1.1. Laboratory Test 

 

Before running an actual cementing job at the site, cement need to be tested in 

laboratory. All the details of a particular well must be provided such as temperature, 

pressure, well geometry etc. so that these conditions will be applied in laboratory 

when running each particular test. For normal API Class G Cement all the test 

specification are followed from API Specification 10. API Specification 10 is a 

specification for cements and materials for well cementing and also recommended 

practice for testing well cements. This standard gives guidelines for testing methods 

for cements and cement formulations for use in well cementing [16]. While other 

companies that have their own custom cement type sometimes does not necessarily 

follow API Specification 10 but have their own specifications and standards. These 

specifications must meet the requirement so that laboratory test gives a correct result 

which is then applied in a real situation in the rigs. 

 

 

2.9.2. Downhole Evaluation 

 

2.9.2.1. Cement Bond Log 

 

Cement Bond Log is a sonic tool that runs on wireline which can detect the top of 

cement and indicate how good the cement bond is. It gives a continuous 

measurement of the amplitude of sound pulses from a transmitter to receiver. To get 

an accurate result, the logging tool must be centralised in the hole. The newer version 

is called cement evaluation logs which can give detailed results with 360 degree 

representations of the quality of the cement (Schlumberger [18]). 
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2.10. SUMMARY OF LITERATURE REVIEW 

 
 
From the literature review, it is concluded that: 

 

1. Deepwater environment has a physical depth of more than 400 metres and 

their depositional processes are mainly from the combination of Mass 

Transport Deposits and turbidite system. There are differences between 

deepwater and shallow water environment. Deepwater have 

 

a) Shallow water flows, 

b) Narrow margin between pore pressure and fracture gradients and 

c) Thermocline behaviour temperature 

 
 
2. Cementing in deepwater have more contraints than cementing in shallow 

water and cement need to be carefully planned because of unique conditions 

of deepwater. The abnormal temperatures will cause complications when 

pumping the slurry and lost circulations can cause NPT. The causes of the 

lost circulation are not only from Shallow Water Flows but it could be from 

the fragile formations at deeper depth.  
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CHAPTER 3 

 

3. METHODOLOGY 

 
 

This section describes methodology that embeds theories and findings from literature 

to solve the problems encountered during the cementing in deepwater Brunei. 

 

 

3.1. WORKFLOW PROCESS 

 

 

The workflow is divided into five sections and each will be described clearly on what 

approach has been taken to understand and analyse them. Below is the workflow 

process on how to start and end the methodology in order to reach the objective. 

 

 

 

Figure 3.1: Workflow Process Diagram 

Analysis of geological deepwater formation in Brunei 

Reviewing the drilling reports provided by Service 
Company 

Identification the causes of cementing failure 

Analysis of results 

Recommendation for possible solutions 
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3.2. DATA ON GEOLOGICAL DEEPWATER CASE STUDY IN BRUNEI 

 

 

The available data on geological deepwater Brunei are provided in the list below in 

the Table 3.1: 

 

 

Table 3.1: Available Data for Cementing in Deepwater Brunei 

No. Available Data 

1. Geological data 

2. Pressure data 

3. Temperature data 

4. End of well report 

 

 

Using these data, evaluation of cementing failure can now be done. Below are the 

important parameters that are important to extract from the available data. 

 

 

A. Pressure 

 

Pore, fracture and mud weight data were given in pounds per gallon (ppg) below the 

seabed. These values will be used and plotted with depth vs ppg to see how narrow is 

the margin between the pore and fracture gradient. Since the values are given in ppg, 

these values will be converted to psi using Equation 3.1 to determine the pressure of 

the formation with respect to its depth. Finally, the mud weight values are also 

evaluated from the given data by calculating the new mud weight value using 

Equation 3.2 below to see the comparison between the original data and the 

calculated. 
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𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 0.052  ×   𝑃𝑃  𝑜𝑟  𝐹𝑃   ×  𝑇𝑉𝐷 (3.1) 

 

 

P   = Pressure (psi) 

Pore   = Formaton (ppg) 

Fracture  = Fracture (ppg) 

TVD   = Vertical Height of Mud Column (ft) 

 

 

 

𝑃𝑜𝑟𝑒  𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒   𝑃𝑃 + 𝑂𝑣𝑒𝑟𝑏𝑎𝑙𝑎𝑛𝑐𝑒(𝑂𝑃)
𝑇𝑉𝐷 ÷ 0.052 

 

(3.2) 

 

PP   = Pore Pressure (psi) 

OP   = Overbalance Pressure is 150 (psi) 

TVD   = Vertical Height of Mud Column (ft) 

 

 

B. Temperature 

 

The available data is used to plot the temperature profile graph to see if the gradient 

is following the same trend which is thermocline, as in deepwater environment that is 

stated in Section 2.1. The temperature that is used is the Bottom Hole Static 

Temperature. 

 

 

C. Drilling Programme 

 

Drilling Programme is a planning that has been created by Service Company as an 

objective to achieve a successful drilling and cementing of a well. Well information 

such as casing type, target depth, top of cement and cement volume will be 

summarised in a table form and well profile will be illustrated in a diagram form. 
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3.3. DRILLING REPORT 

 

 

End of well report is the drilling report that is provided by Service Company. It is 

used to evaluate cementing job of Well No.2. Each job is carefully evaluated in all 

aspect because even a minor problem can contribute to cement failure. Below are the 

lists of descriptions that need to be looked on in the report. 

 

 

A. Description of slurry, spacer and mud 

 

These three fluids are important because at different cement job, which is at different 

depth, has its own specifications of slurry, spacer and mud. Different types of slurry 

will either be a conventional API Class G Cement or lightweight cement due to 

deepwater with different additives used. Spacer type will be based on the mud used 

because mud can either be water based or synthetic based mud which could have an 

effect on the surface tension. 

 

 

B. Top of cement 

 

Cement Bond Log will be used to evaluate the top of cement. This is to see if the 

target top of cement has the same depth as the one that is in the Drilling Programme 

from Section 4.1.3.  

 

 

C. Thickening time 

 

Drilling report provide the thickening time of the pre-cementing laboratory test and 

the time at which the cement is hardened during actual cementing job. These two 

values will be compared to see if there is big difference in the two values. The big 

difference could give an indication to poor cementing job. 
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D. Cement Job Evaluation 

 

Cement job evaluation is the evaluation result of the actual post drilling from drilling 

report. All the combinations from description of cement, spacer and mud, top of 

cement, thickening time will result in either good or bad cement. 

 

 

Table 3.2 is the lists of cement jobs that need to be analysed. The 36” casing 

is excluded from evaluation process because it was jetted into the seabed with 

seawater without any cementing. 

 

 

Table 3.2: List of Cement Jobs in End of Well Report 

No. Cement Jobs 

1. 20” Casing 

2. 13-5/8” Casing 

3. 9-5/8” Liner 

4. Lost Circulation Plug 

5. 7” Liner 

6. Plug and Abandonment 

 

 

3.4. IDENTIFICATION THE CAUSES OF FAILURE 

 

 

Based on the end of well report, all the good cement jobs will be eliminated and 

focus is put on the bad cement jobs. It is the bad cement jobs that need to be 

investigated because every action during the cement operation can contribute to 

cement failures. Ishikawa Diagram will be implemented to find the most probable 

cause of problem that needs to be solved. Ishikawa diagram is a cause and effect 

diagram that needs brainstorming in order to specify all causes of solved problem. 

Figure 3.2 is an example of the Ishikawa Diagram.  



 

 34 

 

Figure 3.2: Example of Ishikawa Diagram [24] 

 

When the root causes of the cement failures are narrowed down from Ishikawa 

Diagram, further analysis of cement failure investigation will be done. Investigations 

are divided into two groups: reservoir error and mechanical error. Reservoir errors 

are based on descriptions that were studied in geological deepwater descriptions such 

as temperature and pressure. Mechanical errors are failures associated with 

cementing process such as laboratory test, additives and mechanical operation. 

 

 

3.5. RECOMMENDATIONS 

 

In this section, all factors affecting the cement failures will have a conclusion either 

as a lesson learn or how to solve the failures in a correct manner to improve the 

cement quality for future cementing. 
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3.6. WORKFLOW 

 

 

 

Figure 3.3: Methodology Workflow 
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CHAPTER 4 

 

4. RESULTS AND DISCUSSION 

 
 

4.1. DEEPWATER BRUNEI DESCRIPTIONS CASE STUDY 

 

 

4.1.1. Pressure 

 

The trend of the pressure profile behaviour shows that there is a narrow margin 

between the pore pressure and the fracture gradient just below the seabed from 

1788m to 3000m and starts to widen at depth around 3500m as expected in a 

deepwater environment. Table 4.1 below are the data of pore pressure of the plan and 

actual, fracture pressure and mud weight value at various depths.  

 

 

Table 4.1: Pore Pressure, Mud weight and Fracture Pressure in ppg 

Depth 
m 

Plan Pore 
Pressure 

ppg 

Actual Pore 
Pressure 

ppg 

Mud 
Weight 

ppg 

Fracture 
Pressure 

ppg 

2770 9.80 10.62 10.20 12.26 

2800 9.84 10.67 10.36 12.33 

3200 10.40 11.66 11.65 13.41 

3250 10.50 11.77 12.03 13.50 

3500 10.94 12.32 12.68 14.24 

3560 10.92 12.30 12.59 14.20 
 

 

From the table above, the value of the plan pore pressure is the predicted 

value before drilling operation and the actual pore pressure is the value obtained 

during the actual drilling. Mud weight is designed such that the mud weight gradient 

is between the pore pressure and fracture gradient to avoid any influx of formation 
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fluids in the borehole that could result in a kick and also to avoid formation damage. 

Figure 4.1 is the graph projected from Table 4.1. 

 

 

 

Figure 4.1: Pressure Profile 

 

 

Pressure profile is usually obtained from Geologist and Petrophysicist using 

surface seismic, sonic and density well logs. An accurate estimate of formation pore 

pressure is a key element for safe and cost effective drilling. This information is also 

significant in balancing the type of fluids used and cement design during cement job. 

Figure 4.1 shows that there is a difference in the values of actual pore pressure and 

plan pore pressure. It is a company guideline to have at least 150 psi Mud weight 

Overbalance to avoid any unnecessary kick and gain while drilling.  

Pressure Profile 
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The formula below from 3.1 in Chapter 3.2 is to determine the pressure of the 

formation, mud weight and the fracture and 3.2 is to determine the calculated mud 

weight from pore pressure provided. 

 

 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 0.052  ×   𝑃𝑃  𝑜𝑟  𝐹𝑃   ×  𝑇𝑉𝐷 (3.1) 

 

 

𝑃𝑜𝑟𝑒  𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒   𝑃𝑃 + 𝑂𝑣𝑒𝑟𝑏𝑎𝑙𝑎𝑛𝑐𝑒(𝑂𝑃)
𝑇𝑉𝐷 ÷ 0.052 

 

(3.2) 

 

 

Table 4.2 below is the result from the pressure calculation with respect to the depth 

to see the pressure values of the formation and Table 4.3 is the comparison between 

mud weight provided and calculated mud weight. 

 

 

Table 4.2: Pore Pressure, Mud Weight and Fracture Pressure in Psi 

Depth 
m 

Plan Pore 
Pressure 

Psi 

Actual Pore 
Pressure 

Psi 

Fracture 
Pressure 

Psi 

2770 1411.62 1529.70 1765.93 

2800 1432.70 1553.56 1795.23 

3200 1730.56 1940.22 2231.42 

3250 1774.50 1989.13 2281.50 

3500 1991.08 2242.24 2591.68 

3560 2021.54 2276.98 2628.70 
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Table 4.3: Mud weight from Data and Calculated Mud weight 

Depth 
m 

Plan Pore 
Pressure 

Psi 

Mud weight 
ppg 

Plan Calculated 
Mud weight 

ppg 

2770 1411.62 10.20 10.84 

2800 1432.70 10.36 10.87 

3200 1730.56 11.65 11.30 

3250 1774.50 12.03 11.39 

3500 1991.08 12.68 11.76 

3560 2021.54 12.59 11.73 
 
 
 
 

From Table 4.3, the actual mud weight value is not far from the calculated 

mud weight after using Equation 4. The reason for the same mud weight value of 8.6 

ppg from 1788 to 2000 m is that these sections were drilled riserless and the cuttings 

were returned to seabed while drilling.  

 

 

4.1.2. Temperature 

 

The temperature behaviour of Brunei deepwater follows the same trend of 

thermocline gradient like any other deepwater environment in other places above the 

seabed. There is a decrease in temperature from the sea level to the seabed from 

27°C to 4°C at which, the depth of the seabed is 1788m. From the seabed to the 

approximate depth of 7"liner which is around 3750m, an increase in temperature is 

observed from 4°C to 96°C (Bottom Hole Static Temperature).  
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Two parameters that are crucial in proper laboratory testing are the Bottom 

Hole Static Temperature and the Bottom Hole Circulating Temperature. It is the 

BHCT that is used for cement simulation because it is the temperature of circulating 

fluid in the borehole and the temperature to which slurry is exposed downhole. 

 

 

 
Figure 4.2: Temperature Profile  

Thermocline 

Temperature Increase 
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BHST is provided by wireline logging data and BHCT is provided by 

DD/MWD tool while drilling during exploration phase. Table 4.4 below shows the 

BHST and BHCT value with respect to its depth below the seabed and Table 4.5 

shows the temperature above the seabed. Both the tables are measured from the mean 

sea level (surface = 0 metre). 

 

 

Table 4.4: Bottom Hole Static Temperature and Bottom Hole Circulating Temperature With Respect 
to Depth Below Seabed 

Depth 
m 

BHST 
°C 

BHCT 
°C 

2200 24 30.0 

2631 43.5 47.6 

2800 52 52.4 

3550 88 86.1 

3700 95 92.3 

3797 99.5 96.9 

3900 104 101.8 

 

 
 

Table 4.5: Temperature with Respect to Depth Above the Seabed 

Depth 
m 

Temperature 
°C 

0 27 

250 17 

500 10 

750 7 

1000 5 

1500 5 

1785 5 
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4.1.3. Drilling Programme 

 

There are total of 3 casings and 2 liners for Well No.2, namely 36” casing, 20” 

casing, 13-5/8” casing, 9-5/8” liner and 7” liner. The well has a vertical profile with 

maximum of 2.5 degrees deviation near the 7” liner. Table 4.6 below is the value of 

actual depth as compared to the plan depth with respect to the casings and liner.  

 

 

Table 4.6: The Plan Depth of BM-1 Well With Respect to the Casings and Liner 

 

 
 
 

In order to get the achievable depth of casings and liner, a pre-cementing plan 

must be discussed and agreed by both the operator and service provider. Each 

casings and liners and cement has their own objectives containing the amount of 

volume of cement needed to achieve the calculated Top of Cement (TOC). Table 4.7 

below summarises the objective of cement programme. 

 
 

Table 4.7: Plan Top of Cement and Volume of Cement 

Casing 
Inch 

Top of 
Cement 

(m) 

Volume of 
Cement 

(bbl) 

20 1788.0 1029.55 

13-5/8 2298.0 127.9 

9-5/8 3056.0 108.4 

7 3600.0 60.2 

Casing 
Inch 

Open Hole 
Inch 

Actual  
Depth MD 

 (m) 

Plan Depth  
MD  
(m) 

36 Jetting - 1879.0 

20 24 2404.4 2398.0 

13-5/8 16 2781.5 2775.0 

9-5/8 12.25 3477.0 3476.0 

7 8-1/2 3289.0 3800.0 
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Figure 4.3 below is the well profile for Well No.2. All the information that are 

summarised in this section will be used in the next section for job evaluation as to 

see if the post drilling report is matched with the drilling planning. 

 

 

 
Figure 4.3: Plan Well Profile 
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4.2. DRILLING REPORTS 

 

4.2.1. Description of Slurry, Spacer and Mud 

 

From Schlumberger Laboratory Test Report, slurry densities of range between 15.80 

to 16.00 ppg were used for Class G Cement. Seawater was used as a base fluid and 

mixed with different additives such as antifoam, gas suppression, fluid loss additive, 

dispersant, retarders and accelerators. The type of cement jobs that used Class G 

Cement are 13-5/8" casing tail, 9-5/8" liner, Lost Circulation Plug (LCP), 7” liner 

and Plug and Abandonment (P&A). 13.00 ppg of Lightweight Particle Based Cement 

(LPBC) was used during cementing of 20" casing for both lead and tail and lead for 

13-5/8” casing. Seawater was used as base fluid and same additives from previous 

except fluid loss additive were included depends on the respective cement job. 

 

 

The reasons for two different types of cements used were due to geological 

deepwater characteristics explained in the previous section. Narrow margin between 

the pore pressure and fracture gradient was found at the shallow zone and therefore 

LPBC was used. 

 

 

During 20" casing cement operation, 50.0 bbl of Scavenger spacer was used. 

Density of the composition was 12.50 ppg with fresh water as the base fluid. 

Additives such as antifoam, viscosifier and weight agent were also added. For 13-

5/8" casing, 9-5/8" liner, 7" liner, LCP and P&A operation, Synthetic Based Mud 

Spacer (SBMS) was used as spacer. Additives used SBMS are antifoam, turbulent 

spacer, surfactant and weight agent. 

 

 

The reason for two different types of spacer used during the 20" casing 

cementing job and the rest of the cementing operation are because the viscosity of 

the spacer during the 20" is lower than the rest of operations. The 20" casing section 

was drilled with water based mud, whereas the rest of the section used synthetic-

based mud that need to be cleaned using surfactants additives.  
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Table 4.8: Slurry Ingredients 

Job Type Mud Cement Additives Spacer Additives 

20” 
Casing 

Lead 
Water 

Based Mud 
8.6 ppg 

 

LPBC 
13.0 ppg 

 

Antifoam 
Gas Suppression 

Dispersant 
Retarder Scavenger 

12.5 ppg 

Antifoam 
Viscosifier 

Weight Agent 
Tail 

Antifoam 
Gas Suppression 

Dispersant 
Accelerator 

13-5/8” 
Casing 

Lead 
Synthetic 

Based Mud 
10.3 ppg 

Class G 
Lead 

12.0 ppg 
Tail 

14.5 ppg 

Antifoam 
Gas Suppression 

Dispersant 
Retarder SBMS 

11.0 ppg 

Antifoam 
Turb. Spacer 

Surfactant 
Weigh Agent 

Tail 

Antifoam 
Fluid Loss 
Dispersant 
Retarder 

9-5/8” Liner 
Synthetic 

Based Mud 
11.5 ppg 

Class G 
15.8 ppg 

Antifoam 
Gas Suppression 

Dispersant 
Retarder 

SBMS 
12.2 ppg 

Antifoam 
Turb. Spacer 

Surfactant 
Weigh Agent 

Lost 
Circula

tion 
Plugs 

1 
Synthetic 

Based Mud 
13.7 ppg 

Class G 
1&2 

15.8 ppg 
3&4 

16.0 ppg 

Antifoam 
Gas Suppression 

Dispersant 
Retarder 

SBMS 
14.5 ppg 

Antifoam 
Turb. Spacer 

Surfactant 
Weigh Agent 2, 3 

& 4 

Antifoam 
Dispersant 
Retarder 

7” Liner 
Synthetic 

Based Mud 
13.7 ppg 

Class G 
15.8 ppg 

Antifoam 
Gas Suppression 

Dispersant 
Retarder 

SBMS 
14.5 ppg 

Antifoam 
Turb. Spacer 

Surfactant 
Weigh Agent 

Plug 
and 

Aband
onment 

1 
Synthetic 

Based Mud 
13.7 ppg 

Class G 
1 

16.0 ppg 
2&3 

15.8 ppg 

Antifoam 
Fluid Loss 
Dispersant 
Retarder SBMS 

14.5 ppg 

Antifoam 
Turb. Spacer 

Surfactant 
Weigh Agent 2 & 

3 

Antifoam 
Dispersant 
Retarder 
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4.2.2. Thickening Time 

 

Thickening time of pre-cementing job in laboratory test and the time at which the 

surface cement hardens during actual cementing are compared to see if there is a big 

difference with these two values. The value that needs to be compared is the 40 Bc 

from the laboratory test because this is the minimum value according to 

Schlumberger that the cement is no longer pumpable. This can be referring back to 

thickening time on Appendix 7.4.2. A longer time for the actual cement surface 

cement to hard means that the cement in the annulus will have a longer time to set 

and a possibility of soft cement. Table 4.9 below is the thickening time of laboratory 

and actual for different job type. Two cementing jobs that have a big difference are 

the Lost Circulation Plugs and 7” Liner. 

 

 

Table 4.9: The Thickening Time of Laboratory and Actual For Different Cement Job 

Job Type 

Laboratory Thickening 
Time Surface Sample 

Hardening Time 
40 Bc 100 Bc 

20” Casing 
Lead 10:18 hr:mn 11:46 hr:mn 

06:30 hr:mn 
Tail 03:57 hr:mn 05:59 hr:mn 

13-5/8” Casing 
Lead 05:52 hr:mn 06:15 hr:mn 

7:00 hr:mn 
Tail 05:19 hr:mn 06:24 hr:mn 

9-5/8” Liner 05:38 hr:mn 06:34 hr:mn 07:00 hr;mn 

Lost 
Circulation 

Plugs 

1 05:31 hr:mn 05:47 hr:mn 16:30 hr:mn 

2 04:35 hr:mn 04:39 hr:mn 19:30 hr:mn 

3 
05:12 hr:mn 05:52 hr:mn 

27:00 hr:mn 

4 07:30 hr:mn 

7” Liner 08:32 hr:mn 08:52 hr:mn 36:00 hr:mn 

Plug and 
Abandonment 

1 04:57 hr:mn 05:39 hr:mn 07:00 hr:mn 

2 04:52 hr:mn 05:40 hr:mn 05:30 hr:mn 

3 04:56 hr:mn 05:49 hr:mn 06:00 hr:mn 
 



 

 47 

4.2.3. Target Depth and Top of Cement 

 
 

The 36” casing was jetted into the seabed and consequently cement was not needed 

for this operation. For 20” casing, the whole casing was cemented and cement was 

pumped up to the seabed. The rest of the actual top of cement follows the plan top of 

cement with a ±100 m depth. These depths were checked using Cement Bond Log 

provided by Schlumberger. One reason for ±100 m depth is the difference between 

the values of plan target depth and actual target depth. This marginal error value is 

acceptable because the values of the plan drilling programme is a prediction analysis 

in which uncertainties will be encountered more during actual drilling.  

 

 

As for the reasoning of the difference in the plan target depth and actual 

target depth, a ±100 m depth is a guideline to follow. The decision to call for section 

Target Depth and casing setting depth depend on the actual geological interpretation 

by onsite geologist and through discussion will all drilling key personnel such as 

Drilling Superintendant, Drilling Supervisor, Drilling Engineer and Drilling 

Manager. One reason for deciding the casing shoes is not to exceed the Maximum 

Allowable Annular Surface Pressure (MAASP). This can be determined by obtaining 

the leak off pressure of the fracture point at the refer depth and calculate the 

maximum mud weight from Equation 3.2 in Section 4.1.1. Second reason is the shale 

and clay factor where shoes can be set at the zones comprising of hard formation. 

 
 

Table 4.10: Actual Target Depth and Top of Cement 

Casing 
Inch 

Open 
Hole 
Inch 

Plan 
Depth MD 

(m) 

Actual 
Depth MD 

(m) 

Plan Top 
of Cement 

(m) 

Actual 
Top of 

Cement 
(m) 

36 - 1879.0 1855.0 - - 

20 24 2398.0 2616.6 1788.0 1788.0 

13-5/8 16 2775.0 3000.0 2298.0 2505.0 

9-5/8 12.25 3476.0 3647.0 3056.0 3080.0 

7 10 3800.0 3809.0 3600.0 3710.0 
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4.2.4. Cement Job Evaluation 

 

Table 4.11: Summary of Cement Job Evaluation 

Job Type Job Evaluation 

20” Casing 
Job went successfully and smoothly as designed and met primary 
objectives of supporting the casing and isolate the 20” shoe. 

13-5/8” Casing 

Job went well and as planned although the cement was found to 
have lower Top of Cement than the one expected from the top of 
lead cement evaluated by the Cement Bond Log. Current top of 
cement was adequate to cover the zones to be isolated and 
therefore remedial cementing operation was not required. 

9-5/8” Liner 

A single stage cementing is applied during 9-5/8” liner. Job went 
well as planned but pumping pressure analysis Top of Cement 
was found to have slightly lower from the expected TOC and 
plug was not bumped. 

Lost 
Circulation 

Plugs 

Losses were encountered during the shut in and well control 
operation in the 10” Open hole section. Therefore 4 lost 
circulation plugs were designed to cure the losses. A total of 4 
lost circulation plugs near the 9-5/8” liner shoe were done. The 
first two lost circulation plugs were pumped with total losses. 
Third and fourth plugs were pumped with partial losses 
concluding that all lost circulation plugs did not cure the lost 
zone. From lost circulation plug 2 to 4, it was found that the 
cement slurry is heavier than the mud and this resulted in layers 
of soft/hard cement. 

7” Liner 
When the slurry was pumped, the dart failed to launch the wiper 
plug and this cause contamination of the mud and cement slurry 
due to no mechanical separation. Cement quality is bad and soft.  

Plug and 
Abandonment 

There were three plug and abandonment jobs after cementing 7” 
liner. PnA no.1 was tagged at a higher due to over-estimation of 
open hole volume and no operational issues with placement for 
PnA no.2 and PnA no.3 was found. All three was pressure tested 
all found to have a good test 
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4.3. IDENTIFICATION THE CAUSES OF FAILURE 

 

 

Using the Ishikawa Diagram, all the possible causes and effects problem from the 

drilling report on the previous section will be listed. Figure 4.4 shows the Ishikawa 

Diagram representing each cement job. 

 

 

 

Figure 4.4: The Ishikawa Diagram [24] 

 

 

From figure above, the two jobs that have problems are the Lost Circulation Plugs 

and 7” Liner. These two jobs need to be investigated further and put more focus on 

what went wrong with the cement. To investigate these two jobs, all the possible root 

cause need to be identified first. Figure 4.5 and Figure 4.6 are the two root cause 

diagrams for Lost Circulation Plug and 7” Liner. The list of possible root causes will 

then be analysed again to see if they were really the main contributing factor that 

causes the cement failure. 
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Figure 4.5: Root Cause for Lost Circulation Plug 

 
 

 
Figure 4.6: Root Cause for 7" Liner 

Root Cause LCP 

Total Losses Fracture Pressure 

Slurry heavier than 
mud 

Additives 

Laboratory Test 

Cement Type 

Long Thickening 
Time 

Laboratory test 

Downhole 
temperature 

Additives 

Soft Cement 

Laboratory test 

Cement type 

Additives 

Root Cause 7" 
Liner 

Soft Cement 

Laboratory test 

Cement type 

Additives 

Mud 
Contamination 

Cement operation 

Mechanical error 

Spacer design 

Long Thickening 
Time 

Laboratory test 

Downhole 
temperature 

Additives 

Wiper plug not 
released Mechanical error	  
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From Figure 4.5 and Figure 4.6, the possible list root cause of cementing failures can 

then be divided into two categories. They are Reservoir and Mechanical Errors. 

Figure 4.7 below is the list of errors from Reservoir and Mechanical Errors 

 

 

 

Figure 4.7: List of Reservoir and Mechanical Error 

 
 
 

4.3.1. Laboratory Test 

 

Laboratory test was done at Dowell Schlumberger Brunei Office on the 11th April 

2012, to check whether the pre-cementing job of Lost Circulation Plug and 7” Liner 

gave approximately the same results with new test. Both tests used conventional API 

Class G Cement and the slurry ingredients for the two tests are followed as in 

Section 4.2.1. All the information such as temperature, pressure, well geometry, 

target depths etc. were provided so that the laboratory tests were carried out at these 

specific conditions. 

 

 

The first step of the laboratory test was to mix the dry cement with the mixwater 

at the right amount to prepare for each test. There were five tests that were done at 

that time and they were: 

Reservoir Error 

Pressure 

Temperature 

Mechanical Error 

Laboratory Test 

Cement 
Ingredients 

Cement 
Operation 
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1. Thickening time 

2. Fluid loss 

3. Free water 

4. Rheology 

5. Ultrasonic Cement Analyser (UCA) 

 

 

All the procedures and steps taken for each tests followed the API Specification 

10 for conventional API Class G Cement and these steps are in Appendix 7.4. 

Cement slurries must be designed following the downhole conditions at the time of 

the job and therefore the cement in the laboratory will be conditioned to follow these 

conditions. The two tests that were taken in the laboratory are the Lost Circulation 

for Plug Number 3 and 7” liner. Lost Circulation Plug #3 has the same additives as 

the #2 and #4.  

 

 

The values and graphs obtained from the laboratory test from the list above will 

are explained below. 
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Table 4.12: Thickening Time Results for Lost Circulation Plugs (Schlumberger) 

Thickening Time – Lost Circulation Plugs 

Consistency Time 

40 Bc 05:05 hr:mn 

100 Bc 05:40 hr:mn 
 

 

 

Figure 4.8: Graph of Thickening Time Results for LCP (Schlumberger) 

 

 

From Table 4.12, the result of the new thickening time is not far from the pre-

laboratory test shown in Table 4.9. It can be seen from Figure 4.8, the consistency 

(Bc) is increasing with a constant Bottom Hole Circulating Temperature of 48°C and 

pressure of around 14000 psia. The temperature and pressure are also increased in 

the first 2 hours of the graphs and this is due to calibration of the consistometer with 

downhole conditions to achieve targeted BHCT and pressure. 
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Table 4.13: Thickening Time Results for 7" Liner (Schlumberger) 

Thickening Time – 7” Liner 

Consistency Time 

40 Bc 10:12 hr:mn 

100 Bc 10:30 hr:mn 
 

 

 

Figure 4.9: Graph of Thickening Time Test Results for 7” Liner (Schlumberger) 

 

 

Table 4.13 shows a slight longer thickening time of about 1 hour from results of the 

pre-laboratory test from Table 4.9. Margin of error of 1 hour for thickening time is 

considered small as this could be from the error of the consistometer in calibrating 

the first 2 hours of downhole condition. This graph shows 3 hours of calibrating 

instead of 2 hours. This could be the cause for longer thickening time. After the first 

3 hours, BHCT of 50°C and pressure of 10000 psia can be observed. 
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Table 4.14: Fluid Loss Results for Lost Circulation Plugs (Schlumberger) 

Fluid Loss – Lost Circulation Plugs 

Volume 10 mL 

Time 30 minutes 

Temperature 36°C 

Pressure 1000 psi 

 

 

Table 4.15: Fluid Loss Results For 7" Liner (Schlumberger) 

Fluid Loss - 7” Liner 

Volume 12 mL 

Time 30 minutes 

Temperature 50°C 

Pressure 1000 psi 

 

 

Table 4.14 and Table 4.15 show the fluid loss results for both LCP and 7” liner. The 

temperature used here is Bottom Hole Circulating Temperature and the pressure 

value used is the standard from the API Specification 10. Amount of N2 gas supply 

to the dry cell was condition for 30 minutes. As a result from this, 24 mL was 

collected in a cylindrical tube. Formula of API fluid loss from in Appendix 7.4 

Laboratory Test will be used to see if the volume is acceptable or not. A value below 

50 mL is acceptable. Below is the table summarises after applying the formula. 

 

 

Table 4.16: API Fluid Loss Results (Schlumberger) 

Job 
Volume 
collected 

mL 

API Fluid Loss 
Formula 

API Fluid 
Loss 
mL 

< 50 mL 
Acceptable 

Lost Circulation Plug 10 
𝑉𝑜𝑙𝑢𝑚𝑒  𝑖𝑛  𝑚𝐿  ×  2 

20 Acceptable 

7” Liner 12 24 Acceptable 
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Table 4.17: Free Water Results for Lost Circulation Plugs (Schlumberger) 

Free Water – Lost Circulation Plug 

Free Water 0.0 mL/250mL 

Time 2 hours 

Temperature 
28°C 

36°C 

 

 

Table 4.18: Free Water Results for 7" Liner (Schlumberger) 

Free Water – 7” Liner 

Free Water 0.0 mL/250mL 

Time 2 hours 

Temperature 
28°C 

50°C 

 

 

Table 4.17 and Table 4.18 are the results collected from the free water laboratory 

test. There are two temperatures that were taken and one is at ambient temperature 

which is 28°C and the others are 36°C for LCP and 50°C for 7” liner (BHCT). The 

temperature of BHCT was condition in the laboratory for 30 minutes and free water 

was observed using 250 mL cylindrical tube for 2 hours. Both results obtained have 

0.0 mL of free water, which is acceptable as the maximum value of free water by 

API Specification 10 is 3.5 mL.  
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Table 4.19: Rheology Results for Lost Circulation Plug (Schlumberger) 

Rheology – Lost Circulation Plug 

Temperature 27.0°C 36.0°C 

Average at 300 rpm 45.5°C 52.5°C 

Average at 100 rpm 20.5°C 24.5°C 

Formula PV (𝑇𝑒𝑚𝑝.𝑎𝑡  300− 𝑇𝑒𝑚𝑝.𝑎𝑡  100  )×  1.5 

Plastic Viscosity 36.787 cP 41.805 cP 

Formula YP 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  𝑟𝑒𝑎𝑑𝑖𝑛𝑔  𝑎𝑡  300− 𝑃𝑉 

Yield Point 8.37 lbf/100ft2 10.04 lbf/100ft2 

 

 

Table 4.20: Rheology Results for 7” Liner (Schlumberger) 

Rheology – 7” Liner 

Temperature 27.0°C 50.0°C 

Average at 300 rpm 46.5°C 65.0°C 

Average at 100 rpm 21.0°C 35.0°C 

Formula PV (  𝑇𝑒𝑚𝑝.𝑎𝑡  300− 𝑇𝑒𝑚𝑝.𝑎𝑡  100  )  ×  1.5 

Plastic Viscosity 39.578 cP 52.668 cP 

Formula YP 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  𝑟𝑒𝑎𝑑𝑖𝑛𝑔  𝑎𝑡  300− 𝑃𝑉 

Yield Point 7.33 lbf/100ft2 14.72 lbf/100ft2 

 

 

Table 4.19 and Table 4.20 are the results shown from the laboratory test using 

rotational viscometer. The Plastic Viscosity and Yield Point value were obtained for 

both at surface temperature and BHCT using the formula provided by API 

Specification 10. These values are checked to compare with the values that have 

been obtained from the pre-laboratory test to see if the gel strength of the cement is 

similar. 
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Ultrasonic Cement Analyser Test 
 
Lost Circulation Plug #3 
 

 

Figure 4.10: UCA Test for Lost Circulation Plug #3 (Schlumberger) 

 
 
During UCA Test, the cement slurry tested was placed in an autoclave unit with 

temperature and pressure adjusted to simulate downhole conditions. An acoustic 

signal was then transmitted through the cement sample. The minimum compressive 

strength of 500 psi was recorded after 11 hours and 6 minutes of the test and the 

sample has a final strength of 4919 psi. Below is the results summary. Which relates 

to Figure 4.11. 

 

 

• 50 psi Time: 10:18:00 

• 500 psi Time: 11:06:00 

• Final Strength: 4919 psi 
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• UCA schedule from 27°C to 50°C 

7” Liner 
 

 

 

Figure 4.11: UCA Test for 7" Liner 

 
 
The same procedure was taken with the previous UCA test. The cement slurry of 7” 

liner has a minimum of compressive strength test of 500 psi at 6 hours and 52 

minutes. The final strength is 3901 psi as shown in Figure 4.12. Below is the 

summary of results. 

 
 

• 50 psi @ 6:17:30 

• 500 psi @ 6:52:30 

• Final Strength:  3901 psi 

• Ramp up to 50°C in 10 min and ramp up to 67°C 
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4.3.2. Cement Ingredients 

 

The cement ingredients such as the density of the cements, base water, additives and 

the weight for both Lost Circulation Plug and 7” liner used from the new laboratory 

test and the pre-cementing job laboratory test are the same. The summary of the list 

of the ingredients can be seen from Section 4.2.1. Since the new laboratory test have 

indicated that there were no problems during the test and the results are similar with 

the previous laboratory test, it can be concluded that the amount of additives and 

cement used are well designed for these particular cementing job. Schlumberger 

technical assistant mentioned that the type and amount of additives they used are 

standard and the resultant values were obtained by computer software. 

 

 

4.3.3. Formation Pressure Behaviour 

 

Losses were encountered during drilling after the 9-5/8” liner was set and hence the 

Lost Circulation Plugs were done to cure the formation. It is not clear why there were 

losses at the depth of 3400 to 3800 m because the mudweight was design such that it 

does not exceed the fracture gradient. Equivalent Circulating Density (ECD) was run 

during the actual drilling but the results was fine as it follows the trend of the 

mudweight gradient except at the depth of 3690 m where there is a spike found on 

Figure 4.13 where ECD at that time is 16 ppg. This could be the root cause or the 

start of the formation fracture. But if the spike was just a glitch when recording the 

ECD during drilling then below are the lists of possibility that could result in the 

losses. 

 

 

Deeper wells will have a small hole and the hole it operates will have a very 

small clearance between the Bottom Hole Assembly (BHA). This is one reason why 

the difference between the mudweight and the ECD is getting bigger as the well is 

deeper as there are more restrictions in small hole which resulted in an increase in 

pressure. Same situation that could lead to losses is when the formation is collapsed 

and excessive drill cuttings will create restrictions between the hole and BHA. 
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Figure 4.12: Pressure Profile with ECD 

 

 

Another possible reason that causes losses is when the formation has high 

permeability where invasions will occur due to poor mud design where mud failed to 

deposits on the surface of the borehole. Theoretically, high permeability will have 

shorter invasion of fluid into the formation due to mudcake deposit on the walls of 

the borehole. As invasions occurred, lost circulation materials will be added to the 

mud to cure the formation. With excessive amount of LCM is added, this will creates 

more pressure to the fragile formations especially in deepwater and this could creates 

a fracture which could start total losses into the formation. Drilling plan will not 

always be the same as the actual drilling where the predicted formations will not 

always be the same at the respective depth. Therefore when the predicted and the 

actual are not accurate, the design in the mud weight will be adjusted accordingly.  
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4.3.4. Mechanical Error 

 

A. Lost Circulation Plugs 

 

During the drilling of 8-1/2” hole and mud circulation, frequent losses and small 

percentage of gas of about 10-15% were encountered. With failures of curing the 

formation with addition of LCM, LCP job was done as an alternative. LCP 

cementing process was done by drop down the 3.5” drill pipe on the open hole and 

the fluids were pumped through the drill pipe as the list of sequence below: 

 

 

LCP #1 & LCP #2 

 

I. 10 bbls of 14.5 ppg spacer 

II. 10 bbls of 14.5 ppg spacer 

III. 70 bbls of 15.8 ppg API Class G 

IV. 10 bbls of spacer 

V. 230 bbls of 13.7 ppg mud 

 

LCP #3 

 

I. 10 bbls of 14.5 ppg spacer 

II. 10 bbls of 14.5 ppg spacer 

III. 35 bbls of 16 ppg API Class G 

IV. 5 bbls of 14.5 ppg spacer 

V. 230 bbls of 13.7 ppg mud 

 

LCP #4 

 

I. 10 bbls of 14.5 ppg spacer 

II. 5 bbls of 14.5 ppg spacer 

III. 70 bbls of 15.8 ppg API Class G 

IV. 5 bbls of 14.5 ppg spacer 

V. 225 bbls of 13.7 ppg mud 
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Figure 4.13: A Success Lost Circulation Plugs Cementing 

 

 
Figure 4.14: Possible Failure of LCP due to Contamination 
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Figure 4.13 and Figure 4.14 show a success lost circulation plugs cementing and the 

possible failure of the cement slurry to set at a target time. 

 

 

Cement slurry of LCP #1, #2 and #3 were pumped by using drillpipe in the 

hole and were left to wait for cement to harden. When the cement was drilled or 

reamed, it was found that the cement was still soft. Thus, a fourth attempt to cure the 

formation was done where partial losses were still encountered and cement was again 

soft after 7 hours.  

 

 

One possible reason for the soft cement was due to the mud contamination 

with the cement. As cement slurry was pumped in the losses zone, only the spacer 

was the fluid that acts as a barrier between the displacing mud and the displacing 

cement slurry. Spacer’s function was to clean the hole after the mud have been 

pumped to avoid mixing with cement but spacer alone will not be enough to prevent 

contamination as there were no physical separation between these two fluids.  

 

 

Another possible contamination is due to the mud being pumped earlier will 

flow into the fracture zones. When cement slurry is flowing into these zones, it will 

mixed with the mud in the fracture zones and slurry properties will no longer be the 

same as the ones that was in the pre-cementing laboratory test.  This process is 

illustrated in Figure 4.14. 

 

 

The other reason could be the ignorance of considering gas suppression 

additives in cement slurry LCP #2, #3 and #4 because gas were presents during 

drilling and mud circulation. Without this additive, there is a possibility of gas 

channelling through a cement column during cement transition from a liquid to a 

solid. Although hydrostatic pressure is the factor that could prevent gas from 

entering the cement but as a precaution, the ignorance of using gas suppression 

additive might just lead to non-productive time of this cement job as quoted by 

Ronnie et al 1999 [25]. 
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B. 7” Liner 

 

The results from laboratory test of pre-cementing job and the new laboratory 

test in Section 4.3.1 proved that there were no errors with the procedures and design 

of cement slurry. The only reasons that could contribute in longer time for cement to 

harden were due to the mechanical operations of 7” liner where the wiper plug failed 

to release during cementing job. When mud and cement were pumped, the dart was 

released and failed to launch the wiper plug and cause a possible interaction between 

the mud and the slurry. This non-physical separation can cause contamination to the 

cement slurry because the spacer itself will not be able to separate the two fluids. 

Contamination means that the slurry will not have the same properties as the one that 

was tested in the laboratory; hence a possible different thickening time can be 

expected. Figure 4.16 illustrates the process of contamination when the wiper plug 

was failed to release. 

 

 

 
Figure 4.15: The Dart Successfully Latched the Wiper Plug 
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Figure 4.15 illustrates if the dart successfully latches the wiper plug. The list below is 

the sequence of fluids pumped in the 7” liner. 

 

 

I. 10 bbls of spacer 

II. 10 bbls of spacer 

III. 60 bbls of API Class G 

IV. Dart Release 

V. 5 bbls of spacer 

VI. 219 bbls of mud 

 

 

In this situation, the wiper plug release by the dart will create a physical 

separation between the displacing mud and the displacing slurry. Contamination 

between the two fluids is almost non-existent because the physical separation have 

also keep the two fluids from contaminations at its minimal and the ability of spacer 

to clean the pump fluids will make the cement job operation even more successful.  

 

 

 
Figure 4.16: The Dart Failed to Latch the Wiper Plug 
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Figure 4.16 illustrates when the dart was stuck at the ball seat and failed to 

launch the wiper plug. The reason for this technical failure of releasing the plug was 

due to the non-compatibility system between the liner hanger drillpipe dart and the 

dropping head where two different companies supply two different components. The 

clearance of the ball seat was 2.44” and the dart has 2.35”. During cementing job, the 

dart cannot pass through the ball seat as debris deposit was found between the small 

clearance of dart and ball seat. This creates an upward pressure causing the liner 

hanger bypass to be activated. Therefore the mud was displaced through this 

activated bypass on the sides and the cement was bullheaded without launching the 

wiper plug. 

 

 

Since the dart failed to release the wiper plug, there were no physical separation 

between the displacing fluid and the displacing cement slurry. The amount of spacer 

was insignificant to act as a barrier between the mud and cement slurry therefore 

contamination occurred during cementing job.  
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4.4. FINDINGS 

 

 

It can be concluded that the failures from the two cementing jobs were based from 

mechanical errors. The Ishikawa Diagram has provided lists of possible cementing 

failures. It must also be understood the purpose or objective of the specific 

cementing operation before analysing the failures.  

 

 

Lost Circulation Plug’s objective was to cure the formations from a depth of 

3400 to 3800 m because total losses were encountered during the mud circulation 

and cementing at this depth. Therefore LCP can be categorised as a secondary 

cementing process.  Secondary cementing process in LCP was to squeeze the cement 

through a fracture formation and totally cure the formation to avoid further losses. 

The failure of curing the formation with adding Lost Circulation Material into mud 

came to a decision of using cement as last resort to cure the formation.  

 

 

LCM did not fully cure the formation and no blockage was created in the 

fracture formation therefore since cement acts as LCM in this situation, the cement 

tends to invade the formation causes partial losses during cementing.  

 

 

The spacer’s objective was to pump in turbulence flow to clean the mud 

ahead so that there will be no contamination with the cement but the missing key 

element to avoid contamination was the absence of physical separation of the wiper 

plug. The volume of spacer was only 5 bbls during this cementing job making it not 

really significant to acts as a barrier between the displacing fluids. 

 

 

The mud that was pumped during mud circulation might already go into the 

formation where returns were not observed on the surface. This leftover mud was 

mixed with cement slurry which was pumped during cementing and cause 

contamination. As a result, the properties of the cement such as the viscosity or 
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rheology of the cement slurry was not consistent as the test conducted in the 

laboratory. This resulted in the longer time for the cement to set. It was also resolved 

that the simulation that were run in the laboratory test was not reflected with the 

actual cementing operation because the simulation in the laboratory was based on the 

theory of displacement of fluids process with physical separation whereas the actual 

cementing process was mixing of fluids.  

 

 

The objective for 7” liner was to put the cement slurry in between liner and 

formation with the help of displacing fluids such as spacer and mud with physical 

separation. The cause of cementing failure in 7” liner was more on mechanical error 

rather than reservoir error. The root cause of the failure that was found in the 

Ishikawa Diagram in Figure 4.4 was the dart failed to launch the wiper plug on the 

stinger and this was due to non-compatibility tools provided by two different service 

companies.  

 
 
 

 
Figure 4.17: Liner Terminology 
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The dart that was released from the plug dropping head had to travel from the 

drillpipe to the ballseat of the stinger as shown in Figure 4.17.  The dart and ballseat 

have 2.35” and 2.45” clearance respectively. The small clearance between these two 

equipments caused the dart to stuck at the ballseat and failed to reach the wiper plug. 

The principle of displacing the fluids are no longer the same as simulated in the 

laboratory test due to failure of releasing the plug. 

 

 

During the displacement of fluids, cement slurry was pumped at lower speed 

than the mud and spacer because cement is denser. Spacer being the lightest was 

pumped in turbulent flow to clean the mud from casing and annulus. Spacer and mud 

was pumped at a rate of 8 bbls/min and cement at a rate of 6 bbls/min. Equivalent 

Circulating Density of the fluids also contributed to the pumping rate of the fluids 

because the nature of geological deepwater environment has a narrow margin 

between pore and fracture gradient and hence the pumping rate was controlled to 

avoid excessive pressure exerted on the formation. This could result in laminar flow 

where flow will have a velocity profile illustrated at Figure 4.18. 

 
 

 
 

 

Figure 4.18: Velocity Profile for Laminar Flow (Top) and Turbulent Flow (Bottom) 

 

 

Laminar flow have more velocity towards the middle than the sides of the 

wall in a pipe and with no physical separation, the fluids will eventually mixed 

together and hence contaminated. 
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Although, pressure, temperature and formations (Reservoir) played a small part 

in the contamination of fluids, the major influence will be more on obvious failure of 

the mechanical part. 

 

 

4.5. RECOMMENDATIONS 

 
This section is to discuss how the factors of cement failure can be optimised so that 

problems can be reduced or cementing failures can be avoided. 

 

 

4.5.1. Temperature 

 

Poor temperature estimation can be a significant factor to poor cementing job. The 

value of Bottom Hole Static Temperature was determined using wireline logging tool 

and Bottom Hole Circulating Temperature was estimated using a combination of API 

tables and temperature simulation and also DD/MWD tool. The thickening time of 

the cement slurry is designed to be as short as possible to prevent over retardation, 

allowing slurry movement. Therefore temperature simulations need to be more 

consistent especially BHCT as this temperature is used in simulation test. 

 

 

4.5.2. High Viscous Pill 

 

During cementing of Lost Circulation Plug, the root cause of cementing plug failures 

is related to poor design of mud and Lost Circulation Material specifically the high 

viscous pill as quoted by Fosso et al 2000 [26]. Other than viscous pill, the 

parameters that need to be considered are  

 

• Poor mud removal, 

• Poorly designed slurry properties, 

• Incorrect slurry volume, 

• Poor temperature estimation and  

• Poor job execution and placement 
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It became clear that the difficulty in pluggings was essentially due to slurry-

mud interface instability. The consequence is contamination of the slurry by the 

borehole fluids. The larger the difference in fluid densities or the larger size of hole, 

the harder it becomes to stabilise a heavy plug. Viscous pill is usually set between 

the cement slurry and drilling mud. 

 
 

To optimise the use of viscous pill, it is necessary to consider both the 

interface between the mud and viscous pill and the slurry and the viscous pill.  

Increasing density of viscous pill will stable the cement but not the mud. Whereas 

decreasing density of viscous pill will unstable the cement but improve the mud. 

 
 

The balancing of viscous pill density can be done by simulation using 

computer and applied to a laboratory test. One solution can be done is by reducing 

the weight of cement by changing the use of API Class G Cement to lightweight 

cement. The resultant of laboratory and theoretical work can be transformed into an 

engineering design tool for setting stable cement plugs which has been successfully 

applied under field conditions. Mechanical support devices are unnecessary, 

provided the viscous pill rheology is correctly designed for stability [26]. 

 

 

4.5.3. Lightweight Cement 

 

Lightweight cement specialty is to use in deepwater conditions where narrow margin 

between pore and fracture gradient and abnormal temperatures are present. It was 

mentioned by the operator that the use of lightweight cement must be considered 

although it is ten times expensive than Class G Cement because the consequences of 

ignoring it could cause fracture in the formation and influx from the formation.  

 

 

During cementing of Lost Circulation Plug process, API Class G Cement was 

used and losses were recorded. This means that the resultant Equivalent Circulating 

Density (ECD) of the fluids has exceeded the fracture gradient. ECD can be reduced 

by replacing the API Class G Cement (15.8 ppg) with lightweight cement (13.0 ppg).  
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During 7" liner, API Class G Cement was contaminated with the mud and soft 

cement was observed. Initially, the planning of cement design in the pre-laboratory 

test shows that ECD has already exceeded the fracture gradient but this was ignored. 

 

 

One possible reason for not using lightweight cement for these two different 

cement jobs is because of high temperature in deeper wells. One of the advantages of 

lightweight cement was the ability to produce high compressive strength in the 

narrow margin in shallow area of the deepwater which has low temperature. In high 

temperature, lightweight cement is unstable and design needs some adjustment.  

 

 

In SPE 147012 paper Brandl et al 2011 mentioned that lightweight cement 

design have been successfully adopted in high temperature offshore Thailand to 

improve zonal isolation of the entire wellbore in all primary cementing jobs by 

adjusting few liquid additives. Cementing systems were designed by adjusting the 

concentration of Multifunctional Liquid Additives (MLA), Fluid Loss Additives 

(FLA) and retarder for the required slurry performance at given BHCT. Lightweight 

cement slurries were mixed with more water than those having conventional cement 

densities and therefore these lower density slurries require extender binding 

completely the excess water and supporting solid dispersion to prevent slurry 

instabilities [27]. 

 

 

As for overall analysis of these type of lightweight cements it reveals that 

significant technical improvement are shown below 

 

1. Beneficial rheologies for improved flow regimes (low Plastic Viscosity at 

relatively high Yield Point), 

2. Consistent gas and fluid loss control at high temperatures, 

3. Faster setting times and strength development at TOC conditions and 

4. Slurry stability at high temperatures up to 241°C 

 
  



 

 74 

4.5.4. Constant Monitoring of Equivalent Circulating Density 

 

During drilling and cementing operation, the most important parameter that needs to 

be constantly monitored is the Equivalent Circulating Density. The ECD is a 

function of combinations of mud weight, rheological properties, frictional pressure 

drop in the annulus and solids loading. In narrow margin between pore pressure and 

fracture gradient, the speed must be controlled so that the resultant force exerted on 

the formation does not exceed the formation as shown in Figure 4.12 in Section 

4.3.3. If the speed is reduced, the flow will be laminar and it creates a velocity profile 

where there will be more velocity in the middle of the fluid rather than near the wall 

pipe as illustrated in Figure 4.18. This behavior can be avoided with a proper 

mechanical tool such as wiper plug.  

 

 

Losses can be avoided and reduced by constantly monitoring the ECD. To 

perform this, the factors that need to be understand and prepare are design and 

drilling parameters such as: 

 

• Wellbore and drillstring geometry, 

• Mud rheology and flow rate, 

• Mud weight selection, 

• Sealing capacity of the drilling mud, 

• Hole cleaning efficiency, 

• Casing design programme and 

• Lost circulation treatments 

 

 

4.5.5. Use Non-Hybrid System or Compatible System 

 

The non-compatible system between Company A liner hanger with Drill Pipe (DP) 

Dart and Company B tools plug dropping head causes the dart failed to latch the 

wiper plug during cementing of 7” liner because of small clearance between DP Dart 

with 7” x 9-5/8” liner hanger system. Hybrid system can be used only when two 
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companies have an experience working with each other and familiar with the tools 

they are going to perform. Since the use of hybrid system is causing problems, a 

single vendor system should be implemented to avoid any problems that cause NPT. 

 

 

4.5.6. Add More Spacer 

 

Spacer’s function is to act as a barrier between cement slurry and mud by cleaning 

the hole in the casing and annulus. The volume of 5 barrels used in both LCP and 7” 

liner were relatively small compare to volume of cement slurry and mud to perform 

its function and therefore spacer is not really significant during these cement 

operations. In order to optimise the amount of spacer used, one of the considerations 

is to add more volume of spacer to reduce contaminations. It is also worth to 

consider that when mechanical operation such as wiper plug failed to release, how 

much barrels of spacer should be added in order to reduce contamination since 

spacer has the ability to act as a barrier in its turbulence flow. 
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CHAPTER 5 

 

5. CONCLUSIONS 

 
 

The basic principles of cementing process will always be the root to success of 

cementing. Analysis of cementing failure from the previous section led to the 

realisation that reevaluation of cementing program is required to determine the 

nature of the poor cement job results. One way of develop an effective cementing 

program is it should focused on the fundamentals of cementing practices such as the 

slurry design and displacement mechanics. The data provided from the geological 

descriptions should always be consistently checked because these are the first 

parameters that were simulated in the laboratory test to the actual ones. Incorrect data 

will lead to incorrect simulations and therefore will not reflect the results of actual 

cementing operations. 

 

 

The Ishikawa Diagram is proven to be a practical tool to investigate the 

cement failure. From the whole drilling report and geological deepwater case study 

Brunei to a very specific mechanical failure of wiper plug and pressure formation 

behaviour, the failures were easily identified. 

 

 

The use of lightweight cement and constant monitoring of Equivalent 

Circulating Density is also important to avoid losses during drilling and cementing 

operation especially in a condition where narrow margin of pore pressure and 

fracture gradient are present. As a lesson learnt from this project, losses are difficult 

to identify, cure and therefore creates more problem. Additives and mechanical tools 

that are going to perform during actual cementing need to be consistently checked 

and tested to avoid non-productive time. It is very crucial to offshore deepwater 

operation as the cost are more expensive than onshore or shallow water region. 

Extensive laboratory test should be done with the updated downhole condition in 

order to reduce uncertainties.  
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APPENDICES 

 

7. APPENDIX 
 

 

7.1. LOCATION OF CA2 BRUNEI 

 

 

 

Figure 7.1: Location of Block CA-2 Brunei Darussalam From Petroview 
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7.2. PRIMARY CEMENTING 

 
 

 
Figure 7.2: Primary Cementing [13] 

 

 

7.3. SECONDARY CEMENTING 

 
 

 
Figure 7.3: Secondary Cementing [13] 
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7.4. LABORATORY TEST 

 

7.4.1. Density 

 

The density of the slurry should be regularly checked during the cement job and 

laboratory test. Pressurised Fluid Density Balance (PFDB) is a device used for 

measuring the density of mud or cement slurry consists of a cup and a graduated arm 

which carries a sliding weight and balances on a fulcrum (Petroleo [13]). 

 

 

The slurry is filled in the cup and pressurised with a pump to condition the 

slurry with the lid close on top.  The cup is then placed on knife edge and level it 

until it balances. The balancing can be determined by looking at the balance bubbles 

and if the bubble is in the centre, this indicates that the PFDB is balanced. This 

reading is the density value of the slurry used. 

 

 

 

Figure 7.4: Pressurised Fluid Density Balance 

 

 

7.4.2. Thickening Time 

 

Thickening time is measured using the consistometer. This apparatus consist of a 

cylindrical slurry container equipped with a stationary paddle assembly, all enclosed 

in a pressure vessel capable of withstanding certain amount of pressure and 

temperature [16].  
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When the cement slurry are pumped downhole, it is subjected to temperature, 

shear force and pressure. These downhole conditions are simulated accurately using 

computer software and apparatus such as consistometer, potentiometer, 

thermocouple including the temperature controllers, motor speed, timer and gauges 

are used to monitor the cement slurry performance with respect to time. The 

temperature simulated will be based on BHCT. The time at which a consistency of 

40 Bearden units of consistency (Bc) is reached is the thickening time for the test. 

Value of 100 Bc is the maximum where the cement is not pumpable by API 

Specification 10A standards. 

 

 

 
Figure 7.5: Consistometer for Thickening Time 
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7.4.3. Rheology 

 

Rheology is to determine the rheological properties and the gel strength of drilling 

fluids or cement slurry. The slurry is prepared and filled in a dry cup. During the test, 

the slurry is rotated using the rotor from lowest speed to highest speed and goes back 

to lowest speed and the value that is obtained is the temperature reading of the slurry. 

This is called ramp up and ramp down and that indicates the slurry stability and 

gelation. The readings should be taken in ascending then descending order after 10 

seconds rotation at each speed. The test will be done twice with surface temperature 

and BHCT. Table 7.1 below is an example of template for measuring the values.  

 

 

Table 7.1: Template for Measuring Rheology 

Temperature 27°C 59°C 
(rpm) Up Down Average Up Down Average 
300       
200       
100       
60       
30       
6       
3       

 

 

The results of ramp up and ramp down values will be averaged and this 

average value will be used to obtain the Plastic Viscosity and Yield Point value of 

the cement slurry. Equation 1 below is the formula used to calculate the PV and YP. 

 

 

Equation 1: Plastic Viscosity and Yield Point 

 

𝑃𝑙𝑎𝑠𝑡𝑖𝑐  𝑉𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦   𝑃𝑉 = (𝑅𝑒𝑎𝑑𝑖𝑛𝑔  𝑎𝑡  300− 𝑅𝑒𝑎𝑑𝑖𝑛𝑔  𝑎𝑡  100)  ×  1.5 

 

𝑌𝑖𝑒𝑙𝑑  𝑃𝑜𝑖𝑛𝑡  (𝑌𝑃) = (𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑅𝑒𝑎𝑑𝑖𝑛𝑔  𝑎𝑡  300)− 𝑃𝑉 
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7.4.4. Compressive Strength 

 

Two tests can provide results in determining the compressive strength of the cement 

are the conventional compressive strength test based on the API Specification 10A 

and the Ultrasonic Cement Analyser (UCA) [16]. 

 

 

The conventional compressive strength test consists of a test machine and 

cube moulds where the moulds are generally made from glass, brass or stainless steel 

plates. The slurry is distributed evenly in thin layers inside the cube moulds and 

puddled using a corrosion resistant puddling rod. The excess slurry after puddling is 

removed using a straightedge tool and a clean dry plate are placed on top of the 

mould for test determination. The test will not have more than 3 specimens and these 

cube specimens are then cured in a vessel and cooled down. The cure period, 

temperature and pressure are determined and if the specimen are damaged then the 

test should be discarded but if the specimen are left with two, then a retest are made. 

 

 

 
Figure 7.6: Conventional Compressive Strength Test 

 
 

The UCA test is based on measurement of the travel time of ultrasonic waves 

pulsed through a cement sample. This measures the relative strength development of 

slurry sample simulated under downhole condition. This relative strength are 

calculated when the transit time through cement decreases. For non-standard slurries, 

the UCA are usually not agreeing with the conventional test and therefore the UCA 

should be used with caution. 
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7.4.5. Fluid Loss 

 

To measure the fluid loss, apparatus such as dry cell, ring ‘o’ and mesh screen are 

needed. The slurry is conditions to both test temperature and atmospheric pressure 

using a pressure consistometer cup for 30 minutes. After conditioning, the slurry is 

then filled in the cell and sealed both sides carefully with mesh screens and ring ‘o’. 

The cell will be placed on the high pressure and high temperature instruments. 

Thermocouple is used for measuring the temperature and N2 will be supplied at 1000 

psi on top of the valve. 

 

 

 

Figure 7.7: For Fluid Loss Measurement 

 

 

With this, the bottom valve will be opened to collect the filtrate and record 

the volume after 30 minutes. The formula to find API Fluid Loss is shown below on 

Equation 2. Based from API, a value below 50 mL after using the API formula is 

acceptable [16]. 

 

 

Equation 2: API Fluid Loss 

 

𝐴𝑃𝐼  𝐹𝑙𝑢𝑖𝑑  𝐿𝑜𝑠𝑠 = 𝑉𝑜𝑙𝑢𝑚𝑒  𝑖𝑛  𝑚𝐿  ×  2 
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7.4.6. Free Water 

 

Requirement for the free water test is the cement should be either class G and H. 

Based from API Specification 10B these cements must not exceed the maximum 

allowable free water of 1.4% (3.5 mL water from 250 mL of cement) (API 10B 2000 

[28]). One test that determines the free water of the slurry is by using either the 

atmospheric pressure consistometer or the pressurised consistometer apparatus. 

 

 

 The slurry is poured into the consistometer container and the motor 

associated with the apparatus will start mixing the slurry at a condition of 80°F for 

about 20 minutes. The slurry is then transferred from the container to the mixer for 

remixing for about 30 seconds and this slurry will be transferred again to 250 mL 

cylinder and sealed to prevent evaporation. To ensure less error, the test should be in 

a vibration free condition. It is a 2 hours tests and the free fluid will be the designate 

volume measured in millimetres and for precision purposes it is measured to 0.2 mL 

(American Petroleum Institute 10B 2000 [28]). 

 

 

7.4.7. Temperature 

 

Two parameters that have the biggest influence on the temperature on the slurry 

design are the Bottom Hole Static Temperature (BHST) and the Bottom Hole 

Circulating Temperature (BHCT). 

 

 

7.4.7.1. Bottom Hole Static Temperature 

 

BHST is an important parameter in cement design in temperature simulation. It is the 

temperature of the undisturbed formation at the final depth in a well [18]. During 

drilling, the formation is allowed to cool with sufficient time until the temperature is 

in static condition. This temperature needs to be determined because it can affect the 

thickening of the cement and the rate of the compressive strength that the cement 

gains. Theoretically the BHST is higher than the BHCT. 
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The most accurate method to measure the BHST is the direct measurements 

from the offset wells; otherwise tables, charts and computer routines based on log 

temperature can be used depending on the depth, time and its geological area. 

 

 

7.4.7.2. Bottom Hole Circulating Temperature 

 

After several hours of circulation, the BHCT is the temperature at the bottom hole of 

the circulating fluid such as the mud, cement or water. This temperature is important 

because two parameters in cement slurry design where the cement is in a liquid state; 

the thickening time and the fluid loss need to be determined. In theory, BHCT is less 

than the BHST due to the inlet temperature of the cement at the surface but for cases 

in deep water environment, BHCT may be higher than the BHST [18]. 

 

 

Obtaining an accurate measurement of BHCT is especially important because 

errors on the order of 10 to 20°F can be critical to slurry design [29]. BHCT can be 

determined using API table in shallow water but due to failure in adapting the 

deepwater conditions, computerised-temperature simulators and DD/MWD tool is 

used [5]. Temperature simulation software overcomes the limitations of the API table 

and also tells the variables of influences. Correct temperature prediction will lead to 

proper additive selection, minimise WOC time, eliminate premature setting of 

cement and better evaluation of the compressive strength at the top of cement [23]. 

 

 

7.5. EQUIVALENT CIRCULATING DENSITY 

 

 

According to API Standards Equivalent Circulating Density (ECD) is the effective 

density exerted by a circulating fluid against the formation that takes into account the 

pressure drop in the annulus above the point being considered [15]. During 

circulation, the pressure exerted by the dynamic fluid column at the bottom of the 

hole increases. It is an important parameter in avoiding kicks and losses, particularly 
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in wells that have a narrow window between the pore pressure and fracture gradient. 

Losses can happen when the ECD have not crossed the fracture gradient because 

there are a lot of factors that could affect the ECD such as 

 
1. Excessive drilling cuttings in the annulus, 

2. Small clearance between the open hole and the bottom hole assembly and 

3. High permeable zones at the formation 

 

 

7.6. SPACER DESIGN 

 

A spacer is a liquid that is used to separate one liquid from another [18]. The actual 

composition of the spacer depends on the type of mud being used. Depending on the 

type of job operations, different chemicals or additives will be mixed so that it is 

compatible with job operations and also enhance the jobs performance.  

 

 

7.6.1. Spacer Design Water Based Mud 

 

Scavenger is a spacer designed for water based mud. They are dilute mixes of 

cement and water which are used to remove gelled mud and filter cakes 

(Schlumberger [17]). The benefits of using it are that they provide rapid hydration 

polymer, stable cement slurry allowing casing protection and zonal isolation across 

covered interval and enhanced rheological properties which meet the friction 

pressure hierarchy (Schlumberger 2006 [30]). 

 

 

7.6.2. Spacer Design Synthetic Oil Based Mud 

 

Cement will only bond to water wet surfaces and therefore a spacer design that is 

associated with synthetic oil based mud need surfactants to lower interfacial tension 

between fluids or between a fluid and a solid which is the cement. Existence of 

surfactant in the line will cause excessive foaming and to ensure there are no traces 

of this line, the rig pump is used (Schlumberger [17]). 


