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Motivation: induced seismicity is quite common in operating
CCS sites

CCS Sites End Time Injection Seismic Max Distance from | Rock Type Injection

Amount Monitoring Magnitude injection Depth
(Y/N)
Decatur, USA 2012 - 2.8Mt Y 1.55 400m Sandstone 2140m
In Salah, Algeria 2004 2011 3.8Mt Y 1100m Sandstone 1950m
1.6
Otway Australia 2007 -- 30000t Y 0.5 450m Sandstone/Cal  2000m
cite/Kaolinite

Weyburn, Canada 2000 2011 15Mt Y -0.5 300m Sandstone 1420m

Sleipner, Norway 1996 - 15Mt (2016) N - - Sandstone 1000m

Tomakomai, Japan 2016 - 0.2Mt Y 0.5 1.5km Sandstone 2400m

Fort 2015 - 5.7Mt 0.8 70m Sandstone 2172m

Saskatchewan,

Canada (Quest)

(McNease et al. 2023)



“ Scientific rationale:
ruptured fault size/area = seismic event magnitude
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Estimating fault/fracture size = upper bound in event magnitude


Presenter Notes
Presentation Notes
Slip ~ 1e-4 x fault size 


Project Goals and Objectives for Gigatonne injection

(a) CO2 injection
- Small-scale fractures &

aquifer
’ large-scale faults
- Sedimentary layers &
basement
PONc o

- Stress field

- Potential seismic

Crystalline hazard; max Magnitude;

basement

— N

/T a - Possible fluid pathways
/ /™ N for CO, plume migration
and leakage



Objectives budget periods (BP)

BP 1. Fault detection and fracture characterization in the basement using
synthetic 9C surface seismic data (BP-1)

BP 2. Fault detection and fracture characterization in the basement using field
9C surface seismic data (BP-2)

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



Technology Roadmap

(b) Large-scale
basement Faults

Surface seismic data

Small-scale
fractures

Synthetic & field data

deliverables

Seismic
hazards

Stress field
estimation

Max
earthquake
magnitude
estimate
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Why another method for fracture
characterization?

« Can seismic migration see the small-scale fractures?
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Presenter Notes
Presentation Notes
In many ways, we take what have learned in oil/gas industry to CCS; 


Motivational example: fractures are hard to see
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Hard to see fractures
In traditional seismic
migrated images
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Seismic double-beam method

to characterize
small-scale fractures
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Basic idea of double-beam method

(a) (b) (c)
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Presenter Notes
Presentation Notes
Divide the reservoir into small blocks; and scan one by one for fractures using beam. like a laser 


A directional seismic packet can selectively image

Wavefield at 0.03 sec

0 i 2 3 4 5 B
Distance-km

16



Interference pattern - fractures
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Build the synthetic elastic model from the
field data
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Field seismic data (9C) in Montana
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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
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Detection Results: small-scale fractures

23
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Synthetic Vp model with
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Acquisition geometry
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Modeled common-shot gathers at one
location with different types of source.
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Single force-X

Receivers along X
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Fracture detection results
using
Seismic Double-Beam method

(Zheng et al., 2023 SGW for methodology review)
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top view of double-beam detected fractures

Results:
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Inline (M)

Map view of true fractures
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3D view of detected fractures
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Next steps: discrete fracture network using

Machine learning & field data
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Large-scale fault detection using machine
learning (LANL)
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Large-scale faults detected using LANL's new NRU
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Horizontal Position
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Detected large scale faults using P-P data
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Detected large scale faults using P-S data
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Detected large scale faults using S-P data
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Detected large scale faults using S-S data
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Lessons from: large-scale fault and small-
scale fracture detection

» Different modes (P-P, P-S, S-P, S-S) give consistent
results.

* The consistency reduces uncertainties & yields high
confidence in the results.
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Field data: Fractures and Basement faults (Vecta
processing)
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Fast azimuths from Bani corendered with Cambrian time structure: this will be compared with directions from splitting analysis in future
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PP Images
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Inline: 292
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TT Images



Xline: 111

Inline: 292
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RR Images
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Double-beam fracture detection on field
data
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Task/Subtask Breakdown

Task 2.0 - Fault detection and fracture characterization in the basement using synthetic 9C surface seismic data

This task will be in Year-1 which is the budget period 1. The work will focus on synthetic dataset based on a model with
dimensions similar to the Wolf Springs field data.

* Subtask 2.1 — (UH/LANL/Vecta) Model building based on central Montana (M1-M3): Build a 3D elastic model using the Wolf
Springs field geometry.

» Subtask 2.2 — (UH) Multicomponent synthetic seismic data modeling (M4-M6): Using the model and the locations of the
sources and receivers in the field data, UH will run their elastic finite-difference code to generate the synthetic datasets. The
computation will be done on PI's group cluster.

* Subtask 2.3 — (LANL) Migration imaging (M7-M9): LANL will conduct P-P, P-S, S-P, and S-S imaging on the synthetic
dataset.

* Subtask 2.4 — (LANL) Machine learning fault detection (M10-M12): LANL will detect faults on P-P, P-S, S-P, and S-S images
of the synthetic dataset.

* Subtask 2.5 — (UH) Fracture characterization using elastic double beam (M10-M12).
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*Task 3.0 — Fault detection and fracture characterization in the basement using field 9C surface seismic data

This task will be in the budget period 2. The work will focus on the field 9C seismic dataset at Wolf Springs,
Yellowstone County, Montana.

*Subtask 3.1 — (UH) Seismic data denoise such as the ground roll removal (M13-15).

Because the field data has ground coupling issues and different source strengths, UH will apply trace amplitude
balance and ground roll removal to clean up the data.

*Subtask 3.2 — (Vecta Oil and Gas) Quality control of the field data and geologic interpretation of faults and fractures
(M13-M15).

Vecta Oil and Gas will perform quality control of the field data and analyze geological and well log information for
fault/fracture interpretation.

*Subtask 3.3 — (UH) eDB fracture characterization (M16-M24).

Perform eDB fracture characterization for P-P, P-S1, P-S2. Also use the neural network (DBNN) to obtain discrete
fracture networks.

*Subtask 3.4 — (LANL) Enhancing images in the basement using elastic deconvolution migration imaging (M16-
M24) LANL will perform P-P, P-S, S-P, and S-S imaging on the field dataset.

: : : : 8
*Subtask 3.5 — (LANL) Fault detection using machine learning (M16-M24). >




Deliverable: Software development

e Web browser for seismic model/data visualization
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Summary of Accomplishments

Synthetic model and data tests; DONE
— UH, LANL, and Vecta QOil and Gas Itd. worked together and built a 3d seismic model: Vp,
Vs, density and spatially varying fracture networks including conjugate fracture sets
DONE
— We modeled 3d 9-c shot gathers DONE
— We applied the double-beam method on the modeled datasets DONE

 |f there are fractures, DB can invert for the true fractures
 |f there is on fracture in the model, DB reports ‘no fracture’
 Different frequencies give consistent results - DB method is self-verifying

BP-2: field data (Jan 1, 2023 - December 31, 2023, revised to June 2024)
— State-of-the-art oil/gas industry methods (shear wave splitting) DONE

— Shear wave splitting DONE;
— Double-beam neural network (DBNN); with preliminary results
— Faults detection; with preliminary results; overall status

BP-3: synthesis: fault stress state & activation potential
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