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Abstract 

 
Directional drilling is a complex task; it is composed of a variety of different important elements. 

These elements have to be considered during the planning phase. Therefore, the planning phase is a 

large and complex process. 

There are few indices that focus on the directional drilling process and aim at predicting its 

complexity. These indices are often not broad enough or too complex. But as directional drilling is key 

for the success of the entire drilling process, alternative indices should be available. Therefore, this 

work not only focuses on the analysis of existing indices, but also at the development of a new on. In 

that sense the most used index, the Directional Difficulty Index (DDI), will be extended by geological 

parameters. This Enhanced DDI (EDDI) is developed using linear multiple regression. 

The analysis showed how great the influence of geological parameters on a drilling operation is 

and that this is not considered in the DDI. The first results of the EDDI show potential. To further 

develop the EDDI and make it more robust, further analyses based on an even more comprehensive 

data set are needed and recommended. 
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1. Introduction  

 
In directional drilling, the planning phase is one of the most important phases of the entire 

project cycle, as Directional Drilling consists of several different important interdisciplinary 

components. Even at this early stage, the complexity of a well and the associated costs can be 

identified. The aim of the planning phase is to determine whether a well can be drilled or not (1).  

The industry has, therefore, invested many resources in the development of tools/indices to 

optimize these processes. However, developing these indices is not an easy task because the factors 

that influence a well are so numerous. The indices are, therefore, usually focused on a part of the 

drilling process depending on the needs of the company; they often look at the whole process of well 

development and are, therefore, very complex and not easy to use. The companies usually own them 

(2). Directional Drilling is the most important step in the entire drilling process and has a significant 

impact on the overall result; hence, alternative indices should be available (1).  

Therefore, the objective of this work is to review existing drilling indices by comparing them 

using a case study. In addition, a new comprehensive and easy-to-implement index is proposed to 

estimate the degree of difficulty for different well trajectories. This new index will be based on the 

Directional Difficulty Index (DDI) presented by Oag (2000). The DDI is extended by geological 

parameters. This Enhanced DDI (EDDI) is developed using linear multiple regression. 

The best-known indices are: the Mechanical Risk Index (MRI), which employs primary variables 

and qualitative indicators to measure drilling risks and complexity; the Joint Association Survey (JAS), 

which estimates drilling cost using survey data and quadratic regression models constructed from four 

descriptor variables. There are other indices such as the Directional Difficulty Index (DDI), which 

provides a first-pass evaluation of the relative difficulty to be encountered in drilling a directional well; 

the Drilling Complexity Index (DCI), and lastly the Difficulty Index (DI) that characterises the expected 

difficulty in drilling an extended-reach well. Moreover, the Mechanical Specific Energy (MSE) is a 

benchmarking tool. These indices are analysed in more detail in this paper.  

All, with the exception of the DDI, have one thing in common: they view the entire process of a 

drilling operation and do not concentrate on a specific partial step. Only the DDI deals with directional 

drilling as such and attempts to predict the complexity of this crucial sub-step. To predict the 

complexity, however, DDI only considers the geometry of the borehole. Another important factor which 

has a decisive influence on the course of the directional drilling and thus on the complexity of this 

process, namely the underlying geology, is not taken into account. Therefore, it is not possible to use 

the DDI as a comparison tool for different areas. Nonetheless, the DDI is easily accessible and does 

not require a great amount of pre-knowledge for application making it a globally often used tool. Due 

to its simplicity and when used in one area it achieves good results. 

According to the current state of knowledge, no index exists that takes a holistic view of 

directional drilling and is thus able to estimate its real complexity. This is where the development of the 

EDDI comes in. 
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2. Methodology 

The EDDI is developed by linear multiple regression. Since the DDI estimates the complexity of 

the geometry of a well, it serves as a basis for further development and thus as an independent 

variable within the framework of linear multiple regression. In order to reflect the geology, two 

variables from this field are used for the analysis: On the one hand the Uniaxial Compressive Strength 

(UCS) functions as a further independent variable; on the other hand the Rate of Penetration (ROP) is 

used as the dependent variable. 

DDI value is obtained through the following equation (Oag, 2000): 

 
DDI = log10×

MD × ADH × Tortuosity

TVD
 

(1)  

   Where: 

MD is the total measured depth 

AHD is along hole displacement  

TVD is total vertical depth  

Tortuosity describes the total curvature of the wellbore. 

UCS is a common measure for the strength of intact rock (3). It is also used to determine 

drillability predictions, which is a deciding factor for this work. UCS can be determined either directly or 

indirectly through empirical and mathematical analysis. In this case, an indirect approach was chosen 

based on the data available (4). 

For each well a log stratigraphy exists showing the geological formation of the well and how it 

changes with depth. Because of pressure and soil compaction UCS changes with depths even for the 

same lithology. The available data, however, does not offer such detailed information. Even so it is 

possible to assign each lithology a percentage value corresponding to its occurrence in the well. 

Following this, each lithology is allotted its corresponding UCS value. This UCS value is then 

multiplied by the percentage corresponding to the percentage of its lithology in the total well. The sum 

of the weighted UCS values represents the UCS estimate for the entire well (Avg_UCS).   

The rate of penetration (ROP) is the speed at which a drill bit breaks through the underlying 

rock. It is usually measured in feet per minute or meters per hour. The ROP considered is defined 

as time while drilling on bottom. The ROP is influenced by many different factors, which can be divided 

into controllable and environmental factors. It is easier to influence controllable factors (e.g. bit design) 

than environmental factors (e.g. mud type). In general, the larger the ROP, the easier it is to drill the 

well and vice versa (5). 

In summary, ROP was chosen as a dependent variable and DDI and Avg_UCS as independent 

variables. The limiting factor for the number of variables is the available data set. 

Performing Data from a total of 58 wells were used for the subsequent analysis. Both on-shore 

and off-shore drillings were taken into account in order to achieve the most representative result 
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possible. It was also ensured that the wells were comparable, for example in terms of the use of 

certain technologies. 

Linear multiple regression was carried out to investigate whether Avg_UCS and DDI could 

significantly predict ROP.  

The Model Summary shows Multiple R and the coefficient of determination (R2) for the 

regression model. Avg_UCS was included in step 1 and explained 84.8% of the variance in ROP. After 

entering the DDI values at step 2, the total variance explained by the model was 87.2%. In other 

words, the ROP is strongly influenced by Avg_UCS and less strongly by DDI. Nevertheless, it is not 

possible to say with certainty whether this ratio would behave in the same way with a larger data set, 

since we know that the variables underlying the DDI influence the ROP as well. 

The model can now be used to predict the penetration rate of a specific drilling campaign. It 

shows the following results. The intercept is 65,196, this is the expected ROP for our wells, where 

UCS = 0 and DDI = 0 (note that UCS and DDI are never really 0, the constant is only important for 

constructing the model). The coefficient for UCS shows that any increase in unit in UCS is associated 

with a decrease of about -0.484 m/h in the ROP and the coefficients for DDI show the same behaviour 

with each increase of the DDI unit, ROP decreases -1,260 m / h. 

By linear multiple regression the following formula was determined for the EDDI:  

 In order to use EDDI as an index the value calculated through the regression analysis needs 

to be transformed. The regression estimates the ROP therefore; the ROP is used to define the limits of 

the index. This is measured on a scale of 0 – 60, where 0 is extremely difficult and 60 is easy, through 

the transform this limits will be 0 – 10 in such a way that the EDDI will be the inverse of ROP where 0 

is extremely easy and 10 is difficult. This is shown in the equation below. 

 

3. Discussion  

To be able to compare these indices all need to be standardized on a scale of 0 and 10. 

Therefore, the DI needs to divides by 10 as shown in the equation 4 and for EDDI needs to be 

standardized through linear transformation as shown in the equation 3. The DDI uses already a scale 

0-10 so no transformation is required. 

 

 𝐸𝐷𝐷𝐼 = 𝑅𝑂�̂� = 65.196 − 0.484 ∗ 𝑈𝐶𝑆 − 1.260 ∗ 𝐷𝐷𝐼 

 

(2)  

    

 𝐸𝐷𝐷𝐼𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 = −0.165 × 𝐸𝐷𝐷𝐼 + 10 

 

(3)  
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Comparing the results of the EDDI with those of the DDI see table 1, the following can be 

observed:  

 Both indices conclude that well 5 is the most complex. However, the second most 

complex well according to DDI (well 1) is only the third most complex well according to 

EDDI. This indicates that EDDI is able to reflect the great influence that geology has on 

drilling operations.  

 The higher DDI and UCS the more complex is the drilling operation. This ratio is indeed 

reflected by the model, as the closer examination of the coefficients shows. 

 Even though, UCS values were estimated (approximate values) and do not result from 

actual measurements, promising results have been achieved by the application of the 

index. This shows that the development of the EDDI is on a good track and that EDDI is 

a promising instrument once it can be calculated with more data.  

Table 1 DDI&Avg_UCS value 

Well DDI UCS (Mpa) EDDINormalized 

Well-1* 6.2 107 9.03 

Well-2 5 108 8.86 

Well-3 4.3 112 9.08 

Well-4 4.2 110 8.85 

Well-5* 6.4 108 9.14 

Well-6 5.6 66 5.61 

Well-7 4.5 104 8.12 

 

Overall, it can be stated that the first results of this analysis are promising. The ROP is 

influenced by many different factors, while the model uses only two of these, which may be limitative 

for an index of this nature. However, in order to substantiate the model and make it usable for the 

planning phase of drilling operations, a more detailed analysis with considerably more data is required. 

 3.1 EDDI limitations 

The most fragile feature of the proposed index is no doubt the small set of data used to derive it. 

For instance, instead of conducting the analysis using all four variables underlying the DDI the final 

DDI has been used. This approach was necessary, as not enough data was available. However, a 

more detailed analysis with a larger data set and considering all four variables could change the 

results. Moreover, based on this analysis it is not possible to discover e.g. which of the four DDI 

variables influences complexity most. 

As described in the chapters before the UCS value was estimated and is not a measured value. 

Hence, a less uncertain UCS could further change the outcome of this statistical analysis.  
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Due to the limitations of this dataset the model is only applicable for the wells that have been 

selected for this study and might not be applicable for other wells. To achieve an universal new index 

and overcome these limitations further analysis with a larger dataset are necessary. If a larger dataset 

is available it would also be recommended to not only use UCS as a variable for a proxy of geology 

but include also others such as hardness or abrasivity that further describe the geological conditions 

and influence complexity.             

 3.2 Case Study – Validation of EDDI 

To be able to compare these indices all need to be standardized on a scale of 0 and 10. 

Therefore, the DI needs to divides by 10 as shown in the equation 4 and for EDDI needs to be 

standardized through linear transformation as shown in the equation 3. The DDI uses already a scale 

0-10 so no transformation is required. The results were compared and are shown in figure 1: 

 

  In order to test the significance of the EDDI, it was calculated for seven different wells. The 

complexity of these wells was also determined using the DDI and DI (see table 3). In general the DI 

uses more variables than the other two indices. It is, therefore, more robust, but at the same time 

much more complex to use.  

Table 3 shows the results of all three indices: while well 5 has the highest complexity according 

to DDI and EDDI, well 3 has the highest complexity if measured with DI. Interestingly all indices 

consider different wells to be the less complex: for the DI it is well 7, for the DDI it is well 4 and for the 

EDDI it is well 6. 

Table 2 Showing DI, DDI and DDI&UCS value 

Well DI* DDI EDDI 

Well-1 3.2 6.2 9.03 

Well-2 3.1 5 8.86 

Well-3 4.2 4.3 9.08 

Well-4 3.8 4.2 8.85 

Well-5 3.9 6.4 9.14 

Well-6 3.8 5.6 5.61 

Well-7 2.6 4.5 8.12 

 

 
𝐷𝐼∗ = 𝐷𝐼𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 =

𝐷𝐼

10
 

(4)  
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Figure 1 Graph showing DI, DDI and DDI&Avg_UCS of the wells 

 

It is generally assumed that an offshore borehole is more complex than an onshore borehole. 

This is due, for example, to the depth of the water or cuttings removal. In the analysis presented here, 

wells 1, 5 and 6 are onshore and wells 2, 3, 4 and 7 are offshore. Looking at the values of the DI, the 

statement is correct. The results of the DDI and EDDI, however, add a higher degree of complexity to 

the existing onshore drillings. This is because the DDI attaches great importance to the geometry of 

the well. The borehole design is indeed the most complex for this onshore well. 

The direct comparison of DDI and EDDI also shows that they are inversely proportional. The 

more complex, the lower the ROP and thus the EDDI and vice versa. The DDI for well 6 indicates that 

it is a medium complexity well, while the EDDI shows an extremely high value, especially compared to 

all other values that have a comparable DDI value. Table 1 offers an explanation for this extreme 

EDDI as it shows that the UCS for this well is extremely low. This shows that geology is in fact a 

dominant factor for ROP. 

DI uses more variables than the other two indices. It is, therefore, more robust, but at the same 

time much more complex to use. 

4. Conclusion 

During the analysis, it became apparent how great the influence of geological parameters is. 

The first results of the EDDI are promising. To further develop the EDDI and make it more robust, 

further analyses based on an even more comprehensive data set are necessary and recommended. 

The drilling costs of directional drilling are 1.4 to 3 times higher, depending on the drilling 

method, than for a vertical well (6). Therefore, the careful estimation of the penetration rate and the 

optimization of the cost per foot for a directional project before operation is perhaps the most important 

factor of a project. 

0

1

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6 7

C
o

m
p

le
xi

ty
 

Well 

Comparing Indices 

DI

DDI

EDDI



9 
 

This work has shown how difficult it is to develop a model that predicts the complexity of a well. 

The factors that influence the complexity of a well are so numerous that they cannot all be modelled. 

Especially, if one has set himself the goal of developing an easy-to-use model. 

Therefore, it is important to know what you want to develop the model for and which factors play 

the most important role in this scenario. In addition, it is of the utmost importance to have enough data 

for statistical analysis. Otherwise, the best and most accurate model cannot be sufficiently developed 

and verified. 

Most models cannot take into account all the details of complex natural phenomena. For 

example, we try to predict ROPs with only two variables, but this does not include variations that affect 

ROPs. Including these additional details would make the model too complex to use. Since the index 

should be simple enough to be used during the planning process of a well, and due to statistical 

constraints and insufficient data, some factors were omitted.  

Since the results of the EDDI are promising, it would be interesting to continue the statistical 

analysis with a larger data pool and develop the index accordingly. 
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