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Upper Pennsylvanian Lansing-Kansas City Gp

Geology and Architecture

Lansing-Kansas City oolitic reservoirs exhibit geometries and
architectures similar to modern oolites. Reservoirs usually contain
multiple stacked, or en echelon shoals that formed In response to sea
level fluctuations. |t appears that two such lobes are stacked in the
Plattsburg Limestone at the planned CO2 miscible flood site
represented by the core. Oomoldic reservoirs formed across the
entire Kansas Pennsylvanian ramp, however, thicker, porous and
permeable oolite deposits are commonly associated with the flanks or
crests of paleostructural highs. These highs, such as that underlying
the Hall-Gumey Field, may have influenced the intensity of early
diagenesis and may have been responsible for development of good
resenvoir properties. Grain size variation, location on colite buildups
and interbedded carbonate mud (aguitards) influenced the nature
and extent of diagenetic overprinting.

Subaerial exposure and meteoric water percolation led to
cementation around the aragonite coids and often dissolution of the
ooids and wvariable development of matrix and vuggy porosity.
Resulting comoldic grainstones, the principal reservoir lithofacies,
underwent variable degrees of early or later fracturing and crushing,
providing connection between otherwise isolated oomolds.

Petrophysics and Reservoir Properties

Porosities in these oomoldic limestones range up to 35% and
permeabilities range from 0.001-400 md.
controlled by porosity, comold connectivity, and connection created by
matrix crushing and fracturing. Permeability is also influenced by comold
diameter, comold packing, and matrix properties.
constituents within and bounding oclite beds are often associated with
increasing mud matrix and decreasing porosity and permeability. Individual
wells exhibit porosity-permeability trends with less variance than the overall

trend exhibited by L-KC comoldic limestones.

Within the L-KC 'C" zone in the Hall-Gumey field and the CO2
demonstration site, permeability decreases from the top of the bottom of the

Permeability is principally

Increasing bioclastic

{pwater-poil).

Lansing-Kansas City oomoldic limestones exhibit a near log-linear trend
between wetting phase saturation and oil-brine height above free water
level with capillary pressures decreasing with increasing permeability at any
given saturation and can be modeled using the relation: Pec = 10" ¥

Residual oil saturation to waterflood (Sorw) is a critical variable for both
waterflooding and carbon dioxide miscible flooding since this represents the
target resource. Most L-KC waterfloods in Kansas have only involved 1-5

pore volumes (PV) throughput before reaching their economic limit. At 5

LKC 'C'interval. Lower permeability with increasing depth in the reservoir
interval is attributed to increased dense bioclastic limestone content and
decreasing moldic porosity.

Correlations of “ireducible” water saturations (measured at pressures
equivalent to 60-120 feet above free water level) indicate that Swi increases
with decreasing permeability following the trend:
logSw50 (%) =0.22 log kimd))-0.43

pore volumes throughput Sorw averages near 30%. Though sampling is
limited, Sorw may increase then decrease with increasing permeability (k).

Purpose

The multiple goals of this work include:

« To better understand the nature and distribution of moldic
porosity in the shallow shelf carbonate systems.

« Tounderstand the role of original depositional facies and early
diagenesis on subsequent rock geologic and petrophysical
properties.

« [o enhance modeling relating moldic porosity, and more
broadly pore architecture, to petrophysical properties.

« lo compare and contrast the effects of different kinds of
moldic porosity.

« Toimprove prediction of reservoir quality in these systems (or
better define the limits of prediction).

« o improve reservoir properties models for reservoir
evaluation, characterization, and simulation.

Importance of Moldic Reservoirs to

.j:I

Kansas reservoirs have produced nearly 6.3
billion barrels of oil (BBO) to date, with a
significant majority of the past production coming
from reservoirs in proximity to the Central Kansas
Uplift (CKU). Of the 6.3 BBO, 73% (4.5 BBO) has
been produced from Arbuckle Gp, Mississippian,
and Lansing-Kansas City Gp reservoirs that are

Results and Implications

e Core examples from Upper Cambrian- Lower
Ordovician Arbuckle, Mississippian & Pennsylvanian
shallow-shelf carbonates in Kansas indicate that
moldic porosity is abundant in each system, &
reservoir properties, including porosity/permeability,
are strongly correlated with original depositional
facies.

¢ Despite the nature of the molds varying through time,
reflecting changes in primary carbonate grains,
reservoir quality is similar in each system &
increases from mudstone through grainstone.

¢ Despite significant diagenetic overprinting in many of
the rocks, & even some complete reversal of original
solid & pore space, final moldic textures exhibit
petrophysical-lithofacies trends that parallel those of
original primary porosity carbonates.

¢ Correlation of permeability and pore throat size in
moldic-porosity rocks is similar to that of
intergranular- porosity rocks. This can be interpreted
to indicate that despite,in some rocks, very high
moldic porosity, permeability is primarily controlled by
matrix properties.

¢ Moldic rocks play an enormous role in Kansas oil and
gas production. The diverse nature of the matrix,
molds and mold content with continued study is
providing better understanding of the role of moldic
porosity and of pore architecture to fluid flow in
porous media.
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Continued growth of
carbonate cement, ferroan
calcite, and baroque
dolomite during burial.
Possible complete
occlusion of porosity

[after Walnay et al. 1993)

_ Arbuckle Gp reservoirs account for
Marmaton  Morrow ~ All Others 131520001 | .0, "% o ion (2.4 BBO) but
Cherokee Arbuckle are declining in production and
200 MMBD (3%] &30 NIREG ) presently represent 20% of annual

production. With declining Arbuckle
Group production, Mississippian
reservoirs account for 33% of the
total state production over the last
decade and are increasing in
importance. Lansing-Kansas City
reservoirs represent 16% of current
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General Lansing-Kansas City
Geologic Setting

Ouolitic packstones and grainstones are the most prolific reservoir lithofacies for the Pennsylvanian
Lansing-Kansas City. Oolite shoal facies owe their wide disfribution geographically within Kansas and
stratigraphically within the Upper Pennsylvanian to bathymetry (very low-angle ramp) and episodic sea
level changes. The broad Kansas shallow shelf and oscillating sea level resulted in lateral migration of

oolite shoal conducive environments and successive creation of stacked oolite cyclothems (figure).

Presented at American Association of Petroleum Geologists
Annual Meeting, May 11-14, Salt Lake City, Utah.
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3 Fine and medium grained
oomoldic grainstone
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| 6 Madium grading downward to
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grainstone, cementing increases
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Permeability and Porosity

Paorosity in L-KC oomeoldic limestones ranges from 0-35%. Generally rack below 15%
parosity are non-reservoir, Permeability (<0.001-400 md) is principally controlled by ;. Porosity
and Oomold connectivity.
Cther variables that exert influence bul are colinear with the above variables include: Oomaold
diameter, Oomold packing, Matrix properties, Matrix fracturing. Although permeability is
controlled by and correlates with several of these variables (figure below), multivariate linear
regression methods only improve prediction from a factor of 6.9X to 5.4X by inclusion of
Iinfarmation COMCEMInG cnnnectiviw index, as measured on mck places.

logk=01126-2.48

log k=0.090 4 + 0.47 Connectivity Index - 3.215E=5.5X
= Individual wells

nerally exnibit k-¢ trends with less variance than the overall trend.
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m Carter-Colliver &= 2B.3%

Y #CODZ -1 28928 k = 219.6md

\ Coarse grained oolitic grainstone with moldic and
primary intergranular porosity.  Early isopachous
rirm and miniscus calcibe cements with litke cement
. growth into comalds, Micritized ooéd corices and
oolite grains preserved. |sclated comolds not
filled with blue epoxy (X} suggest these pores ane
not connected.  Thin section photomicrograph
with crossed polarizers. (Layer 2)

Carter-Colliver = 32.0%
#COZ 111 2894a k= 101.0md
Coarse grained oolitic grainstone with maldic
parasity. Early rim cameant followed by pora filling
calcite cemeant that occluded intergranular pores.
Meotable absence of cement within comolds. Mo
crushing evident in this view but pore conneclions
are visible in few cases and are likely oulside tha
plane of section. Thin section photomicrograph
with plane polarized hght. (Layer2)

Carter-Colliver 4= 32.0%

| #COZ 11 28%94b k= 101.0md
Coarse grained oolific  grainsione from same
interval as above is wery similar except extensive
crushing and collapse has  created well
connacted pora system. Fine cemant shards
¢ appear to form gecpedal fabric,  Thin section
photomicrograph with plane  polarized light.

Carter-Calllver h=22.9%

#CO2 11 2900b k=56 md
Medium-coarse grained oolific  grainstone with
maldic porosity Single crinoid grain,
Neomorphosed aarly rim and pore filling calcite
cement that accluded intergranular pores, Some
cement growth into pomolds, Oomaolds do not
appear o be in contact, nor ke communication
through crushing evidant. Thin saction
phatomicrograph with crossed polarizers. (Layer

Carter-Colliver i =20.7%
#CO2 11 2002.5 k= 1.4 md
Medium grained ooliic  grainstone with moldic
porasity. Heavily neomorphosed eary rim and
intargranular pora filling calcile cement.
Significant ceameant growth inlo comaolds reduced
maoldic porosity. Mo crushing of comalds evident,
Lack of epoxy impregnation in nearly all comolds
{X) suggests these pores ane not connacted. Thin
sechion pholomicrograph with  Nichols crossed,
{Layers)

Important Microscopi

T

. Colliver #2 2892
@ Coarse grined oolic  grainstone.  Extensive

c Textures

$=291%
Colliver #2 2892 k = 46.Tmd

Coarse grained oolibc  grainstone with  moddic
porosity. Early rim cement followed by pore filling
calcite cement that occluded intergranular pores,
Notable absence of coment within comaolds,
Minar crushing of comolds and slight offset is
related to microfracture, Thin section
phaotomicrograph  with crossed polarizers,

o (LayEr2)
Carter-Colliver b= 32.0%
#COZ -1 2894b k=101.0md

Coarse gralned oolitic  grainstone.  Extensive

I, crushing of comolds and collapse of matrx

framework resulted in added permeabiltiy, No
cement evident after coliapse. Thin section

i % photomicrograph  with plane  polarized  light.
. Alizarinred stain. [Layer2)

h=29.1%
k= 46.7md

crushing of oomolds and collapse of matrix

" framework resulted in slightly reduced porosity.

Mo cement after collapse is evident, Thin section
photomicrograph  with plane  polarized light
Alizarimred stain.

MA
Carter #3 2854-5T7 wall cutting

Medium-coarse grained oolitic  grainstoneg with
early silica replacamant Fabric prior lo
silicification, early rim and pore filling calcite
cement, i well preserved.  Thin section
photomicrograph with crossed polarizers.

Carter-Colliver
#CO02 11 2902.5 k=14 md

Fine grained oolitic grainstone with moldic
porosity. Heavily neomorphosed early rim. and
intergranular pare filling calcite cement. Lack of
epoxy impregnation of any pores suggests that
wary few ane connected, Mo crushing of comolds
evidert, Thin section phatomicrograph  with

b= 20.7%

parameters including:

matrix g.

Correlation of Textural Properties with Permeability
Frevious investigation showed the relationship between permeability and rock textural

« Connectivity Index - An index ranging from 1 to 4 representing the degree of connection
betwesn comolds as observed at 10X-203:

« Packing Index - An index fram 1 to 4 representing the packing density of comolds:

« Size-Anestimate of the average comold diameter in phi units

» Archie Matrix Porosity Index - base on Archie’s (1952) second parameter for describing
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Archie Cementation Exponent

Domoldic limestones from Kansas and globally exhibit extremely high Archie cementation
exponents. This is consistent with the interpretation that the comoldic pores are similar to
micro-vugs. Modified Archie parameters for the Carer-Colliver Lease rocks are: m=1.36,
a=9.58. Conversely, if m is considerad o change with porosity then m can be predicted for the
higher porosity rocks using: m = 0.05*Forosity{%) + 1.9. Cementation exponenis are near
2.0'in the bioclastic wackestone overlying the 'C' zona, Cemeantation exponents increase into
the top of the 'C" and then decrease with increazing depth to the bage. This is associated with
the higher porosity at the top of the *C’ zone but is also influenced by pore structure changes
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pore throats which supporis oil-globule snap-off and
trapping.




