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Benefits to the Program 

• Project goals  

– Student training in advanced seismic 

technology suited to CO2 sequestration 

• Project benefits 

– Seismic simulation for acquiring 3D3C 

seismic data that can be used to improve 

• Pre-injection characterization of CO2 storages 

• Monitoring  

– During CO2 injection 

– Long-term post-injection  



 

Project Overview 

• Seismic simulation work flow training 

– Based on research results from a Phase II 

Study (DE-FG26-06NT42734), a site-specific 

reservoir characterization on Dickman Field 

• Major components for training 

– Geological-constraint S-wave estimation 

– Seismic simulation and modeling in 2D and 3D 

– Component rotation to field design for 3D3C 

data acquisition 

 

 



 

Dickman Project Area 

Technical Status 

600 m 

Disc. 1962       Cumm: 1.7 MMBO 

 

3D Seismic 

3.325 sq. mi. 

142 wells 

54 in 3D area 

Core (7) 

Digital logs (45) 
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Type Section 

Annotated type log for  

Dickman project area  

(Stiawalt 3 T17S-R24W-S20). 
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Background Information 

• Field 3D seismic data 

– Single component 

• “P-wave” data 

• Can multicomponent data give more info? 

• Available well data 

– Vp sonic only 

– Need to estimate Vs for seismic simulation 



 
 

Estimating S-Wave Velocity 

Using Typical Data 
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Humphrey 4-18 

 

 

 

Input logs in red 



 

Workflow in Seismic Modeling 
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Seismic Simulation: ANIVEC 

• Reflectivity modeling          

• Good 

• Elastic 

• Multicomponent data 

• Wave type choices 

– Include/exclude surface waves, shear, etc. 

– Limitations  

• Assumes horizontal layers 

– But this is Kansas! (good assumption) 

ANIVEC Courtesy: S. Mallick (U. Wyoming) 



 
 

Seismic Simulation: P-wave only 

Single component data 

  Wave types (acoustic simulation) 

 

  S -------- R1……R2…….R3……..4000 ft 

PP 



 

Seismic Simulation: P and S waves 

 

•Multicomponent data 

•  Wave types (elastic simulation) 

S-waves give direct evidence of anisotropy (shear wave splitting) related to fractures.  

SS: fast, parallel to the fracture SS: slow, orthogonal to both the fast share wave and the fracture zones.  
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Comparison of field data and acoustic finite difference synthetic seismogram 

based on Humphrey 4-18 well logs. The field data is a super gather 

composed of five CMP gathers (4500-4505). Uneven trace spacing in field 

data results from irregular offset distribution. Correspondence of events is 

quite good. 



 

Simulation Data to 3D3C  

Survey Design 

• Simulated seismic data 

– Based on 1 well (Humphrey 4-18) 

• Extended laterally by duplicating the log 

– Populating equal offset 2D elastic traces 

according to survey geometry 

• Receiver offset and components all relative to 

source  

• Requires component rotation to field components 



 

 

•Humphrey 4-18 

•Receivers 

(blue) 

•Sources (red) 
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Accomplishments to Date  

- Training Results 

Student Accomplishments 

 

Jintan Li    (PhD August 2012) 

 Flow model to seismic simulation 

Qiong Wu   (PhD continuing) 

 Elastic modeling and rotation 

Tim Brown    (MS July 2012) 

 Fracture indicators 

Johnny Seales    (BS Dec 2011) 

 Subtle channel indicators 

 

 



 

Accomplishments to Date  

- Technical Contributions 

• Jintan Li workflow and matlab code 

– Flow model to seismic simulation 

• Qiong Wu workflow and seismic unix code 

– Elastic modeling and rotation 

• Tim Brown workflow 

– Fuzzy logic fracture index from conventional well 

logs 

• Johnny Seales worflow 

– Narrow-band seismic calculation and analysis 
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Accomplishments to Date  

-Technology Transfer 
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Accomplishments to Date  

-Technology Transfer 



 

Summary 

• Key Findings 

– CO2 seismic signal is strong at Dickman 

• Type locality for US Midcontinent 

• Implications for MVA in CCS projects 

– 3D3C seismic data and Time-lapse seismic monitoring 

• Lessons Learned 

– Vector seismic adds value 

• S-wave splitting is direct fracture indicator () 

• Future Plans 

– Project funding period completed 
Monitoring, Verification, and Accounting (MVA) 



 

Thank you ! 
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Gantt Chart  
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