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ABSTRACT 

Achieving the maximum economic benefit from core analysis requires a thorough understanding of reservoir in-situ stresses. The 
direct measurement of rock properties from oriented core is critical in the design of horizontal wellbores. An outline of the measures 
and testing necessary to effectively evaluate naturally fractured reservoirs using field and laboratory technologies is presented. The 
determination of rock mechanical properties, fracture strike and principal in-situ stress magnitudes-directions should be known prior 
to drilling a horizontal wellbore. These data can then be used to maximize the intersection of natural fractures and minimize the 
potential of borehole failure. 

In exploration wells, it is necessary first to drill a vertical pilot-hole. The zone of interest is cored, field tests are performed, laboratory 
testing is completed and an evaluation of the reservoir is made. With this information available, decisions can be made to optimize 
the boreole azimuth and well placement. This approach to formation evaluation has been used widely by Oryx Energy Company 
in several reservoirs where rock characterization is an essential ingredient in the exploration and drilling program. 

INTRODUCTION 

In recent times, the oil and gas industry has experienced an enormous increase in horizontal drilling activity. In preparation for 
drilling a horizontal well, a number of existing technologies can be utilized to increase the chances of having a successful exploration 
program. Oryx Energy Company has effectively used vertical pilot-hole oriented-coring, rock characterization and openhole small- 
volume-hydraulic fracturing to evaluate formations targeted for horizontal completions. These methods are particularly useful in 
exploration wells where little or no data is available. This approach also allows for a timely evaluation of the reservoir prior to drilling 
the horizontal well section. First, the well is drilled vertically (Figure 1) to the zone(s) of interest and the microfracture tests are 
performed to determine the in-situ stress magnitude. Oriented cores are taken to measure the in-situ stress direction and 
mechanical testing is performed to determine the failure criterion of the rock. These data must be included in the design of the 
horizontal section of the wellbore a priori to achieve favorable results. The well can then be plugged-back and kicked-off horizontally 
in the optimum direction determined by the analytical program. For the pilot-hole coring and evaluation technique to be valid, the 
rock penetrated vertically must be representative of the rock that will also be drilled horizontally. Areas which are highly faulted may 
not be suited to this type of testing. 

Most engineering and geological activities are dependent on a knowledge of the reservoir in-situ stresses, natural fracture 
characteristics and mechanical behavior. A melding of core analysis, rock mechanics, petrophysics, wellbore stability modeling and 
completion technologies is necessary to address all of the issues facing horizontal well design. Geologists and reservoir engineers 
are concerned with properties that affect the reservoir quality such as fracture intensity, fracture stress sensitivity, directional 
permeabilities and fluid saturations. Drilling engineers are interested in determining the minimum mud weight to drill the horizontal 
wellbore safely, while the completion engineer attempts to mitigate formation damage. Because most of the data collected for 
optimizing the well program are based on rock properties, the core analyst must be keenly aware of field and laboratory testing 
procedures. 

A great deal of research, both theoretical and experimental, has been aimed toward a greater understanding of in-situ stresse~. '~ 
Much of this work has been a result of horizontal drilling, hydraulic fracturing and the need to examine more closely the state of 
stresses at depth for wellbore stability prediction. Wellbores fail in a manner which is strongly controlled by the magnitude and 
orientation of the in-situ stress field.'' Several papers have been published which review the measurement of in-situ stresses; 
however, none are directed towards the horizontal drilling of naturally fractured reservoirs. Only Soliman et al." have applied the 
concept of utilizing comprehensive formation evaluation to the drilling and hydraulic fracturing of a horizontal well. Figure 2 
illustrates the complete analytical scheme for the characterization of reservoir properties critical in horizontal drilling. The use of 
several techniques to determine a single reservoir parameter is encouraged to cross-check experimental results, e.g. static (core) 
vs. dynamic (log) elastic moduli, anelastic strain recovery vs. differential strain curve analysis for principal horizontal stress 
orientation, etc. Experience has shown that no single method will consistently yield reliable results in all formation types. Formation 
depth, lithology, rock fabric, paleo-stress and borehole conditions can adversely affect the assessment of the reservoir. The key 
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