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ABSTRACT 

 

 The drilling of a heterolithic reservoir is considered to be one of the most 

difficult challenges in the drilling industry due to its unpredictable nature especially 

when it comes to the exploration phase as with the lack of information, most of the 

time there will be issues encountered as the characteristic of the reservoir and this 

study involves two wells that are geologically similar characteristics but one well has 

a number of issues encountered such as kicks and losses but the other has no 

recorded issues with the reservoir. Different factors can come into play which could 

pose as a problem but one important element is the drilling fluid used in the 

operation will be compared for any potential material sag. Without any proper 

maintenance or if the incorrect type of drilling fluid used, this can lead to 

complications during drilling and this report is made to understand the nature and the 

issues that could be encountered when drilling a heterolithic reservoir, the drilling 

fluid properties that were used between the two wells and a possible recommendation 

in weighting material use. 
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CHAPTER 1  

         INTRODUCTION 

 

1.1 Background Study 

 

In a drilling operation, it will never be a “perfect” homogeneous reservoir. 

Normally the well drilled is a heterogeneous reservoir and the problem lies when a 

highly heterogeneous or a heterolithic reservoir is being drilled. This is due to the 

contrasting pressure gradients encountered during drilling as the formation type 

drilled through would alternate between sand and clay in quick successions. This is 

where the drilling fluid used will have an important role as its functions is to not only 

provide well cleaning, prevent or minimize damage to the producing reservoir and 

prevent well control issues, it is to preserve the wellbore stability by providing 

pressure to the wellbore. 

 

The challenge comes in with the differing pore pressures that can lead to issues with 

gains and losses into the well if not managed properly could lead to large losses of 

drilling fluid into the reservoir as the drilling fluid density provided is too high but a 

kick to be encountered if it too low. If this is not restrained, damage to the reservoir 

could occur and this can bring problems during drilling or cementing the well and 

therefore the management of the drilling fluid is important and this begins with the 

properties of the drilling fluid to be maintained correctly in terms of not only the 

drilling fluid density used but also its rheology as well. The reason is that when the 

rheology of the drilling fluid is not maintained, this can lead to weighting material 

sagging or the properties may not be suitable according to the condition of the well 

being drilled in the first place. 
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1.2 Problem Statement 

 

To simplify what the problems that could be confronted: 

 

As it can be seen from the figure above, the problem can be seen, it is a direct 

summary of the background study and the project where by a well being drilled is 

heterolithic in nature and due to the behavior of the reservoir having high and low 

pressure regimes, the drilling fluid properties used can lead to an issue of gains and 

losses due to excess/low pressure control from the drilling fluid. If this is not 

maintained properly, it can lead to uncontrolled gains and losses or even a kick.    

 

 

Figure 1.1: Potential Problems Encountered when Drilling a Heterolithic Reservoir 

Different pressure regimes 

Gains and Losses 

Pressure maintenance  

Drilling fluid Properties 
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1.3 Project Objectives 

 

The objective of the project will be to: 

- Understand the nature of a heterolithic reservoir  

- Understand the drilling fluid properties that has been used 

- Understand the issues that could rise during drilling a heterolithic reservoir 

- Recommend a possible alternative for drilling fluid material to be used 

 

1.4 Scope of Work 

 

The scope of work is to look into the theory behind the heterogeneity and this 

is first done by understanding the fundamentals of the theory behind the geology or 

the nature of the reservoir. The next step is to perform a literature review behind the 

drilling fluid being used during drilling (in terms of the density (and 

ECD)/rheology/additives used/weighting material being used i.e. Barite or Hematite 

– Regardless of water-based or oil-based mud) and to look into the properties of the 

fluid in terms of it rheology. There is also a need to understand when problems could 

occur with the drilling fluid in its properties.  

 

After obtaining sufficient information, the attempt is to tie in with actual case study 

with past exploration wells. For the data acquisition for the past wells, it is requested 

to have a placement to be done with PetroleumBRUNEI as a portion of the past well 

data could be obtained in the company. 

 

 

 



17 

 

CHAPTER 2  

            METHODOLOGY 

 

 

Figure 2.1: Flow Diagram of Methodology 

 

The methodology for this project can be explained via the diagram above, the 

project starts with the study using journals or books to understand the fundamental 

basic principles to be applied. From there on, possible analysis will be made for the 

reservoir or drilling fluid with the aid of the daily reports, programmes or wireline 

logs available for the case study and compared with what was proposed. Once the 

analysis has been made, it is to come up with reasons and results behind any issues 

encountered during drilling a heterolithic reservoir and to come to a conclusion and 

to find any alternatives or recommendation. The project timeline is also provided in 

the next figure with the important dates highlighted in red. 



 

Figure 2.2: Project Timeline 



Drilling Through an Interbedded Sand-Shale Sequenced Heterolithic Reservoir: 

Managing Kicks and Losses 

 

CHAPTER 3  

                LITERATURE REVIEW 

 

3.1 Understanding of a Reservoir 

3.1.1 Basic Understanding of a Reservoir 

 

To understand what a reservoir is, there is first a need to know the geology is 

the understanding or the study of the earth, its internal works, surface composition, 

structure and the processes which contribute to the changes with the structure. The 

basic structure of a perfect reservoir is that organisms or organic matter buried under 

reducing environments. Depending on the circumstances which could happen around 

the environment, accumulation of hydrocarbon could occur due to an effective 

closure of an environment, making a trap because the composition of rocks in the 

structure does not allow any flow to escape. Therefore a “Reservoir” is a subsurface 

zone with trapped hydrocarbon which could potentially produce hydrocarbon and 

does not communicate with any other nearby reservoirs. There are different types of 

reservoir and the next following sections will attempt to explain the differences. 

 

3.1.2 Homogenous Reservoir 

 

Homogeneous reservoirs are considered to be the most “ideal” situation 

whereby the properties, composition and the structure of a reservoir to be the same 

throughout. This will indicate that the rock properties of the reservoir would be the 

same throughout the location of the reservoir but the ideal situation never actually 

occurs although some formation settings are close enough to be categorized to be 

homogeneous.  
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3.1.3 General Pressure Trend for a Homogeneous Reservoir 

 

Now to understand the effects during drilling, the drilling fluid is used to 

maintain the reservoir pressure and to prevent the occurrence of a kick (or 

potentially) a blowout. The figure below shows the typical pressure plot which could 

be possibly interpreted prior to a drilling activity but it could also be updated and 

used during the drilling operation. 

 

Figure 3.1: Typical Pressure Plot for a Reservoir (taken from Caen et al) 
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The general trend above shows that as the well is drilled deeper, the 

formation pressure trends begins to increase. This is what is expected when drilling a 

homogenous well.  

The basic idea is to drill using a drilling fluid which is either equal or slightly 

higher than the hydrostatic pressure and not to exceed the geostatic (or overburden) 

pressure or else this will lead to either loss circulations or formation damage but at 

the same time, should the hydrostatic pressure (in this case the formation pressure) is 

higher than the drilling fluid used, this could possibly lead to fluid gains from the 

reservoir and lead to kick occurrence or worse, a blowout could potentially occur. 

 

3.1.4 Heterogeneous Reservoirs 

 

Heterogeneous reservoirs are considered to be the most typical reservoir to be 

encountered during any drilling operations. This is where the rock properties will 

change with location within the reservoir. The variations in the rock properties result 

in directional variations in the permeability of the reservoir which is due to the 

geological processes such as the sedimentation, diagenesis or erosion leading to 

unconformities in the rock formation. The lithology will be different within each 

layer as it could be composed of interbedded of sand and shale leading to different 

porosity measurements of the rock layer. There are multiple types of reservoir 

heterogeneities and as a result the pressure data alone will be insufficient. 

 

3.2 Heterolithic Reservoirs 

 

One of the types of heterogeneous reservoir will be a heterolithic reservoir 

which the basis of this research will focus on. The basic understanding of what a 

Heterolithic reservoir consists of; it is a closely interbedded deposit of sand and mud, 

generated in constantly varying current flows over an area. This means a reservoir 

that consists of multiple, thin layered beds of different sedimentary rocks which are 
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formed after the cyclical changing depositional environment. The heterolithic 

bedding type can be seen in the Appendix (Section 9.1.1) 

 

3.2.1 Depositional Environment 

 

The depositional environment of heterolithic sediments can be deposited in a 

storm-wave influenced shallow marine environments, rivers, floodplains, tidal flats, 

delta front settings where the fluctuating currents or sediments give the chance for 

the deposition of both sand and mud. The structure of heterolithic bedding will occur 

is dependent on the timing, duration of a high tide and the slack tide of the 

depositional period.  

 

3.2.2 Identifying Permeable Zones of a Reservoir 

 

The basic definition of permeability is the ability or a measurement for a fluid 

to be able to flow through a formation. This is a physical characteristic for a rock and 

is measured in milliDarcy. There are different types of permeability which could 

either be absolute permeability (the measurement when conducting permeability 

studies on a single fluid in a rock formation), effective permeability (for a given fluid 

in a rock when there are more than one fluid present in the formation) and Relative 

permeability (Ratio of effective permeability of a specific fluid to the absolute 

permeability of the formation).Permeability could not be calculated directly and 

requires actual core samples from the reservoir to be tested in laboratory conditions 

but there are methods to “quantify” on whether a rock formation will be “permeable” 

or “non-permeable” based from the wireline logs. This is done by understanding the 

nature of a rock type from the Gamma Ray logs, using Resistivity logs and the 

Spontaneous Potential logs. As the Gamma ray logs is used to interpret between sand 

and shale layers and shale having very low permeability, this is already one 

qualitative way to identify the non-permeable zones. 
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Further studies using the resistivity readings from the flushed zones between the 

shallow and deep resistivity readings could also provide the depth of penetration of 

the borehole fluid and therefore the permeability of the formation. The same case can 

be used using the Spontaneous Potential tools as the tool works by identifying the 

liquid junction or the electrochemical component of the Spontaneous Potential tool.  

 

3.2.3 Expected Pressure Profile Trend of a Heterolithic Reservoir 

 

Due to the sudden alternating pattern of rock properties due to the 

depositional environment, it is expected that for a Heterolithic reservoir, the pore 

pressure would have an alternating sequence between high (possibly shale) and 

slightly higher than the water gradient (in this case the sandstone). The following 

plot is generated using typical values theoretically accepted which is to use a 

hydrostatic gradient of 0.433 psi/ft and an overburden pressure gradient of 1 psi/ft. 

The values used for the formation gradient varies between the values of 0.47 – 0.7 

psi/ft to give the range between sandstone and shale sections. 

 

Figure 3.2: Expected Pressure Profile for a Heterolithic Reservoir  
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Low Permeability Zone 

High Permeability Zone 

The above pressure trend can then be assumed from what could be derived from the 

literature study. The expected sequence for the pressure profile will pose as a 

problem during a drilling operation which will be further discussed in the next few 

sections.  

3.2.4 Expected Permeability Trend of a Heterolithic Reservoir 

 

Based on what could be understood in what a heterolithic reservoir sequence 

would have, the general trend of the permeability can then be predicted. Although the 

trend could be predicted, it does not generally be an accurate representative as other 

factors could come into play such as the vertical permeability or any fractures that 

could occur. Because of the interbedded sand – shale sequence, this will lead to a 

reservoir with potentially high permeable zones and low permeable zones in 

alternating sequence and more than often, the alternating zones are in small 

increments of depth. It is already mentioned how certain wells in Norway, India and 

Russia have different permeability layers in increments of a few feet between the 

highly permeable and the low permeable zones. 

 

 

Figure 3.3: Permeability Trends Expected in a Heterolithic Reservoir 
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3.3 Drilling Fluids 

3.3.1 Basic understanding of Drilling Fluid 

 

Drilling fluids is one of the most critical components to be used in the drilling of a 

well and is commonly associated with any problems that could have arisen when 

drilling due to the nature that  the consequence of not properly maintaining good 

drilling fluid properties could result in loss to non-productive time to a drilling 

operation. This is due to the fact that drilling fluids are used in an operation where 

the fluid will be circulated from the surface down the drillstring, through the bit, 

move back up to the surface via the annulus while performing hole cleaning as well 

as pressure maintenance of the wellbore. 

 

 The use drilling fluids has numerous purpose essential during a well construction 

which is: 

- Wellbore cleaning (Removal of cuttings to the surface)  

- Balance or  formation pressures for well control issues (maintain wellbore 

stability) 

- Prevent or minimize damage to target zones (Producing formations) 

- Lubricates and cools the drilling bit and drill strings 

- Used to transmit hydraulic horsepower to the bit 

- Gives the possibility of providing information on the geology of the well 

being drilled 

- Creates a thin, low-permeability filter cake to seal the pores and other 

openings 

- Prevent the inflow of fluids from permeable rocks into the wellbore 
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Drilling fluids can be categorized into three where they are classified according to 

the type of base fluid (including any other primary ingredients). The fluids can be 

classified as: 

1) Gaseous: Air or nitrogen 

2) Aqueous  (Generally called as Water Based Mud, WBM) 

3) Non-Aqueous: Oil of Synthetic  

 

Each fluid type has advantages and disadvantages which could lead to being one of 

the deciding factors when it comes to the type of fluid to be used during any drilling 

operation. This is due to the fact that the properties of the nature of the drilling fluids, 

the solids that is being carried out as well as the equipment used for solid control are 

inter-twined with each other. Any changes in any one of the three mentioned 

properties will give adverse effects to the other two and therefore a balance is needed 

with all three.  

 

Therefore, there will be a need to understand in: 

- the type of drilling fluid used 

- Rheology 

- The bulk properties of the drilling fluids when solids come into play (relates 

to the weight/density of fluid) 

- Hole cleaning 

- Rate of penetration 

- Reservoir or surface properties 

- Wetting properties 
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3.3.2 Water Based Drilling Fluids 

 

Advantages of using water based drilling fluids are listed below: 

- Cost effective  

- Considered as environmentally friendly to a certain extent 

- Readily available as preparation time is faster as opposed to other fluid types 

used 

- Able to generate a high rate of penetration during drilling as opposed to the 

use of oil based drilling fluid 

On the other hand, water based drilling fluids also have its own limitations where an 

extensive study on the drilling fluids has found that with the water based drilling 

fluids, the drawbacks of the fluids are: 

 

- Unwanted increase of drilling fluid density due to water dissolving salts  

- Corrosion of the drill pipes, collars, bits and casings due to the dissolved salt 

ions interacting with the metals 

- Problems when it comes to water sensitive shale sections of a reservoir 

- Interference with high permeable layers of a reservoir with oil and gas 

- The ability of water to interact with the clays in a reservoir may result in the 

disintegration or dispersion of the clays resulting in wellbore stability issues 

 

 

Drilling fluids have its own characteristics for each of the type of fluids to be used 

but fundamentally, the important properties of drilling fluids to be taken into 

consideration are the rheology of the fluid, ability to properly clean a hole and the 

density of the drilling used. Although there are other factors that should be taken into 

account such as the shale inhibition potential or wetting characteristics as well as the 

additives being used in the drilling fluid, the study takes into consideration for the 

rheology, viscosity and the density of the drilling fluid as it heavily contributes to the 
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reservoir effects during drilling the well and ties in with the background study for 

this research paper. 

3.3.3 Rheology 

 

The science behind the study of rheology is the study of the deformation of 

fluid flow in all forms of matter but the greatest development in this study is the flow 

behavior of the suspensions in pipes and other conduits. The interests’ lies in the 

relationship between the flow pressure and the flow rate while being in the influence 

of the flow characteristics of the fluid in this case, the viscosity as it is also thought 

to be the primary function responsible for the retention of cuttings within the drilling 

fluid and its wetting characteristics. An extensive study of the rheology explanation 

can be seen in Section 9.2 of the Appendix 

 

3.3.4 Rheology Model Used for Actual Field Conditions 

 

Based on a study made
[3][17]

, there already exist a standard which is 

acceptable worldwide made by the American Petroleum Institute when it comes to 

designing a drilling fluid to be used called the API Bulletin 13D (API BUL 13D), it 

was stated that newer versions may have been published by now and this only 

considers the rheological properties of the drilling fluid to be used in a drilling fluid. 

The document is not readily available although multiple journals have stated the 

partially relevant contents as well as properties to be used. 

 

Laboratory experiments have been extensively
[5][7][8]

 and the “ideal” properties for 

drilling fluid has been deduced for water based mud when drilling an oil field where 

the properties that were recorded during the experiment is also based on a study to 

compare between viscosifiers, it was also concluded that the results has shown that 

the with the exhibited properties, it lowers the chances for formation damage.  
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According to Kassab
[20]

, the API has chosen a modified Power Law Model as the 

standard model to describe the drilling fluid as when only the Power law (as 

mentioned in section 3.3.3 but the limitation is that it does not have a yield stress and 

underestimates the Low Shear rate viscosity. 

The Modified Power Law
[8]

 or the Herschel-Bulkley model is used in field or 

laboratory as the data are determined based from data fitting instead of using 

traditional equations. 

The Herschel-Bulkley model is mathematically described as: 

  τ = τo + Kγ
n
        Equation 1 

Where: 

τ = Shear stress 

τo= Yield stress or stress to initiate flow 

K = Consistency index 

γ = Shear rate 

n = Power law index 

And to obtain the yield stress, the best approach would be to use the extrapolated 

yield stress from the Herschel-Bulkley model but an alternative approach could be 

used in calculating the extrapolated yield stress to be used based on the 

FannRheometer readings at 3 and 6 rpm, commonly called the Low Shear Rate Yield 

Point (LSRYP) which is calculated using: 

LSRYP = (                Equation 2 

With the above mathematical model, a plot was then generated with accordance to 

the drilling fluid type used (as mentioned in section 3.3) and hence a trend line was 

observed using data from “Belayim” marine
[18]

 oilfields: 
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Figure 3.4: Shear Stress-Shear Rate Relation for Water Based Mud 

 

Figure 3.5: Shear Stress-Shear Rate Relation for Oil Based Mud 

 

3.3.5 Lifting and Carrying Capacity of Drilling Fluids 

 

Gel strengths are a measure of the attractive forces between the clay platelets 

within a drilling fluid under static conditions and these attractive forces differ from 

the yield value in which they are time dependent and are broken up after a flow is 

initiated when using a Fann Viscometer after 10 seconds and 10 minutes during the 

testing of drilling fluids. The gel strength is qualitatively classified by type based on 

the range of the 10 seconds and 10 minute gel strengths and by the difference 

between the two values. There are four different types which are the Fragile, Good, 

Progressive and Flat gels.  

 



31 

 

Fragile gels will have almost identical 10 second/10 minute values, good gels will 

have low to medium 10 second values that build to medium or intermediate strengths 

in 10 minutes (example 2/4, 4/8 or 5/10 etc.). Progressive Gels could exhibit a low to 

intermediate 10 second values that increase to an extremely high level in 10 minutes 

(2/23, 6/35 or 15/60 etc.). Flat gels have nearly identical 10 second/10 minute values 

that range between medium and high values (14/15, 22/24 etc.) Gel Strength is 

needed to not only suspend the drilling cuttings during connections or trips; it is also 

required to suspend the weighting materials. There is also direct connection between 

the swab and surge pressures created when pulling or running into the hole with the 

pipe. These pressures act directly on the open-hole formations and can cause the 

breakdown of weak formations or even cause a kick if the gel strengths are too high. 

The only mitigation is to perform slow movements with the pipe. 

 

As with other properties, the ability to maintain the gel strengths within a specified 

range depends on effective solids control. In most weighted systems, it is 

recommended to have 10 second gel strength of at least 2 lb/100ft
2
 which is the 

typical value to suspend barite. Although in most systems, it is recommended to have 

the 10 second gel strength of 3 to 5 lb/100ft
2
 and minimum 10 minute gel strength of 

5 to 10 lb/100ft
2
.  

 

3.3.6 Additives used in Drilling Fluids 

 

Weighting materials are additives used to increase the effective density of a 

drilling fluid and dependent on the conditions of the reservoir to be drilled, it will 

differ in the type of material to be used as it represents the main bulk of the fluid, 

providing the density (thus pressure) for well control and based on a study 

made
[3][17]

, there already exist a standard which is acceptable worldwide made by the 

American Petroleum Institute when it comes to designing a drilling fluid to be used 

called the API Bulletin 13D (API BUL 13D)
[17]

, although it was stated that newer 
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versions may have been published by now and this only considers the rheological 

properties of the drilling fluid to be used in a drilling fluid. 

Tabulated below is the weighting materials conventionally used in drilling 

operations: 

Table 3.1: Conventional Materials Used as Densifiers
[18] 

Material Principal Component Specific Gravity 

Siderite FeCO3 3.7 – 3.9 

Barite BaSO4 4.2 – 4.6 

Hematite Fe2O3 4.9 – 5.3 

Magnetite Fe3O4 5.0 – 5.2 

Illmenite FeO.TiO2 4.5 – 5.1 

Galena PbS 7.4 – 7.7 

 

Each of the weighting materials has their own limits on the usage it is insoluble and 

hence requires viscosifiers to aid in the suspension of the weighting materials as well 

as the drill cuttings would settle at the bottom when circulation stops; this will be 

further discussed in subsequent topics. The types of weighting materials differ 

according the conditions of the reservoir to be drilled, each with its own pros and 

cons. 

 

Table 3.2: Table of Drilling Fluid Density Range, Advantage and Disadvantage
[3][8] 

Weighting 

Material 

Density 

range (ppg) 

Advantage Disadvantage 

Barite 10.0 – 22.0  Cheap to be used 

 High purity 

 Flexible 

 

 Suspected to sagging 

easily 

 Difficult to control the 

rheology when density 

increase 

 



33 

 

Hematite 15.0 – 25.0  Easier well control 

 Typically mixed 

with barite for better 

mud design 

 

 Corrosive when pure 

hematite used 

 Can influence logging 

and directional tools 

 Difficult to control the 

mud properties 

 Toxic when not 

properly maintained 

 

Illmenite 23.0 

Siderite 9.0 – 19.0 

Galena Max 32.0  Can be used in high 

pressured wells 

 Expensive 

 Highly toxic 

 

Water 8.3 – 8.5  Cheap 

 Easily available 

 Environmentally 

friendly (to some 

extent) 

 Very low pressure 

control 

 Requires additives 

which could be toxic 

 Difficult to control the 

properties 

 

In practical terms, water could be used as a drilling fluid although because of the 

increasing in drilling depths, well control becomes an issue and with this, additives 

were added into the fluid. Typical additives added to the drilling fluid are weighting 

materials, viscosifiers, filtration control materials, rheology control materials and 

lubricating materials.  

 

Other additives include clay contents and as mentioned in their studies of drilling 

fluid rheology
[4][8]

, the addition of clay is used to increase the hole cleaning 

properties as well as to avoid loss circulation issues although with a  higher clay 

saturation, the drilling fluid will reduce the rate of penetration
[27]

 and could 

potentially lead to stuck pipes due to increasing differential sticking as well as 

increasing the torque and drag during drilling but for the purpose of this research 
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project, the weighting materials as well as the rheological properties will be 

considered as both as the main priorities when handling drilling fluids during any 

drilling operation. 

 

Multiple sources
[5][7][8][9][12]

 have already cited the typical drilling fluid density used 

during a drilling operation and the problem is that the density used will of course 

vary depending on not only the formation type, it also varies between the location of 

the well and the industrial standards used for a drilling operator. 

 

Taking information based on the field experience used which was compiled
[18]

, the 

drilling fluid density ranges for different weighting material used; the following plot 

has been generated. 

 

 

Figure 3.6: Drilling and workover fluids weighting agents and density range
[18] 

 

Based from the plot above, it can be seen how as an example at 16 ppg of drilling 

fluid, the weighting agent used could either be barite, hematite or galena. The 

decision to use which weighting agent will come down to the management and 

personnel on-site and hence, it will be difficult to precisely choose which weighting 

agent should be used as the properties will differ according to each drilling fluid. 
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3.3.7 Equivalent Circulating Density 

 

The ECD is a function of a combination of the drilling fluid density (or 

mudweight), the rheological properties (with the low and high shearing rates 

viscosity as important factors), the frictional pressure drop within an annulus and 

solids loading in the drilling fluid. It is also defined as the increase in bottom hole 

pressure due to the friction or the apparent fluid density during a drilling operation. 

ECD has a number of factors tied in but the effect of ECD in a wellbore is more 

important which will be considered in the project. ECD is the dynamic factor of the 

drilling fluid density during an operation and it acts as the actual density which is 

exerted into the wellbore. ECD is always higher than the hydrostatic drilling fluid 

density at the surface. 
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CHAPTER 4  

CHALLENGES OF DRILLING A HETEROLITHIC 

THIN BEDDED RESERVOIR 

 

4.1 Background 

 

Due to the nature of the heterolithic reservoir, numerous problems could 

potentially be encountered at any given time. The attributes of the drilling fluid will 

play a big role behind any complications which could occur. A few of the problems 

with relation to the reservoir and drilling fluid will be further discussed. 

 

4.1.1 Issues of a Heterolithic Thin Bedded Formation 

 

One of the most challenging aspects of a Heterolithic thin bedded formation 

is the prediction of the permeability for the reservoir in the creation of a simulation 

model. Numerous studies have been made and have shown different approaches in 

the evaluation of the petrophysical evaluation for a reservoir. Studies
[22]

 has shown 

evaluation methods to effectively test the reservoir using well testing data to obtain 

reservoir properties derived from pressure transient testing using either a single probe 

or dual packer testing but at the same time has shown how the estimated shale 

barriers can have an effect the vertical and horizontal estimation to a certain degree.  

 

The problem lies in the inter-laminated or heterolithic zones when compared using 

conventional logs such as the gamma ray and density for interpretation tend to show 

the zones to appear to be non-productive because of the thinly bedded nature. The 

reservoir sands may itself be highly permeable however the silt and clay lamination 

could affect the reservoir vertical permeability. 
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This issue is also highlighted before
[24]

 and it was also pointed out that the errors 

associated with wireline estimates will be difficult and has shown the estimations for 

permeability will be heavily skewed when compared between the core plugs and the 

wireline data integration. This is due to the core plugs having a continuous layer of 

sand/silt/mud whereas in the simulation, the model has a discontinuous sample of 

sand/silt/mud layers although there are methods to give appropriate estimates at a 

given scale. 

 

This leads to the conclusion of the complexity in the numerical estimation for 

permeability especially in a thin bedded reservoir due to the unpredictable geological 

system but could be accounted for using the stochastic methods and process-based 

modeling approach to quantify the effective permeability for a reservoir.  Apart from 

the permeability concerns, this brings the problems of pressure differences along the 

depth of a heterolithic well during drilling.   

 

4.2 Drilling Fluid Loss or Gains 

4.2.1 Loss Circulation 

 

Lost circulation occurs when the drill bit encounters natural fissures, fractures 

or caverns, and mud flows into the newly available space. Lost circulation may also 

be caused by higher drilling fluid pressure on the formation than it is strong enough 

to withstand, thereby opening up a fracture into which the drilling fluid will flows. 

 

Due to the different layers of sand-shale each having different capacity of handling 

the fluid pressure which leads to a situation where at one point it is possible that the 

pressure applied is not enough to withstand the formation thus creating a situation 
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where a kick could potentially occur or whereby in this case for loss circulation, the 

drilling fluid will flow into the reservoir due to the higher pressure being applied.  

As such, this will generate drilling fluid losses at the surface and the mitigation is to 

apply Loss Circulation Materials although this could help in re-obtaining control of 

the well, the negative impact is that the LCM could lead to damage to the reservoir 

zones as it could decrease the permeability effects of a layer. 

 

4.2.2 Gains and Losses into a Reservoir 

 

In previous topics (Section 3.1.3), a general trend which drilling where the 

pressure against the depth, showing the pressure trends of a heterolithic reservoir. By 

placing additional information based on typically used drilling fluid density weight 

used during drilling, then the concern during drilling can then be seen. The value to 

be used will be 12 ppg (0.624 psi/ft) water based drilling fluid which is quoted in 

numerous references.  

The problem comes in the variance of either the formation to be drilled where 

different pressure regimes would be encountered or issues with the drilling fluid due 

to the changes in the rheological properties or when the weighting agent sag which 

cause the density to be altered at different column height.  



39 

 

 

Figure 4.1: General Pattern of a Drilling Fluid Density Window in a Heterolithic 

Reservoir 

The above plot will present the highlighted issues previously stated. As it can be seen 

on the emphasized region shown where during drilling a certain sections of the 

reservoir, the drilling fluid used was higher than the drilling fluid but this section 

could potentially be a “thief zone” where the drilling fluids will be lost which could 

be due to the high permeability of the rock but at the same time in other sections of 

the reservoir, the formation actually has a higher pressure than the drilling fluid, 

causing fluids from the reservoir to seep into the wellbore where this leads to gains 

into the wellbore. This phenomenon is commonly referred as wellbore breathing. 

 

This issue of continuous gains and loss during drilling could lead to potential 

problem is that is not managed properly. Should the drilling fluid density is increased 

to control the gains, this could potentially fracture the low pressure zones and 

effectively cause loss circulations into the reservoir but on the other hand if the 

drilling fluid density is made to be lower to maintain the losses, the problem will 

potentially lead to a kick to be encountered or in the worst case scenario, a blowout 

could occur. At the same time it should be noted that during a drilling operation, 

losses will always occur into a reservoir which is due to the drilling fluid invading 

into the reservoir. This form of losses is typically recorded to ensure that the amount 

of fluid invading into the reservoir is not at an alarming rate. The losses are usually 
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in a way that it is considered to be at a “constant” level throughout the operation. 

Typically when the reservoir has a low permeability, this actually leads to a poor 

filter cake formation which in turn increases the losses into the reservoir. This leads 

to the importance of understanding the reservoir while at the same time implement 

proper drilling fluid management during a drilling operation. 

 

4.3 Kicks 

 

A kick is a well control problem in which the pressure found within the 

drilled rock is higher than the mud hydrostatic pressure acting on the borehole, when 

this occurs, the greater formation pressure has a tendency to force formation fluids 

into the wellbore, and the forced fluid flow is called the kick.
[2][3] 

It was also 

mentioned that one possible influence for a kick to occur is due to the swabbing or 

surging effect when pulling out or running in a pipe. The factor that comes into play 

is the gel strength and this has already been mentioned in section 3.3.5. 

 

When it comes to the fluid which enters the wellbore, it could either be formation gas 

or hydrocarbon entering. During drilling, formation gas peaks could be recorded and 

this depends entirely on how it is handled. Typically the gas would be circulated out 

by the mud circulating system and there are different reasons behind the gas peaks. 

Typically the gas from the formation is suppressed by the weight of the drilling fluid. 

The gas that escapes into the wellbore is usually minimal and easily controlled. 

Typical values of the total gas recorded would be about 0.1 to 2 % although there are 

some cases where the drilling is done while having high background gas. This 

method of drilling is referred as underbalance drilling. 

 

Another form of gas influx is due to either connection gas, trip gas or pump-off gas. 

Connection gas is the brief influx of gas introduced into the drilling fluid when a pipe 
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Low Permeability Zone 

High Permeability Zone 

connection is being made. As for Trip gas and Pump-Off gas, it is due to the 

accumulation of the gas in the wellbore due to the lack of circulation when the mud 

pumps are turned off or due to swabbing effects when the pipe is being pulled out of 

the wellbore, the only difference is the instance when the pump is turned on or off 

during tripping. 

 

4.4 Stuck Pipes 

 

 

Figure 4.2: Potential Cause of Stuck Pipe in a Wellbore 

 

 Stuck pipes can occur during drilling when a high permeable zone is 

encountered. This is due to differential sticking because the pressure exerted by the 

drilling fluid us carried by the isolated filter cake over a highly permeable wall which 

causes the pipe to be pressed against the wellbore. This happens when the drilling 

fluid is invading into the highly permeable zone and if the wall-cake (filtercake) 

build-up is slow then this will cause the pipe to be “pushed” against the wall by the 

flowing drilling fluid. The second possibility is due to the low permeable zone as 

well when it is close to a high permeable zone.  

 

The second scenario can happen when the drilling fluid has already formed a 

filtercake along the highly permeable zone but not around the low permeable zone 

Possibility of differential 

pressure to occur causing pipe 

to become “pushed” towards 

wellbore at high permeable 

zone 
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and this can cause a similar effect as when encountering with the high permeable 

zone with a poor filter cake but this time the fluid is invading into the low permeable 

zone causing the pipe to be pushed to the walls although this scenario is very 

unlikely to happen. The mitigation for a stuck pipe caused by differential sticking is 

to lower the drilling fluid used or to control the Effective Circulating Density but 

there is a need to understand the true nature behind why the pipe was stuck during 

drilling before any action is taken as it could be due to shale instability or tight holes 

during drilling. 

 

4.5 Weighting Agent Sag 

 

Sag is commonly defined as the slow settling of weighting particles (or other 

solid weighting agent), which results in large fluctuations in drilling fluid density 

exiting the wellbore.   Sometimes fluid densities exiting the wellbore are much 

higher than the base drilling fluid density, sometimes much lower than the base 

drilling fluid density.  The particles usually settle in soft beds easily removed with 

circulation of the drilling fluid.   

 

An important consideration is the material weighting sagging although it is not 

entirely understood yet as there is no specific rheological parameter found yet which 

shows the direct link between the particle settling down and the rheology of the 

drilling fluid but there are multiple studies that have shown that trends can be made 

in accordance to the drilling fluid and weighting agent sagging. 

 

The significance of understanding weighting agent sagging during drilling is that this 

has potentially shown in the study of the barite sagging
[14][15]16][30]

, the field has 

multiple problems that led to drilling fluid losses and improper drilling fluid 

management that cause issues during cementing.
[14][19][30] 
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4.5.1 Rheological Relation to Weighting Material Sagging 

 

A correlation has been made according to the viscosity and the shear rate 

relating to material weight sagging and this can be described in the plot below: 

 

 

Figure 4.3: Correlation Between the Viscosity and Shear Rate for Water Based 

Drilling Fluid
[16] 

 

The plot has shown how when the shear rate is plotted against the viscosity, an 

assumption can be drawn about the quality of the drilling fluid used. After making 

extensive laboratory tests, a pattern whereby the fluid used which did not follow the 

trend or is in line within the window is more susceptible to weighting agent sag.
 

[14][15]16] 

 

The risk of using this type of correlation lies on the extrapolation of field data to 

relate to the laboratory tests. The margin of error could be skewed drastically 

although a pattern can be seen based on two studies made
[10][14][15][16]

 which will be 

further discussed in subsequent topics. 
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4.5.2 Relating Fluid Density to Material Sagging 

 

Multiple sources
[9][10][11][14][15][16][17]

 have been made using multiple tests in 

attempt to relate the drilling fluid to material sagging, as pointed out on the study
[10]

 

of material sagging of drilling fluids although all of the tests were made under 

controlled laboratory conditions and from the studies, a sag factor was determined by 

using equation: 

Sag factor = 
       

            
       Equation 3 

And from the sag factor, it was deduced that for a fluid to exhibit acceptable 

suspension characteristics, the Sag factor should be between 0.5 and 0.53 and it was 

also pointed out that when the sag factor goes beyond 0.53, it is inadequate for the 

suspension of particles. Now to relate this to the field data, it may be possible to use 

the same correlation to make a study based on the depth of a well drilled and the sag 

factor by using the drilling fluid going into the borehole and using the density at the 

shakers as the drilling fluid out. If a plot of sag factor against depth is made, it could 

be feasible to look at the characteristic of the drilling fluid used in accordance to the 

depth of the well. 

 

 

Figure 4.4: Plot Showing Possible Window of Weighting Material Sag Factor 
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With the generated plot, it could be seen where the quality of the drilling fluid can be 

questioned if any problem arise. If a plot generated follows a trend going away or 

above the ideal “window” between the lower and higher limit, then the drilling fluid 

may actually be susceptible to sagging and hence could lead to complications during 

drilling. This plot was also described to be able to quantify the suspension properties 

of the drilling fluid used. 

 

The possible issue that could come up is the drilling fluid is tested in laboratory 

conditions yet when it comes in drilling operations, the cuttings generated could 

change the density hence affect the sag factor but it is still possible to have the trend 

to still be similar regardless of the cuttings in the drilling fluid. 

 

4.5.3 Possible Trend of Rheology with Weighting Agent Sag 

 

As mentioned previously, based on two studies made
[10][16]

, there is a possible 

trend in relation to the quality of the drilling fluid used and when plotting the 

Viscosity and shear rate of drilling fluids and the fluids having a sag factor. To a 

degree, using the pattern of Error! Reference source not found. and Figure 4.3: 

orrelation Between the Viscosity and Shear Rate for Water Based Drilling Fluid, 

when combining the rheology of the fluid and the sag window, the pattern is that 

when the fluid is more susceptible to sagging, the rheology properties (based on the 

viscosity and shear rates) tends to be lower down the plot of Figure 4.3.  
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Table 4.1: Sag Performance of Four Test Fluids
[10] 

 
Fluid #1 Fluid #2 Fluid #3 Fluid #4 

 
(g/mL) ppg (g/mL) Ppg (g/mL) ppg (g/mL) ppg 

ρ top 1.68 14.02 1.674 13.97 1.549 12.93 1.693 14.13 

ρ btm 1.741 14.53 1.723 14.38 1.604 13.39 2.196 18.33 
Sag 
factor 0.509 0.509 0.507 0.507 0.509 0.509 0.565 0.565 

 

 

Figure 4.5: Flow Curves for the 4 Test Fluids (thick black lines indicate sag window) 
[10] 

 

As it can be seen in the plots above, the sag factor for fluid #4 is the highest 

indicating it is the most susceptible to weighting agent sagging and the fluid trend 

line is the lowest among all the other fluids. 

 

4.6 Case History 

 

Case histories has been recorded
[18][28][29]

 where records of gains and losses 

were encounter and practical solutions implemented. As mentioned by case 

histories
[28]

 from the offshore Gulf of Mexico has problems when drilling below the 

9 ⅝” casing interval during pump shut-offs. The annular pressure build-up was 

recorded which was interpreted as influx of fluid into the wellbore in addition, losses 
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were also documented with approximately 960 barrels lost. The lost and gain 

problems were observed when drilling three development wells and was thought to 

be occurring in a sand formations from two different depths of the well. In another 

recorded case was with a well drilled with several loss and gains incidents recorded 

in a pressured shale interval. Observations of annulus pressure build up were again 

recorded and the drilling fluid was promptly increased but this alleviated the loss and 

gain problems for another 700 feet of drilling.  

 

The solution was the use of loss circulation materials mixed into the drilling fluid 

which was pre-treated while maintaining its rheology. At the point of this report, 

there was only one material of capable of being a loss circulation material and at the 

same time maintains rheological properties ideal for drilling which is a mixture of 

graphitic carbon and calcium carbonate along with some microfibers added.  

 

A different issue in terms of the losses and gains where a study for a polymeric 

material is being tested for wells with problems with loss circulation during 

cementing jobs also proved to be interesting
[29]

. 6 wells were tested where the issues 

encountered during cementing varied between having cement losses due to fractures 

(induced or natural), unconsolidated formations, vugular formations or highly 

permeable formations.  

 

The point of interest is in the issues relating to the highly permeable formations as in 

a heterolithic formations with the altering zones of permeable and non-permeable 

layers can be an issue. The case study
[29]

 happened at the Powder River Basin where 

an operator attempted to set 400ft of 9⅝” casing in a 13 ¾” open hole across a highly 

permeable gravel section. Previous attempts of cementing using excess of 1000 sacks 

of Class G cement already had full cement returns to the surface but the problem 

came when there were still fluid losses recorded during drilling. 
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This led to the use of polymers added into the cement, acting as a loss circulation 

material to be pumped again into the wellbore. Full cement returns were obtained 

despite the fact that large volumes of drilling fluids were lost in the permeable gravel 

bed. This study has shown that with permeable zones, it is still possible to encounter 

losses even after cementing.  

 

A study on a field
[18]

 that records the use of iron oxide as a weighting agent during 

drilling to manage the influx of gases going into the wellbore was also recorded. 

Although it was also noted that there were some disadvantages in using the hematite 

instead of normal barite as a weighting agent but the well was successfully drilled 

due to the use of hematite although there were also suggestions of mixing both the 

barite and hematite into the drilling fluid system. 
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CHAPTER 5  

           DATA USE AND ANALYSIS 

 

5.1 Background of Case Study 

 

In 2010, two wells were proposed to be drilled in a block allocated to 

PetroleumBRUNEI.  Both wells were drilled successfully although the drilling 

operations of both wells differed significantly. The first well was without any 

particular issues during drilling operations but when it comes to drilling the second 

well, although having similar geological structure with the first well, has different 

issues encountered during drilling with stuck pipes, stuck logging tools, records of 

gains from and losses into the wellbore and faced two kicks. 

 

As with any drilling operation, information will be obtained and recorded and the 

data availability which will be used for this project from the two wells include the 

Daily Drilling Reports, Daily Geological Reports, Daily Mud Reports, Pressure logs 

and there is also the proposed programmes as well. 

 

Taking the proposed geological correlation, this is compared with the lithology 

descriptions from the Daily Geological Reports. The Daily Drilling Reports provides 

the information on the drilling activities as well as other relevant information which 

includes the drilling fluid information.  

 

The extracted information includes the drilling fluid density and rheological 

properties such as the Gel strength, Viscosity, Plastic Viscosity, Yield Point and the 

Low Range Rheology readings. This information is also obtained from the Daily 

Mud Reports. Pressure log information has been provided for Well-2 and compared 
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with the ECD recorded from the Daily Geological Reports and Leak-Off tests 

information to generate a pressure profile.  

 

Wireline Logs from both wells are provided and this helps in identifying the 

heterolithic zones with the use of the Gamma Ray reading from the logs. Other use 

of the wireline logs includes the use of the Resistivity logs to quantify the possibility 

of a good permeable zone within the reservoir.  

 

5.2 Study on the Reservoir Drilled 

5.2.1 Identifying the Heterolithic Sections in both Wells 

 

The heterolithic nature of both wells can be seen as the well was drilled 

deeper which is highly noticeable from not only the geological cuttings but from the 

wireline logs as well. This section will only create an overview as well as to show 

evidences behind the wells having a heterolithic nature.  

 

 

Figure 5.1:Identifying the Heterolithic Nature in Well-1 

 

Interbedded Claystone & Sandstone 

Claystone: light grey, very light grey, soft, trace carbonaceous material,very soft sticky, 

silty in part, amorphous - subblocky in part. 

Sandstone: quartzitic, light brown - grey,very fine to fine grained, wellsorted, 

subrounded to rounded, unconsolidated - weak siliceous cement,common white silty 

matrix in aggregates, friable, poor visual porosity, tracepyrite, no shows. 

Claystone with minor Sandstone 

Claystone: light grey, very light grey, soft, sticky and silty in part, amorphous - 

subblocky. 

Sandstone: quartzitic, translucent, very fine grained, rare fine grained, well sorted, 

rounded, unconsolidated, good inferred porosity, no shows. 

Gamma Ray reading showing the highest point showing claystone content (Shale section) 

Gamma Ray reading showing the lowest point showing sandstone content (Sand section) 
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The above diagram is a section from the wireline logs provided for a selected depth 

interval of 1000mMD to 1250mMD (958.4 mTVDSS to 1136.6mTVDSS) which can 

be used to represent the heterolithic nature in the well. 

 

It can be seen that with regards to the lithology descriptions from the Daily 

Geological Reports at the investigated depths the cuttings that came up consisted 

mostly of claystone with minor sandstone recorded. As the well was drilled deeper, it 

recorded a gradual increase in the amount of sandstone coming out. This leads to a 

conclusion of an interbedded claystone and sandstone formation. The wireline logs 

have shown there is a sequence between sand and shale which can be represented on 

the red circle in Figure 5.1. Zooming into the section, the gamma ray logs is 

alternating between high and low values.  

 

Figure 5.2:  Logs Confirming the Heterolithic Nature of Well-1 (at selected depths) 

 

Shale section 

Shale section 

Sand section 

Interbedding 

of Sand/Shale 

Gamma Ray 

Readings 
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As it can be seen in Figure 5.2, there are numerous sections having the high and low 

Gamma ray readings. Note that the wireline logs in intervals of 1 meter and this 

shows that in a depth of 10 meters in majority of the well, there is interbedding of 

sand and shale.  

 

This pattern is also clearly visible in Well-2 and by investigating the well at the 

depths of 3025mMD to 3200mMD (2608.3mTVDSS to 2780.1mTVDSS) and as 

done previously for well-1, the gamma ray from the wireline logs are used 

(represented by the green lines on the logs) and is compared to the geological 

cuttings recorded from the daily geological report. The only issue is that the wireline 

logging suite for well-2 is not as extensive as well-1 given the fact that the well only 

has wireline logs from the depth of 2540mMD to 2770mMD (2121.6 mTVDSS to 

2351.6mTVDSS) for the 8 ½” section and between 2865mMD to 3218mMD (2448.4 

mTVDSS to 2580.2mTVDSS) for the 6” section. There is a gap of logging 

information of about 90m vertically because of a stuck tool issue and the section 

being cased. 
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Figure 5.3: Identifying the Heterolithic Nature in Well-2 

 

Although from the geological cuttings as described for well-2 was not as precise as 

well-1 (where it was mentioned that there was interbedding of claystone and 

sandstone). It is not as straightforward for well-2 where as it can be seen in Figure 

5.3, the geological describes the well to be primarily (Claystone and sandstone) but 

based on the wireline logs again in the selected depth between 3025mMD to 

Calcareous Claystone with Sandstone 

Claystone: medium dark grey, dark grey, medium light grey, 

light brownish grey, firm – hard, blocky – elongate, 

calcareous, silty in parts, dispersive/washable in parts, 

abundant pyrite in parts.  

Sandstone: clear, white, light grey, light brownish grey, very 

fine grained – fine grained, friable - firm, predominantly 

loose quartz, in parts blocky – platy, poor - moderate sort, in 

parts siliceous cement, commonly argillaceous grading to 

argillaceous siltstone, trace calcareous cement, rounded – 

sub-rounded, moderate sphericity, common black 

carbonaceous specks, in parts common pyrite, no visible 

porosity, no shows.  

Note: common CaCO3 & graphite in samples (mud 

additives)  

Claystone and Sandstone 

Claystone: predominantly medium dark grey, dark grey, 

occasionally medium light grey, light brownish grey, firm – 

hard, blocky – elongate, predominantly non-calcareous, 

occasionally calcareous, silty in parts, occasionally 

dispersive/washable in parts.  

Claystone 2: trace light red – moderate reddish orange, soft, 

plastic, waxy lustre, non-calcareous, associated with very 

fine – fine grained sandstone.  

Sandstone: clear, white, light grey, light brownish grey, very 

fine grained – fine grained, trace medium grained in parts, 

predominantly loose quartz, in parts firm, friable in parts, in 

parts blocky – platy, poor - moderate sort, commonly 

argillaceous grading to argillaceous siltstone, rounded – sub-

rounded, moderate sphericity, common black carbonaceous 

specks (possibly graphite?), no visible porosity, no shows.  

Note: abundant CaCO3 & graphite in samples (mud 

additives) – from 3174-89 mMD & at 3207 mMD very little 

of sample is actual cuttings  

Gamma Ray 

Readings 
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3125mMD (2605.4 to 2705.4mTVDSS) there is an interbedding of sand and shale 

sequence from the alternating high and low gamma ray logs (represented by the 

green line on the wireline logs).  

 

Figure 5.4: Logs Confirming the Heterolithic Nature of Well-2 (at selected depths) 

 

5.2.2 Geological Correlation 

 

As mentioned in previous sections, drill cutting samples were taken and 

recorded throughout the drilling operations of Wells 1 and 2.With the aid of the 

wireline logs, a few sections were found to be notable and can be used to correlate 

between Well-1 and Well-2. The Gamma Ray logs have been used to show a 

relationship between Well-1 and 2 and with the geological cuttings can be used to 

confirm the relative depths between them and there are also horizons predicted for 

both wells and the correlations between the horizons will be shown and described. 

 

Interbedding 

of Sand/Shale 

Shale section 

Sand section 

Gamma Ray 

Readings 
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Taking a portion of the wireline logs from both wells, it can be seen how the gamma 

ray is trending similarly as pointed out in Figure 5.5 as well as a brief description of 

the geological descriptions next to the logs. Although this method is actually a crude 

form of correlation granted it only used the log trends and geological cuttings, this 

method is still valid as it can be used to tie between the both wells to have similar 

geological make-up.  

 

Using the wireline logs from between the depths of 1690mMD to 2261mMD 

(1616mTVDSS to 2156mTVDSS) for Well-1 and from wireline logs of Well-2 at the 

depths of2437mMD to 3220mMD (2019mTVDSS to 2800mTVDSS), it can be seen 

the similar response from the gamma ray logs at certain sections. By taking a look at 

Figure 5.6, the gamma ray correlation from Well-1 and Well-2 has been made. The 

issue in this correlation is the missing gap in Well-2 wireline logs due to the stuck 

tool which will be explained in the next few sections.  

 

The most notable similarity which can aid in confirming the geological correlation 

was the presence of limestone. It was only found at corresponding depths in both 

wells and therefore it is safe to say that these depths correlate with each other. 

 

Limestone traces were found at the depths of 2047 mMD - 2056 mMD (1957 to 

1965 mTVDSS) in Well-1 and for Well-2, the depths of 2850-59mMD (2431 to 

2440mTVDSS) had minor limestone as well. Based on the gamma ray trend and 

geological descriptions, the correlation can then be done although this is only a rough 

correlation. The following figures have been made to explain this. 



Drilling Through an Interbedded Sand-Shale Sequenced Heterolithic Reservoir: 

Managing Kicks and Losses 

 

                                            

Figure 5.5: Wireline and Geological Correlations between Well-1 and Well-2 (Depth shown on logs in TVDSS)

Geological description from 1570mMD to 

2066mMD (1511 to 1975mTVDSS) 

 

Claystone: soft, amorphous, medium light 

grey medium grey. No calcareous, 

occasionally locally calcareous. 

 

Claystone: firm, becoming hard, medium 

dark grey, dark grey, light brownish grey, 

blocky, platy, silty in parts, non-calcareous. 

 

Argillaceous sandstone/siltstone: light 

brownish grey, blocky, soft – hard, friable in 

parts, very argillaceous, grading to siltstone, 

silt – very fine grained, predominantly non-

calcareous, trace calcareous, occasional white 

–very light grey argillaceous cement, 

common very fine black specks, no visible 

porosity, no shows (no direct, no cut). 

With trace pyrite observed at 2047 & 2050 m. 

 

Trace at 2047 - 2056 mMD (1957 to 1965 

mTVDSS) Trace Limestone: mudstone, 

white, very light grey, soft, argillaceous, silty 

in parts, blocky, grading to argillaceous & 

calcareous silt/sandstone, no visible porosity, 

no shows (no cut). 

Geological description from 2848mMD to 

2867mMD (2429 to 2448mTVDSS) 

 

Claystone with Sandstone and minor Limestone 

 

Claystone: light brownish grey, medium grey, soft, 

amorphous, washable/dispersive, blocky, 

occasionally sub-fissile, slightly silty, non-calcareous, 

occasional black carbonaceous specks.  

 

Sandstone: clear, white, light grey, light brownish 

grey, very fine grained – fine grained, occasional 

trace medium, firm – hard, friable, blocky – platy, in 

parts loose quartz, poor - moderate sort, in parts 

siliceous cement, in parts argillaceous grading to 

argillaceous siltstone, trace calcareous cement, 

rounded – sub-rounded, moderate sphericity, 

common black carbonaceous specks, trace pyrite, no 

visible porosity, no shows.  

 

From 2850-59mMD (2431 to 2440mTVDSS), 

Limestone: mudstone, pinkish grey, light red, soft, 

blocky, amorphous – sub-fissile, friable – dispersive, 

slightly argillaceous, calcareous, no visible porosity, 

no shows.  

Well-1 Well-2 

2156 

1616 

Missing gap (100m 

vertically) 

2019

 

2800
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Figure 5.6: Gamma Ray Trend Similarity between Both Wells 
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what was described in both 

geological descriptions at 

each respective depth. 

It was described to have 

majority claystone and 

sandstone. Limestone was 

also found at the highlighted 

depth. 
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2448 

2348 
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With the aid of the geological descriptions, further study on how to correlate between 

the two wells. This is simply done by comparing what was recorded as tabulated 

below. It was mentioned previously that a few horizons were identified for both 

wells and the correlation for both horizons has been made which will be shown in the 

next few sections.  

 

Tabulated below is the geological description based on the cuttings for Well-1 from 

the daily geological reports and this has been simplified as shown:  

Table 5.1: Geological Description Summary for Well-1 

mTVDSS mMD Geological Descriptions based on cuttings 

62.7 89 Claystone 

407.7 434 Claystone with trace sandstone 

523.3 550 Interbedded sand stone and claystone 

585.1 613 Claystone with minor sandstone 

621.4 650 Interbedded Claystone and sandstone 

661.6 691 Claystone with occasional thin sandstone interbeds 

745.2 778 Claystone with minor Sandstone  

847.2 884 Massive Claystone with trace sandstone 

891.1 930 Thinly interbedded sandstone and claystone 

955.2 997 Massive claystone with trace sandstone 

998.2 1042 Claystone with minor sandstone 

1004.2 1153 Interbedded claystone and sandstone 

1136.6 1187 Interbedded Sandstone and siltstone 

1501.6 1570 Mainly Claystone with some argillaceous sand and trace 

limestone 

1974.7 2066 Claystone with trace sandstone 

2127.7 2230 Claystone with Siltstone 
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It can be seen how the well is mostly made up of claystone with some interbedding 

of siltstone or sandstone. The sandstone is present closer to the target depth of Well-1 

which is at 2128 mTVDSS. As for Well-2, the simplified geological descriptions 

obtained from the cuttings are as follow: 

Table 5.2: Geological Descriptions Summary for Well-2 

mTVDSS mMD Geological Descriptions based on cuttings 

656.2 705 Claystones with interbedded sands 

745.2 820 Predominantly claystone with minor interbedded sands 

1031.6 1207 Claystone with interbedded sands 

1151.9 1370 Claystone interbedded with varied thickness of sand/sandstone 

1405.1 1712 Claystone and sandstone 

1476.8 1810 Silty claystone and sandstone 

1924.3 2340 Claystone, silty claystone and sandstone 

1969 2386 Claystone with thin sandstones 

2121.6 2540 Claystone with interbedded sandstone 

2213.4 2635 Claystone with minor siltstones and thin beds of sandstone 

2430.8 2848 Claystone interbedded with sandstone and minor siltstone 

2450.2 2867 Claystone with sandstone and minor limestone 

2448.4 2991 Claystone and sandstone 

2740.4 3160 Calcareous claystone with sandstone 

2800.4 3220 Claystone and sandstone 

 

With this it can also be seen how the well is consistently made up of claystone as 

well with interbedding of sandstone or siltstone similar to Well-1. This shows that 

both wells are not only heterolithic by nature but can be correlated as well.The 

tabulated information below and comparing between the descriptions can then be 

done to show the different depth correlation between the two wells and this can help 

further increase the evidence of the heterolithic nature and correlation between the 

two wells 
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Table 5.3: Lithological Correlation between Well-1 and Well-2 

Lithology Description 

Well-1 Well-2 

Depth Interval:  

650 – 691mMD 

 

Claystone with occasional 

thin sandstone interbeds: 

Claystone: Light grey, 

Soft amorphous, locally 

grading to siltstone, 

scattered micro lithic 

fragments 

Sandstone: Quartzitic, 

clear-translucent, very fine 

– fine grained, well sorted, 

subrounded - rounded, 

weak siliceous cement, 

trace calcareous cement, 

friable, good inferred 

porosity, no shows 

Depth Interval: 2340 – 2386mMD 

Claystone with thin sandstones: 

 

Claystone: Medium grey, medium dark grey, soft – firm, 

blocky, in parts amorphous & washable, trace 

elongate/flaggy, trace sub fissile, non-calcareous, in parts 

silty, in parts waxy lustre. 

Sandstone: Clear, white, in parts medium grey (argillaceous 

sandstone grading to siltstone), in parts white/pinkish grey, 

light brownish grey, very fine grained – fine grained, 

occasionally very fine – medium grained, commonly loose 

quartz, Friable – hard, sub angular – sub rounded, poor – 

moderate sphericity, occasionally blocky, white & medium 

grey argillaceous cement, calcareous cement,, predominantly 

poorly sorted, occasionally fair/moderate sort, occasional 

fine black carbonaceous material, occasional trace pyrite, no 

visible porosity, no shows 

Depth Interval:  

691 – 778mMD 

 

Claystone with minor 

Sandstone. 

 

Claystone:light grey, soft, 

amorphous - sub-blocky, 

scattered micro-lithic 

fragments. 

 

Sandstone:Quartzitic, 

clear - translucent, very 

fine grained, locally 

grading to siltstone, well 

sorted, unconsolidated, 

good inferred porosity, no 

shows. 

Depth interval:  2386 – 2470mMD 

Claystone with interbedded Sandstones  

 

Claystone: medium grey, medium dark grey, dark grey, soft 

– firm, blocky, in parts amorphous & washable, trace 

elongate / flaggy, trace sub-fissile, non-calcareous, in parts 

silty, in parts waxy lustre.  

Siltstone: pinkish grey, light brownish grey, hard, brittle, 

blocky, siliceous cement.  

Sandstone: clear, white, in parts medium grey (argillaceous 

sandstone grading to siltstone), in parts white/ pinkish grey, 

light brownish grey, very fine grained – fine grained, 

occasionally very fine – medium grained, commonly loose 

quartz, friable - hard, sub-angular – sub-rounded, poor – 

moderate sphericity, occasionally blocky, white & medium 

grey argillaceous cement, calcareous cement, predominantly 

poorly sorted, occasionally fair/moderate sort, occasional 

fine black carbonaceous material, occasional trace pyrite, no 

visible porosity, no shows.  
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The table above shows lithology descriptions comparison for one horizon predicted. 

The comparison is between the sandstone and claystone as well as the lithology 

above and below the selected depth intervals. It can be seen that comparing between 

the two, a similar pattern or trend can be observed with regards to the arrangement of 

the lithology.  

 

Another two horizons has been compared as well at the depth intervals between the 

depths of 778mMD to 863mMD for well-1 has been correlated to the depths of 2470 

to 2540mMD in well-2. The third horizon is correlated between the depths of 

1385mMD to 1412mMD in Well-1 to be correlated to 2655mMD to 2812mMD in 

Well-2. This is shown in Figure 5.7 and it can be seen how between 7 kilometers 

apart, the corresponding depths differ between them. An Attachment of the lithology 

comparison can be found in the Appendix section. All the above correlation is based 

on the geological description correlation and is used at the best knowledge of author 

and is not to be used as an accurate representative for both wells.   
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Depth  Depth  

mTVDSS mTVDSS mMD mMD 

Well-1 Well-2 
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Figure 5.7: Geological Correlation between Well-1 and Well-2 
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5.2.3 Recorded Gains and Losses 

 

As mentioned in previous sections, losses will occur during any drilling 

operations but it is only a matter of how to control the losses that occur. Any gains 

and losses during the drilling operations for Well-1 and Well-2 have been recorded in 

the Daily Drilling and Daily Geological Reports. The Daily Mud Reports have some 

records of the gains and losses as well although more emphasis will be taken from 

the Daily Drilling Reports as it is considered as the official operational information 

for each respective well. 

 

During drilling Well-1, no particular incidents with regards to the reservoir have 

been noted. There is only a record of a small notable gain of 7.2 barrels of fluid in 

the trip tanks after a wireline logging suite in the 8 ½” section at the depth of 

2230mMD (2128 mTVDSS) but prior to the logging job, no gains were recorded 

from the trip tanks.  

 

The gains may have been due to a swabbing effect from the wellbore when pulling 

the tool out of the hole or another possibility is the reservoir breathing back some of 

the invaded fluids back into the reservoir as at time of logging, the well is under 

hydrostatic conditions and therefore the drilling fluid weight was in surface 

conditions which was about 10.5ppg. During drilling the 8 ½” section, the highest 

recorded ECD was 11.26ppg but unfortunately the pressure logging were not made 

for Well-1 during the drilling operation. Therefore only a comparison between the 

predicted pressures can be made along with any leak-off tests done.  
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Figure 5.8: Cumulative Gains from/Losses into Wellbore against Time for Well-1 

 

 

Figure 5.9: Cumulative Gains from/Losses into Wellbore against Depth for Well-1 
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Figure 5.10: Pressure Profile for Well-1 (ppg against mTVDSS) 
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Based on the three figures shown, Well-1 was drilled according to what is expected. 

The ECD shown in Figure 5.10 has shown that the well was drilled far below the 

predicted fracture gradient and follows the proposed drilling fluid weight. This well 

was then used as an example and the drilling fluid type was also implemented into 

drilling Well-2. Just as what was done in Well-1, the gains and losses during drilling 

along with the drilling fluid information were recorded throughout the drilling 

operation. Although there are some additional data provided in terms of the pressure 

recordings of the well but only for Well-2.  

 

This is where the main issue comes when drilling Well-2. The recorded losses of 

drilling fluid into the well was at a drastic level up to a point where it reached up to 

950 barrels lost downhole, going at rates above 100barrels/hour of drilling fluid 

losses. There were also records of gains from the well during the operation. This was 

largely responsible by a bullheading operation performed to forcibly pump fluids into 

a formation, usually done for well control. Typically this is done to wells with 

hydrogen sulfide to prevent the gas from escaping and reaching the surface but for 

the case of this well, it was done to prevent from the formation gas from entering the 

wellbore anymore. The downside of bullheading the well is having no control of 

where the fluid will be pumped as it will usually go to the weakest formation. There 

is also the possibility of the fluid to break through the cement around the casing shoe 

causing the fluid to breach through and flow through the annulus of the casing. 

 

The gains recorded from the well reached up to a volume of 743 barrels but in 

contrast to the volume lost downhole, the total volume lost was above 7500 barrels. 

The volume lost was 10 times larger compared to the gains noted from the well, the 

cumulative gains and losses can be seen at Figure 5.11 and Figure 5.12. It can be 

seen how in Figure 5.12, there is a jump of fluid losses at the depth of around 

2400mTVDSS and this is the section in which the focus will be placed. 
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Figure 5.11: Cumulative Gains from/Losses into Wellbore against Time for Well-2 

 

 

Figure 5.12: Cumulative Gains from/Losses into Wellbore against Depth for Well-2 
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And as mentioned previously, there are pressure readings taken for Well-2 and 

looking at Figure 5.13, the pressure gradient has been plotted against the subsea 

vertical depth of Well-2 up until the target depth. 

 

With this figure, it can be seen how at the depth of around 2400mTVDSS, the pore 

pressure began to increase drastically which lead having a smaller drilling window 

between the pore and fracture pressure. Take note that at this depth was where the 

highest amount of losses began. 

  

  

Figure 5.13: Field Pressure Profile for Well-2 (ppg against mTVDSS) 
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Although this was compensated by the ECD during drilling (represented by the 

purple line in Figure 5.13) but this is where there are other issues came up. As the 

well was drilled deeper, the occurrence of losses increased and led to the pumping of 

LCM into the wellbore multiple times on different occasions.  

 

The ECD has to be controlled using the pumping rate of the drilling fluid to prevent 

from losses to occur downhole. The next section will focus on the events that have 

taken place in Well-2, reason behind the event, the action which was made by the 

drilling operators and what other alternatives that could have been done with the 

positives or negatives of said taken action.  

 

5.2.4 Events Leading to High Volumes of Gains and Losses in Well-2 

 

When Well-2 was being drilled to the depth of 2867mMD (2448mTVDSS), a 

kick was encountered. The sequence that took place is shown in the Appendix. 

Focusing on the pressure profile between the depths of 2300 to 2800mTVDSS as 

shown in Figure 5.17, at the depth of the kick, the static drilling fluid was actually 

lower than the pore pressure calculated. At the point of the kick, the pore pressure 

was actually around 13 ppg while the hydrostatic drilling fluid was 12.8ppg while the 

ECD used was around 14ppg.  

 

At the point of drilling, the lithology recorded by the mudloggers is as follow: 

Claystone with Sandstone and minor Limestone 

Claystone: light brownish grey, medium grey, soft, amorphous, washable/dispersive, 

blocky, occasionally sub-fissile, slightly silty, non-calcareous, occasional black 

carbonaceous specks.  

Sandstone: clear, white, light grey, light brownish grey, very fine grained – fine 

grained, occasional trace medium, firm – hard, friable, blocky – platy, in parts loose 
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quartz, poor - moderate sort, in parts siliceous cement, in parts argillaceous grading 

to argillaceous siltstone, trace calcareous cement, rounded – sub-rounded, moderate 

sphericity, common black carbonaceous specks, trace pyrite, no visible porosity, no 

shows. Unfortunately, the wireline logs will not be able to show the possible 

lithology at that depth as it falls on the missing wireline data gap although it was 

suspected to be at a sandstone section as the gas peak suddenly increased to 8% 

within a few seconds giving an indication of a possibility of the formation gas 

escaping from the sandstone sections. After the well was controlled, it was decided to 

case the well with a 7” casing before continuing the drilling operation. 

 

Taking a look at Figure 5.14, it can be seen the highest loss occur mainly at the depth 

of 2448mTVDSS (2867mMD) and with reference to Figure 5.13, at the depth of 

2448mTVDSS is where the pore pressure increase and the static drilling fluid density 

(represented by the green line) was actually lower than the pore pressure.  

 

The highlighted area in Figure 5.14 represented by the red circle shows the issue of 

gains and losses that happened at the same depth while circulating as well as during 

drilling ahead towards the designated target depth. 

 

Prior to the kick, the previous casing shoe was at the depth of 2539.5mMD 

(2122mTVDSS) and the total distance drilled up to the depth of 2812mMD 

(2394mTVDSS) for a wireline logging job. The tool did not reach the bottom of the 

well and only reached to a depth of 2764mMD (2346mTVDSS). It was also found 

that the influx that entered the wellbore to be gas in nature. 
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Figure 5.14: Gains/Losses in Well-2 (bbls) against Depth (mTVDSS) 

 

The next following tables shows the sequence of events, actions taken by the drilling 

operator, result of taken action and the pros and cons of said action according to the 

operation days after the well was under control. 
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Drilling Through an Interbedded Sand-Shale Sequenced Heterolithic Reservoir: 

Managing Kicks and Losses 

 

Table 5.4: Events after the Well was Controlled 

Event  Action Result Pros of action Cons of action 

 

Circulated out the well 

 

Circulate the well at 450 

gpm, conditioned the 

drilling fluid 

 

Gas peaked to 9.6%, losses 

occurred, reduced pumping 

to 280 GPM, lost 115 

barrels of drilling fluid 

 

 

 

 

 

 

Continued circulating out 

the well using different 

pump rates, drilling fluid 

increased 

 

Pumped at 230, 240, 260, 

280 and 250. Drilling 

fluid raised to 14.6 ppg 

 

Losses when pumping at 

250, 260 and 280 gpm, 

varying from 5 to 20 bbl/hr 

 

Able to know what is 

the optimum pumping 

rate 

 

Reservoir permeability 

might be affected, could 

lead to damaged reservoir 

 

Circulated the well to 

monitor for losses, 

pumped down fine graded 

LCM 

 

Circulated with higher 

density drilling fluid, 

noting down the ECD 

(15.1 ppg) 

 

Managed to stop losses 

while pumping at 310 gpm 

 

Able to know 

maintained the losses 

from occurring 

 

Might end up damaging 

the formation and affect 

the reservoir permeability 
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Table 5.5: Events that took place after attempting to continue drilling 

Event  Action Result Pros of action Cons of action 

 

Continued circulating the 

well 

 

Continue pumping LCM 

and increasing drilling 

fluid into well 

 

Alternating drilling fluid 

density flowing out 

between 14.5 and 14.8 

ppg 

 

Should have lowered the 

losses 

 

Higher ECD led to losses  

 

 

Losses continued to go 

beyond 50 bbl/hr 

 

Continued circulating, 

reduced pumping rate and 

performed a flowcheck, 

pumped LCM 

 

Drilling suspended to 

continue curing the losses, 

drilling fluid weighed up 

to 14.9 ppg 

 

 

 

 

 

 

Continued to circulate 

while curing the losses  

 

Pump rate decreased, 

stopped increasing the 

drilling fluid density, 

pumped LCM 

 

Losses ranging from 60 to 

75 bbls/hr, gains noted 

when pump rate decreased 

 

Formation gases would be 

prevented from escaping 

into the wellbore 

 

Might end up damaging 

the formation  

 



Drilling Through an Interbedded Sand-Shale Sequenced Heterolithic Reservoir: 

Managing Kicks and Losses 

 

Having a look at Table 5.4 and Table 5.5, the actions that follows the events which 

has led to high volumes of drilling fluid to be lost into the reservoir. All the losses 

occurred at the same depth while circulating only and this effect came about after the 

occurrence of the kick and the increasing of the drilling fluid density into the 

wellbore which in a way is the same as increasing the ECD of the fluid in the 

wellbore although the ECD value has been played around between 15.1 and 16.5 ppg 

with the use of the pumping rate being varied between 200 gpm and 310 gpm. In the 

next following days, the drilling operation was focused on attempting to maintain the 

losses into the reservoir by altering the drilling fluid ECD as the losses recorded went 

above 100 barrels/hour. Highest recorded losses were at 150 barrels/hour. 

 

  

Figure 5.15: Recorded Losses in Well-2 after the Well was controlled 

-1000 -800 -600 -400 -200 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Volume (bbls) 

T
im

e
 (

d
a

y
s)

 

Losses into the Reservoir 

Losses 

ECD:  14.9 – 15.1 ppg 

Losses: 11 – 20 bbl/hr 

ECD:  15.1 – 16.1 ppg 

Losses: 75 - 112bbl/hr 

ECD:  15.5 ppg 

Losses: 75 - 100bbl/hr 

LCM Pumped 

LCM Pumped 

LCM Pumped 



75 

 

Referring to Figure 5.15, it can be seen how the losses actually worsen even after the 

LCM was pumped into the well. This led to the decision to set a 7” casing before 

continuing with the drilling operation. Although there was also mentions of LCM 

being pumped prior to the cementing operation. This was an attempt to prevent the 

losses of cement into the formation and to avoid any further unnecessary losses.  

 

Another issue came up after the well was cemented where there were now gains 

noted from the well and the annulus pressure between the 7” casing and the 9⅝” 

casing began to rise fluctuating between 125 psi to 160 psi. As the operation went on, 

the annulus pressure steadily increased to 265 psi. The pressure was then bled off but 

at the same time, gains were still recorded from the well going at a rate of 12 barrels 

per hour although this took only 11 minutes with 11 barrels of drilling fluid gained. 

This was when it was decided to conduct the bullheading operation. Activity 

description of the bullheading operation can be seen in the Appendix (Figure 9.4) 

and based on the activity description, a total of 170 barrels of drilling fluid was 

pumped through the annulus and after this, the next few days, there were noticeable 

gains recorded from the well.  

 

Figure 5.16: Gains recorded from the Drilling Reports 
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There were also records of the drilling fluid coming out to be varying in density; this 

is already an indication of the weighting material of the drilling fluid to be sagging 

but this will be further discussed in the next few sections,  

 

By taking a look at the locations of the gains and losses indicated in Figure 5.17, it 

can be seen what the pore pressure region was and this may have played a factor on 

the losses which occurred. As it can be seen, the pore pressure dropped to a region of 

14.0 ppg to 14.5 ppg while the drilling fluid density and ECD was maintained, this 

could have contributed to the losses. 

 

Figure 5.17: Pressure Profile between 2300 and 2800mTVDSS for Well-2 
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Figure 5.18: Wireline logs at one of the highlighted areas 

Having a look at the wireline logs for one of the highlighted areas in Figure 5.18 at 

the depth of 2501mTVDSS (2920mMD), it can be seen how in the gamma ray 

section, it has a low reading which gives indication of the lithology being in the 

sandstone region. This is further proved by the geological cutting description which 

describes as “Fair show in Sandstone at 2919 mMD, Show in sand (dried sample): no 

visible stain, no direct fluorescence, very slow colorless cut, with moderate green 

yellow fluorescence, colorless ring stain with dull blue yellow fluorescence.” 

 

 

When it comes to the resistivity, it shows how the region could quantitatively be 

described to have good permeability given the separation zones between the deep, 

medium and short resistivity readings.  

 

 

This shows how the losses can occur in the sandstone region as it is weaker when 
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the mud filtrate on the surface of the borehole.  If the mud filtrate is poor, then the 
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the other one other region have been made and placed in the Appendix (Figure 9.5), 

the third region at the bottom was not recorded in the wireline logs. 

 

5.3 Study on the Drilling Fluids Used 

5.3.1 Drilling Fluid Information 

 

The drilling fluid used throughout the drilling operation was Water-based drilling 

fluid. Different additives were used for both Well-1 and 2 which includes inhibitors, 

densifiers, Potassium Chloride, Caustic soda, biocides and viscosifiers and each of 

those additives has their own particular purpose such as to minimize the aggregation 

of ground solids and aid in preventing bit balling or Caustic soda being used to 

control the pH level. The most important issue is the type of weighting material used 

where in both cases of the well, which is Barite. 

 

5.3.2 Rheological Property Comparison 

 

There is information of the drilling fluid properties to be used provided and 

this can be used as a check on whether the drilling operation has followed what was 

specified. Based on the fact that both wells were expected to behave similarly, it can 

be seen that the properties in both wells should be similar in rheology. There were 

also guidelines for the Plastic Viscosity, Yield Point and the 6 RPM readings which 

mentions that he Plastic Viscosity should be minimized, the Yield Point to be 

maintained at 9 – 14 Pa (Depending on the 6 RPM reading) and the 6 RPM reading 

should be between 8 – 10 RPM. 

 

The following tables show the proposed rheological properties and the actual 

properties between Well-1 and Well-2 according to their designated hole size or 

depth: 
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Table 5.6: Rheological Comparison for the first section of well 

 Well-1 

Proposed 

Well-2 

Proposed 

Well-1 

Actual 

Well-2 

Actual 

Hole size/depth 17 ½” 17 ½” 0 mMD – 

464 mMD 

0 mMD – 

322 mMD 

Density (ppg) 9.5 – 10.0 9.2 -10.0 8.7 – 9.45 9.1 – 9.65 

MBT (kg/m3) < 42 < 15 6 – 35 21 – 35 

Funnel Viscosity (FV) 

– sec/qt 

50-80 50-80 45 – 59 39 – 50 

Plastic Viscosity (cP) 

@ 49ºC 

<30 <35 6 – 17 9 – 14 

Yield Point (Pa) @ 

49ºC 

10-17 20-35 7 – 14 8 – 16 

Gel (10s/ 10m) 2/3–5/6 5/7–10/12 2/3 – ¾ 2/3 – 5/8 

6 RPM @ 49ºC 8-12 8-12 3 – 5 3 – 8 

API Fluid Loss (ml) <6 < 6 4 – 8.5 5.4 – 8.4 

 

Table 5.7: Rheological Comparison for the Second Section of Well 

 Well-1 

Proposed 

Well-2 

Proposed 

Well-1 

Actual 

Well-2 

Actual 

Hole size/Depth 12 ¼” 12 ¼” 464 mMD – 

1187 mMD 

322 mMD – 

2867 mMD 

Density (ppg) 10.0 – 12.0 9.9 – 12.5 9.3 -9.6 9.55 – 15.3 

MBT (ppb) < 35 < 12.5 21 – 32 8 – 35 

Funnel Viscosity (sec/qt) 50 – 75 50 – 75 45 – 55 43- 85 

Plastic Viscosity (cP) @ 

49ºC 

<35 <35 6 – 16 9 – 53 

Yield Point (lb/100ft
2
) @ 

49ºC 

9-15 18-30 5 – 21 8 – 43 

Gel (10s/ 10m) 2/3–5/6 5/7–10/12 ¾– 6/9 3/8 – 27/45 

6 RPM @ 49ºC 8-10 8-10 4 – 7 4 – 27 

API Fluid Loss (ml) <6 < 6 3.8 – 4.8 3.8 – 12 
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Table 5.8: Rheological Comparison for the Final Section of Well 

 Well-1 

Proposed 

Well-2 

Proposed 

Well-1 

Actual 

Well-2 

Actual 

Hole size/Depth 8 ½” 8 ½” 1187 mMD – 

2366 mMD 

2867 mMD – 

3220 mMD 

Density (ppg) 12.0 – 14.0 12.9-14.0 9.6 – 11.8 15.2 – 16.2 

MBT (kg/m3) <28 <12.5 24 – 32 6 – 21 

Funnel Viscosity (FV) – 

sec/qt 

50-75 50-75 46 – 67 47 – 59 

Plastic Viscosity (cP) @ <45 <45 15 – 27 25 – 42 

Yield Point (Pa) @ 49ºC 9-14 18-28 9 – 22 15 – 37 

Gel (10s/ 10m) 2/3–5/6 5/7–10/12 3/8 – 5/16 4/11 – 9/18 

6 RPM @ 49ºC 6-8 6-8 3 – 6 5 – 19 

API Fluid Loss (ml) <6 < 6 3.8 – 10 4.6 – 7.2 

 

As it can be seen from the above tables, the rheological properties of the actual 

drilling fluid were in line with what was proposed for the operation. Looking at 

Well-1, it can be seen how the drilling fluid density used were actually lower than 

what was initially proposed but as for the case of Well-2, the drilling fluid was 

higher. The incident with the kick would be the contributing factor and seeing how in 

the pressure profile, the pore pressure was actually higher than expected in Well-2. 

 

Although it can be seen how when it comes to the Methylene Blue Test, Plastic 

Viscosity and Yield Point, the values are more or less similar with both wells. Other 

than that the actual Gel strength for both wells was actually higher than what was 

proposed. This may be due to the need for a better cutting suspension. 

 

Based on the values of the gel strengths in Well-2, the values are within the 

progressive gel strength range seeing how the 10 second values and the 10 minute 

values are ranged from intermediate to high. This could have been one of the 
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contributing factors to why the kick had occurred in the first place although it is 

unfair to place it all on the drilling fluid as the cause. 

 

5.3.3 Weighting Material Sagging 

 

Using the drilling fluid of density values, the sag factor has been calculated 

for both Well-1 and 2. By plotting the relevant information as shown by Figure 4.4, 

this can help in understanding the quality of the drilling fluid condition during the 

operation. 

 

 

Figure 5.19: Sag factor study for Well-1 and 2 
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potential for suspension of not only the densifier but the cutting materials from the 

operation as well. 

 

The main issue now comes to why did the sagging occurred in Well-2 and as 

mentioned before, even though the densifier is capable of giving a density (or 

weight) within a certain range, it has its own limitation and as the closer it is to the 

maximum limitation, the more susceptible it is to sagging. The increase in the gel 

strength was a hint that the material used could have problems in being suspended in 

the drilling fluid where in this case the barite which was being used.  

 

Referring back to previous figures, by placing the range where the drilling fluid 

density was used in Well-2, it can be seen how the densifier used was almost at its 

limitation. 

 

Figure 5.20: Alternative Choices of Densifiers 
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Looking at Figure 5.20, the density range in Well-2 is substantially larger when 

compared to the range in Well-1 and seeing how it is almost at the end of the 

material limitation could have played a part on the material sagging.  

 

An alternative would have been to use hematite (highlighted with purple oval in 

Figure 5.20) instead once the drilling fluid density reached 15.0 ppg. This way, the 

fluid suspension would have been more stable and the gel strength could have been 

lowered and effectively helped prevented the kick from occurring as the high gel 

strength might have been the reason behind the kick. Another alternative would have 

been to use a light weight Oil based drilling fluid although the impact of using an oil 

based mud would create different issues altogether in terms of environmental and 

economic issues for the operation. 

 

But using Hematite as a drilling fluid additive also has its own implication as the 

costs of using hematite is higher than barite and due to the magnetic properties, this 

affects wireline logging readings. There is also the fact that hematite is corrosive 

when pure and is highly toxic and requires constant maintenance.  

 

One better alternative will be to actually mix the hematite and the barite together 

instead as suggested in Section 4.6. 

 

5.4 Other Related Issues 

5.4.1 Stuck Pipe in Well-2 

 

A stuck pipe was encountered when the well was drilled at the depth of 

1713mMD (1405mTVDSS). This event took one operational day to rectify and to 
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understand what had happened; there is a need to look at the drilling fluid properties 

and the formation being drilled at that particular time.  

 

According to the Daily Geological report, at the depth of 1712mMD (1404mTVDSS) 

the lithology was Claystone and Sandstone and there were also records of 

hydrocarbon traces at 1700mMD. The drilling fluid density at that time was 11.0 ppg 

during drilling. The next course of action taken was the pumping of a volume of 300 

barrels of a lubricating pill with a density of 10.6 ppg. The well was then circulated 

and after a few jarring attempts, the pipe was then free.  

The problem in attempting to find out what could contribute to the pipe to be stuck is 

that there is no wireline logs information at the particular depth of the stuck pipe but 

another method is to take a look at the pressure profile at said depth.  

 

 

Figure 5.21: Pressure Profile at the Depth with Stuck Pipe 
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differential pressure causing the pipe to be stuck to the wellbore. The mechanism of 

how differential pressure occurs has been explained in previous sections and given 

the fact that the lithology has shown the presence of Claystone and Sandstone as well 

as the lowering of drilling fluid density being used. These factors suggest the answer 

to why the stuck pipe occurs to be differential sticking. 

 

5.4.2 Gas Peaks and Hydrocarbon Traces 

 

During drilling the 12 ¼” section of the well, gas peaks were recorded which 

varied from 0.26 % to 13.87%. Although there were different reasons behind why the 

gas peaks were recorded which was either due to drilling gas, Connection gas or 

Pump-Off gas. Figure 5.22 shows the recorded gas peaks and the reasons behind the 

gas peaks and it can be seen how the highest recorded background gas was due to 

Pump-Off gas.  

 

It was also noticed how the gas peaks began after the kick event and prior to the kick, 

there were traces of hydrocarbon as well from the cuttings. The depth interval for the 

traces began from the depth of 1430 mMD (1199 mTVDSS) and the traces were 

frequently recorded in the sandstone regions. The records of traces are also 

highlighted in Figure 5.22. 

 

By referring to the depth where the kick has occurred, it can be seen before it 

happened, gas peaks began to rise and at the exact depth of 2448 mTVDSS (location 

of kick) there were hydrocarbon traces in the lithology. 

 

This could suggest that another reason why the kick has occurred which is due to the 

influx of the gas which may have hydrocarbon present.  
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Figure 5.22: Highest Recorded Gas Peaks in Well-2 
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CHAPTER 6  

        RESULTS 

Throughout the report, the results has been mentioned and presented scattered in 

this report, there has been a study based on the understanding how a heterolithic 

reservoir could be identified, understanding the drilling fluid properties with respect 

to the rheology, looking into the event of the kick leading to gains and losses which 

leads to the study of actions or mitigation plans to prevent the gains and losses during 

drilling. There were also studies behind understanding the behavior of the reservoir 

when subjected to different drilling fluid density (with respect to ECD), looking into 

the stuck pipe, gas behavior and hydrocarbon traces albeit this was in Well-2 only. 

Now the result that could be presented can be seen in Figure 6.1 with aid from the 

wireline logs, ties in what can be said about drilling through a heterolithic reservoir 

after controlling a kick and managing the gains and losses encountered. 

 

It can be seen that during the drilling operation, an interbedded sand-shale formation 

was drilled through where at the same time hydrocarbon traces were recorded, gas 

peaks were noted but it did not directly coincide with the sandstone region. This 

delay is more likely due to the extra time required for the gas to be circulated and 

measured by surface equipment hence the reliability of using gas peaks as a form of 

presence of hydrocarbon could be questionable and as mentioned when it comes to 

the heterolithic zones, issues of losses were then recorded and the mitigation plan as 

stated in the literature review is by managing the drilling fluid properties as well as 

monitoring changes to the ECD. The losses were also cured with the use of loss 

circulation materials pumped downhole. All these mitigation plans comes in after 

entering the heterolithic sequence and again this was further noticed how the losses 

occurred in possible high permeability zones with the use of the resistivity logs to 

help quantify the characteristics of the sandstone in the zone of interest.  
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Finally there is also the notable difference in the drilling fluid density between Well-

1 and Well-2 (shown in Section 5.3.2) and shows the possibility of Well-2 being 

slightly overpressured when compared to Well-1.  
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Figure 6.1: Summary of Overall Analysis 
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As previously mentioned, there are actions that can be made when managing through 

a heterolithic reservoir experiencing gains and losses and the following tables has 

been made to summarize what can be done: 

 

Table 6.1: Possible Actions Drilling Through a Heterolithic Reservoir Experiencing 

Gains and Losses 

Event Action Pros Cons 

 

Increasing Gas 

Peaks during 

drilling 

 

Increasing 

Drilling fluid 

density 

 

Suppress formation 

pressure/Gas influx 

from entering wellbore 

 

Could lead to 

formation 

damage 

 

Incurred drilling 

fluid losses 

during drilling 

 

Pump down 

LCM into 

well 

 

Controlled losses 

 

Permeability of 

reservoir will be 

affected 

 

Incurred drilling 

fluid losses 

during drilling 

 

Controlling 

the ECD by 

adjusting 

pump rates 

 

Maintain the drilling 

fluid density, 

Controlled losses 

 

Difficulty in 

maintaining 

stable losses 

 

Increased losses 

and gas peaks 

during drilling 

 

Bullheading 

Operation 

 

Able to subdue 

formation gas from 

entering wellbore 

 

Could lead to 

damage casing 

shoe and 

formation and 

notable gains 

 

And it was also highlighted that instead of barite, hematite should have been used. A 

comparison table has been made and barite information that is used according to 
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what was found in the study in the rheological properties of the drilling fluid between 

Well-1 and Well-2: 

 

Table 6.2: Comparison Table between Hematite and Barite 

Property Barite Hematite 

Density range (ppg) 8.9 – 16.1 15.0 – 25.0 

Gel strength (10s/10min) 2/3 – 27/45 Could effectively be lowered 

Cost Cheap, easily available  Slightly more costly 

Rheological properties Flexible, as seen by the 

varying plastic viscosity and 

Yield point 

Was mentioned to be slightly 

“fixed” due to the higher 

density. Plastic viscosity is 

slightly higher 

Chemical properties Chemically inert Reacts to Hydrogen sulfide 

or acidic substances 

Comment Suspected to material 

sagging as seen when density 

reached 15.0 ppg 

Will be stable at 15.0 ppg 

onwards 

 

In the case of the gains and losses, it happened when the drilling fluid conditions 

were in a state of having high gels strengths as shown in section 5.3 and an extensive 

study has been made in Section 5.2. 
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CHAPTER 7  

 DISCUSSION 

 

This study has shown how the drilling of a heterolithic reservoir can be highly 

unpredictable as shown when compared between drilling Well-1 and Well-2 

although both of them are geologically similar and both wells consists of a make-up 

between interbedding of sand and shale sequence but the behavior of the wells were 

completely different. When it comes to the drilling fluid used during the operation, 

both wells has similar properties and the rheology was consistent with what was 

informed. There were a few contributing factors that could have been considered as 

the pore pressure of the actual well in Well-2 was higher than originally anticipated 

or there is also the possibility that due to the presence of hydrocarbon traces could 

have led to the kick that was encountered. This is where the drilling fluid 

management comes in and as this project has shown, there are a large number of 

properties that could be used as a study. One study that could not be made in this 

project is the study of the sagging material with regards to the shear stress and rate as 

well as the rheology study using the viscosity of the drilling fluid. 

 

The problem is that although it could be calculated, it only represents a very small 

fraction of the plot when compared to the literature review and hence could be 

dismissed. The main issue is that the plot generated is made in laboratory conditions 

and testing has been made extensively whereas when it comes to actual field 

operation, the properties recorded are made as required by what was specified to be 

used by the operator. Another factor is the units used for viscosity, field operation 

will prefer the use of seconds/quart which is based on a measuring funnel but in 

laboratory conditions, this can be calculated using Rheometers which gives accurate 

readings.  

There is also the issue in the data availability, which can be seen in the Figure 9.6 

where the information is not entirely provided in the available daily reports and logs. 
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This actually led to problems in the attempt to further understand the rheological 

properties.  

Overall this study has shown the actions that could have been made during drilling 

when it comes to a heterolithic reservoir as well as the knowledge of weighting 

material type also came to light. 

 

This did not hinder the project as the rheological study can still be made and the 

quick analysis on the weighting material can be made to confirm the condition of the 

drilling fluid at the specified drilled depth of the operation. 
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CHAPTER 8  

 CONCLUSIONS AND RECOMMENDATIONS 

 

At the start of this project, the question raised for the case study was how to 

manage a drilling operation through a heterolithic reservoir different when it is 

experience kicks, gains and losses. This has been shown by the control of the drilling 

fluid properties by altering either the drilling fluid density or the rheological 

properties.  

 

There is now understanding of the heterolithic nature in Well-2 and based from the 

wireline logs and geological cuttings showing the interbedding of sand-shale 

sequence in short intervals and it could also be concluded the possibility of the 

reservoir being slightly overpressured as it can be seen when comparing the 

pressure profiles between Well-1 and Well-2. 

For one to manage the losses, it can be concluded that by changing the density of the 

drilling fluid as well as managing the pump rates to control the ECD, the next step is 

to control the rheological properties in terms of either its viscosity or its gel strength. 

 

Another alternative is the use of Loss Circulation Material can also be used to cure 

the losses although this can effectively lead to damages in the reservoir.  

 

The behavior of a heterolithic well can be said to be unpredictable which has been 

shown by the case study between two wells which share similar geographical 

characteristic and after making the analysis; the reason behind this was more likely 

due to the UNSUITABLE drilling fluid weighting material TYPE used. 
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It can be seen how throughout the study, the geological correlation made has shown 

that both of the wells are actually similar and when it comes to the drilling fluid 

rheology, both wells are showing similar and correct rheology being implemented. 

 

The only problem comes in the material sagging which is already an indication that 

there are problems with the type of weighting material being used. Therefore the 

recommendation that could be made is the use of a mixture between hematite 

and barite as a weighting agent when it comes to any drilling operation that follows 

the similar pattern as Well-2. 

 

This way the rheological properties could still be maintained as flexible by the 

properties of the barite and at the same time the weight/density properties will be 

improved by the hematite added. Although it is still open to question on what type of 

rheological properties should be used for the drilling operation as well as the nature 

of the reservoir itself is still uncertain given the fact that the information used was 

based on two exploration wells. 

 

Further recommendation would be to use any well information from offset wells 

nearby or from any new exploration data available and when it comes to the study of 

the drilling fluid rheology, further understanding on the gel strength, viscosity and 

obtaining information on the shear stress and shear rate can further enhanced the 

understanding of the suitability of drilling fluid that was used or to be used in the 

future albeit this means the need of the drilling fluid additives used and a proper 

laboratory to work with. 
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9.1 Extended Literature Review 

9.1.1 Heterolithic Bedding Category 

 

The Heterolithic bedding can be categorized into three categories: 

1) Flaser bedding – When the amount of deposited sands exceeds the mud 

deposits, this setting will create a cross-laminated sands with thin mud drapes 

all over the reservoir in ripple troughs and crests. 

 

2) Wavy bedding – Rippled sands with continuous mud drapes all over the 

ripples will be generated when the amount of deposited sands and mud are 

equal.  

 

 

3) Lenticular bedding – Consists of isolated lenses and ripples of sand set in a 

mud matrix in an isolated distributed pattern. Although it can be subdivided 

again to the connected lenses or in the type of lenses which has been 

produced.  

9.2 Rheology Fundamentals 

 

With an elevated viscosity at a high shear rate have a tendency to give better 

retention of solids although this gives negative impact to equipment built to handle 

high-shear rates. On the other hand, an elevated viscosity with a low shear rate will 

reduce the efficiency to any low-shear rate devices such as centrifuges. This brings to 

the connection whereby viscosity is inversely proportional the particle settling 

velocity or the separation efficiency of solids in a fluid. 

 

The fluid flows within an interested region (in this situation either in the 

annulus, drillstring, through the bit or into the interested reservoir formation) it will 

undergo deformation due to forces acting upon it. As such, the simple understanding 
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to the rheology is the pressure exerted of the fluid as well as it involves the force 

exerted by the fluid over an area. 

 

There are two fundamental regions in the study of rheology models: 

- Laminar flow regime 

- Turbulent flow regime 

To define shear viscosity (µ), it is the ratio of shear stress (τ) to shear rate (γ): 

   µ = τ/γ 

With units of Poise (P) or 0.1 Pa.sec (could also be 1 dyne-sec/cm
2
) but typically the 

units of centipoises (cP) is preferably to be used. 

 

For laminar flow, the flow is orderly and the viscous properties of the fluid are 

proportional to the pressure-velocity relationship. In a way, when a force is applied 

to the fluid, friction will react and will cause the velocity to decrease by a constant 

amount (δv) where the velocity will go from v to zero: 

 

   µ = τ/γ 

Re-arranging 

   τ = µ x γ 

   τ = -µ x (δv/δr)  

 

Negative sign denotes the gradual decrease by friction and the rate is simplified to 

the radius as opposed to the area. The above equation shows a linear regression in 

viscosity.  
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For the rheological systems of the laminar flow region, it is divided into three 

different systems each with its own flow curve and Cartesian equation: 

 

1) Newtonian Fluid,  τ =µγ 

Considered as the “ideal flow” whereby the rate of shear is directly 

proportional to the stress applied 

 

 

2) Bingham Plastic Fluid, τ =µγ + τo 

This rheological model takes into consideration that Newtonian fluids would 

actually require a certain amount of finite stress before subjected to flow. 

The properties are still within the Newtonian fluid flow.  

 

 

3) Pseudo-Plastic Power Law Fluid, τ =Kγ
n
 

The mathematical relationship above has shown to be useful as it describes 

the behavior of a real non-Newtonian fluid as it covers the effects when the 

fluid having decreasing viscosity, the shear rate will gradually increase with a 

given constant.  

 

For turbulent flow, it is when a fluid is subjected to different random fluctuations in 

both the velocity as well as direction although the mean velocity parallel to the 

direction of flow will still be maintained. Due to the uneven nature of the flow, it can 

be sub-divided into three flow regimes where there will be a laminar flow regime 

next to the wall, a hectic flow regime as the critical velocity has been exceeded and a 

third transitional flow regime where it is between laminar and turbulent flow. 
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Because of these random flow regimes, the actual shear rate cannot be determined 

and therefore the flow pressure-rate relationship cannot be obtained from the change 

of shear stress with the shear rate. The turbulent flow can only be described using 

two dimensionless factors which is the resistance of the fluid to the walls of the pipe 

called the Fanning friction factor and the Reynolds number.  

 

9.3 Apparent Viscosity 

 

Shear rates can be calculated using different equations and the usual equations used 

are: 

For the shear rate (sec
-1

) at the walls of a cylindrical pipe:  

γ =      

Where: 

V = Average fluid velocity in the pipe (m/sec) 

D = Pipe diameter (m) 

 

As for the annular shear rate (sec
-1

) for concentric pipes, the following equation 

would then be used: 

 

γ =        

Where: 

ΔD = Difference of the hole diameter and outside diameter of pipe (m) 

V = Average fluid velocity in annulus (m/sec) 
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And the calculated shear rates can be used to generate the plot of shear stress – 

shear rate. The data for this correlation should be available on field which could be 

used an indication if the properties of the fluid used becomes open to doubt. 

Rheological properties of the drilling fluid must be constantly maintained else it will 

cause problems when not rectified immediately. 

 

9.4 Additional Information 

 

Prior to any actual drilling operation, a proposal would be provided in terms of 

the lithology and the drilling operation to be made. 

 

9.4.1 Prognosed Lithology of Wells 1 and 2 

 

The expected lithology for the wells has been obtained from a nearby offset 

well roughly about 2.6 km from well-2. The following were prognosed as the 

expected lithology for both wells-1 and 2. 

Table 9.1:Prognosed Lithology for Well-1 

Lithological Description Depth (mMD) Depth (mTVDSS) 

Predominantly sand with clay, gumbo clay, siltstone 

and lignite stringers 

436 409 

Predominantly claystone with sand, gumbo clay and 

shale stringers. Some sand with dolomitic cement 

and good quality sandstone stringers expected. 

708 681 

Predominantly shale and claystone with sand 

stringers. Good quality sandstone stringers expected 

776 747 

Predominantly shale with claystone and sand 

stringers. Subordinated claystones and shale 

stringers. 

1377 1321 
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Predominantly sand with good quality and porous 

sand stringers. Subordinated claystones and shale 

stringers 

1624 1557 

Predominantly sand with good quality and porous 

sand stringers. Some subordinated calcareous 

cement sand and sandy claystones expected 

2007 1921 

Predominantly shale with sand and siltstone 

stringers. Possible top of clinoform sequence; 

possible transition to delta front. Good quality sand 

packages expected. 

2125 2028 

 

Table 9.2: Simplified Prognosed Lithology for Well-2 

Lithological Description Depth (mMD) Depth (mTVDSS) 

Interbedded Claystones and sandstones with minor 

siltstones.  

488 470 

Sandstone with minor interbedded claystone. 974 872 

Interbedded claystone and sandstone with trace 

limestone. 

1534 1285 

Interbedded claystone and sandstone and trace 

lignite 

2349 1933 

Interbedded claystone and sandstone with minor 

siltstone 

2635 2217 

Top of Clinoform sequence: Interbedded claystone 

and sandstone with minor siltstone. 

2860 2442 

3011 2593 

Interbedded Claystone and sandstone 3160 2741 

3501 3083 

 

The prognosed lithology above has been simplified and will be elaborated where it is 

required when it comes to the description to correlate between the actual geological 

description and the prognosed description. 
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9.4.2 Identifying the Possible Heterolithic Zones 

 

Based on the information from the prognosed geological settings for both 

wells, it can be identified where the possible the heterolithic zones are in well-2 only 

as the material given for well-1 has vague descriptions that can be used.  

 

Looking back at the prognosed lithology for well-2, it can be seen that beginning 

from the depth of 1285mTVDSS where the interpretation for interbedding comes 

into play. The interbedding alternates between high volumes of claystone with 

interbedded sandstone or sandstone with interbedded claystone which is expected 

until the target depth of well-2. 

The above prognosis can only be confirmed after drilling the actual well and this is 

found out after looking into the details of the Daily Geological Reports as well as the 

Geoservice logs for further analysis. 

 

9.4.3 Proposed Drilling Operations 

 

Both wells were drilled as an exploration well in an allocated block in Brunei, 

where both wells were correlated using old offset wells nearby roughly about 1.6 to 

2.7 kilometers from Well-2. The difference in distance between well-1 and well-2 is 

about 7 kilometers apart. 

 

The proposed well design for Well-1 is a deviated well of 2125mMD from the rotary 

table (21028 mTVDSS), having a maximum inclination of 18° while Well-2 has an 

S-profile with a maximum build angle of 42.5° and to drop above the target point, 

drilling towards the target and having a total depth of 3500mMD from the rotary 

table (3084mTVDSS) 
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Figure 9.1: Well Profiles for Well-1 and Well-2 Respectively 

 

9.5 Proposed Drilling Fluid Programme 

 

Table 9.3: Proposed Drilling Fluid Programme for Well-1 

Hole 

Size 

(inches) 

Casing 

Size 

(inches) 

Section 

Depth 

(mMD) 

 

Drilling Fluid Design 

Driven 30 30 Water and hi-viscosity sweep 

17 ½  13 ⅜ 450 Water based drilling fluid with mudweight of 9.5 ppg 

to 10 ppg 

12 ¼  9 ⅝ 1150 Water based drilling using 10 ppg mudweight or 

increase to 12 ppg when needed 

8 ½  2125 Same drilling fluid type as previous section but with 

heavier weight range (12 to 14 ppg) 
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Table 9.4: Proposed Drilling Fluid Programme for Well-2 

Hole 

Size 

(inches) 

Casing 

Size 

(inches) 

Section 

Depth 

(mMD) 

 

Drilling Fluid Design 

Driven 30 46 Gel/Pac and hi-viscosity sweep (9.17 ppg) 

26 20 350 Gel/Pac system and clean using High-Viscosity pill 

(9.19 ppg) 

17 ½  13 ⅜ 1260 Water based KCL drilling fluid with mudweight of 

9.19 ppg to 9.85 ppg 

12 ¼  9 ⅝ 2532 Water based drilling fluid using 9.86 ppg to 10.63 

ppg mudweight 

8 ½ TD 3500 Same drilling fluid type as previous section but with 

heavier weight range (10.63 ppg to 13.46 ppg) 

 

9.5.1 Actual Drilling Activities 

 

Well-1 was an exploration well drilled directionally with the purpose to 

encounter all the seismic defined targets which took 57 days, reaching the target 

depth of 2366.5 mMD (2253.7 mTVDSS). An 8 ½” Pilot hole was first drilled up to 

the depth 464mMD as a precautionary for any shallow gas. It was then opened up 

into a 17 ½” hole before it was cased with a 13 ⅜” casing. The well was then drilled 

directionally with an angle of 23° up to the next setting depth of 1187mMD, where a 

9 ⅝” casing was then placed. After setting the casing, an 8 ½” hole was drilled to 

2230mMD, logged and a 7” liner was placed. A final phase of 6” was drilled to the 

target depth of 2366.5mMD and after logging was conducted, the well was then 

plugged and abandoned.  

 

No significant events with regards to the reservoir were noted after drilling the well. 

Traces of hydrocarbon was not found and the only notable event was gas peaks 

recorded at the depths between 1670 mMD to 2162 mMD varying from 12 to 15% 
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but no losses were recorded. Although there was a record of a 7.2 barrels of fluid 

gained after logging at the depth of 2230mMD, it was still found that the well was 

static.  

 

Well-2 is the second exploration well which is drilled at an offset of 7km from Well-

1. After drilling Well-1, it was expected for Well-2 to follow the same trend and 

therefore similar methods as well as drilling fluids were used. The only significant 

change is the drill bit type to be used for drilling and the profile of the well is now an 

S-shape profile. 

 

Well-2 began with drilling a 12 ¼” pilot hole to the depth of 323mMD before it was 

opened using a 26” hole and cased with a 20” casing at a setting depth of 322mMD. 

Drilling then continued using a 17 ½” bit until a depth of 1204mMD and was cased 

with a 13 ⅜” casing. Drilling to depth of 2540mMD with 12 ¼” then resumed 

followed by a 9 ⅝” casing. It was then followed by an 8 ½” hole to a depth of 

2867mMD and was cased using a 7” casing. The final section was a 6” hole to a 

depth of 3220mMD and a 4” liner was then placed into the wellbore. 

With Well-2, this is where the wellbore behavior contrasts significantly compared to 

Well-1. Well-2 encountered multiple issues throughout the operation which includes 

a stuck pipe at the depth of 1713mMD, a kick encountered at 2867mMD, records of 

drilling fluid losses and gains after the depth of 2867mMD until the target depth of 

the well, stuck wireline tool at the depth of 3000mMD which involves a fishing job 

and the well was also bullheaded to counter the losses.   

 

9.6 Lithological Correlation for Horizons in Well-1 and Well-2 

 

Correlation for the second horizon of interval depths of 778m to 863mMD for well-1 

and the depths of 2470 to 2540mMD in well-2: 
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Lithology Description 

Well-1 Well-2 

Depth Interval:  

778 - 804mMD 

 

Interbedded 

Sandstone & 

Claystone 

Sandstone: quartzitic, 

clear - translucent, 

very fine - fine 

grained, very well 

sorted, subrounded - 

rounded, 

unconsolidated, 

minor quartz 

overgrowths, 

good inferred 

porosity, no shows. 

Claystone: light grey, 

silty in part, soft, 

amorphous. 

Depth Interval: 2386 – 2470mMD 

 

Claystone with interbedded Sandstones  

Claystone: medium grey, medium dark grey, dark grey, soft – 

firm, blocky, in parts amorphous & washable, trace elongate / 

flaggy, trace sub-fissile, non-calcareous, in parts silty, in parts 

waxy lustre.  

Silty Claystone: medium dark grey, dark grey, greyish black, 

brownish grey, soft – firm, rarely hard, blocky – elongate, 

plastic, in parts brittle, silty, grading to argillaceous siltstone, 

sub fissile in parts, non-calcareous, occasional fine black 

carbonaceous material.  

Siltstone: pinkish grey, light brownish grey, hard, brittle, 

blocky, siliceous cement.  

Sandstone: clear, white, in parts medium grey (argillaceous 

sandstone grading to siltstone), in parts white/ pinkish grey, 

light brownish grey, very fine grained – fine grained, 

occasionally very fine – medium grained, commonly loose 

quartz, friable - hard, sub-angular – sub-rounded, poor – 

moderate sphericity, occasionally blocky, white & medium 

grey argillaceous cement, calcareous cement, predominantly 

poorly sorted, occasionally fair/moderate sort, occasional fine 

black carbonaceous material, occasional trace pyrite, no 

visible porosity, no shows.  

Depth Interval:  

804 – 863mMD 

 

Massive Claystone 

with trace Sandstone 

Claystone: light grey, 

soft, amorphous - 

sub-blocky, silty in 

part. 

Sandstone: quartzitic, 

clear - translucent, 

very fine grained, 

locally grading to 

siltstone, well sorted, 

unconsolidated, good 

inferred porosity, no 

shows. 

Depth interval: 2470 mMD– 2540mMD 

 

Claystone with interbedded Sandstones  

Claystone: medium grey, medium dark grey, dark grey, soft – 

firm, blocky, in parts amorphous & washable, trace elongate / 

flaggy, trace sub-fissile, non-calcareous, in parts silty, in parts 

waxy lustre.  

Occasional with trace black carbonaceous shale, blocky – 

elongate, fissile, non-calcareous, hard, plastic, brittle in parts.  

Silty Claystone: medium dark grey, dark grey, greyish black, 

brownish grey, soft – firm, rarely hard, blocky – elongate, 

plastic, in parts brittle, silty, grading to argillaceous 

siltstone/sandstone, sub-fissile in parts, non-calcareous, 

occasional fine black carbonaceous material.  

Sandstone: clear, white, in parts medium grey (argillaceous 

sandstone grading to siltstone/silty claystone), in parts white/ 

pinkish grey, light brownish grey, very fine grained – fine 

grained, blocky, occasionally loose quartz, friable - hard, sub-

angular – sub-rounded, poor – moderate sphericity, 
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occasionally with white & medium grey argillaceous cement, 

trace with calcareous cement, predominantly poorly sorted, 

occasionally fair/moderate sort, occasional fine black 

carbonaceous material, occasional trace pyrite, no visible 

porosity, none - trace shows.  

 

The third horizon correlated between the depths of 1385m to 1412mMD in Well-1 to 

2655m to 2812mMD in Well-2. 

Lithology Description 

Well-1 Well-2 

Depth Interval:  

1385 – 1412mMD 

 

Claystone: light brownish grey, light 

grey, medium light grey, trace white, 

soft, occasionally firm, washable, 

plastic in parts, subblocky, 

amorphous – silty, trace subfissile, 

trace blocky, predominantly non-

calcareous, locally calcareous, in 

parts silty with black specks (mica?). 

 

Argillaceous sandstone/siltstone: 

light grey, medium light grey, soft – 

firm, washable - friable, trace hard, 

very fine grained – silt, common 

trace blackspecks (mica?), blocky – 

platy, predominantly non-calcareous, 

locally calcareous, poor – moderate 

sort, moderate – sub rounded, poor – 

moderate sphericity, common loose 

quartz, in parts hard white 

argillaceous cement, no visible 

porosity, no shows (no direct, no 

cut). 

Depth Interval: 2655 mMD – 2676mMD 

 

Sandstone with Claystone and minor Siltstone.  

 

Claystone: as above, medium grey, medium 

dark grey, trace light brownish grey, soft – 

firm, blocky – elongate, silty, non-calcareous, 

common black carbonaceous specks & streaks, 

in parts grading to very fine argillaceous 

sandstone/siltstone.  

 

Claystone/Siltstone: as above, light brownish 

grey, hard, blocky – platy, siliceous, waxy 

lustre, calcareous in parts.  

 

Sandstone clear, white, common black specks, 

trace pinkish grey – light brownish grey, very 

fine – fine grained, in parts very fine – medium 

grained, blocky, in parts commonly loose 

quartz, sub-rounded, moderate sphericity, 

moderate sort, predominantly firm, friable, in 

parts hard, siliceous cement, in parts brownish 

grey argillaceous cement, in parts white 

argillaceous cement, predominantly non-

calcareous, trace calcareous, trace 

carbonaceous streaks, trace pyrite, no visible 

porosity, no shows.  



Drilling Through an Interbedded Sand-Shale Sequenced Heterolithic Reservoir: 

Managing Kicks and Losses 

 

 

 Table 9.5: Events on Well-2 the following day 

Event  Action Result Pros of action Cons of action 

 

Drilled ahead 120m, Gas 

peaked to 3.5%, Losses of 

15 bbls/hr recorded 

 

Reduced the ECD from 

17.2ppg to 16.8ppg by 

lowering pumping rate  

 

Losses increased to 50 

bbl/hr instead 

 

Should have lowered the 

losses 

 

 

 

 

Halted drilling, attempted 

to treat the losses 

 

Treated losses by 

pumping LCM into well 

(fine grit materials) 

 

No effect as losses still 

occurred, pumped more 

LCM to cure losses 

 

This would have 

stopped/reduced the losses 

into reservoir 

 

Reservoir permeability 

will be affected 

 

Circulated the well to 

monitor for losses  

 

Circulated at different 

pumping rates, noting 

down the ECD 

 

Dynamic losses of 

25bbl/hr at 140gpm (ECD 

16.6ppg), reduced losses 

to 6 bbl/hr with  110gpm 

(ECD 16.5ppg) 

 

Able to know optimum 

drilling fluid pump rate 

and estimate ideal ECD to 

be used 

 

Might end up damaging 

the formation and increase 

losses 
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Table 9.6: Events undertaken right after high losses encountered 

Event  Action Result Pros of action Cons of action 

 

Flow checked the well 

 

Stopped pumping, 

monitored the trip tanks 

 

Gains noted from the trip 

tanks 

 

 

 

 

 

 

Pumped out of hole, 

circulated bottoms up 

 

Pumped at a rate of 80 

gpm 

 

No effect as losses still 

occurred, pumped more 

LCM to cure losses 

 

This would have 

stopped/reduced the losses 

into reservoir 

 

Reservoir permeability 

will be affected 

 

Circulated the well to 

monitor for losses  

 

Circulated at different 

pumping rates, noting 

down the ECD 

 

Dynamic losses of 

25bbl/hr at 140gpm (ECD 

16.6ppg), reduced losses 

to 6 bbl/hr with  110gpm 

(ECD 16.5ppg) 

 

Able to know optimum 

drilling fluid pump rate 

and estimate ideal ECD to 

be used 

 

Might end up damaging 

the formation and increase 

losses 
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9.7 Activity Descriptions from Daily Drillng Reports 

 

 

Figure 9.2: Sequence of Events leading to the Kick 

 

 

Figure 9.3: Sequence of Events during the Kick 



115 

 

 

Figure 9.4: Bullheading Operation Activity Description 

 

9.8 Wireline Log Analysis 

 

 

Figure 9.5: Wireline Log Analysis on Zones with High Losses 

Zone of Interest 

Separation between 

Resistivity Logs indicating 

possible high permeable area 
High and Low 

Gamma Ray 

Readings 
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Figure 9.6: Figure Showing Incomplete Information in Reports 


