Geological Interpretation Of Well Logs

THE GEOLOGICAL
INTERPRETATION OF

WELL LOGS

GEOLOGICAL INTERPRETATION OF WELL LOGS IS A CRITICAL PROCESS IN THE FIELD OF GEOSCIENCES, PARTICULARLY IN
HYDROCARBON EXPLORATION AND RESERVOIR CHARACTERIZATION. W/ELL LOGS ARE DETAILED RECORDS OF THE GEOLOGICAL
FORMATIONS PENETRATED BY A BOREHOLE, PROVIDING INVALUABLE INFORMATION ABOUT THE SUBSURFACE GEOLOGY, FLUID
CONTENT, AND RESERVOIR CHARACTERISTICS. THIS ARTICLE DELVES INTO THE VARIOUS ASPECTS OF GEOLOGICAL

INTERPRETATION OF WELL LOGS, INCLUDING THE TYPES OF WELL LOGS, THEIR SIGNIFICANCE, THE INTERPRETATION PROCESS, AND
THE CHALLENGES FACED IN THIS DOMAIN.

UNDERSTANDING WELL LOGS

WELL LOGS ARE GRAPHICAL REPRESENTATIONS OF VARIOUS PHYSICAL PROPERTIES OF GEOLOGICAL FORMATIONS ENCOUNTERED
WHILE DRILLING. THEY ARE OBTAINED FROM A VARIETY OF LOGGING TOOLS THAT MEASURE PARAMETERS SUCH AS ELECTRICAL



RESISTIVITY, DENSITY, POROSITY, AND SONIC VELOCITY. EACH TYPE OF LOG PROVIDES UNIQUE INSIGHTS INTO THE SUBSURFACE
AND IS ESSENTIAL FOR MAKING INFORMED DECISIONS IN DRILLING, COMPLETION, AND PRODUCTION.

Types oF WELL LoGs

THERE ARE SEVERAL TYPES OF WELL LOGS, EACH SERVING DIFFERENT PURPOSES IN GEOLOGICAL INTERPRETATION. Key TYPES
INCLUDE!:
e GAMMA RAY LOG: MEASURES NATURAL RADIOACTIVITY AND HELPS IDENTIFY LITHOLOGY AND SHALE CONTENT.
® ResISTIVITY LOG: ASSESSES THE ELECTRICAL RESISTIVITY OF FORMATIONS, INDICATING FLUID CONTENT AND POROSITY.
® DensITY LoG: MEASURES THE BULK DENSITY OF THE ROCK, WHICH IS CRUCIAL FOR POROSITY CALCULATIONS.
® NEUTRON LOG: ESTIMATES POROSITY BY MEASURING THE HYDROGEN CONTENT IN FORMATIONS.

® Sonic LoG: EVALUATES THE SPEED OF SOUND THROUGH THE ROCK, WHICH CAN INDICATE POROSITY AND OTHER
PROPERTIES.

e CALIPER LOG: MEASURES THE DIAMETER OF THE BOREHOLE, PROVIDING INSIGHTS INTO WELLBORE STABILITY AND
FORMATION CHARACTERISTICS.

THE SIGNIFICANCE OF GEOLOGICAL INTERPRETATION OF WELL LOGS

THE GEOLOGICAL INTERPRETATION OF WELL LOGS PLAYS A VITAL ROLE IN VARIOUS ASPECTS OF RESOURCE EXPLORATION AND
MANAGEMENT. | TS SIGNIFICANCE CAN BE OUTLINED AS FOLLOWS:

® ResSerVOIR CHARACTERIZATION: UNDERSTANDING THE GEOLOGICAL PROPERTIES OF A RESERVOIR IS ESSENTIAL FOR
EFFICIENT RESOURCE EXTRACTION.

* HYDROCARBON EXPLORATION: WELL LOGS AID IN IDENTIFYING POTENTIAL HYDROCARBON ZONES AND ASSESSING THEIR
VIABILITY.

® ENVIRONMENTAL MONITORING: LOGS CAN HELP IN ASSESSING GROUNDWATER QUALITY AND CONTAMINATION RISKS.

o GEOTECHNICAL ENGINEERING: INTERPRETATIONS INFORM THE DESIGN AND STABILITY OF STRUCTURES BUILT ON OR NEAR
WELL SITES.

THE INTERPRETATION PROCESS

THE INTERPRETATION OF WELL LOGS IS A SYSTEMATIC PROCESS THAT REQUIRES A BLEND OF GEOLOGICAL KNOWLEDGE,
ANALYTICAL SKILLS, AND EXPERIENCE. THE FOLLOWING STEPS OUTLINE THE TYPICAL WORKFLOW INVOLVED IN GEOLOGICAL
INTERPRETATION:



1. DATA ACQUISITION

THE FIRST STEP INVOLVES THE COLLECTION OF WELL LOG DATA DURING DRILLING OPERATIONS. THIS DATA CAN BE OBTAINED IN
REAL-TIME OR THROUGH POST-DRILLING ANALYSIS. [T IS CRUCIAL TO ENSURE THE ACCURACY AND QUALITY OF THE COLLECTED
DATA, AS THIS WILL DIRECTLY IMPACT THE INTERPRETATION RESULTS.

2.DATA CALIBRATION

BEFORE INTERPRETATION, WELL LOG DATA NEEDS TO BE CALIBRATED. THIS INVOLVES CORRECTING FOR ANY ANOMALIES OR
ERRORS IN THE DATA DUE TO FACTORS LIKE BOREHOLE CONDITIONS OR TOOL CALIBRATION. PROPER CALIBRATION ENSURES THAT
THE DATA REFLECTS TRUE GEOLOGICAL CONDITIONS.

3. LITHOLOGICAL INTERPRETATION

LITHOLOGY REFERS TO THE PHYSICAL AND CHEMICAL CHARACTERISTICS OF ROCKS. USING GAMMA RAY AND OTHER LOGS,
GEOLOGISTS CAN IDENTIFY DIFFERENT ROCK TYPES AND THEIR DISTRIBUTION THROUGHOUT THE WELLBORE. THIS STEP TYPICALLY
INVOLVES!

® |DENTIFYING SHALE AND NON-SHALE INTERVALS.

o CLASSIFYING ROCK TYPES BASED ON LOG RESPONSES.

e MAPPING THE LATERAL AND VERTICAL EXTENT OF DIFFERENT LITHOLOGIES.

4. POROSITY AND SATURATION ANALYSIS

DETERMINING THE POROSITY AND FLUID SATURATION OF THE RESERVOIR IS ESSENTIAL FOR EVALUATING ITS POTENTIAL
PRODUCTIVITY. THIS INVOLVES:

® USING DENSITY AND NEUTRON LOGS TO CALCULATE POROSITY.
e APPLYING RESISTIVITY LOGS TO ESTIMATE HYDROCARBON SATURATION.

® UTILIZING CROSSPLOT TECHNIQUES TO VALIDATE POROSITY AND SATURATION ESTIMATES.

5. STRUCTURAL INTERPRETATION
UNDERSTANDING THE STRUCTURAL GEOLOGY IS CRUCIAL FOR RESOURCE EXPLORATION. THIS STEP INCLUDES:
® IDENTIFYING FAULTS, FRACTURES, AND FOLDS USING SONIC AND RESISTIVITY LOGS.

® MAPPING THE STRUCTURAL FEATURES THAT MAY INFLUENCE FLUID MOVEMENT.

® INTEGRATING WELL LOG DATA WITH SEISMIC DATA FOR A COMPREHENSIVE STRUCTURAL MODEL.



6. INTEGRATION WITH OTHER DATA SOURCES

T O ENHANCE THE ACCURACY OF GEOLOGICAL INTERPRETATION, WELL LOG DATA SHOULD BE INTEGRATED WITH OTHER
GEOLOGICAL AND GEOPHYSICAL DATA, SUCH AS SEISMIC SURVEYS, CORE SAMPLE ANALYSES, AND PRODUCTION DATA. THiS
HOLISTIC APPROACH PROVIDES A CLEARER PICTURE OF THE RESERVOIR CHARACTERISTICS.

CHALLENGES IN GEOLOGICAL INTERPRETATION OF WELL LoGs

DESPITE THE ADVANCEMENTS IN TECHNOLOGY AND METHODS, GEOLOGICAL INTERPRETATION OF WELL LOGS PRESENTS SEVERAL
CHALLENGES:

e DATA QUALITY! POOR QUALITY OR INCOMPLETE DATA CAN LEAD TO ERRONEOUS INTERPRETATIONS, IMPACTING
DECISION~MAKING.

o CoMPLEX GEOLOGY: HIGHLY HETEROGENEOUS FORMATIONS MAY COMPLICATE THE INTERPRETATION PROCESS, REQUIRING
ADVANCED ANALYTICAL TECHNIQUES.

® TECHNOLOGICAL LIMITATIONS: LIMITATIONS IN LOGGING TOOLS AND METHODS CAN RESTRICT THE DEPTH AND
ACCURACY OF DATA COLLECTED.

® INTERPRETATION SUBJECTIVITY: DIFFERENT GEOLOGISTS MAY ARRIVE AT VARYING INTERPRETATIONS BASED ON THE SAME
DATA, LEADING TO INCONSISTENCIES.

FUTURE TRENDS IN GEOLOGICAL INTERPRETATION OF WELL LoOGS

AS TECHNOLOGY CONTINUES TO EVOLVE, THE FUTURE OF GEOLOGICAL INTERPRETATION OF WELL LOGS IS LIKELY TO WITNESS
SEVERAL TRANSFORMATIVE TRENDS:

® DIGITALIZATION: INCREASED USE OF DIGITAL TOOLS AND SOFTWARE FOR DATA ANALYSIS AND INTERPRETATION WILL
ENHANCE EFFICIENCY.

® MACHINE LEARNING AND Al: THE APPLICATION OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING ALGORITHMS WILL
ALLOW FOR MORE ACCURATE AND FASTER INTERPRETATIONS.

® ReAL-TIME DATA PROCESSING: ADVANCES IN DATA ACQUISITION TECHNOLOGY WILL FACILITATE REAL-TIME
INTERPRETATION DURING DRILLING OPERATIONS, IMPROVING DECISION~"MAKING.

o CoLLABORATION AND DATA SHARING: ENHANCED COLLABORATION AMONG GEOSCIENTISTS THROUGH SHARED
DATABASES AND PLATFORMS WILL LEAD TO MORE COMPREHENSIVE INTERPRETATIONS.

CoNcLUSION

THE GEOLOGICAL INTERPRETATION OF WELL LOGS IS AN INDISPENSABLE ASPECT OF GEOSCIENCE THAT INFORMS VARIOUS



INDUSTRIES, FROM OIL AND GAS EXPLORATION TO ENVIRONMENTAL MANAGEMENT. BY UNDERSTANDING THE TYPES OF WELL LOGS,
THEIR SIGNIFICANCE, AND THE INTERPRETATION PROCESS, PROFESSIONALS CAN MAKE INFORMED DECISIONS THAT OPTIMIZE
RESOURCE EXTRACTION AND ENSURE SUSTAINABLE PRACTICES. AS TECHNOLOGY ADVANCES, THE FUTURE PROMISES EVEN
GREATER ACCURACY AND EFFICIENCY IN THIS VITAL FIELD.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE WELL LOGS AND WHY ARE THEY IMPORTANT IN GEOLOGICAL
INTERPRETATION?

W/ELL LOGS ARE DETAILED RECORDS OF THE GEOLOGICAL FORMATIONS PENETRATED BY A BOREHOLE, PROVIDING CRUCIAL DATA
ON ROCK PROPERTIES, FLUID CONTENT, AND STRATIGRAPHY. THEY ARE IMPORTANT FOR GEOLOGICAL INTERPRETATION AS THEY
HELP IN IDENTIFYING RESOURCE POTENTIAL, UNDERSTANDING SUBSURFACE GEOLOGY, AND GUIDING DRILLING OPERATIONS.

How DO RESISTIVITY LOGS CONTRIBUTE TO THE UNDERSTANDING OF SUBSURFACE
GEOLOGY?

RESISTIVITY LOGS MEASURE THE ELECTRICAL RESISTANCE OF ROCK FORMATIONS, WHICH HELPS DIFFERENTIATE BETWEEN WATER™
SATURATED AND HYDROCARBON-BEARING ZONES. HIGH RESISTIVITY TYPICALLY INDICATES THE PRESENCE OF HYDROCARBONS,
WHILE LOW RESISTIVITY SUGGESTS WATER SATURATION, AIDING IN THE EVALUATION OF RESERVOIR QUALITY.

\WHAT ROLE DOES GAMMA-RAY LOGGING PLAY IN STRATIGRAPHIC ANALYSIS?

GAMMA-RAY LOGGING DETECTS NATURAL RADIOACTIVITY IN ROCK FORMATIONS, WHICH CAN INDICATE THE PRESENCE OF CLAY
MINERALS VERSUS CLEAN SANDS. THIS DATA IS VITAL FOR STRATIGRAPHIC CORRELATION, IDENTIFYING SEDIMENTARY LAYERS,
AND DETERMINING THE LITHOLOGY OF THE SUBSURFACE.

WHAT IS THE SIGNIFICANCE OF SONIC LOGS IN GEOMECHANICAL STUDIES?

SONIC LOGS MEASURE THE VELOCITY OF SOUND WAVES THROUGH ROCK, WHICH IS RELATED TO ROCK STIFFNESS AND POROSITY.
THIS INFORMATION IS ESSENTIAL FOR GEOMECHANICAL STUDIES AS IT HELPS ASSESS THE STRENGTH AND STABILITY OF ROCK
FORMATIONS, INFLUENCING DRILLING AND PRODUCTION STRATEGIES.

How CAN WELL LOG DATA BE INTEGRATED WITH SEISMIC DATA FOR BETTER
GEOLOGICAL INTERPRETATION?

INTEGRATING WELL LOG DATA WITH SEISMIC DATA ENHANCES GEOLOGICAL INTERPRETATION BY PROVIDING A MORE
COMPREHENSIVE VIEW OF SUBSURFACE STRUCTURES. WELL LOGS OFFER DETAILED LOCAL INFORMATION, WHILE SEISMIC DATA
PROVIDES A BROADER REGIONAL CONTEXT, ALLOWING FOR IMPROVED MODELING AND RESERVOIR CHARACTERIZATION.

\WHAT ARE THE COMMON CHALLENGES FACED IN THE INTERPRETATION OF WELL LOGS?

COMMON CHALLENGES INCLUDE DATA QUALITY ISSUES, SUCH AS NOISE AND MISSING LOGS, AS WELL AS THE COMPLEXITY OF
GEOLOGICAL FORMATIONS THAT MAY LEAD TO MISINTERPRETATIONS. ADDITIONALLY, VARIATIONS IN DRILLING TECHNIQUES AND
LOG CALIBRATION CAN COMPLICATE THE ANALYSIS PROCESS.

\WHAT ARE THE KEY PARAMETERS ANALYZED IN A FORMATION DENSITY LOG?

KEY PARAMETERS IN A FORMATION DENSITY LOG INCLUDE BULK DENSITY, WHICH INDICATES POROSITY AND LITHOLOGY, AND THE
COMPARISON OF DENSITY READINGS TO OTHER LOGS. THIS DATA HELPS ASSESS HYDROCARBON SATURATION AND ROCK
MECHANICAL PROPERTIES.



How IS POROSITY ESTIMATED FROM WELL LOG DATA?P

POROSITY CAN BE ESTIMATED USING SEVERAL WELL LOG TYPES, INCLUDING DENSITY LOGS, NEUTRON LOGS, AND SONIC LOGS.
CROSS-PLOTS AND EMPIRICAL EQUATIONS ARE OFTEN USED TO DERIVE POROSITY VALUES BY CORRELATING THE MEASUREMENTS
FROM DIFFERENT LOGS TO INFER ROCK VOID SPACE.

\WHAT ADVANCEMENTS ARE BEING MADE IN WELL LOG INTERPRETATION TECHNIQUES?

RECENT ADVANCEMENTS INCLUDE THE USE OF MACHINE LEARNING ALGORITHMS AND ARTIFICIAL INTELLIGENCE TO ENHANCE DATA
ANALYSIS, IMPROVE INTERPRETATION ACCURACY, AND AUTOMATE THE IDENTIFICATION OF GEOLOGICAL FEATURES.
ADDITIONALLY, INTEGRATION OF REAL-TIME DATA AND ADVANCED VISUALIZATION TOOLS ARE BECOMING MORE PREVALENT.
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