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Outline of Presentation

» Brief overview of the Mississippian horizontal drilling in Kansas
« Review by example of key characteristics of Mississippian reservoirs

— Focus on Kinderhook (lower) to early Meramecian-age (upper)
Mississippian, not St. Louis and Chester reservoirs

— Stratified reservoir with distinct pay lithofacies

» Dolomitic grainstone-packstones, tripolitic (microporous) chert, &
dolosiltite are primary pay lithofacies

» Southern shelf margin distinguished by complex stacking and
progradation into proto-Arkoma and Anadarko basins

— Significant local and regional structure coupled with changes in sea level
» Shelf configuration and depositional facies, early & late diagenesis

« Pay compartmentalization by early and late structural movement
— Paleotopography
— Fracture sets, faulting, flexure
« Examples — 1) Ness County; 2) Kiowa-Barber Counties,
3) Sumner County, and 4) Cherokee County

e Summary



Mississippian Oil Fields in Kansas
sizing for EOR opportunities

B >88MBO Bl >1MBO @ >0.5MBO

Wellington Field & Regional 25,0000 mi2 study:
KGS-Industry-DOE/NETL partnership to examine .
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EOR Initiative y ! 1
Chesterjan and Wellington Field
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Spivey-Grabs Basil is the largest Mississippian oil field in Kansas with 70 MM BO & 847 BCFG
Produces from the tripolite and could benefit from horizontal drilling and CO,-EOR (after depletion of gas cap)




Ethanol CO2 pipeline concept —
|n|t|a| Step Total annual CO2 emissions

(ethanol + fertilizer): 2.2 million
Neb Lo atian e AR tonnes /year (113 MMscf/day)

Kansas

Norton Prairie Horizon Mashington
Huffstetter
Legend
‘ Ethanol
' o
Western Plains
. "'&' Fertilizer
Kansas il
— EQR Candidates a

Salina
o

A

Geneso-Edwards | | | i |
[ I | I ]

Hall Gurney

Great

gand
Chase-
Silica

"~ @

Bonanza Energy

Kansas

Abengoa Bioenergy

a

Wellington

Spivey-Grabs Coffeyuville Fertilizer

Anthony

— .IJMHP_-- ------------ - e ———— e e e

; ﬁETL KGS in collaboration with Midwest Governor’s Association & Clinton Foundation




Horizontal Wells In Kansas
Permitted wells in blue; wells drilled in red; 2012 wells circled
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Kansas Mississippian Stratigraphic Column
(Maples, 1994)
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EARLY MISSISSIPPIAN PALEOGEOGRAPHY IN KANSAS

% B chat
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Emerging Structural ; F=mm Surface Winds
: [ Main Shelf :
Highs <—— Upwelling
[ ] Inner Sheli [ Shelf Margin Edman Transpod

— Schaben Field located on inner shelf - predominantly nodular chert
— Southern shelf and shelf margin - bedded chert
— Potential for upwelling in southern low latitude setting with prevailing winds

from east-southeast (After Franseen, 2006) Franseen (2006)



Mississippian Reservoirs
Important to Kansas
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Mississippian Oil Fields in Kansas
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Oil and Gas Fields | Judica Ness

f \I'- s chkman ot ” fforant: CO_U nty
" ni-* "1 ".a. L Field
) ic e = 4%
lfBum‘legrth E%E \. ' “E',lm - .Jnllj.r"' ‘! EX am p I eS
& %¢ Harkness ® d'

a
Hﬂﬂﬂl"

‘1 ? Aldrich
H ;hAd ":,,I'u'lmer\ . 'H:IIn-.g gl;&ggﬁck

§P§RC&EI\F’ 'y -
}thder &
Mess C ity ° 0 i )

J 8° J Voo lr’ . i ‘;Ryersee
- f = . ME[:“fﬂ' “Frmklrn Schabe 11’
bT LOUIS W e u .# ) '. o Flwermde.r- ’.l Betz ._

=1 1li f
a - Petersili !

7 Ba‘nclﬂ' ﬂ"" {)
B wa ! & 0 & . & .' o W

Ness County, K ans as

@ Dubois - Kansas Geological Society Meeting, November 20, 2003



Facies and Petrophysical Properties

« Original Facies (primary texture and grain size) control pore
geometry

e Pore geometry determines pore throat size which in turn
controls permeability and capillary pressure relationships

FOR A SET OF ROCKS OF DIFFERENT ORIGINAL
FACIES BUT SAME POROSITY

Those with larger grains (and less mud), generally
have larger pores, larger pore throats, lower threshold
pressures for saturating the rock with oil and higher
oil saturations for a given height above free water

Byrnes, Franseen, Watney and Dubois, 2003

(Original texture, pre-dolomitzation, indicated)

f Dubois, - Kansas Geological Society Meeting, November 20, 2003



Permeability vs Porosit _
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Permeability vs Pore Throat Diameter
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Capillary Pressure vs Lithofacies
(Example for porosity = 18%)

Modeled Pc & Height curves
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Core Facies to Log Curve Patterns
Judica Field, Ness County, Warsaw dolomite
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Yellow box = Location of 2 mi?
3-D seismic survey,
Dickman Field

Dip map of the
top of
Mississippian
surface for
Ness County.
-- Lineaments
with high dip
are likely to
indicate faults.
Interpreted
lineaments are
shown in blue

Nissen et al. (2005)




Frequency-Azimuth Rose Diagram

Interval: &

Left = volumetric curvature extracted from Mississippian and rose diagrams for

Interpreted lineaments (from Nissen et al., 2005)

DICKMAN FIELD




DICKMAN FIELD
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Mississippian Oil Fields in Kansas

Southwest
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Spivey-Grabs Basil is the largest Mississippian oil field in Kansas with 70 MM BO & 847 BCFG

Produces from the tripolite and could benefit from horizontal drilling and CO,-EOR




Structure Top Mississippian
INn Southern Kansas

Modeling Carbon Dioxide Sequestration Potential in Kansas
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Examples -

Four Mississippian
“Chat” Fields

/ Nichols Field Glick Field i
Donald Field

A)

Gravity-Ma netlcs with Precamblran Countours
=g Fr‘r r"‘ ; &

Nichols Field Glick Field I Spivey-Grabs Field
Donald Field I

Pratt
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B)

. Anson{Ba 's
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Combined gravity —mag with regional lineaments overlain by
active flexures of Upper Pennsylvanian age
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Isopach of Low Resistivity Mississippian
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West side Lithologies Within the Mississippian Oil Play DOE-FE0002058

E'Z:L”efrgge'd (Chert Embayment, South Central Kansas)

} = ! %’“ Cored Well GS
S } 4 Wellington FId.

i GS F Li=cL
L ; " | : _"l |[ T
: F I ! :‘ l; H :*Egc: I -32 - E i =
= " RS i i = o g =
8 b = . BPICherokee
= | | &= Flate | REIEIE R 5 s s ryay
I 335 S 2 z = —
= = i v S i =
2 \ : 4
g : =
- o - =t | Mississippian
; v : S
| | e T v o
= . = e 2 - l
- Had i
i e z _;'3:4 & | = g _
Gty - : o ~ B |Chattanooga
N i §o5EE .
Tl 1 5 2rpsiy = :
- - | | oz sastis e SImpPSon
" o e | =SLTILTT wizEas SEREEIST
1+ L5 | w 1 '* i u R H L

Datum: Top Arbuckle Group N

Rhomaa-Umaa Colorlith

i Dolomite J Qe Calcite __L | | 1 b —_H___' '—,_ e 8
' _l'_Wétne)7 ,—Byrﬁ‘es"'(_ZOOi,) ‘ | | |
[ Anhydrite B Grpsum Halite . | | | = |
N o we S R e
B B it i smecie I Anticline | ,-j.'!'

| Inde
—

. Orthoclase . Muscovite Glauconiie




Nichols Field, Kiowa County
Tripolitic chert preserved In fault block
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Compartments of more highly productive chat
In Spivey-Grabs-Basil Field
Barber, Harper, and Kingman County Kansas
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Cycle dependent, depth-based petrophysical

patterns in Tjaden A-1 (Spivey-Grabs Field)

Higher m (cementation exponent)
toward top of chert cycles at
Mississippian age subaerial

Petrophysical (PfEFFER) analysis
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Presenter
Presentation Notes
Petrophysical analysis of the tripolitic (microporous brecciated) chert reservoir rock in the cored Tjaden well (described in core description to the right) includes utilization of a crossplot of log resistivity vs. log porosity presented as a “Pickett” plot (above). Actual curves are shown on the right margin of this illustration. In this example, the points are connected by depth and points are colored by depth interval. Water saturation (Sw) contours include 100% water line and contours for declining water saturations. In addition, contours of bulk volume water, BVW (where BVW = Sw*phi) are shown. Clusters of points often indicate reservoir pay when these occur above the 100% Sw line. Chert cycle labeled “D” have lowest Sw and BVW suggesting largest pores that are saturated with oil. Cycle B in contrast has lower Sw and much higher BVW suggesting smaller pores typical of tight chert. Some field produce when these tight zones are fracture stimulated.  See Watney et al. (2000) for more information.

Cementation exponent, m, in the Archie water saturation equation, [Sw = [ (a / Fm)*(Rw  / Rt) ]**(1/n)] is can be measured from core and represents the tortuosity of the pore space. M values in typical intergranular porosity in carbonates hovers around 2. The complex microporous vuggy and moldic chert beds exhibit values that range upward of 3 indicating very tortuous paths for electrical flow through these rocks, i.e., similarly complex flow paths for fluid flow. 

Illustration above is a depth profile of m values for the chert cycles in the Tjaden cored well.  The m values increase up to the subaerial exposure surfaces for two cycles of chert indicating that pores increase in tortuosity, e.g., vugginess, to the top of the cycle below the subaerial exposure surface.  This pattern suggests that subaerial diagenesis may have controlled this systematic depth variation of the inferred porosity type. Similar depth varying m measurements have been observed in Pennsylvanian oomoldic reservoirs in cycles capped by subaerial exposure. 
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Structure Contour Map -- Top Mississippian with regional faults
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Wellington Field Area

Landsat lineaments and gravity tilt angle map
Northeast trending surface lineament bisecting Wellington Field
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Wellington Field

Porosity Fence Diagram

Porosity Pay zone at top of the Mississippian
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Synthetic seismogram, impedance, and triple combo log suite
KGS #1-28 (CO2 injection well in Arbuckle at Wellington Field)
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Fracture Statistics: 5239°-3528°

Wellington KGS #1-32

There are 485 partial fractures in this pass with

random orientation.
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Fracture Statistics: 5239°-3528°

Wellington KGS #1-32
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Cored Well, Berexco Wellington KGS #1-32
Top Mississippian to Kinderhook Shale
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Kansas Geological Survey HH-50406 ° Kansas Geological Survey HH-50406
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Mississippian Pay Zone Mineralogy
Berexco Wellington KGS #1-32
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Mississippian Pay Zone Mineralogy
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Mississippian Pay Zone Mineralogy
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Cored Well, KGS #1-32
Top Mississippian to Kinderhook Shale
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PIERSON LIMESTONE : Dark Lithofacies

3927-3939: olive gray, 3939-3975.6: medium dark gray; very 3975.6-3993: very dark
argillaceous dolomitic argillaceous dolomitic siltstone; faintly greenish gray; shale; tight;
siltstone; 50% silt; wispy shale laminated irregular; 30% silt; 3972-3973 dolomitic; around 20% silt;
laminations; indistinct bedding; cm-sized irregular calcareous scattered black shale laminae;
faint discontinuous nodules/coarse calcite; faint lenticular uniform; scattered pyrite; 3983
laminations; gradational bedding alternating olive gray and starts increasing silt;

contact medium dark gray gradational contact
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Location map: P&M cores, cross section index,
and major structural elements
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Presenter
Presentation Notes
Prominent basement northwesterly and northeasternly trending; evidence for coordinated strike-slip and normal faulting in Pennsylvanian along NE trending in NW Arkansas (Hudson, 2000)
Also prominent changes in lithofacies and stratigraphy of Mississippian age crossing fault zones 
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Summary of Kansas Mississippian Play

« Stratified reservoir with distinct pay lithofacies with contrasting
petrophysical properties at affect ability to produce from them.

— Dolomitic grainstone-packstones, tripolitic (microporous)
chert, & dolosiltite are primary pay lithofacies

— Southern shelf margin distinguished by complex stacking
and progradation into proto-Arkoma and Anadarko basins

« Significant local and regional structure coupled with changes in
sea level affect --

— Shelf configuration and depositional facies, early & late
diagenesis
— Pay compartmentalization by early and late structural

movement
 Paleotopography
* Fracture sets, faulting, flexure
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