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Abstract 

The prediction of the hydraulic fracture properties in shale gas reservoirs is difficult because of the complex nature of hydraulic fracture growth, lack of 

good quality reservoir information, and the very low permeability of the matrix in shale gas reservoir. Furthermore, the propagating fracture causes a 

stress change, commonly known as a stress shadow, which influence the hydraulic fracture properties in the subsequent fracture stages. Additionally, 

shale is more sensitive to stress changes, which accompanies the gas production. In this study, the available information from a Marcellus Shale 

horizontal well in West Virginia was utilized in conjunction with a commercially available software to predict the hydraulic fracture properties accounting 

for the stress shadow impact. A reservoir simulation model was then developed based on the Marcellus Shale properties and the predicted hydraulic 

fracture properties. The production model incorporated the geomechanical factors associated with stress increase during the production. The inclusion of 

the stress shadow and the geomechanical factors provided more realistic prediction of the Marcellus Shale horizontal well production performance. 

Finally, parametric studies were performed to investigate the impact of stress changes and stress shadow on production performance and gas recovery. 
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OBJECTIVES & METHODOLOGY
THE OBJECTIVE OF THIS STUDY WAS TO INVESTIGATE THE IMPACT OF THE STRESS SHADOWING AND GEOMECHANICAL
FACTORS ON THE GAS PRODUCTION FROM THE HORIZONTAL WELLS WITH MULTIPLE HYDRAULIC FRACTURES COMPLETED IN
MARCELLUS SHALE.

INTRODUCTION
GEOTECHNICAL FACTORS
AS THE GAS IS PRODUCED FROM THE RESERVOIR, THE NET STRESS INCREASES BECAUSE THE PORE (GAS) PRESSURE DECREASES WHILE THE
OVERBURDEN PRESSURE REMAINS CONSTANT. THIS LEADS TO THE MATRIX AND THE FISSURE PERMEABILITY REDUCTION, AS WELL AS THE
HYDRAULIC FRACTURE CONDUCTIVITY IMPAIRMENT DUE TO PROPPANT EMBEDMENT.

STRESS SHADOWING
WHEN A HYDRAULIC FRACTURE IS CREATED, THE LOCAL STRESS IS CHANGED. THE STRESS INCREASES CAN RESULT IN EITHER THE DEVIATION OF

NEARBY FRACTURES OR LIMITED THE PROPAGATION OF THE FRACTURES. THIS IS REFERRED TO AS STRESS SHADOWING.

METHODOLOGY
• DATA COLLECTION & ANALYSIS

1. CORE DATA
2. WELL LOG DATA
3. ADSORPTION CHARACTERISTIC
4. HYDRAULIC FRACTURE CONDUCTIVITY (STRESS‐DEPENDENCY)
5. COMPLETION RECORDS
6. PRODUCTION HISTORY

• PREDICTION OF THE HYDRAULIC FRACTURE PROPERTIES (GOFHER SOFTWARE)
• INCORPORATING GEOMECHANICAL FACTORS INTO THE RESERVOIR MODEL (CMG SOFTWARE)
• PARAMETRIC STUDIES.

1. CORE ANALYSIS

2. WELL LOG DATA
GAMMA RAY, DENSITY, RESISTIVITY, SONIC, AND NEUTRON LOGS, AVAILABLE FROM A NEARBY WELL (3H), WERE UTILIZED TO ESTIMATE THE
MINIMUM HORIZONTAL STRESS (𝛔𝐇).

3. ADSORPTION CHARACTERISTICS
THE LANGMUIR PRESSURE AND VOLUME FOR MARCELLUS SHALE OBTAINED FROM CORE PLUG MEASUREMENTS (ZAMIRIAN ET AL. 2015).

4. STRESS‐DEPENDENCYOF THE PROPPED FRACTURE CONDUCTIVITY(PUBLISHEDDATA)

5. COMPLETIONRECORDS
WELL 6H WAS STIMULATED IN 8 STAGES OVER A LATERAL LENGTH OF 2,380 FT.

6. PRODUCTION HISTORY
PRODUCTION DATA FOR WELL 6H (12/2011 TO 12/2015, 1473 DAYS).

IMPACT OF NET STRESS ON THE ABSOLUTE PERMEABILITY

OF THE MARCELLUS SHALE (ELSAIG 2016)
ESTIMATION OF THE FRACTURE CLOSURE PRESSURE

FOR MARCELLUS SHALE (ELSAIG 2016)

CONDUCTIVITY OF THE PROPPED HYDRAULIC FRACTURES IN MARCELLUS SHALE (MCGINLEY ET AL. 2015) 

AFTER GEOSTEERINGBEFORE GEOSTEERING

MATRIX PERMEABILITY
MULTIPLIER

PROPPED FRACTURE 
CONDUCTIVITY MULTIPLIER

PREDICTED FRACTURE PROPERTIES

IMPACT OF GEOMECHANICAL FACTORS AND STRESS SHADOWING ON GAS PRODUCTION ON PREDICTED PRODUCTION RATE WELL 6H

PARAMETRIC STUDIES‐FRACTURE SPACING

CONCLUSIONS
REDUCTION IN GAS RECOVERY DUE TO THE STRESS SHADOWING

IMPACT OF DIFFERENT GEOMECHANICAL FACTORS ON WELL 6H PRODUCTION (BASE CASE)

• ACCOUNTING FOR STRESS CAUSED BY STRESS SHADOWING AND GEOMECHANICAL FACTORS PROVIDED IN A MORE REALISTIC ESTIMATE OF

HYDRAULIC FRACTURE PROPERTIES AND IMPROVED THE PRODUCTION PREDICTION.

• THE IMPACT OF THE GEOMECHANICAL FACTORS ON GAS PRODUCTION COULD BE SIGNIFICANT PARTICULARLY AT THE EARLY STAGES OF THE

PRODUCTION (1‐5 YEARS).

• THE FISSURE PERMEABILITY AND PROPPED FRACTURE CONDUCTIVITY GEOMECHANICAL FACTORS HAVE MAJOR IMPACT ON THE PRODUCTION

WHILE THE MATRIX PERMEABILITY GEOMECHANICAL FACTOR HAS ONLY A MINOR IMPACT ON PRODUCTION

• THE IMPACT OF THE FISSURE PERMEABILITY GEOMECHANICAL FACTOR DECREASES AS THE FRACTURE HALF‐LENGTH AND CONDUCTIVITY

INCREASE.

• THE IMPACT OF THE FISSURE PERMEABILITY GEOMECHANICAL FACTOR INCREASES AS THE FRACTURE SPACING INCREASES.

• STRESS SHADOWING INCREASES AS THE FRACTURE SPACING DECREASES AND REDUCES FRACTURE LENGTH, HEIGHT, AND CONDUCTIVITY.

• THE PREDICTED FRACTURE IN MARCELLUS SHALE GROWS VERTICALLY, IF THE STRESS SHADOWING EFFECTS ARE IGNORED.

• THE HIGHER IS THE FRACTURE HEIGHT, THE GREATER IS THE IMPACT OF THE STRESS SHADOWING ON MARCELLUS SHALE.

• IGNORING STRESS SHADOWING LEADS TO OVER‐ESTIMATION OF THE GAS RECOVERY.

• THE IMPACT OF THE STRESS SHADOWING ON GAS PRODUCTION IS MORE SIGNIFICANT AT THE EARLY STAGES OF THE PRODUCTION (1‐5 YEARS).
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FISSURE PERMEABILITY 
MULTIPLIE

DATA COLLECTION & ANALYSIS

PREDICTION OF THE HYDRAULIC FRACTURE PROPERTIES
INPUT PARAMETERS FOR GOFHER SOFTWARE:
1. PARAMETERS ESTIMATED FROM THE WELL LOG DATA

• ROCK PROPERTIES (YOUNG’S MODULUS, POISSON'S RATIO, AND BIOT'S COEFFICIENT)
• OVERBURDEN PRESSURE
• MINIMUM HORIZONTAL STRESS (𝛔𝐇)
• PORE PRESSURE GRADIENT

2. FRACTURE TREATMENT DESIGN:  
INJECTION RATE, PROPPANT SIZE/CONCENTRATION, FLUID TYPE, ETC.

3. GEOSTEERING

THE LOG DATA FROM THE VERTICAL SECTION OF WELL 3H WERE CONVERTED TO FIT HORIZONTAL SECTION OF THE WELL 6H BY
GEOSTEERING. GEOSTEERING IS PERFORMED BASED ON THE SIMILARITIES IN THE GR SIGNATURES IN BOTH WELLS TO ASSURE THAT THE
HORIZONTAL SECTION IS IN THE CORRECT ZONE.

INCORPORATING GEOMECHANICAL FACTORS INTO THE RESERVOIR MODEL

Stages

Without Stress 
Shadowing 

Effects

With Stress 
Shadowing 

Effects

Without Stress 
Shadowing 

Effects

With Stress 
Shadowing 

Effects

Without Stress 
Shadowing 

Effects

With Stress 
Shadowing 

Effects

Without Stress 
Shadowing 

Effects

With Stress 
Shadowing 

Effects

in in ft. ft. ft. ft. md-ft md-ft
1 0.46 0.46 120 120 300 300 12 12
2 0.46 0.38 120 100 300 280 18 10
3 0.46 0.29 120 90 300 280 16 4
4 0.44 0.40 120 100 300 280 13 8
5 0.43 0.32 130 120 320 280 14 9
6 0.43 0.31 140 130 320 300 17 9
7 0.46 0.29 140 130 300 220 17 7
8 0.44 0.23 140 70 300 180 15 3

Fracture Height  Fracture Conductivity  Fracture Half-Length  Average Fracture Width

PREDICTED PRODUCTION PERFORMANCE

IMPACT OF DIFFERENT GEOMECHANICAL FACTORS ON PRODUCTION FOR
FRACTURE STAGE SPACING 180 FT. WITH 14 STAGES

IMPACT OF DIFFERENT GEOMECHANICAL FACTORS ON PRODUCTION FOR
FRACTURE STAGE SPACING 180 FT. WITH 8 STAGES

IMPACT OF THE FISSURE PERMEABILITY GEOMECHANICAL FACTOR ON GAS RECOVERY

INPUT PARAMETERS FOR CMG SOFTWARE:

GEOMECHANICAL FACTORS

BASE MODEL PARAMETERS

IMPACT OF THE FRACTURE CONDUCTIVITY GEOMECHANICAL FACTOR ON GAS RECOVERY

PARAMETRIC STUDIES‐FRACTURE PROPERTIES

IMPACT OF DIFFERENT GEOMECHANICAL FACTORS ON WELL

6H PRODUCTION (FRACTURE HALF‐LENGTH 450 FT.)
IMPACT OF DIFFERENT GEOMECHANICAL FACTORS ON WELL 6H 
PRODUCTION (INITIAL FRACTURE CONDUCTIVITY 5 MD‐FT.)

PARAMETRIC STUDIES
THE PARAMETRIC STUDIES, USING WELL 6H MODEL, WERE CONDUCTED TO INVESTIGATE THE IMPACT OF FRACTURE HALF‐LENGTH, FRACTURE
CONDUCTIVITY, INITIAL FISSURE PERMEABILITY AND FRACTURE SPACING (FS) ON PRODUCTION PERFORMANCE.

PARAMETER BASE CASE RANGE UNITS
FRACTURE HALF‐LENGTH 300 350‐450 ft.

STAGE SPACING
SAME NUMBER OF STAGES

340
100‐260 ft.

INCREASING THE NUMBER OF STAGES 100(24),180(14),260(10) ft.
INITIAL FRACTURE CONDUCTIVITY 25 5‐20 md‐ft.
INITIAL FISSURE PERMEABILITY 0.001 0.002‐0.006 md

PARAMETRIC STUDIES‐FISSURE PERMEABILITY

CUMULATIVE GAS PRODUCTION FOR INITIAL FISSURE PERMEABILITY OF 0.006 MD.

PARAMETRIC STUDIES‐ FRACTURE CONDUCTIVITY GEOMECHANICAL FACTOR

PARAMETRIC STUDIES‐ FISSURE PERMEABILITY GEOMECHANICAL FACTOR


