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Project Goals 

• Demonstrate that 99 percent permanence of injected CO2  

 20,000 metric tons tonnes injected into KGS #2-32  into Late Mississippian siliceous dolomite reservoir  

between January 9 and June 21, 2016  CO2 plume and EOR response as forecast by model  

(Class II UIC permit) 

 20,000 metric ton injection into underlying Lower Ordovician Arbuckle Group dolomitic saline aquifer 

(Pendiing Class VI UIC permit) 

• Demonstrate reliable and cost effective MVA (monitoring, verification, and accounting) 

tools and techniques  

• Develop best practices for effective and safe CO2-EOR and CO2 saline storage 

 

Low relief structural dome 

underpressured 

Injection zone 

~30 km2 

KGS #2-32 



Technical Status 

Task 15. Evaluate Potential to Move Oil and Optimize for Carbon Storage 

• Begin CO2 injection into KGS #2-32 on January 9, 2016  

• Completed injection on June 21, 2016  

• 1,101 truckloads, 21,784 US tons, 19,803 metric tons, average of 120 tonnes per day, 

approximately 374,000 MCF of CO2 

• Total expenditures for purchasing CO2 were $1,964,000.  Our overall price for CO2 was 

$90.16 per US ton from Linde Group 

• Behaving as forecasted by gemodel/simulation 

 

1 mile 

(1.6 km) 

Well-based structure map 

Top Mississippian 
1) Surface water analysis 

2) 18- seismometer array for passive seismic 

3) cGPS and InSAR 

4) Weekly analysis of 17 wells surrounding injector 

5) Repeat 2D seismic survey (July 2016) 

6) Post-CO2 injection well performance around Class II well  

7) Arbuckle pressure monitoring since April 2016 

Monitoring technologies during Class II injection  

 

150 ft oil column 



• Petrel map of permeability distribution in the  

           Mississippian dolomite 

• CO2 injection well is red vertical line 

• Lower permeability noted east and south of the injection well,  

           Berexco Wellington KGS #2-32 

• Residual oil saturation in  cored injection well averages 23% 

Small fault 

KGS #2-32 

North 

PF 

KGS #2-32 

~70 ft of  

~23% Sor 

~12 mi2 

(30 km2) 

20 ft 

(6 m) 

Targeted area High CO2-EOR potential 
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J. Rush 



Wellington Field small scale CO2-EOR 

Jason Bruns above (Caanon Well 

Services) and Dana Wreath upper right 

(VP Berexco, LLC) with KGS staff SCADA System installed on wells 

• 30% oil cut 

• Compared to ~1-2%  

         field average  

Added stock  

tank 

Gas separator 

for CO2 

http://www.lindeus.com/en/


Web Applications Built to Display and Analyze Data  

“in Real-Time” by the Team During Monitoring    
time lapse maps, cross plots, analytical tools, csv download  
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Pause  

CO2 injection 

CO2 injection 

ends 6-25-16 

Oil recovery 

starts 2-26-16 

CO2 venting 

starts 2-29-16 

CO2 venting 

inconsistent 3-31-17 

CO2 injection 

starts 1-09-16 

~18% of CO2 injected  

has been produced 

9,000+ BO 



Time Lapse  

Alkalinity  

-- During and Post CO2 Injection 

4/27/2016 3/23/2016 

Dashboard 

Run/Pause/Step Control 

6/23/2016 

End of CO2  

injection 

7/19/2016 

Small 

fault 

High  

Alkalinity 

CO2 

Supercritical  

CO2 
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T5 = June 17, 2016 
KGS 2-32 Injection well 
Significant CO2 production 
Detection of CO2  
No detection of CO2  

Re-processed 3D seismic analysis: 

discrete fracture network vs. 

  field CO2 MVA data 

CO2 production 

Discrete fracture 

network map 

G. Tsoflias &  

B. Graham 



Faults cut Mississippian, Arbuckle, 

and basement 

12 

Wellington-Anson Bates Fields, Sumner Co. 

T. Bidgoli & D. Schwab 



• Milestone 3. Pre-injection MVA baseline recording 

  18 seismometer array since Fall 2014 

 cGPS and inSAR for processing since August 2014 

 Five shallow monitoring wells around KGS #1-28 and 

domestic wells in vicinity 

 Weekly baseline geochemistry and production data from 

17 wells during CO2-EOR 

 Static bottom hole pressure in lower Arbuckle from KGS 

#1-28 since April 2016 
 

 

R. Miller & 

S. Petrie, KGS  

installation 

CO2-EOR 

CO2-deep saline 

1 mile 

Coda for nearby 3.0 earthquake 12-2-2014 

Event 

frequency  

spectrum 

J. Hollenbach 

KGS & KU Geology 
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Earthquake Catalog 

• 1905 total earthquakes: 

      April 2015 - December 2016 

• Mc ~1.2 

• Smallest earthquake Mw 0.4 

 

No earthquake has been detected within Wellington 

field in association with the CO2 injection in KGS #2-32 



Class VI Permit Application  

• Submitted to EPA in April 2014 

• 1468 page document  

• EPA requested reformatting and 

resubmission of permit in June 2014 in 

order to conform with new Geologic 

Sequestration (GS) Tool  

 

15 Berexco/KGS Class VI Permit 



Permitting Timeline 

Apr 14         Aug 14          Dec 14          Apr 15          Aug 15          Dec 17         Apr 16          Aug 16         Dec 16          Mar 17 

Permit 

application 

submitted April 

2014 
Prepare 

Quality 

Assurance and 

Surveillance 

Plan (QASP) 

Operation Plan for 

Safe and Efficient 

Injection  (OPSEI 

prepared  as  a 

monitoring response 

plan.  

Wellington 

Seismic Action 

Plan prepared in 

response to 

EPA’s concern 

about induced 

seismicity 

Construction of 

3 shallow wells 

at EPA’s 

request to 

prove absence 

of USDW  

Conduct analytical studies  to 

demonstrate absence of 

USDW at site  Prepared Opinion 

on Induced 

Seismicity in 

Kansas  

Installed 

Wellington 

Seismic  

Array  Prepared Site 

Structure and 

Induced 

Seismicity  

Report 

Conduct 

modeling for 

26,000 tons 

and prepare 

new report 

Respond to Request For Information on all sections of 

permit 

Work with EPA to prepare permit documents 

At EPA’s 

request, prepare 

plan for 

monitoring 

pressures in 

Mississippian 

reservoir 

Permit 

reformatted 

and 

resubmitted 

using new GS 

Tool 

 

Kickoff meeting 

in August 2014 

Conducted 

STOMP 

simulations to 

assist EPA in 

AoR 

evaluations 

Planned activities  

Unplanned activities 

Address 

Financial 

Responsibility 

requirements – 

Lower cost 

estimate  

Water 

Quality  

Testing and 

Analysis at 

shallow 

wells  



Induced Seismicity Southwest of Wellington Field 
Total salt water injected by well (    ), BOE produced by oil lease (    )   

and earthquakes  (    ) in 2014, Harper and Sumner Counties, Kansas 

earthquakes Min 1.9 

Max 4.8 

Mean 2.8 

127 

earthquakes 

in 2014 

Wellington  

Field 

Jennifer Hollenbach, KGS 

Composite 

BW/BOE = 16:1 

(6 % oil cut) 

Wellington Field  Arbuckle 

Injection 26,000 tonnes =      

142,000 bbls of fluid over      

7 mo. or ~650 bbls per day 

• Salt Water Disposal (Class II) in 

Harper and Sumner  counties in 2014 
 128,254,699 bbls   

 Equivalent to ~23 MM tonnes CO2 

• Oklahoma salt water disposal in 2014  
 >4,000,000,000 bbls 

 >20 billion tonnes CO2 

Milan 

4.8 M 

Nov. ‘14 

(BOE) 





M >3.5 

magnitude 

• Brine injection in Oklahoma 

in 2014 was ~2 billion barrels 

• Earthquakes are larger and 

more numerous in 

Oklahoma. 

Earthquakes and geology in central KS and OK  



Seismic and Waste Disposal Trends 

in Sothern Kansas    

Slight reduction in seismic activity 

following state restriction order on 

injection volumes and other factors 

Well count 

Equivalent of  

9M CO2 tones/year 

for one county 

T. Bidgoli 



Common Analogs? 

Empire State 

Building 

V=37M ft3 

NS 187 ft 

blog.recursiveprocess.com 

• What is the capacity? 

• Empty Volume = 37M ft3 = 
6.6M bbls 

• If Ø = 5-7 % 

• VolumeØ =  ~450K bbls 

• If efficiency = 50 % 

• Volumee = ~ 225K bbls 

• High volume wells used to 
deliver up to 30K bbls/day 

• Therefore 
It would take up to 7-15 days to fill up 
this volume (without considering 
existing water)  

• It would take 111-222 “ES 
units” to accommodate 50M 
bbls injected in 2014 

• Translates into 4-8M ft2 

• Harper Co. Area = 22B ft2 

• “Plunging” system? 

Arbuckle Porosity Model 

Arbuckle Permeability Model 

http://blog.recursiveprocess.com/2011/03/29/toilet-paper-tubes-and-the-empire-state-building-wcydwt/


Kansas Regional 

Pressure Increase 
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Pressure Increase of  

~0.5 psi/month 

Simulation model: ∆ pressure (psi)  

• On 4-25-16, BHP in lower Arbuckle 

was +31.4 psig higher than what 

was recorded on 8/23/11. 

• Since April, 2016 the pressure has 

risen to +32.9 psi  1.5 psi  

   (0.0147 psi/day or 0.44 psi/mo). 

• Increase in pressure forecast by 

simulation of 2-county brine disposal 

• Regulators express concerns 

about storage capacity 

• Pressure increase without changes 

to injection rate  

T. Bidgoli 

D. Newel 



Accomplishments of  

the Wellington Project during BP2 

ACTIVITIES CARRIED OUT TO DATE BY THE KANSAS TEAM  

• Successful CO2 injection in the Mississippian carried out by 

Berexco, LLC, Wichita, KS 

• Injection done in a highly controlled and monitored environment  

• Linde Group, a leader in CO2 capture and supply, an excellent 

partner for the project, provided steady supply of CO2 

• Assisting in defining safe disposal and economic potential for 

Kansas reservoirs 

• Rapid-response detection & mitigation procedures being tested 

are as part of a comprehensive operation & risk management 

plan  

• Advanced monitoring technologies  

• Wellington Field is proving to be a viable field laboratory 
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