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Schedule

September 10, 2012

Brian Dressel, DOE Program Manager arrives at Wichita Midcontinent airport at 1:30 p.m.

Drive to Dodge City, KS and check-in at Holiday Inn Express for evening.

Wichita to Dodge City - 154 miles via US 400/US 54 — 2 hrs. 42 minutes by Google

2320 W. Wyatt Earp Street, Dodge City, Kansas 67801

Reservations and front desk: 620-227-5000 — Please make your reservations as early as you can.

Dinner -- ~5:30 p.m. Casey’s Cowtown Restaurant in Dodge City, KS (503 E Trail St, Dodge City, KS 67801-9011)

Background presentation 7 p.m. -- on the Berexco Cutter KGS #1 at reserved conference room in the Holiday
Inn Express.

http://www.kgs.ku.edu/PRS/Ozark/cutter_kgs_1.html

September 11, 2012

Depart for wellsite — 8 a.m. -- Berexco Cutter KGS #1 wellsite is located near 5.7 miles southwest of Satanta,
Kansas and is on right side of road off U.S. 56. See attached pdf file for map. Handout will be provided during
the field at wellsite or before.

Dodge City to Satanta, via US-56, 60 mi, 1 hr 8 min. by Google

Tour of well site —9 a.m. to noon. Review drilling, coring, DST, and well testing program. Discuss progress,
core handling and recovery, and plans. Description of relationship of this well to the overall project
objectives.

Depart wellsite and lunch stop on return trip to Wichita — “Noon
Lunch stop — TBD
Return to your respective destinations or return to Wichita for program review meeting.
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Manhattan, KS to Dodge City
230 miles, 4.25 hrs
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Berexco Cutter KGS #1.kmz

File attached to original emalil

Google Earth streams the world over wired and wireless networks enabling users to
virtually go anywhere on the planet and see places in photographic detail. This is not
like any map you have ever seen. This is a 3D model of the real world, based on real
satellite images combined with maps, guides to restaurants, hotels, entertainment,
businesses and more. You can zoom from space to street level instantly and then pan
or jump from place to place, city to city, even country to country.

Get Google Earth. Put the world in perspective.

(http://earth.google.com)
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Cutter drillsite (SW side of map)

and Satanta, KS (upper right)
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Photos near drill site Center Pivot Irrigation and
/corn crop in July 2012
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KGS website for Cutter KGS #1

http://www.kgs.ku.edu/PRS/Ozark/cutter _kgs 1.html

South-central Kansas CO,

Project

Kansas Geological Survey

A

Cutter KGS 1 well

n KGS Database Page for the Cutter KGS 1 well

Geologic Report updated Aug. 31, 2012

From 3950 to 5668 feet

+  Acrobat PDF version (952 kB)
+ TIFF version (1.7 MB)

From 3950 to 5621 feet

+ Acrobat PDF version (924 kB)
+ TIFF version (1.7 MB)

From 3950 to 5543 feet

+ Acrobat PDF version (880 kB)
+ TIFF version (1.6 MB)

From 3950 to 5482 feat

+ Acrobat PDF version (850 kB)
+ TIFF version (1.5 MB)

From 3950 to 5400 feet (core point 2)

+ Acrobat PDF version (728 kB)
+ TIFF version (1 MB)
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+ Acrobat PDF version (728 kB)
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D'l'ﬁlv-rbdbﬂmormﬁt
Elgnatune of Cperaior or Agent:

Spud gate: Agert

Darie-

Mall to: KCC - Concervation Diviclon,
130 &. Marked - Room 2078, Wiohita, Kancas &7202




e A 0
1087644

For KO Usa OHLY
a1z 15 - 15-188-22784-00-00

IN ALL CASES PLOT THE INTENDED WELL OM THE PLAT BELOW

In 3l cases, please fuly compiets Bis side of Te form. Include Bemes 1 Brough S at e boliom of Bhis page.

Operater: EERENCO LLE Location of Wel: County: Sievens

Leage; SHeT KRGS 284 ettom ] W /] & LmeofSemon
et Numier:_1 130 feet om E /[ ] w Lneo Section
T zec. ] Tap. ¥ 3 R385 O= w
Humbar of ACres atirbutabie b weil:

Iz 2ecter: [ meguiar or [ irmegusar
CTRATRIGTRAZTR of acreage: _E2 -_&sr - 82 -_ME

It 3sotion bk imegular, kooats well from nearscd oorner boundany.

secton cornerusea: | ne[Jww[ ]z ]ew

PLAT
Show kcation of the well. Show ibotage fo the neansst fease or ual Soundary lnes. Show e precicied locations of
i=aze roads, fank bafferes, pipelines and efeciical ines, a5 reguired &y Me Kansas Swiace Owaer Motice Ach (House S 2032).

mmm.rgsmi{u N ghmgined

LEGEND

O Wiall Location
: : : : [] Tank Battery Locaton
....... RIS IO —— Pipeline Location

: : : N Electric Line Location
e L23se Road Location

HAMF'ITE

1984 FEL

NOTE: In all cases locate thw 5pof of the proposed drilling Jocsdon.

In pletting the propesed lecation of the well, you musT show:

1. The manner in which you ane using the depicted plat by Identifying section ines, L= 1 secfon, 1 section with 8 sumounding sections,
4 sechons, sic.

2. The distance of the proposed driling location from the south / nor and east/ west outside section Ines.

The dstance io the nearest ease or unit boundary line (in footage].

If proposed iocafion |5 located within a promited or spaced fisid a cerifcale of acreape attribution plat must be attached: (COFT for oll wells;
CG-8 for pas wels)

The predicied locations of i=ase roads, tank batierdes, pipeines, and slecirical lRes.

Eal

in



Kansas CorPoRATION CoMMISSION 1087644 Porm20n4
O & Gas ConseRvaTON Division mm“m
APPLICATION FOR SURFACE PIT
Submit in Dupficare
Operator Name: BEREXCO LLC License Number: 34318
operaor aserezs: 2020 N. BRAMBLEWOOD WICHITA KS 67206

cantact Fersen: D@NA Wireath

Fhane Number: 31 6—255—331 1

Leaze Mame 2 weil no: LU R KGS 1 Fit Locabion (2022
o o
Type of PE: Fitls: sz . 32 ii
[ ememency Fe ImESLE [E] propesea [ extzang see_ | qup 31 g 325 o= [E] west
[ zeting=n Driing PR ® Exizang, oate constnictsd: 2440 Feet fram 5] Harin / [] South Line of Secton
[] warkaver P2 [ Hau-cmre 1320 .
Feet o East 1 [ ] wezs Line of Secs
AP Sutply AP Ma o Var D) Fit capacity: m [] East 1 [] we: l
10250 g, | StEVENS -
i the it iocated In 2 Gensitive Ground Water Area” [ ] Yes o Chione r mgn
(Fisr Emirpancy Pits and Salting P cal)
ks the bofiom below ground level? Artiicial Liner? How s the pit ined I a plastic Iner is not used?
e [Jue O e Bentonfie Clay In freshuater driling mud, native mud and day.
Eitdl . 120 . 120 e .
mensions (al but werking gits): Length ety Wid (feet) s zteeimtz
Dest from ground levelfo despestpoint — 5 feen [ ko e

e pk Is Ined give a brief descripbion of the: liner
material, thickness and instalation procedure.

[Describe procedures for periodic manbenanoe and determining
liner Integriy, Inchading any special montonng.

Distance to nearest water wel within one-mille of pi:

3w feet Deepin of waber well 4 fmet

Depth o shaliowest Tess water 200 et
Sowrte of Information:

|:| measuned

[ weil cwner [ ieemic e KDWR

Emerganoy, Setiiing and Burn Plbs ONLY:

Froducing Fomation:,

Mumber of producing wells on lease:
Earmels of fuid produced daliy:

Does the siope from the tank baiery aliow all spilied fluids i

Drilling, Workower and Haul-Dff Pits OHLY:
Type of material usized In drilingiworkover:
Humber of working pits bo be utlized:

Abandonment proceduns; _S3Es s seckhl weh ol ouSngs 0 plecs. ey
o

fres waier Bentonfiaichemical mud.

4

Allrw vmzorafion of Iguit ol Sofom of B oy, Ben psh in
el i oot
o, o w poe & Fn kol i

fow into the pit? [ ves [ re

Dl plts must be dosed within 365 days of spwd dage.

Submitted Electronically

KCC OFFICE WSE ONLY

Ti2012 15-138-22731-00-00
Permit Humber:

Daie Recelved:

07He2012
rmit Ciabe:

Ouner [Notemer [Jarac [Jress

Lease mzpection: [ Jves No

: KCC - Concarvation Diviclon, 130 &. Market - Room 2078, Wishita, Kancas 7202

Kansas CorporaATION Commission 1087644 rm%;
O & Gas ConsERvATION Division Form Must B Typed
Form musi be Signed

CERTIFICATION OF COMPLIANCE WITH THE
KANSAS SURFACE OWNER NOTIFICATION ACT

THHS form must be Submitted with af Forms C- 1 (Nolce of Iitant (o O6); CB- 1 (Canodc Profection Sorahoe infeng;
1 (Request for Change of Oparator Transfar of injection or Surface AL Aermi} and CR-1 Vel Augging Appication).
Ay 5LCH FOFm SUBMIT ST WITUE 20 SCCompETying Form KSONA -1 Wi ba returmad

Salact the comespoNdIng form being fed: [ -1 e [JeB1 icattoac Protocson Bachoke ko [0 (rarske) [ ]CP-1 gy Appicationy

OPERATOR: license ¢ 15 Wil Locatior:

Name: BEREXCOLLC 52052 RNE 1 e s op 3 [TeeeKwes
1. 2020 N BRAMELEWOOD

[ —— Counsy Shevens

Address 2 Laasa Name: Cutier KGS wail 2 1

Ciy WICHTA 5w KS  pp ST208 1084 o o 1 for mudtiple wks on a foass, entor the fogal dosrton of
Contact Porson: Dana Wreath tre gz bl

orone( 216 203311 e (218, BB1AT31

Ernail Addrass: D¥Teah@Berzxen. Com

Surface Dwner Information:

Name: Babby D. Passmore & Carfs J. Passmore Whan filing a Form T1 nvolving multple sufaco swnars. attach an additibnal

. PO Box 207 shoot [tng al of the inbrmation o the bft br cach surfam ownar. Surbce
Aeddress 12 cwnor informatisn an be found in the romrds of he mgitor of docds B the
Address 2 county and i ifie real estak propory tax mooms of o county roasror.
EM:L Suze:i Oip arest ¥ a7

If W5 form s baing submtad wih 3 Fom -1 (intanf) or CB-1 (Cathodic Prolection Bomhala Ianfy you must supply e surface ownas and
fhe KCC with 2 plal showing the predicied focabions of iease roads, tank belieres, ppaines, and elecrical ines. The jocations shown on fhe plat
e prefiminay non-bndng esETeles. The Boations may be enared on e Form C-1 pia. FormcE-1 pia, or 3 5aparsis piat may be submitted

Selfect one of the following:

[ 1 certity mat, pursusant to tha Kansas Surtace Owner Notice Act [Housa BIE 2032), | have provided the following 1o the surface
pwner(s) of 1ha land upon which the: suiiject wel Is or will be locaied: 1) @ copy of the Form C-1, Farm CE-1, Farm -1, or Form
CP-1 mat | am fing In connection Wil mis form; 2) IFhe form baing filed 1s.a Form C-1 or Form CB-1, the plat{s) reguired by this
form; end 3) my operator name, address, phone number, fax, and emall addness.

|:| | have: not providad this Informaiion ko e surface owner(s). | acknowledge thal. because | have not providad this Infarmation, the
KCC will b2 requined to S8nd 1his INformation i tha surface owner(s). To Mitigats the aodkional cost of the KCC perorming mis
tesk, | acknowledge that | am baing charged a $30.00 handiing fee, payabie [ the KCC. which s enchased with this farm.

If choosing te second option submit payment of fe £30.00 handing fee with fiis fom. If e fee is nol received with Wi form, e KS0MA-]
form andihe assocdated Form C-1, Fom C8-1, Form T-1, or Form CP- 7 will be returned

Submitted Electronically

Mail to: KCC - Conservation Division, 130 5. Market - Room 2078, Wichsta, Kansas 67202



Estimated Tops:
Heebnershaleiqz

Cutter KGS #1
542 8/2 8/2 NE, Sec. 1-315-35W
Stevens County, Kansas
APl Number:  15-188-22781 Cherckee Shale top..
Upper Morrow Sand |,
Chester Form top ..

Elevation: 2826 GL, 2938" KB

2440 from North line of Section
1320 from East line of Section
Regular Section——E

Irregular Section —0O

Primary Objective: Core Morrow, Chester and Arb

DAILY REPORTS FROM CONTRACTOR
Weekdays:

FAX reports NO LATER THAN 9:00 a.m., to the
BEREXCO officas in Wichita.

Weekends/Holidays:

Call Evan Mayhew at 316 215 1245.
SURFACE CASING

Size: 8 5/8", Depth: Est, 1750°
Surface cement: Basic 620 624 2277

DRILLING TIME
One foot drilling time aver the fallowing
interval(s): 3500 to TD'

SAMPLES

One sat of washed, clean, dried and bagged
cuttings should be caught and saved as follows:
10" intervals: ......... L3500 te TD
Additional 5' samples rnay e caughd per the
geologist's ingtructions,

DRILL STEM TESTING

Probable zones: Arbuckle

Possible zones: Upper Morrow, Chester

Tester: Trilobite BO0.728.5369, Colby

CORING: Devilbiss Coring (405) 808 3125
GAS DETECTOR: Yes.

H2S8 Equipment: MNone

LOGGING: Halliburton

(G20) 624 8123

email: TIF, PDF, LAS to lwatney@kgs. ku.edu,
dwreath@Berexco.com, rkoudele@berexco.com



http://www.kgs.ku.edu/PRS/Ozark/SmallScale/Cutter_photos/2012-08-25_17-15-42_181.jpg

Wireline Logging

Halliburton has provided excellent service at Wellington and an equivalent log suite is
requested as listed below

SERVICE CENTER: Liberal, Kansas

SERVICE COORDINATOR: Steven White

SERVICE MANAGER: Scott Carr
TOOL NAME (HALLIBURTON) ABBREVIATED

NAME

Gamma Ray (GTET-I)

Array Compensated True Resistivity (ACRT-I)
Dual Spaced Neutron (DSNT-I)
Spectral Density (SDLT-1)
Microlog (ML)
Wave Sonic - (Dipole Sonic) (WSTT-I)
Elemental Analysis Tool (GEM)
Comp. Spectral Natural Gamma (CSNG-I)
Magnetic Resonance Imaging Log (MRIL)

Extended Reach Micro Imaging Tool (XRMI)



Conventional coring on KGS Cutter #1

‘ }

TD & granite on Wellington KGS #1-32 with Virgil Devilbiss in clean coveralls and Beredco drilling crew, Feb. 2011



Task 17 from SOPO

Task 17: Acquire (New) Data at a Select Chester/Morrow Field to Model CO, sequestration Potential in the Western Annex

The Recipient shall employ additional staffing to conduct a comprehensive reservoir study of selected Chester/Morrow fields. A data-rich
Chester/Morrow field with significant CO,-EOR and sequestration potential will be selected to obtain additional data including: a)
multicomponent 3D seismic survey, b) core samples from the Arbuckle Group and the Chester/Morrow sands including their cap rocks, c)
pressure tests, and d) fluid samples, to develop an integrated geomodel of the Chester/Morrow sandstone reservoir and the underlying
Arbuckle saline aquifer. The Recipient shall use these geomodels to conduct reservoir simulations studies to evaluate the potential of CO,
sequestration in the Arbuckle Group saline aquifer and the overlying Chester/Morrow field.

Subtask 17.1. Collect existing seismic, geologic, and engineering data — Chester/Morrow fields

The Recipient shall collect, from consortium members, existing data (including seismic, wireline log, primary and secondary production, core,
DST, geo-reports, water analyses, production and well test) relevant to the Chester/Morrow sandstone fields. Existing seismic data will be
critical for characterizing the Arbuckle Group saline aquifer.

Subtask 17.2. Select Chester/Morrow field to acquire new data

The Recipient shall evaluate different Chester/Morrow fields based on a) high cumulative primary production, b) success of water-flooding,
and c) data-richness. Thereafter, the Recipient shall select one Chester/Morrow field for added data collection, including multi-component
3D seismic survey followed by drilling a test borehole to obtain cores from and to test different intervals in the Arbuckle and the
Chester/Morrow sands.

Subtask 17.3. Collect new multicomponent 3D seismic survey
The Recipient shall acquire multicomponent 3D seismic survey over approximately a 10 mi? area in the selected field.
Subtask 17.4. Process multi-component 3D seismic survey

The Recipient shall process the newly acquired multi-component 3D seismic data. Analysis of the data shall include, but not be limited to,
Kircoff pre-stack time migration, frequency enhancement, and relative seismic inversion. The newly acquired multi-component 3D seismic
data will enhance characterization of both the Chester/Morrow sandstone reservoir and the Arbuckle Group saline aquifer by: a) detecting
and characterizing important fracture/faults in the study area, b) helping resolve azimuth and frequency of fracture using seismic anisotropy,
and c) determining if faults/fractures are open or closed, and d) resolving other rock properties.

Subtask 17.5. Develop initial geomodel for the selected Chester/Morrow field

The Recipient shall build fine-scale geomodels for selected Chester/Morrow sandstone reservoir by integrating seismic, gravimetric, and
magnetic data.

Subtask 17.6. Select location for Test Borehole #3

The Recipient in consultation with field operator shall use this geomodel to identify the optimum location for the Test Borehole #3. The
Recipient shall position the Test Borehole such that it provides maximum representative core and other test (pressure and fluid) data
representing both the Chester/Morrow sandstone reservoir and the Arbuckle Group saline aquifer.



Task 17 from SOPO (continued)

Subtask 17.7. Complete permitting requirements for Test Borehole #3

The Recipient shall obtain the permits necessary to drill the Test Borehole #3. The Recipient shall complete and submit appropriate documentations, such
as NEPA forms, upon determining the location of the Test Borehole #3 after evaluating newly acquired seismic data and examining field geomodel.
Subtask 17.8. Drill, retrieve core, log, and run DST — Test Borehole #3

The Recipient shall drill Test Borehole #3 to approximately 5200' (to reach upper Morrow shale, i.e., Chester/Morrow cap rock) using conventional rotary
methods. An attempt will be made to collect approximately 1,200 feet of core from 5200 ft' to basement (approximately 7500' ft). This core data will be
supplemented with donated core samples from nearby wells. This interval comprises the various strata including the Chester/Morrow sands and Arbuckle
Group. Approximately 5 DSTs shall be taken to obtain reservoir pressures and collect produced fluid (samples) at select zones. The Recipient, in
consultation with DOE and the field operator, shall consider a slant trajectory for the test boring #3 if seismic data indicates that such a trajectory can be
used to drill across fractures or faults zones in the selected field. Such a trajectory would enable testing for pressure and fluid sampling on either side of the
fault/fracture zone and in obtaining respective physical properties.

Subtask 17.9. Openhole Wireline Logging — Test Borehole #3

The Recipient shall obtain approximately 2500’ of openhole wireline data in order to obtain petrophysical data including but not limited to porosity,
saturation, well bore imagery, pore size distribution, lithology, and sonic velocity.

Subtask 17.10. Wellbore Completion — Test Borehole #3

The Recipient shall complete the wellbore by running production casing, cementing it, followed by running the cement bond log over the cemented
section.

Subtask 17.11. Analyze wireline log - Test Borehole #3

The Recipient shall analyze well logs from Test Borehole #3 following procedures detailed in Subtask 4.6.

Subtask 17.12. Test and sample fluids (water) from select intervals — Test Borehole #3

The Recipient shall perforate select Arbuckle and Chester/Morrow flow-units, isolate each flow-unit, and use wireline conveyed tools to test for pressure.
Each isolated zone will be swabbed to collect samples of produced fluids (including water). The Recipient in consultation with the field operator shall
determine the best testing procedure to identify zonal communication within the flow-units comprising the Arbuckle Group saline aquifer system. Industry
standard procedures including, but not limited to, pulse/transient testing using formation water, tracer tests, etc. shall be considered by the Recipient.
Subtask 17.13. Analyze Arbuckle core from Test Borehole #3

The Recipient shall describe retrieved Arbuckle cores following procedures outlined in Subtask 4.8. No cores penetrate below the upper 100 ft of the
Arbuckle aquifer in the Western Annex. Thus, core samples of the Arbuckle Group saline aquifer (including donated core samples from nearby wells) will
provide a western anchor point for the regional 17+ county Arbuckle characterization study.

Subtask 17.14. Analyze Chester/Morrow core from Test Borehole #3

The Recipient shall describe retrieved Chester/Morrow core following techniques described in Subtask 4.8. Availability of long core is limited in the
Chester/Morrow sandstones in the Western Annex. Thus, a full core of the Chester/Morrow sands will provide critical petrophysical (rock) data for
simulating CO, sequestration potential of CO,-EOR operations.

Subtask 17.15. PVT analysis of oil and water from Chester/Morrow oil reservoir

The Recipient will obtain donated PVT analysis on oil samples from the Chester/Morrow oil reservoir.

Subtask 17.16. Analyze water samples from Test Borehole #3

The Recipient shall conduct geochemical analyses on approximately six water samples collected from different flow units to investigate the CO,-rock
interaction, following procedures stated in Subtask 4.11, for both the Arbuckle aquifer and the Chester/Marrow sandstones.



Successful bid to drill well by Berexco

Previous discussion:;

Completed review of geology and seismic data at proposed drill sites using following
criteria to evaluate the sites --

— 1) provide a useful location in the incised valley fill sandstones for operator,

— 2) avoid fault zones around drill site or within the 10 mi2 around the well so faults are at
minimum outside of the multicomponent seismic survey, and

— 3)ideally, we'd have a drill site with a high potential for porous section of lower
Arbuckle and shaly or tight layers above the porous interval.

To reduce AFE costs, reduce core from 2100 ft to 1200 ft

Met the project budget.



Basement Test Well Selection Made by Watney

e Accepted quote from Berexco for well with 1180 ft of core
 Well location

— Cutter Field, Stevens County

— Section 1-T31S—-R35W

— Spud date by early August 2012

e 10 mi%? multicomponent survey

— design likely to include incised valley to east of proposed well location;
acquisition as soon as possible to use initial p-wave data to assist in
selecting location of new well

Coring Schedule Cutter KGS #1

Est KB 2935

Depth Interval Footage Formation Core storage
5210-5290 80 Morrow Alum Bbl
5400-5600 200 Chester Boxes
6400-6800 400 Kinderhook/Viola/Upper Arb Alum Bbl
6900-7200 300 Arbuckle Boxes
7350-7550 200 Lower Arb Alum Bbl

1180




Technical Status

Characterize regional Arbuckle saline aquifer
and overlying CO,-EOR in 5 fields

SURNEY

KUtm.un_. Oil and Gas Map of Kansas & Areas of DOE-Funded

R CO Investlgatlons by the KGS and Partners

Sunflower Electric i
Holcomb Station
Power plant

= o P

v Reglonaqu\ssessment :
of deep sallne LA :
Arbuckte aqulfer__r

Horizontal Test in Arbuckle --
Bemis-Shutts Field, Ellis Co.
DE-FE0004566

Westar Jeffrey

(Vess-Murfin Drilling) 2010-2013

1 Energy Center

Funded Jan. 2010- August 2013 Abengoa Bioenergy
(Colwich ethanol)

50 miles

http://www.kgs.ku.edu/PRS/petro/ogSheetMap.html

Reglonal Arbuckle Salme Aqwfer &
EOR-CO2 Mississippian chert
reservoir

Wellington Field (DE-FE0002056)
Funded Jan. 2010-August 2013

Small Scale Field Test @Wellington
(DE-FE0006821)

(FEREMEd)Oct 1, 2011-2015

MNamed Fields

U Oilfield
B Gasiiew

Oil and gas field

26



http://en.wikipedia.org/wiki/File:Map_of_USA_KS.svg

Structure Contour Map -- Top Mississippian with regional faults

Subcontractor
Bittersweet Energy

(Gerlach, Nicholson, Hansen)

DOE Contract #FE0002056
and partner cost share

Current Status
Of
2) Fault Detection & Verification — Regional & Compartment

Wellington
Field

Well header records: 3170
Formation tops records: 66,309
LAS & scanned Logs for project

MISS Subsea ci: 25 ft with ARBK Verified Faults Sumner Co.

Cutter Field




Initial CO,, storage capacity

(reported April 2011 to NATCARB) Arbuckle Saline Formation
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Arbuckle Storage Volume CO, (million tonnes/10 km)
P10 (top) and P90 (bottom)
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Structural configuration on top of Arbuckle Group
(interactive map to access to data and interpretations)

Kansas Geological Sunvey

Modeling Carbon Dioxide Sequestration Potential in Kansas

Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Printto PDF | Clear Highlight | Help &) cross Section Tools

. ..
&

i3

" - A Layers Info Legend ‘

Osborne @ Coal Bed Methane
o @ Coal Bed Methane - Plugged and Abandoned
0 45 £ Dry and Abandoned

s .E ;,l/ Enhanced Qil Recovery

= il . ;,l/ Enhanced il Recovery - Plugged/ Abandoned
A oF Gas

. 4% Gas - Plugged and Abandaned

. & ‘j‘/ Injection

U pllft 5 )5{ Injection - Plugged and Abandoned

o 7 -} o Intent
s 1 < Location

# il and Gas

Eﬁ o
Location of Cu Eei;
,\-;Sép ”3 field rip:

g gl

). tﬁ’t;"a:- L al St 1 = o % 0il and Gas - Plugged and Abandaoned
L : =% s : ETir " 3 5 : ® O
\ i P : - | | e s T o 21 .
T ‘o, 0il - Plugged and Abandoned
P @ other

&, Other - Plugged and Abandoned

/v, 5alt Water Disposal

™, Salt Water Disposal - Flugged and Abandoned
@ oS Waker Well

B WWCS Water Well - Plugged

-in and obtain map of
ouckle

[

Contours = Elevation on Top of Arbuckle

Wellington Field

Web-based Interactive Project Mapper
http://maps.kgs.ku.edu/co2/?pass=project




Mississippian Oil Fields
-- Sizing opportunities in southern Kansas
CO,-EOR & Horizontal Drilling

B  >88MBO N >1MBO Bl :o0.5MBO

Wellington Field & Regional 25,0000 mi? study:
KGS-Industry-DOE/NETL partnership to examine CO,-EOR
. . . . . . 1
Southwett in Mississippian Reservoirs & |

Kansas CO2-EOR . CO, sequestration in deep saline Arbuckle (DE-FE000I2056)

Wellington Field (DE-FE0006821)
* 30,000+ ton CO2-EOR pilot Missississippian (1%)
* 40,000 ton CO2 sequestration test in Arbuckle (2nd)

DOE-FE0002056

Gerlach, Sept. 2011



utter Field drill site, SW Kansas

Top Mississippian (contours), surface lineaments (red lines),
Lower Permian top Ft. Riley Ls. dip gradient (gray shading)

Modeling Carbon Dioxide Sequestration Potential in Kansas

Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Print to PDF | Clear Highlight | Help () Cross Section Tools
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Modeling Carbon Dioxide Sequestration Potential in Kansas

| Zoom to Location | Filter Wells | Label Wells | Download Wells | Printto PDF | Clear Highlight | Help () Cross Section Tools
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New Seismic Acquisition & Vintage Data at Cutter Field
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Regional mapping on interactive mapper

Mississippian structure, 2-10 mile filtered total magnetic anomaly, and surface lineaments

Modeling Carbon Dioxide Sequestration Potential in Kansas
Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Print to PDF | Clear Highlight | Help
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Surface lineaments and 2008 aerial photo

Modeling Carbon Dioxide Sequestration Potential in Kansas
Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Print to PDF | Clear Highlight | Help L) iercan section onis
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KGS well on Mississippian plateau with local high with sharp
flexure/fa
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Subregional Arbuckle structure around Cutter
and N-S cross section index near new well location
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Example of Interactive Mapper with Reprocessed Kansas Magnetics -- Tilt Angle, Total Magnetic 2-10 mi +

Total Magnetic Reduced to Pole (910m) (M. Killion, KGS)

Modeling Carbon Dioxide Sequestration Potential in Kansas

| Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Print to PDF | Clear Highlight | Help (i) Cross Section Tools
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ilt Angle, Total Magnetic 2-10 mi + Total Magnetic Reduced to Pole (910m)

Surface Lineaments, T
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Cutter Field is part of SW KS CO2 Initiative

Evaluate CO, sequestration potential in Arbuckle Group saline aquifer and
CO,-EOR in four fields in southwestern Kansas

Seismic blocks are color | Eaxin
coded by operator

Southwest Kansas | (120 miof 3D seismic)
CO2 Consortium
(Western Annex) = "%
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Southwest Kansas CO,-EOR Initiative

Integrated Multi-Discipline Project for CO,-EOR Evaluation
Static Model

Geophysics: Geology:

stratigraphy, core lithofacies,
lithofacies prediction (NNet)

Shale

Shaly Congl.

Limey Congl

I Reservoir Sand

l Marfow ]
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L | H {

T
1
s

4 H

=N

Pt

3
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Engineering:
PVT and fluid analysis, recurrent
histories, dynamic modeling

Dynamic Model

Petrophysics:
Core K-Phi, corrected porosity,
free water level, J-function
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Dubois, 2012 Example from modeling of Pleasant Prairie South w

The University of Kansas



Simulated CO, cumulative volumes
for the CO2 injection case in EOR Chester sandstone

Pleasant Prairie South -- 1.38 million tons CO, injected

01l Per Unit Area - Total (f) 1989-11-01

Qil concen-
tration (ft3/ft2)

KU

KANSAS
GEOLOGICAL
SURVEY

The University of Kansas

Cumulative oil 2011 (mmbo)
NFA cum. oil 2026 (mmbo)
Cum. oil CO2 case (mmbo)

3.00e+8

Pleasant Prairie EOS Models

FIELD-PRO PP_HM_CO2_July03.irf

| Injected 1.4e05 Tons

2.00e+9

1.0Ce+8+

Cumulative Gas Mass(CO2) SC (Ib)

0.0Ce+0

3

________ i S

Produced 0.79¢06 Tons

Incremental oil CO2 (Cum.-NFA) (mmbo)

Cumulative oil 2012-2026 (mmbo)

CO2 injected (mmcf)
CO2 produced (mmcf)

CO2 sequestered (mmcf)
Gross utilization (mcf/bo)

Net utilization (mcf/bo)

2014

T T T
2016 2018 2020 2022
Time (Date)

T
2024 2026

Cunuabve Gas Mas 007 90 FELD-NI FP_HN_CC2_diyi6-2012a

Cumublie Gas Wass{COU) 5 FELDFRO PP_HM_CH

2R

4.48
4.64
6.59
1.95
2.11

23.7
13.2
10.5
11.2

mm tons
1.38
0.77
0.61

G. Williams, 2012
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Organizational chart SW Kansas CO2 EOR Initiative

Southwest Kansas CO2 EOR
Initiative
Chester and Morrow Reservoirs

Western Annex to Regional C02 Sequestration Project
(DE-FEQQ02056) run by the Kansas Geological Survey

w*

DDEEDH
Study
Six Industry partners:
+ Anadarko Petroleum Corp.
« BerexcoLLC
« Cimarex Energy Company
* Glor Ol Limited
« Elmlll, LLC
« Merit Energy Company
Support by:
Sunflower Electric Power Corp.

Chester IVF and Morrow

EOR study

The SW Kansas part of project
« CO2 EOR technical feasibility study —

- Part of larger KGS-industry CCS and

« Will not inject CO2 — paper study only
« Get fields in study "CO2-ready”

Technical Team:
Project Role

Martin Dubois  Team Lead, geo-model
John Youle Core and depo-models
Ray Sorenson  Data sleuth and advisor

Eugene Williams Reservoir engineering

Dennis Hedke  Geophysicist

Peter Senior Reservoir modeling

Susan Nissen  (Geophysicist

Lynn Watney Project PI

Jason Rush Project PI

John Doveton  Log Petrophysics

Tom Hansen Subcontract mngr., aquifer
Faul Gerach Regional stratigraphy, data
Lamy Nicholson  Regional stratigraphy, data

Company
IHR LLC

Sunflower Energy
Consultant
Williams Petroleum
Hedke & Saenger
MS student, KU
Consultant

KGS

KGS

KGS

Bittersweet Energy
Charter Consulting
Consultant

45



Organizational Chart — DE-FE0002056
SW Kansas CO2 Initiative staffing on previous page

W. Lynn Watney & Jason Rush, Joint Pls,

Kansas Geological Survey

Kansas Center for Research (KUCR) — contracting, financial assurance, compliance

JUNIVERSITY OF KANSAS

Kansas Geological Survey

Co-Principal Investigators

Kerry D. Newell, Co-PI -- stucture and diagenesis

Jason Rush, Co-PI -- Petrel geomodeling and data integration
Richard Miller, Co-PI -- seismic interpretation, shearwave analysis
John Doveton, Co-PI -- log petrophysics and core-log modeling
Jianghai Xia, Co-PI -- gravity-magnetics modeling & interpretation
Marios Sophocleous, Co-PI -- aquifer modeling & well testing

Key Personnel

John Victorine -- Java web app development

David Laflen -- manage core & curation

Mike Killion -- modify ESRI map service for project
Database Manager (TBD) -- manage and integrate data

KU Department of Geology

Evan Franseen, Co-PI -- stratigraphy and diagenesis of OPAS
Robert Goldstein, Co-PI -- diagenesis, fluid inclusion

Grad Research Asst 2 years

David Fowle, Co-PI -- reactive pathways, microbial catalysis
Jennifer Roberts, Co-PI -- reactive pathways, microbial catalysis
Geology Technician (TBD) - fluid/rock handling

Grad Research Asst - 1 year

Services
LOGDIGI, LLC, Katy, TX - wireline log digitizing
Petrographics, Montrose, CO - thin section preparation
KOGER, Dallas, TX - remote sensing data and analysis

JSUBCONTRACTS |

Kansas State University - Seismic and Geochemical Services
PI- Saugata Datta -- reactive pathways and reaction constants
PI- Abdelmoneam Raef -- seismic analysis and modeling

GRA 1- Datta- aqueous geochemistry

GRA 2- Raef - seismic analysis and modeling

Bittersweet Energy, Inc., Wichita, KS

Tom Hansen, Principal, Wichita, Geological Supervision - regional data, hydrogeology of Arbuckle
Geological Consultant 1 -- regional data acquisition

Geological Consultant 2 -- regional data acquisition

Student Consultant -- regional data acquisition

Ken Cooper, Petrotek Engineering, Littleton, CO- engineer, well injection, hydrogeology

John Lorenz, FractureStudies, Edgewood, NM -- strucutural analysis

CMG - Simulation Services, Calgary, Alberta
simulation software and Greenhouse Gas Simulation Consultancy

Weatherford Laboratories, Houston, TX
core analyses

Berexco, Beredco Drilling -- Wichita, KS
access to Wellington Field; drilling, coring, completion and testing; participation in modeling and simulation
Key Berexco staff
Dana Wreath - manager, reservoir and production engineer
Randy Koudele - reservoir engineer
Bill Lamb - reservoir engineer
Halliburton, Liberal, KS -- wireline logging services
Hedke-Saenger Geoscience, LTD., Wichita, KS - geophysical acquistion design,seismic interpretation

Susan E. Nissen, McLouth, KS -- Geophysical Consultant - volumetic curvature

Lockhart Geophysical, Denver, CO -- 2D shear wave acquisition, gravity & mag acquis. & interpret
Fairfield Industries, Inc., Denver, CO -- 2D, 3D multicomponent processing

Paragon Geophysical Services, Wichita, KS -- 3D seismic acquisition

Echo Geophysical, Denver, CO -- 3D processing

Converging Point - QC seismic acquisition

[Noble Energy, Houston, TX; Denver, CO -- collaborating company, fields adjoining Wellington If
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Presenter
Presentation Notes
Evaluate feasibility for miscible CO2-EOR  in the Mississippian tripolitic chert reservoir and CO2 sequestration potential in the underlying Arbuckle Group saline aquifer.
Activities at Wellington Field are being carried out through BEREXCO, a subcontractor, who is assisting in acquiring seismic, geologic, and engineering data for analysis. 
Activities in the regional study are carried out by Bittersweet Energy, Inc., who is characterizing the Arbuckle Group (saline) aquifer in southern Kansas 
IHR/Marty Dubois is managing the industrial partnership to prove up potential of CO2-EOR in select Chester/Morrow fields in SW Kansas 
Over 200 mi2 of donated 3D seismic is being reprocessed and depth converted in the Western Annex and 10 mi2 of new multicomponent 3D will be acquired to assist in choosing a well location. 
A basement test will be drilled in southwestern Kansas in early 2012 to augment two recently drilled basement tests at Wellington Field. 
Sunflower Electric Power Corporation in Hays has endorsed the project. 



http://energy.gov/index.htm
http://www.fairfieldnodal.com/index.html
http://www.halliburton.com/
http://www.nobleenergyinc.com/fw/main/Home-4.html
http://www.davekoger.com/index.html
http://www.davekoger.com/index.html
http://www.yelp.com/biz/devilbiss-coring-service-blanchard

Southwest Kansas CO,-EOR Initiative

Industry Partners (modeling 4 Chester/Morrowan oil fields to make CO2 ready)

IHR e@e v cimAREX |

Improved Hydrocarbon Recovery LLC

o e oo Ellu\é I&V\{Eg L Glorioi

acda ] - ' . —
I"m Dawson-Markwell Exploration Co BEREXCO

Industrial and Electrical Power Sources of CO,

% SUNFLOWER ELECTRIC POWER EI]RPI]RATII]H

Miﬁﬁ -



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

Technical Status (DE-FE0002056)

Top Arbuckle Group and Producing Wells in Arbuckle

e  Start Date - Dec 2009; End date: Aug 2013
e Build static and dynamic geomodels
- Wellington field (Sumner County, KS)
B Mississippian oil field, CO2-EOR

B Underlying Arbuckle saline aquifer
—  Four Chester/Morrow field in SW KS

. Conduct characterization and simulation studies

to estimate regional CO, storage capacity

of Arbuckle saline aquifer — 33 county area [

— Drill, core, log, and test Western Kansas Site (Cutter)

— Simulate 8 additional sites for :,‘ j
commercial CO, storage &

improve estimates of capacity

* Risk analysis related to CO, sequestration

— Caprock integrity

— Rock heterogeneity including stratigraphy,
petrofacies, and fault mapping

*  Technology transfer


http://en.wikipedia.org/wiki/File:Map_of_USA_KS.svg

Project Gantt Chart DE-FEO002056

Gant Chart - August 2012 |—_—l
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Project Management and Reporting

Characterize the OPAS

Geomodel of Mississippian Chat & Arbuckle Group - Wellington field

Preparation, Drilling, Data Collection and Analysis - Test Borehole #1

Preparation, Drilling, Data Collection and Analysis - Test Borehole #2

Update Geomodels

Evaluate CO2 Sequestration Potential in Arbuckle Group Saline Aquifer - Wellington fi

Evaluate CO2 Sequestration Potential by CO2-EOR in Depleted Wellington field

Characterize leakage pathways - Risk assessment area

Risk assessment related to CO2-EOR and CO2-sequestration in saline aquifer

Produced water and wellbore management plans - Risk assessment area

Regional CO2 Sequestration Potential in OPAS - 17 Counties

Regional Source-sink relationship

Technology Transfer

ield

Extend Regional Study of Ozark Plateau Aquifer System (OPAS) to the Western Border of Kansas — “Western Annex”

Collect and Analyze Existing Data for Developing Regional Geomodel for Arbuckle Group Saline Aquifer in Western Annex

Acquire (New) Data at a Select Chester/Morrow Field to Model CO2 sequestration Potential in the Western Annex

Update Geomodels and Conduct Simulation Studies

Integrate results with larger 17+ county OPAS project




Accomplishments to Date
DE-FEO002056

KU

KGS Milestone 1.2: Acquire/analyze seismic, geologic and engineering data - Wellington field
-- COMPLETED

KGS Milestone 1.3: Develop initial geomodel for Wellington field -- COMPLETED
KGS Milestone 1.4: Locate and initiate drilling of Well #1 at Wellington field -- COMPLETED

KGS Milestone 2.1: Complete Well#1 at Wellington - DST, core, log, case, perforate, test zones
-- COMPLETED

KGS Milestone 2.2: Complete Well#2 at Wellington - Drill, DST, log, case, perforate, test zones
-- COMPLETED

KGS Milestone 2.3: Update Wellington geomodels - Arbuckle & Mississippian —85%

KGS Milestone 2.4: Evaluate CO2 Sequestration Potential of Arbuckle Group Saline Aquifer -
Wellington field — 85%

KGS Milestone 3.1: CO2 sequestration & EOR potential - Wellington field — 85%

KGS Milestone 3.2: Characterize leakage pathways - Risk assessment area — 85%

KGS Milestone 3.3: Risk assessment related to CO2-EOR and CO2-sequestration — 70%
KGS Milestone 3.4: Regional CO2 Sequestration Potential - 33 Counties — 50%

KANSAS
GEOLOGICAL
SURVEY

The University of Kansas



Summary — DE-FEO002056

e Key findings

1. Initial estimates of CO, P10 & P90 Arbuckle aquifer storage are 8.8 and 75.5 billion metric tons.

2. Core, logs, seismic, DST, geochemical and microbial analysis, and step-rate test at Wellington
Field indicates that lower Arbuckle is a primary injection interval (~200 ft thick) overlain by
widespread thick (400 ft) baffle/barrier in mid Arbuckle.

3. Geochemical and microbial analyses indicate that upper and lower portions of the Arbuckle
saline aquifer are not in hydraulic communication.

4. Thick (~120 ft) primary caprock in lower Mississippian (“Pierson Fm.”) augments the Chattanooga
Shale in south-central Kansas.

5. Simulation of Pleasant Prairie South, indicates 1.38 million tons of CO, could be injected during
CO,-EOR at ~5 mcf CO,/bbl of ail.

e Lessons Learned

Seismic processing and interpretation is an iterative process.

Working with enthusiastic and engaged petroleum industry partners incorporates local knowledge
and extend ownership of CCUS in Kansas.

e  Future Plans

Complete geomodels and simulations in SW Kansas fields and Wellington

Refine regional CO, storage estimates from quantitative analysis of LAS log files and static and
dynamic modeling at 8 sites

Complete drilling and evaluation of Cutter KGS #1
Complete project 8-7-13



Project Team
Small Scale Field Test at Wellington Field

DOE-NETL Contract
HFE0006821

KANSAS

GEOLOGICAL cTEmdle Consultlng Inc

SU RV EY lllll 566047 « 785 B43 1085 » 785 865 0678 (fax) + thirdie@sunflower.com
The University of Kansas T. B|rd|e

L. Watney (Joint PI), J. Rush (Joint PI), J. Doveton,
E. Holubnyak, M. Fazelalavi, R. Miller, D. Newell

5 BERKELEY LAB

Brian Dressel, P.M.

LAWRENCE BERKELEY NATIONAL LABORATORY

BEREXCO Dana Wreath, Adam Beren

Tom Daley, Barry Freifeld

AR KANSAS STATE

GE@[“GY UNIVERSITY

Saugata Datta

THE UNIVERSITY OF
wKANSAS Department of Geology

Mike Taylor, Ross Black, George Tsoflias

Dan CIIins, Dvid Freeman
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Area of Potential CO, Storage In 5 '.magelogfmm LAS
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Southern Kansas Overlain by Thick = =
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Annual Measurement Wells -
click site for details

Index Well Locations - click
site for details

HPA Extent
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Estimated Usable Lifetime for the High Plains Aquifer in Kansas
(Based on ground water trends from 1991 to 2001 and the minimum saturated thickness required
to support well vields at 400 gpm under a scenario of 90 days of pumping with wells on 1/4 section)

X

mn:nEHqHHFEHE
=

| |J‘:_,,L,-r-""| "I' A
GH
hiles
v
0&10 X #_m_%
=
*

L L - R T T

8
;‘ Annotated by
: Watnhe
: I_Liil;leml‘“'\ c
3533;32:13:3‘:00 zzzzzzzzzzzzz w O % i om BT EBEKDBDEMND @
&)
http://mwww.kgs.ku.edu/HighPlains/OHP/2002_25A.pdf

Buddemeier, Wilson, Whittemore, Huntzinger, Alder (2002)



Acknowledgements & Disclaimer

Acknowledgements

The work supported by the U.S. Department of Energy (DOE) National Energy
Technology Laboratory (NETL) under Grant DE-FEO002056 and DE-FE0006821, W.L.
Watney and Jason Rush, Joint Pls. Project is managed and administered by the Kansas
Geological Survey/KUCR at the University of Kansas and funded by DOE/NETL and cost-
sharing partners, Brian Dressel, Program Manager.

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.



	Field trip to Berexco Cutter KGS #1�Stevens County, Kansas�September 10-11, 2012
	Schedule�
	Lawrence to Dodge City�305 miles (5 hrs)
	Manhattan, KS to Dodge City�230 miles, 4.25 hrs
	Slide Number 5
	Google Earth streams the world over wired and wireless networks enabling users to virtually go anywhere on the planet and see places in photographic detail. This is not like any map you have ever seen. This is a 3D model of the real world, based on real satellite images combined with maps, guides to restaurants, hotels, entertainment, businesses and more. You can zoom from space to street level instantly and then pan or jump from place to place, city to city, even country to country. ��Get Google Earth. Put the world in perspective. ��(http://earth.google.com) 
	Cutter #1 wellsite on Google Earth
	Cutter drillsite (SW side of map) �and Satanta, KS (upper right)
	Oblique view between Cutter drillsite (left) and Satanta, KS (right) with Cimarron River valley between (looking north)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Wireline Logging
	Slide Number 21
	Task 17 from SOPO
	Task 17 from SOPO (continued)
	Successful bid to drill well by Berexco
	Basement Test Well Selection Made by Watney
	Technical Status�Characterize regional Arbuckle saline aquifer �and overlying CO2-EOR in 5 fields
	Slide Number 27
	Metric tons CO2 per Grid Cell �10 km2 �(3.8 mi2)
	Arbuckle Storage Volume CO2 (million tonnes/10 km) �P10 (top) and P90 (bottom)  
	Structural configuration on top of Arbuckle Group �(interactive map to access to data and interpretations)
	Mississippian Oil Fields �-- sizing opportunities in southern Kansas�CO2-EOR & Horizontal Drilling�
	Slide Number 32
	Slide Number 33
	New Seismic Acquisition & Vintage Data at Cutter Field
	Regional mapping on interactive mapper�Mississippian structure, 2-10 mile filtered total magnetic anomaly, and surface lineaments
	Surface lineaments and 2008 aerial photo
	KGS well on Mississippian plateau with local high with sharp flexure/fault located to SW
	Subregional Arbuckle structure around Cutter �and N-S cross section index near new well location
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Cutter Field is part of SW KS CO2 Initiative�Evaluate CO2 sequestration potential in Arbuckle Group saline aquifer and �CO2-EOR in four fields in southwestern Kansas
	Southwest Kansas CO2-EOR Initiative �Integrated Multi-Discipline Project for CO2-EOR Evaluation
	Simulated CO2 cumulative volumes �for the CO2 injection case in EOR Chester sandstone�Pleasant Prairie South -- 1.38 million tons CO2 injected
	Organizational chart SW Kansas CO2 EOR Initiative
	Organizational Chart – DE-FE0002056�SW Kansas CO2 Initiative staffing on previous page�
	Slide Number 47
	Slide Number 48
	Technical Status (DE-FE0002056)
	Project Gantt Chart DE-FE0002056
	Accomplishments to Date�DE-FE0002056
	Summary – DE-FE0002056
	Project Team �Small Scale Field Test at Wellington Field
	Slide Number 54
	Slide Number 55
	High Plains Aquifer SW Kansas
	Slide Number 57
	Slide Number 58
	Acknowledgements & Disclaimer

