
Seismic elastic double-beam characterization of 

faults and fractures for CO2 storage site selection

Yingcai Zheng

University of Houston

U.S. Department of Energy

National Energy Technology Laboratory

2022 Project Review Meeting, Pittsburgh

08/16/2020 11am

Project Number: DE-FE0032063 

Project start date: July 1, 2021



Teams
ÅUniversity of Houston 

ï Yingcai Zheng (PI)

ï Jake Parsons (graduate student)

ï Sharmila Appini (graduate student)

ï Yuesu Jin (graduate student) 

ï Hao Hu (postdoc) 

ÅLos Alamos National Laboratory
ï Lianjie Huang (Co-PI)

ï David Li (graduate research assistant)

ï Neala Creasy (postdoc)

ÅVecta Oil and Gas, Ltd. 
ï Bryan DeVault (President/CEO; Co-PI)

ï Gulia Popov

2



3



4

AOI 1a - Fault Detection, Characterization, and 

Hazard Assessment.

No field work. Novel method development. Final 

deliverable: a software package for subsurface analysis 

for Gigatonne storage scenarios.



Goals and Objectives for Gigatonne injection
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Methodology

ÅDevelop 9-component (9C) elastic double-beam method for small-scale 

fracture characterization (self validating)

ÅDevelop large-scale fault detection method

ÅSynthesis: 

ïfractures/faults in sedimentary layers and basement; 

ïStress 

ïEstimating earthquake hazards 

ïEstimating fluid pathways to basement faults

ÅField data test: 9C seismic dataset from Wolf Springs in Central Montana
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Objectives budget periods (BP)

ÅBP 1. Fault detection and fracture characterization in the basement using 

synthetic 9C surface seismic data (Year-1)

ÅBP 2. Fault detection and fracture characterization in the basement using field

9C surface seismic data (Year-2)

ÅBP 3. Determination of fault stress state and fault activation potential (Year-3)

7



Task/Subtask Breakdown
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Task 2.0 - Fault detectionand fracture characterization in the basementusing synthetic 9C surface seismicdata

This taskwill be in Year-1 which is the budgetperiod1. The work will focus on syntheticdatasetbasedon a model with

dimensionssimilar to theWolf Springsfield data.

Å Subtask2.1ï(UH/LANL/Vecta) Model buildingbasedoncentralMontana(M1-M3): Build a 3D elasticmodelusingtheWolf

Springsfield geometry.

Å Subtask2.2 ï(UH) Multicomponentsyntheticseismicdata modeling(M4-M6): Using the model and the locationsof the

sourcesandreceiversin the field data,UH will run their elasticfinite-differencecodeto generatethesyntheticdatasets. The

computationwill bedoneonPIs groupcluster.

Å Subtask2.3 ï(LANL) Migration imaging (M7-M9): LANL will conductP-P, P-S, S-P, and S-S imagingon the synthetic

dataset.

Å Subtask2.4ï(LANL) Machinelearningfault detection(M10-M12): LANL will detectfaultsonP-P,P-S,S-P,andS-S images

of thesyntheticdataset.

Å Subtask2.5ï(UH) Fracturecharacterizationusingelasticdoublebeam(M10-M12)



Roadmap  
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Why another method for fracture 

characterization?

ÅCan seismic migration see the small-scale fractures? 

ÅNo.
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Fractures: vertical; 9m height; 

fracture compliance 1e-10 m/Pa

Finite difference modeling: Coates and Schoenberg (1995)

Motivational example: fractures are hard to see
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baseline image w/o fractures

image w/ fractures

Hard to see fractures 

in traditional seismic 

migrated images



How does the seismic double-beam 

method characterize small-scale 

fractures
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From point sources to localized wave packet
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From point sources to localized wave packet

16



From point sources to localized wave packet
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From point sources to localized wave packet
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From point sources to localized wave packet
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From point sources to localized wave packet
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From point sources to localized wave packet
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Directional wave

incidence

interference pattern

(observation)

Frac parameter inversion

Fractured reservoir

ÅFracture orientation

ÅDensity

ÅCompliance Ą fluid permeability (Petrovitch et al., 2013)

Interference pattern Ą fractures
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Field seismic data (9C) in Montana
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Vertical vibreseis
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Fractures and Basement faults
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Build the synthetic elastic model from the 

field data 
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P-wave velocity model from the field Vecta data
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Shear-wave velocity model from the field Vecta data
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Density model from the field Vecta data

29



Synthetic Vp model with 

: a normal fault

: vertical artificial fracture sets 

: small fractures extracted from field data image 

Fractures extracted 

from the field data 

image

vertical artificial fractures 

at different depths 

Normal fault

Z: 1200-1700 
m

Z: 1000-1200 
m

Z: 1600-1750 
m
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vertical artificial fractures

Z: 1200-1700 
m

Z: 1000-1200 m
Two coexisting sets

Z: 1600-1750 
m

Map view fractures

31



Source

Receiver

Sources: 

X: 2800:125:6550 m

Y: 2100:125:4850 m

Total: 31*23=713

Receivers: 

X: 2800:35:6615 m

Y: 2100:35:4900 m

Total: 110*81=8910

Both Source and 

receivers are at 

surface 

Acquisition geometry
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Modeled common-shot gathers at one 

location with different types of source. 
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Source

Two receiver 

lines

Source wavelet: 20 Hz Ricker
34



Explosive 

source

Receivers along 

X

Receivers along 

Y
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Single 

force: 

X 

Receivers along 

X

Receivers along 

Y
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Single 

force: 

Y 

Receivers along 

X

Receivers along 

Y
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Single 

force: 

Z

Receivers along 

X

Receivers along 

Y
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Fracture detection results 

using  

The Seismic Double-Beam method
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Top view of detected fractures

At three depths (1100 m, 

1400 m and 1650 m) 

from frequencies 15 Hz, 

20 Hz, 30 Hz and 40 Hz
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3D view of detected fractures 
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Example of DB images
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Depth 1100 m: Has fractures

15 

Hz

20 

Hz

30 

Hz

44


