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Outline 
• Background of Project DE-FE0002056 (Characterization of CO2 Storage Capacity in Southern Kansas) 

– Type wells 
– Regional characterization 
– Wellington Field 

• Selection of site for southwestern Kansas calibration site 
– Satisfy statement of work and budget with industry participants bidding on the project 

• Sites with geology suited for evaluating carbon management  
– CO2-EOR potential in oil field  
– Geology is representative of the Arbuckle in the region 

– Site is western anchor for the regional carbon management characterization  
• Calibrate capacity and evaluate efficacy/risks of commercial scale CO2 injection into the Arbuckle  
• Utilization of CO2-EOR in the shallower oil fields  

– Fund the infrastructure 
– Revitalize the oil fields 

• Geology of Cutter Field and Vicinity 
• Core and logging in Berexco Cutter KGS #1 

– Drilling prognosis 
– Drilling statistics 
– Georeport and oil shows 
– Core recovery and first look 
– Core-log integration 
– Comparison with Wellington KGS #1-32 

• Future studies  
• Key findings, significance 



Background 
with preview of  

Bob Slamal Type Logs Project 
(4 slides)  

Work is partially supported by the U.S. Department of Energy (DOE) National Energy Technology Laboratory (NETL) under Grant Number DE-FE0002056.  
 
The development of a digital well log standard LAS in the 1990’s, digital acquisition by all Kansas logging companies in late 2000’s, and accommodation and 
use of digital logs in surface mapping software has encouraged increasing use of digital well logs. This has been accompanied by the new technology driven 
developments in the oil and gas industry driven by price and importantly, ideas on where remaining petroleum resides, conventional and unconventional. The 
ideas are founded upon the currency of reliable stratigraphic formation tops to frame the subsurface analyses. Reference stratigraphic type well logs that are 
digital and linked with peer reviewed stratigraphic datums will serve as a starting point that will aid in further advancing our Geoscience for future. The existing 
Kansas Type Logs published in 1960s by the Kansas Geological Society have served the community extremely well, created by a committee of volunteers. A 
new digital version of the type logs, the Bob Slamal Digital Type Logs Project, builds on this heritage and is dedicated to an untiring stratigrapher and subsurface 
geologist who exemplified the enthusiasm of an oil finder and a scientist seeking answers to important stratigraphic problems up to the day he lost his life in a 
tragic car accident on a snowy Saturday morning on the way to the society library.  
 
The Bob Slamal Digital Type Logs Project is first and foremost, an effort of an expert community of geologists who are dedicating their time and knowledge to 
establish a consistent, detailed subsurface stratigraphic framework across Kansas. No one geologist has detailed knowledge and extensive experience across 
the entire state. This is why we seek the assistance of Society members in the correlation of the stratigraphic framework, in a members area of expertise. To 
contribute to the project all you need is the desire to help and a computer with an internet connection. The online application is easy to use and contains 
"workflow" assistance and extensive help files.  
 
The project is a joint effort between the Kansas Geological Society and the Kansas Geological Survey utilizing membership of the Society and the programming 
talents of John Victorine, of the Kansas Geological Survey, who has developed the online Java application to manage and display the digital logs and 
stratigraphic data. John Doveton has been instrumental in advancing knowledge and use of digital well logs from the efforts in the 1990’s to develop a "Kansas 
Virtual Geology" and a more recently "Stratigraphic GIS", to make the Kansas subsurface visible through imaging of digital logs, facilitating ties between surface 
exposures and the subsurface.  
 
Society member Paul Gerlach has worked with Larry Nicholson and Tom Hansen to development the initial "seed" correlations under DOE-NETL Contract DE-
FE0002056, where digital type logs have been defined, digitized, and correlated to support mapping and petrophysical analysis in the evaluation of carbon 
storage potential of southern Kansas. Paul is managing this effort to deliver a compiled CD set of type wells for the Society and inclusion of logs among other 
type wells that will be accessible on the DOE-supported interactive oil and gas project mapper soon available through the Kansas Geological Survey.  
 
This version of the Bob Slamal Digital Type Logs Project is constructed to facilitate future updates anticipating that new research and stratigraphic concepts will 
continue to evolve as science and technology advance. The collective stratigraphic information will enable elevation of informal stratigraphy to formal status 
following protocol established by the Kansas Geological Survey Stratigraphic Nomenclature Committee.  
 
Lynn Watney, DOE project Joint PI with Jason Rush, Kansas Geological Survey, 14 December 2012  
 





DOE-CO2 digitial type 
wells are “seeded” with 
regional tops from “near 
surface“ to Pre-Cambrian 
to serve as basis part of 
the Kansas Type Log 
Project 

Southwest Kansas 

Datum: Stn Corral 



Interactive map to compare control well with 
well to be classified 

Seward County 
 
-- Precambrian arkose in SW portion of county 



arkose 

400 ft 



Structural features and of the Paleozoic aquifer 
systems of the mid-continent 

(modified from Merriam, 1963; from Jorgensen et al. (1993).  
Carr et al., AAPG Bulletin, v. 89, no. 12 (December 2005), pp. 1607–1627 



D. Higley, USGS, 2012 

North 



KGS Cutter #1 Wellington KGS #1-32  
& #1-28  



Wellington Field  

Web-based Interactive DOE-CO2 Project Mapper 
Overlay of Oil and gas field outlines and  

Top Arbuckle Group in study area of southern Kansas 

http://maps.kgs.ku.edu/co2/?pass=project 

Contours = Elevation on Top of Arbuckle 

Zoom-in and obtain map of 
seismic time on top of Arbuckle 
at Wellington Field 

Area underlain by 
1.1 Ga Midcontinent Rift 

Central Kansas  
Uplift 

Nemaha  
Uplift Cutter Field  



Lower Ordovician Arbuckle Group Western Interior Plains Aquifer 
& Ozark Plateau Aquifer System  

Cored well, Berexco Wellington KGS #1-32 
at Wellington Field, Sumner County  



Pay 

100 Hz 

CO2 injection zones in Arbuckle and Mississippian  
 Wellington Field KGS #1-28 --- Synthetic seismogram and seismic impedance  

Top Mississippian 
          3658 ft.  

Top Arbuckle 
      4164 ft 

Roubidoux Fm. 

Baffle/barrier 
-Tight, dense 
- High impedance 

Top Cherokee Gp. Secondary caprock 

CO2-EOR pilot 

Primary caprock  
Interval 

 
 

Gasconade Dol. 

Gunter Ss. 
Precambrian granite – bottom of core = 5174 ft 

CO2 Injection  
zone 

Jefferson City- 
Cotter  

Impedance Sonic Neutron-Den-Pe Microresistivity 
GR/CGR/ 
SP/Cal 

Reflection 
Coefficient 

Synthetic Time 

Depth 
Equiv. 

“Pierson Fm.” 

Chattanooga Sh. 
Simpson Group 

http://www.kgs.ku.edu/software/SS/ 



Arbitrary seismic impedance profile – Wellington Field   
distinct caprock, mid-Arbuckle tight, lower Arbuckle injection zone 

Hedke – DOE/CO2 

Top  Mississippian 

Top  Arbuckle    

Top  Precambrian 

Top  Oread 

South East 

KGS #1-32 KGS #1-28 

Lower Pierson 

Low impedance injection interval 

Baffle or potential barrier to vertical flow 
(high impedance) 

Thick  
Lansing Group 

Shales 

Top Kansas City Ls. 

Impedance =  ρ x Ø 



• 400 ft of tighter rock 
• Widespread high seismic 

impedance 

Scheffer, 2012 

Mid-Arbuckle flow barrier KGS #1-32 

NMR 



 

Zonal fracturing in Arbuckle, KGS #1-32  
Spectral acoustic log, core, microresistivity imaging 

Visual 

Spectral Sonic 

ft 

Top Arbuckle 

Precambrian 

Scheffer, 2012; Lorenz and Cooper, 2011 

Proposed Arbuckle  
injection zone 

Stacked baffles and barriers to vertical flow 



Arbuckle Hydrostratigraphy at Wellington Field  
obtained from DST and perf & swab test 

Scheffer (2012) 



Lower Arbuckle 
injection interval 

-Waters distinct from upper Arbuckle and Miss 
- Lower intervals are also geochemically 

homogeneous 

Upper Arbuckle 
-- distinct 

Mississippian 
Brines 

(distinct from  
Arbuckle) 

Scheffer, 2012 

Lower and upper Arbuckle are not  
in hydraulic communication 

Oxygen & Hydrogen 
isotopes of brines from 

DST and perf & swabbing 



5089-92 ft 

5053-56 

5080-83 

4995-97.7 ft 

Selected core from Lower Arbuckle  
Proposed Injection Interval 

Crackle breccia w/ Ø 

Fracture Ø 

Vugs and interparticle Ø Fine interparticle Ø 

Vug and interparticle Ø 



230 ft gross thickness interval of primary caprock  
in KGS #1-28 (injection well) –  

illustrated by nuclear magnetic resonance log 
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Lower Mississippian 
argillaceous dolosiltone, 
small pores

Chattanooga Shale 
Smallest pores

Simpson shales, 
Smallest pores

Top Arbuckle

T2
(pore size)Permeability

low high small large

Porositylowhigh50 ft 

Caprock evidence: 
• Micro-nano darcy perm 
• Quiet fracture wise 
• Organic matter 1% 
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Nonconnected  
vugs 

Step rate test 
perforations 

KGS #1-32 KGS #1-28 

Doveton and Fazelalavi, 2012 

Connected vugs 
 Solution 

fracture 

Ø 
Ø 

Flow units in the lower Arbuckle injection zone, ~4900-5160 ft 

Utilize whole core 
analysis, NMR, 
spectral sonic, and 
resistivity logs 

Wells 3500 ft apart 

50
 ft

 

Flow unit boundaries 



Selection of site for 
southwestern Kansas 

calibration site 
 



Southwest Kansas 
CO2 Consortium
(Western Annex)

?

South

North

Initial 
Study 
Area

CO2 EOR 
Study

Expanded 
Study Area

Initial 
Study 
Area

CO2 EOR 
Study

Expanded 
Study Area

Seismic blocks are color 
coded by operator
(~120 mi2 of 3D seismic)

Chester/Morrow 
Sandstone (IVF) & 

Deep saline Arbuckle 
aquifer

Technical Status 
Evaluate CO2 sequestration potential in Arbuckle Group saline aquifer and  

CO2-EOR in four fields in southwestern Kansas 
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Industrial and Electrical Power Sources of CO2 

Industry Partners  
Southwest Kansas CO2 Consortium 

+drilling and seismic contractors TBN 

Dawson-Markwell Exploration Co. 

http://www.meritenergy.com/Default.aspx
http://www.glorioil.com/
http://www.sunflower.net/default.aspx






Cutter Field drill site, SW Kansas  
Top Mississippian (contours), surface lineaments (red lines),  
Lower Permian top Ft. Riley Ls. dip gradient (gray shading) 

2 miles 

Outline Cutter Field &  
Location of basement test: 
Berexco Cutter KGS #1 
@3250 ft 8-20-12 



Top Mississippian 
(contours), surface 

lineaments (red lines),  
Lower Permian top Ft. 

Riley Ls. dip gradient (gray 
shading) 



Outline of Chester 
incised valley  

New seismic 



Reprocessed Kansas Magnetics -- Tilt Angle, Total Magnetic 2-10 mi +  
Total Magnetic Reduced to Pole (910m) 

Cutter Field 
Ness Co. 

Wellington Field 

Gove Co. 

Thomas Co. 



Cutter Field 

Tilt Angle, Total Magnetic 2-10 mi + Total Magnetic Reduced to Pole (910m) 

1.1 Ga  
Midcontinent Rift  

System 
Wellington Field 





Cutter field 





http://www.kgs.ku.edu/PRS/Ozark/SmallScale/Cutter_photos/2012-08-22_14-54-24_986.jpg
http://www.kgs.ku.edu/PRS/Ozark/SmallScale/Cutter_photos/2012-08-25_15-30-52_870.jpg












Weatherford Labs, Houston 
describe & ID sampling on 1042 ft of core, Nov. 11-13, 2012 

sample # Core Plug (Saugata)1 Whole core  or Core Plug (Eugene)2 Whole Core Section3 Core Section3a Extraction and HC saturations4

1 7588 if can not obtain whole core 7587 - 7588 - Possibly run saturation on plug ????
2 7585 7585 - 7586 - KEY

7584  - - Core Plug (Saugata)1
7582.5  - -

4 7580 7580 - 7581 - Whole core or Core Plug (Eugene)2
5 7577 7577 - 7578 -

7574.5 - - Whole Core Section3
7575.7 - -

7 7572 7572 - 7573 - Whole Core Section3a
8 7570.5 7569,5 - 7570,5 -

7569 - Extraction and HC saturations4
9 7566.4 7566,5 - 7567,5 -
10 7562 7561 - 7562 - x Possibly run saturation on plug
11 7558.7 7559 - 7560 - x
12 7555.3 - -
13 7553.5 7552 - 7553 - x
14 7549.4 - - Sample for Total Organic Carbon Analysis
15 7548.6 7547,6 - 7548,6 - x 5237.4 TOC
16 7545.2 7543,8 - 7548,8 - x 5233.4 TOC
17 7538.2 7539 - 7540 - x 5233.7 TOC

7540.2 - 5240.4 TOC
18 7536.6 7535,4 - 7536,4 - x 5244.1 TOC
19 7534.1 7533 - 7534 - x 6486.4 TOC
20 7531.7 - - 6486.7 TOC
21 7529.6 7528,5 - 7529,5 - 5535.5 TOC
22 7527.7 7526,6 - 7527,6 - 5589.5 TOC
23 7422.5 - - 5414.4 TOC
24 7419 7418 - 7419 - x

November 13 2012
Cutter Core

With Lynn and Eugene
Core Sections and Core Plugs

Berexco KGS - No. 1
 - Cutter

Cutter KGS #1 (15-189-22781)
T: 312 R: 35WS:1

3

6



UV Fluorescence Shows in Cutter KGS #1 
• 5401-5403 light show 
• 5420-5424light show 
• 5476-5480mid show 
• 5530-5532heavy show 
• 5533-5543heavy show 
• 5557-5562light show 
• 5592-5596light show 
• 5600-5619heavy show 
• 5611-5636heavy show 
• 5638-5642light show 
• 5664-5668light show 
• 6515-6725light show 
• 6515-6518light show 
• 6524-6526light show 
• 6690-6697light show 
• 6708-6711light show 
• 6741-6753light show 
• 6907-6909very light show 
• 6915-6921very light irregular show 
• 6928-6932light show 
• 6937-6940light show 
• 6953-6959light show 
• 6967-6971light show 
• 6975-6977light show 
• 6978-6982light show 
• 7090-7095light show 
• 7099-7101light show 
• 7112-7106light show 
• 7158-7160light show 
• 7222-7224light show 
• 7381-7388light show 
• 7420-7420light show 
• 7402-7412light show 
• 7550-7589light show 



400 ft 



200 ft 



Gasconade 

200 ft 



0.3-3000 

T2 relaxation 
Time 
(ms) 

T1 relaxation  
Time 
(ms) 

0.3-3000 



MRIL log and Main pay of Field 
-- Upper Morrow Sandstone 

Long T1 >oil threshold 



Base Gasconade Dolomite, Gunter Sandstone, 
granite wash, Precambrian granite 

Gunter Ss. 

Granite  
wash? 

Precambrian 
Granite 

MRIL log 

7550-7589 UV fluorescence, light show 

GR 

Res 



Core 
Gunter Ss. 

Precambrian 
Granite 



Gunter Ss. 

Cambrian Basal Ss. (arkosic) 

Solid Precambrian 
granite 

??? 

Lynn-DST #1 

#2 – Kent’s DST #1, 7522-7735  213' of anchor 
Low GR, porosity 7-10%, microlog separation 

??? 

Weathered granite 

Pe 

DØ GR NØ 

Microlog 



Gunter Sandstone,7579 ft 
 (core depth 2 ft high to logs) 



Gunter Sandstone 
 (core depth 2 ft high to logs) 



Gunter Sandstone, 7532 ft  
(core depth 2 ft high to logs) 



Gunter Sandstone, 7530-50 ft 
Northeast dip Top of sand 



Gunter Sandstone-Granite contact, 7590-7610 ft 
SE dip, lower sandstone on weathered granite 



Weathered and Fresh Precambrian Granite 

Weathered 
granite 

Fresh 
granite 

Partial & 
open fractures 



Gunter Ss. 

Top 
Gasconade 
Dolomite 
(7040 ft) 
 -- 2 high 
porosity  

zones 

cored 
7112-7106 light show 

MRIL log 
to follow 



Lower Gasconade Dolomite 
(7280-7500 ft)  

 

• 7402-7412 light show 

Large pores 

Larger pores 



Lower  Gasconade Dolomite, 7420-50 ft 

Partial  
fractures 

Induced  
fractures 

Photo 

Photo 



Lower Gasconade, 7433 ft 
(core depth 3 ft high to log) 

Gray-brown, packstone 
with quartz sandstone, 
cm sized vugs that are 
interconnected cut 
across core, saddle 
dolomite, very porous 
breccia 



Lower Gasconade, 7427 ft 
(core depth 3 ft high to log) 

dolomitic packstone- 
grainstone, medium to 
coarse grained vugs, occ. 
diagonal fractures 



Lower Gasconade to Gunter Ss.  

Lynn DST #3 (now perf and swab) 
Kent’s DST #2 7416-7457  31' interval 

#4 

Gunter Ss. 
Lynn DST #2 
Kent’s DST #1 

DØ 

Microlog 
Previous photo 



Lower Gasconade, 7337-38 ft 
(core depth 3 ft high to log) 

Dolopackstone to 
dolograinstone, 
brown fine vugs 
& molds of 
pelloids, fine to 
medium grained 

upper contact of Ø 
in next image log 



Lower Gasconade Dolomite, 7330-50 ft 
Change in dip at tight/porous contact 

Vugs noted 
in previous  
photo 

Sharp contact 



Upper Gasconade Dolomite 
-- UV fluorescence, light oil show 

  

Base Gasconade 7532 ft.  

7158-7160 light show 

7112-7106 light show 
7099-7101 light show 
7090-7095 light show 



Top 
Gasconade 
(below shaly 
interval) 
7040 ft 

Lynn DST #3 
Kent’s DST #2 7416-7457  

4 

Lower 
Arbuckle 

Gasconade 
to       

Gunter Ss. 

Gunter Ss. 

cored 

7158-7160  
light show 

7112-7106  
light show 

7099-7101  
light show 

7090-7095  
light show 

Core Photo 
and MRIL 



Upper Gasconade, 7100 ft 
(core 2 ft high to log) 

packstone with flat 
pebble conglomerate, 
horizontal disruptive 
bedding lenticular chert, 
pinpoint vugs, poor 
porosity. 

UV florescence interval 
 (light show) 



Upper Gasconade Dolomite, 7100-7120 ft 
Interbedded tight and porous 

Change in 
dip 
at sharp bed 
boundary 
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Contact between Jeff-City Cotter and Gasconade 
Dolomite, 7020-7040 ft 



Lower Jefferson City-Cotter Fm.  
More hydrocarbons shows and oil indications on MRIL 

Top 
Gasconade  

Lower Jefferson  
City- 

Cotter Fm. 

6978-6982 light show 
6975-6977 light show 
6967-6971light show 
6953-6959 light show 
6937-6940 light show 
6928-6932 light show 
6915-6921 very light irregular show 
6907-6909very light show 

Exceeds T1 oil threshold 



Top 
Gasconade  

Lower  
Jefferson  

City- 
Cotter Fm. 

Cored 

UV shows 



Lower Jefferson City-Cotter Fm, 6932 ft  
(core 3 ft high to log) 

Dolopackstone, 
light brown, 
autoclastic 
breccia, 
stromatolitic, 
pebble 
conglomerate, 
fair porosity 

UV florescence interval 



Lower Jefferson City-Cotter Fm, 6932 ft  
(core 3 ft high to log) 

UV florescence interval 



Lower Jefferson City-Cotter Fm, 6908-09 ft  
(core 3 ft high to log) 

dolomite packstone 
to dolomite 
boundstone, light 
brown, stromatolite, 
mm-cm sized vugs, 
poor to fair porosity 

UV florescence interval 



Lower Jefferson City-Cotter Dolomite  
UV Fluorescence Show in Stromatolite 



Base Viola Ls., Simpson Gp.,  
and upper Arbuckle Gp. 

  
 -- More light oil shows 

Simpson  
Group 

Viola Ls. 

Arbuckle 6741-6753 light show 

6708-6711 light show 
6690-6a697 light show 
Oil show while drilling –dark brown oil stn, fair odor 



Viola 

Simpson 

Arbuckle 
(Jefferson City- 

Cotter Dol.) 

cored 

6741-6753 light show 

6708-6711 light show 
6690-6a697 light show 



Simpson Group 

6741-6753 light show 

6708-6711 light show 
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6741-6753 light show 
6708-6711 light show 
6690-6697 light show 

Porous, clean 
HC saturation 



Lower Osage, Northview Sh.,  
Compton Ls., Chattanooga Sh.,  

and upper Viola Ls. 

Lower Osage  

Northview Shale 

Top Chattanooga Shale 
Compton Ls. 

Viola Ls. 
6524-6526 light show 
6515-6524 light show 

Oil show 

Oil show 
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Upper Morrow Sandstone 
-- Pay zone for Cutter Field 

High T1 over oil threshold 
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Upper Morrow Ss
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Future Studies  
Key Findings, Significance 

• Core analysis; core-log correlation 
• Perf and Swab; fluid sampling and pressure buildup; pressure 

monitoring in nearby wells 
• Interpret 3D seismic and integrate in reservoir model of 

Upper Morrow Sandstone 
• Simulation CO2-EOR (U. Morrow) and CO2 sequestration 

(Arb.) 
• Arbuckle is complex stack of meter-scale peritidal cycles, 

porous and non-porous 
• Oil shows need to be validated – hot wire, UV, core 

analysis/saturations, oil typing 
• Potentially significant implications for petroleum system 
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