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Abstract - In this work, a new algorithm has been developed to approximate and interactively update the geological structures of 
earth and Well-Paths for real time monitoring. Geological structures (horizons, cracks, voids, salt domes, synclines and anticlines 
etc.) are modeled as layer of surfaces primarily based on seismic reflection data. Energy based B-Spline approximation has been 
developed to get the contours (maps) of geological structures, which are skinned finally for three-dimensional model. For optimal 
Well locations, minute details of the above constituents of the earth layers are needed, which can be inferred from formation 
evaluation. In the present research, a framework has been developed, which allow interactive modification of Well-Path as well as 
real time updating of the geological structure of earth.  The optimal Well-Path is based on minimum total length, minimum energy 
formulations and data coming from formation evaluation. The current work helps in Well-Path planning, real time drilling and 
monitoring. It is a useful tool to reduce risk in drilling and level of uncertainty in Well projects by real time monitoring. 
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I. INTRODUCTION 
In the present research, a framework has been 

developed to model Well-Paths as well as geological 
structures of earth, which have been approximated by 
energy-based B-Spline curves and surfaces respectively. 
The basic inputs are coming from seismic reflection data 
based on wave velocity. Real-time updating of geometrical 
models has been done for optimal location of Well-Paths 
to optimize the drilling process based on formation 
evaluation. In oil industry, real-time monitoring of Well is 
important because of the huge investment and the level of 
uncertainty in Well projects. The present technique helps 
in reducing risks in drilling process by updating data based 
on formation evaluation. It also helps in improving 
decision-making based on geological models and drilling 
requirements to increase efficiency. 

A segment of earth has two layers, which may be 
comprised of many irregularities, known as geological 
structures (Cracks, Voids, and Salt domes, Faults, 
Synclines and Anticlines). Since the Seismic data may not 
be sufficient to give the minute details of the geological 
structures in the earth’s layers, the formation evaluation is 
needed to get minute details to control the Well-Path. 
Geological structures in layers of the earth have been 
obtained in this work by energy-based skinning and are 
updated in current research based on information coming 
from formulation evaluation. Since geological structures 
are the rational B-Spline surfaces the weight, degree and 
knot vector are modified to update them according to the 
formation evaluation. Even the basic inputs can be 
modified for required major change in geological 
structures and Well-Paths. 

Well-Paths are obtained by interactive incremental 
technique based on [1] and are modified in real time for 
higher productivity.  The Well-Path is designed layer-by-

layer to overcome the drilling requirements. The Well-
Path is planned according to geological constraints and 
drilling requirements before starting a segment for drilling. 
Four types of Wells have been obtained in this work based 
on optimization technique. In the first optimization, 
minimum length has been taken as the objective function, 
whereas, in the second optimization technique, the local 
interpolation of the Well-Path has been considered with 
equal speeds at the start, the mid and the end points. In 
third type Well, energy minimization has done for a 
segment of the Well-Path where as in fourth type same has 
been done for the curved portions of Well-Path. Last three 
types of Wells have been reported in the previous work 
[1]. Dogleg severity has been checked for each Well 
segment, which is defined as the angle changed per unit 
length (this requirement comes from drilling domain). 
Well-Paths are designed according to the drilling 
requirements and should not intersect the cracks and salt 
domes but should penetrate the voids to explore oil. These 
constraints have been incorporated in course of designing 
the segment of Well-Path.  

Surface skinning is the process of passing a smooth 
surface through a set of curves called sectional curves, 
which may not be compatible. Thus the first task for 
skinning is to get compatible curves. There are two 
approaches to get the compatible curves, namely, (i) exact 
method and (ii) approximate method. 

In exact method, compatible curves are obtained by 
manipulation of degrees and knot vectors. This technique 
is straightforward and efficient in computation. But this 
approach, results in an astonishing number of control 
points when compatibility of curves is not good enough 
[2]. While manipulating a large number of sectional curves 
of different degrees and defined in different knot intervals, 
the exact method results in a huge number of control 
points and then the quality of skinned surface becomes 
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poor.  This problem has overcome in the present 
formulation based on approximation technique. 

In approximation technique, compatibility of curves is 
obtained by approximation instead of interpolation. In this 
process, significant saving can be achieved at the cost of 
precision. Piegl and Tiller [2] has pointed out the 
advantage of approximation technique. In the first step 
they use exact method, which gives a large number of 
control points, are reduced in the second step of algorithm 
by adopting approximation technique. But, the technique 
gives poor quality of surface when curves are irregular in 
parameterization. Refitting technique has been used to get 
compatible curves by employing energy coefficient up to 
second derivative to get smoother and stable solution [3].  

The present technique of curve and surface modeling is 
similar to [3], which uses B-Spline interpolating function 
and energy coefficients up to the second derivative. The 
effects of energy co-efficient on the smoothness of curve 
have been described in the previous work [1], while the 
same has been explained in [4] by using Hermite 
interpolating function. 

In the present surface approximation technique, energy 
based refitting algorithm has been developed to give a 
smoother and stable solution. The similar surface 
approximation is given in [5]. In present work, a 
framework has been developed based on the techniques 
given in [1, 5], which helps in real time updating of 
geometrical model based on formation evaluation and 
optimal location of Well-Paths. The optimal number of 
control points for a given accuracy is obtained based on 
the present multiple refit algorithm, which is sufficient to 
approximate the given inputs, which are less than the 
given number of input points, is termed as data reduction. 
It becomes very effective when a huge number of data 
have to be handled. The curves obtained by the present 
technique are smooth due to energy-based approximation. 
Manipulating energy coefficient can enhance the 
capability of data reduction. Fitting coefficient in [1] 
reduces the error directly and improves data reduction. 
But, at higher accuracy level, the proposed method may be 
inefficient in data reduction. Data reduction also depends 
on the complexity of the model going to be approximated. 
If the input points are just sufficient then data reduction 
may not be effective. Geological structures in the layers of 
the earth have been interactively modeled by the energy-
based approach based on data coming from Measuring-
While-Drilling (MWD) and Logging-While-Drilling 
(LWD). After having compatible curves, final surface is 
obtained by skinning in the longitudinal direction. The 
present energy based B-Spline formulation can model 
complex surface then the technique given in [6], which is 
based on Catmull-Clark subdivision. The degree of 
surfaces in the present work is not limited to bi-cubic as in  
[7].  

The rest of the paper has been organized as follows: 
A brief overview of previous work has been done in 

section 2. Section 3 of the paper deals with algorithm of 
multiple refitting. Energy based approximation has been 
described in section 4.  Section 5 discusses the formulation 

of Well-Path based on minimum length. Section 6 deals 
with basic formulation for B-Spline skinning. Results and 
Discussions have been given in section 7. Section 8 
concludes the present work. 

 
II. PREVIOUS WORKS 

 
A number of literatures are available for surface 

approximation [2, 4, 5, 8, 9, 10]. Three-dimensional 
geological models have been reported in [7, 11, 12, 13]. 
Hofler & Pottmann [10], has developed the energy-based 
algorithm by employing energy contribution up to the 
second derivative to get spline on a manifold scale. This 
allows the treatment of obstacles via barrier surfaces.  
Abbas and Nasri [14] has adopted a technique to 
interpolate intersecting curves by Catmull-Clark 
subdivision surfaces. Planarity and specific symmetry at 
the junction points have been taken to ensure proper 
interpolation limit of the subdivision process by a surface 
with an adequate degree of smoothness. Andreas [15] in 
his Ph D thesis has explained the procedure for inserting 
salt dome into the geological models by splitting the 
volume of interest into a collection of sub-volumes. The 
rule for this insertion include the following 
(a) It intersects with all other interface 
(b) It generates multiple sub-volumes 

In similar manner a geological consistent model can be 
constructed with defining set of rules. Interpolation 
technique has been used to get surfaces from the scattered 
points.   

Martin et al. [6] has developed a variational framework 
for shape prototyping. Shape of the model is represented 
by Catmull-Clark multi resolution subdivision surface, 
which is interactively deformed by user input. Free form 
design goals are formulated as constraints on the shape and 
modeling problem is cast into constrained optimization. 
Stretch and bending energies of the surface have been 
considered in  [4].  

Kaminski et al. [11] has developed real time operations 
for geologically optimized productivity. In his work [11], 
updating of the geological models is proposed for optimal 
location Bore-Well for better production. Real time 
operation centers (RTOCs) have been developed, which is 
based on expert in directional drilling, formation 
evaluation, geology, Logging-While-Drilling (LWD) 
sensor analysis and modeling. Abbas et al., [16] has 
designed horizontal oil and gas Wells in order to increase 
production efficiency and extraction of Naft Shahr field. 
Reservoir parameters have been obtained from Well log 
data. Layer-by-layer analysis of reservoir has been done in 
his work. Turner [12] has developed geoscientific 
information systems (GSIS) to address the subsurface 
characterization. Modeling and visualization of geological 
models have been done in his work. The uses of GSIS 
technologies are encouraged by rapid development of 
hardware and software, modern data based design 
concepts and expanded information transmission 
capabilities across the internets to become cheaper and 
easier to use. It integrates with corporate decision-support 
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system to give better result. Modeling is based on 3-D 
surfaces.  Robert et al. [13] has given a brief over view of 
geological modeling of subsurface and cause of 
uncertainty in geological models. Maximov et al.  [7] has 
developed an algorithm to model complex 3D geological 
structures based on parametric B-Spline approximation of 
arbitrary distributed real data. Tree-hierarchy structure has 
been used to separate surfaces in model and cutting their 
intersection parts. Seismic wave field calculation has been 
done for real geological structure and surface considered is 
confined to bi-cubic.  The present work is based on energy 
based B-Spline surface approximation with no limit to 
degree of freedom. 3D models of geological structures can 
be derived from approximated surfaces by intersection of 
half surfaces. Kenny [17] has developed immersive Well-
Path planning based on virtual reality, which is faster and 
more accurate to solve three-dimensional complex 
problems. Our technique can use the information coming 
from virtual system like immersive Well-Path planning 
[17], LWD and MWD sensors to update the geological 
structure for optimal location of Well-Path.  

 
 

III.   ALGORITHM OF MULTIPLE REFITS 
 
In this technique, a compromise between accuracy and 

the total cost has been done.  The total cost includes the 
storage cost as well as the computational cost. The present 
algorithm starts with the input points, which are given for 
each sectional curve. The maximum number of input 
points (m+1) among the sectional curves is determined. 
We assume that the maximum number of common control 
points will not be more than this number (m+1). Common 
degree (p) and accuracy are also inputs for this algorithm. 
The overall degree of the curves is user-defined input. If 
curves are given as input instead of the points they are 
derived from the different curves. Input curves may be of 
different degree. Current algorithm is based on binary 
search to get optimal number of control points for given 
accuracy (see [3, 5]). Each sectional curves are verified by 
energy based B-Spline interpolation technique, which is 
described in next section for given accuracy.  In case of 
Well-Path, refitting is continued till the requirement for 
Well-Path is not satisfied.  Details of interactive 
incremental Well-Path design and requirements have been 
given in [1] and brief overview of horizontal Well-Path 
has been given in [18]. 

The requirements for the Well-Path are listed below, 
which are obtained in the present work by interactive 
incremental design: 

1. Points and tangents at start and end of the 
segment must be satisfied 

2. The value of dogleg severity should be within the 
limit (as given for the segment) 

3. Pre hold and post hold lengths should be 
maintained as given for the layer. Layers are 
comprised of two surfaces. 

4. Intersection with salt dome cracks, synclines and 
anticlines are avoided 

5. Well-Path is drilled into the void to extract oil 
 

In Well-Path formulation first the energy co-efficients 
are modified. Even after modifying the energy coefficients 
if the drilling requirements are not satisfied then 
modification of segment parameters are done. 

 
IV. ENERGY BASED B-SPLINE APPROXIMATION 

OF WELL-PATH AND SECTIONAL CURVES OF 
GEOLOGICAL STRUCTURES 

 
In this section, an energy based approximation 

technique has been described. Control points of the input 
sectional curves are obtained for a given number of 
control points and knot vectors. Common knot vectors are 
obtained from the knot selection technique given in [5], 
with help of number of control points and common degree 
of freedom of curves. This approximation technique is 
used multiple times for all the sectional curves till an 
optimal number of control points are achieved for the 
given accuracy. Optimal number of points depends on the 
accuracy needed. For higher accuracy number of control 
points increase and is helpful in approximating the 
missing data due to energy based formulation. The 
sectional curve and Well-Paths obtained by this 
approximation is smoother [1]. Optimization of Well-Path 
has been done for the whole segment as well as for the 
curved portion of the segment. Well-Paths are designed 
segment-by-segment where as compatible sectional 
curves are obtained by energy based approximation of all 
points on sectional curves for given number of control 
points and degree of the curve. B-Spline curves are 
approximated as finite element technique having total 
number of elements equal to number of control points 
minus degree of curves. These elements finally assemble 
to give the global stiffness matrix.  

The straight portions of Well are assumed to be 
in optimal stage. Intersection of Well-Path with 
geological structures is checked to assure safe 
drilling. 

Total energy for a sectional curve and Well-Path 
for a segment considered in this formulation are 
given by the following equation 
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Where α, β and γ1 are non-negative values called 
stretching, bending and fitting co-efficient respectively. 



K JHA: ENERGY BASED APPROXIMATION AND INTERACTIVE UPDATING OF GEOLOGICAL . . . . 

IJSSST, Vol. 10, No. 4                                                                                                ISSN: 1473-804x online, 1473-8031 print  4

A new non-negative coefficient of energy responsible for 
having smooth curvature is γ 

In this technique equation 1 is solved.  

Approximated cubic B-Spline curve is C(t) 

Input points are denoted by Pi 

First, second and third derivations of  B-Spline curve are 
Ct, Ctt and Cttt  respectively. 

 Parametric variable is t. These energy terms have 
been explained in [1, 4, 5, 8, 19]. The squared first and 
second terms in equation (1), give strain energy 
contribution due to stretching and bending of the curve 
respectively. Squared third derivative part of the equation 
does not have any physical significance. It has some 
geometrical meaning. The magnitude of the third 
derivative is a rough estimate of the rate of change of 
curvature with respect to the parametric value. The fourth 
term of energy equation indicates the energy stored in 
spring due to error (elastic beam analogy in [4]). 

 Effects of these coefficients on the approximated 
curves have been studied in the previous work [1]. 
Quadratic functional minimization technique has been 
used in this work, which results in a curve by solving the 
linear set of equations [4]. Equation (1) has been solved by 
assuming a B-Spline curve satisfying it. Set of linear 
equations has been obtained finally. Control points of B-
Spline curve are obtained by solving linear equations. If 
equation (2) is the B-Spline solution for equation (1) 
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Where N represents B-Spline basis functions and X 
represents Control points [20, 21]. Equation (1) can be 
rewritten as  
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Nt, Ntt, Nttt represents first, second and third derivatives of 
Basis Function [20]. K1, K2 and K3 are 4 x 4 matrices[4, 
8]. A and P represent co-efficient matrix and input points 
respectively. 

 KL = αK1 + β K2 + γ K3 

If the basis function assumed is uniform or in Bezier form 
KL can be calculated analytically [22]. In case of non-
uniform basis function numerical technique (Gaussian 
quadrature) can be used to get KL matrix. Constraints are 
given by  

kk DXC =       ------------------------------------(4) 

 

Where k, varies from 0 to (number of constraints-1). This 
equation may contain the positions, tangents and higher 
derivative data. 

The final matrix equations can be expressed as [3]. 
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Where V is a vector storing Lagrange Multiplier and 
X are the unknown control points. 

K is the assembled stiffness matrix with size (n+1) × 
(n+1).   

C is n-constraints  × (n+1) matrix.  

n-constraints indicates number of constraints given. 

 Above matrix equations have been solved by Gauss-
elimination to get control points. 

Details of this formulation are available in [1, 3,  4]. 
Sectional curves become subsurface maps for map 
application. 

 
V.  WELL-PATH FORMULATION BASED ON 

MINIMAL TOTAL LENGTH 

In this section minimum total length technique is 
described to get the optimization of the curved portion of 
the Well based on interactive incremental technique. In 
this case Well-Path is approximated by line and arcs, 
which are determined by the intersection of two cones 
(see Figure 1). Final solution is obtained by using 
Newton-Raphson technique to solve two non linear 
equations 8 and 11 respectively. The proposed technique 
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can be explained with the help of the diagram shown in 
Figure 1. AB and EF are the tangent directions at start and 
end of the segment. Radii at the start and   the end are 
O1A and O2F respectively. Two non-linear equations are 
obtained by equating two values Cos (ABC) and Cos 
(DEF), which in turn are obtained by analytical 
techniques and scalar product of the vectors. In final 
equation AB and EF is unknown, which are solved by 
Newton-Raphson technique. Details of steps are given 
below: 

ABC and FED are two cones whose intersection has 
to be calculated. 
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 Two non linear equations have been obtained by 
equating Cos (ABC) and Cos (FED),  
O1 and O2 are centers of the two cones. ACDF in Figure 
1, shows the Well-Path for a segment, which is obtained 
by the above technique.  Pre hold and post hold lengths 
are shown by XA and FY respectively in Figure1. Figure 
2 shows the implemented results for a Well-Path (abcdef) 
along with the circles for a segment. Well-Path for other 
segments is designed similarly. In this case points, 
tangents, pre hold length, post hold length and dogleg 
severity are variables to minimize total length of the 
segment of a Well-Path. 
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 Other types of Well-Paths have been discussed in 
(Jha, 2004). Well-Paths are planned by incremental 
design. A segment is analyzed and proper parameters are 
selected before drilling a segment for the optimal Well-
Path. After drilling a segment geological data for the next 
segment are updated for minute details to locate optimal 
Well-Path. 
 

 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Minimum length Well-Path 
                                                             

 
 

 Fig. 2 Resultant Minimum length path along with circles 
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VI.    B-SPLINE SKINING AND INTERACTIVE 
UPDATING OF GEOLOGICAL STRUCTURES 

 
Skinning is a process of blending the sectional curves 

together to form a surface (see [9, 20]. Blending direction 
is in v-direction, which is also known as longitudinal 
direction. Sectional curves may be of different degree and 
defined over different knot vectors. If the sectional curves 
have the same degree and defined over the same knot 
vector then the input sectional curves are compatible; 
otherwise multiple refitting algorithm is applied to get the 
compatible section curves. Compatible sectional curves 
can be skinned based on equation (12) 
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Control points (Vij) for i = 0, 1, 2, ……., m and j = 0, 1, 
2, ……,n are obtained by energy based refitting technique 
in u-direction. Final control nets are obtained by 
interpolating or approximating Vij  (compatible control 
points) in v-direction. All j column of Vij are taken for 
interpolation in v-direction.  

This technique is repeated for all data files given. In 
the given model of the earth there are many structures. 
There will be a separate file for each geological entity, 
which can be shown, and hidden according to the 
requirements. For all surfaces input points, surfaces and 
shaded surfaces view can be displayed or hide. In current 
work all the skinned surfaces have been obtained for the 
optimal Well-Path. Skinning for Well-Path is not done 
because it is assumed that the Well-Path is the curve entity 
in the present formulation. Data for Well-Path are also 
read separately, which is given segment-by-segment. 
Points, tangents, pre hold length, post holds length and 
dogleg severity are the input for a segment for Well-Path. 
Energy based formulation for Well-Path is done layer-by-
layer. Software has been developed to give details of earth 
layers as well as Well-Paths. Geological structures are 
updated interactively based on information available by 
formation evaluation in real time. Logging-While-Drilling 
and Measurement-While-Drilling sensors help to get 
updated data in real time. Branching problem has yet to be 
solved for manifold surfaces. 

 
 

VII.      RESULTS AND DISCUSSIONS 
 
Several data have been tested for the current work. It 

has been found that the current algorithm has achieved a 
significant percentage of data saving at the cost of 
accuracy. Results have been displayed by using OpenGL 
on a PC using windows operating system. Zooming, 
panning and rotation have been implemented for 
interactive visualization of geological structures and Well-
Paths.    

Figure 3 shows the four three-dimensional horizons, 
which have been obtained by the current formulation. Four 
Wells have been shown in Figure 4 along with the part of 
the horizons, which are (a) Minimum Length Well, (b) 
Well-Path obtained by local interpolation, (c) Well-Path 
obtained by minimization total energy of curve for a 
segment, and (d) Well-Path obtained by optimization of 
curved portion of the Well-Path. Figure 5 shows the input 
points for the four horizons and the salt dome. Figure 6 
shows the four horizons, a salt dome, and a crack along 
with four Well-Paths. Input points for approximation of 
the horizons and salt dome have been taken from the 
Figure 5. The approximation is based on minimization of 
energy.  The Energy based interactive incremental Well-
Path has been explained in [1]. Figure 4 shows that the 
minimum energy formulation path is smoother but the 
total length is more than the Well-Path obtained by 
minimum length formulation. The effects of energy 
coefficients on the nature of the curves and surfaces have 
been shown in [1, 5]. In current research it has been found 
that the energy coefficients are the smoothing parameters. 
Major geometrical change in Well-Path can be obtained by 
modifying segment parameters (Input points, Pre hold and 
Post hold lengths, Dogleg severity and Tangents). In the 
present formulation intersection of Well-Path and 
geological structures have been performed to get optimal 
Well-Paths. Interactive updating of the structures in earth 
layer has been obtained is very important to overcome the 
drilling difficulties and the risk in drilling. The data saving 
is very effective in case of crack modeling. The control net 
size in this case is (10 X 4) where as the given points are 
of the size (10 X 10).  Well-Paths in Figure 6 show that 
there is no intersection between the Well-Paths and the 
crack. Maximum tolerable error in case of energy-based 
approximation of salt dome is taken as 0.0005 for the 
point’s range 1200 X 1450 X 1200. 

 

 
 
 

Fig. 3  Horizons 
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Fig. 4 Different Well-Paths 

 
The values of stretching, bending and fitting energy 

co-efficient are 1.0, 1.0 and 1.0 X e8    respectively. Value 
of energy co-efficient associated with the third derivative 
parameters of energy equation are taken as 0.04. Energy 
coefficients for all examples of geological structures are 
taken the same. The salt dome shown in Figure 6 has been 
updated based on data coming from formation evaluation 
by putting the weight of last two control points in u-
direction as zero and has been shown in Figure 7.  Any 
type of modification can be accommodated in the current 
formulation. Changing of weight, changing of knot vector 
and the degree of the curves, which is very obvious in 
Rational B-Spline surfaces. 

Figure 8 shows a special feature called void. In void, 
drilling is necessary for extracting oil. In this case, oil is 
trapped inside the void. Well-Paths shown in Figure 8 for 
extracting oil from the void are not correct. The Well Path 
obtained by optimization of whole segment of earth layer 
giving problem, it intersects the void before it is desired. 
In Figure 9, this situation has been overcome by modifying 
the pre-hold and post-hold lengths.  
 

 

 
Fig. 5 Points on horizons and salt dome 

 
Fig. 6 Horizons, cracks, salt dome along with Well-Paths 

 
Syncline and anticlines have been shown in Figure 10. 

In case of void, oil is trapped, which can be extracted by 
the Well as shown in Figure 9. Horizons, Synclines and 
anticlines can also be updated similarly. Seismic data are 
verified by the data obtained by formation evaluation, 
which is more accurate, hence the updating in the existing 
geological structures are implemented.   In the present 
formulation any type of geological structures can be 
modeled and updated interactively. If modification is not 
sufficient then there is provision to approximate the 
particular feature with new data. Other data may be kept 
same. In our formulation Well-Paths are   the 
approximated curves and the geological structures are the 
energy based approximated B-Spline skinned surfaces.  
Real time monitoring of Well-Paths and geological 
structures help in reducing risk of  
 

 
Fig 7 Modified salt dome, Well-Paths and horizons                     
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Fig. 8   Void with horizons and Well-Paths 

 
drilling and level of uncertainty in Well projects. The 

current work is data driven so it is not limited to the results 
shown in this paper. LWD and MWD sensors may be used 
to update the geological structures and Well-Paths. Any 
modification suggested for minute details can be 
incorporated in the present B-Spline based approximation 
technique. Mapping of information coming from 
formation evaluation to geometrical information has been 
taken directly. 

 

 
       Fig. 9 Modified void, Well-Paths, horizons                              

 
Fig. 10  Syncline and anticline, horizons and Well-Paths 

 
 

VIII. CONCLUSIONS   
 

In the present work, a framework has been developed 
to model geological structures and Well-Paths. Minimum 
energy based B-Spline formulation has been done for 
layers of earth. In this paper, Well-Paths have been 

obtained by total length minimization as well as energy 
based B-Spline approximation. Well-Path, horizons and 
the geological structures are modified interactively to 
fulfill the drilling requirements. Well-Paths and 
eventualities in earth layer have been visualized 
interactively. Real-time updating of geometrical structures 
has been done for optimal location of Well bore based on 
data coming from formation evaluation, which are more 
accurate than seismic data. The proposed interactive 
technique helps in direction drilling by modifying the 
Well-Path. Data reduction has been achieved in this work, 
is effective only when extra data is given. Branching 
problem is the next part of research for surface modeling. 
The present work is useful for reducing risk of drilling and 
level of uncertainty in Well projects. Mapping for 
information coming from formation evaluation is to be 
focused more in future research. 
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Enlarged Versions of Figures 7 and 10 
 

 
Figure 7. Modified salt dome, Well-Paths and horizons 

 
 

 
 

Figure 10.  Syncline and anticline, horizons and Well-Paths 
 


