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However, the permeability estimation results were 
not good input data for the SNN processing because 
they have a nonlinear relationship to other log input 
data.  In addition, the log signatures of the two rock 
types, taken from neutron-density crossplot porosity 
(PXND), density (RHOB), photoelectric factor 
(PEF), and gamma ray (GR) data, are too similar to 
differentiate.  The vug porosity (PHITvug), derived 
from borehole porosity-spectrum processing, and the 
layer conductivity, derived from borehole images, 
were the main input data used to differentiate the two 
rock types in the SNN processing.  The SNN      
processing routine generated the best results using 
GR, PEF, RHOB, PXND, PHITfmi_total, PHITvug, 
and layer conductivity data (Figure 4), where PXND 
is a compensated total porosity log, and PHIT-
fmi_total and PHITvug are the total- and vug-
porosities from borehole image porosity processing, 
respectively.  Layer conductivity is a square log of 
image background conductivity using image layers 
(an output curve from image texture processing).  As 
a result, borehole image data significantly enhanced 

the resolution of the SNN processing results because 
porosity measured from image log data has greater 
resolution than conventional log data.  In addition, 
pore fluids and their saturation, particularly residual 
oil, may alter the expected response in certain rock 
types (Figure 7).  Such affected intervals must be 
interpreted separately. 
 
Based on the MSAU-5508 core data, the borehole 
images, and openhole log data, seven rock types 
were recognized after comprehensive evaluation of 
the SNN processing results: 
 
Halite – Wireline log data for halite zones is charac-
terized with low GR, low porosity, and low density 
owing to formation washout.  Halite occurs most  
often at depths shallower than 4,000 ft. 
 
Anhydrite – Massive anhydrites are characterized by 
a PEF value of 5, density equal to 2.9 to 3.0 g/cm3, 
zero porosity, and low gamma ray.  The formation 
microresitivity image and the layer-conductivity   
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injection.  Quantification of the permeability hetero-
geneity along the borehole is only the first step; it is 
equally important to know how these zones identified 
in boreholes are networked in three-dimensional   
reservoir space. 
 
 
CONCLUSIONS 
 
The subject workflow provides quick thief-zone 
identification to optimize well completion design.  
Although the discrepancy in depth and resolution  
between log data and core data caused the crossplot 
of synthetic permeability to show scattered results, 
the exponential correlation between permeability and 
vug porosity was clear.  Permeability measurements 
in a heterogeneous rock vary not only in azimuthal 
direction but also with measured volume. 
 
The main conclusions follow: 

 
Primary and secondary porosity that corresponds to 

matrix and vug porosity in the Means field can be 
partitioned using either borehole porosity-spectrum 
analysis of electrical images or the sonic vug-
porosity index from calibrated sonic porosity and 
neutron-density crossplot porosity.  Synthetic        
porosity computed from borehole images resolves 
porosity heterogeneity more effectively than porosity 
derived from conventional wireline logs. 

Core permeability correlated exponentially with vug 
porosity from processed wireline image logs.     
Dolomite units in the San Andres with similar       
porosity values have permeability values that vary by 
2 to 3 orders of magnitude.  Permeability values   
derived from borehole images resolve small-scale 
vertical layer-heterogeneity that cannot be resolved 
using conventional logs.  Core-derived permeability 
and borehole-image permeability data have similar 
trends; however, image-log data provides a con-
tinuous record over vuggy intervals that cannot be 
sampled with core plugs.  The permeability relation-
ship can be effectively extrapolated from wells with 
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images are generally preferred, but MicroSoft PowerPoint 2003® (or older) files can also be used.  Due to the vast number of image 
types, please contact the WTGS staff to see if your specific image files are acceptable in digital format. 
 
File Format: 
IBM Rich Text Format (RTF)* is the preferred file format for Bulletin submissions.  To save a document in RTF format, select "Save 
As" from the "File" menu, then select "Rich Text Format" from the file type menu bar.  MicroSoft Word 2003® (or older) formats can be 
used if the article has imbedded graphs or images.  ASCII (txt) file type is also accepted, but all formatting is lost with this file type. 
     * - Note that Apple RTF is not is the same as IBM RTF, and conversion from Apple to IBM RTF can introduce errors into the text. 
 
Short Items: 
Short items or calendar events can be included in the body of an e-mail message.  (E-mails may lose line formatting.  Anything longer 
than a few lines should be submitted by CD-ROM / DVD, or attached to an e-mail message in RTF format.) 
 
Forms: 
Forms should be submitted both in hard copy and in digital format.  RTF file format is requested for forms. 
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