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Evaluating the Influence of
Pore Architecture and Initial
Saturation on Wettability and
Relative Permeability in
Heterogeneous, Shallow-
Shelf Carbonates

DE-FC26-04NT15516

Goal
Major aspects of the proposed study
involve a series of tasks to measure data to
reveal the nature of how wettability and
drainage and imbibition oil-water relative
permeability change with pore architecture
and initial water saturation in shallow shelf
carbonates. The focus is on carbonate
reservoirs of widely varying moldic pore
systems that are the majority of reservoirs
in Kansas and are important nationally and
world-wide.

Performers
University of Kansas
Kansas Geological Survey
Lawrence, KS 

Murfin Drilling Company, Inc.
Wichita, KS

Results
A goal of the project is to measure wetta-
bility and oil-water relative permeability,
using representative oils from Kansas
fields, on a wide range of moldic-porosity
lithofacies representative of Kansas and
Midcontinent shallow-shelf carbonate
reservoirs. This investigation will discern
the relative influence of wetting and pore
architecture. A further goal is to measure
drainage and imbibition oil-water relative
permeabilities at different initial water sat-
urations to obtain relations that can be
applied everywhere in the reservoir.

The practical importance of these relative
permeability and wettability models will be
demonstrated by using reservoir simulation
studies on theoretical/generic and actual
reservoir architectures. Products will
include 1) a public domain relational data-
base with project results and data; 2) a web-
accessible rock and petrophysical proper-
ties catalog illustrating similarities and dif-
ferences between different rock types and
their properties; 3) a relative permeability
catalog detailing relationships existing
between wettability, pore-level properties,
and starting water saturations; and 4) sum-
mary and analysis of differences in simula-

transition zone intervals can be optimized
by utilizing foot-by-foot relative perme-
ability curves down through the transition
zone and evaluating oil recovery income
versus water handling expense for each
interval perforated.

Benefits
Shallow-shelf carbonate reservoirs, many
located in the capillary transition zone, are
abundant in the United States. For these
marginal reservoirs over- and under-pre-
diction of performance can be make or
break continued and enhanced recovery
operations. The proposed project will help
these operators to better characterize these
reservoirs by providing more accurate rel-
ative-permeability models that include
effects of wettability, pore character, and
starting saturations. 

Simulation studies based on these realistic
relative-permeability/capillary pressure
inputs, as opposed to conventional inputs,
will enable optimal selection of enhanced
recovery options and better design of infill
and/or stimulation plans. Improved reser-
voir modeling and management will lead
to increased economically recoverable
reserves that would otherwise be lost when
wells reach economic limits using present
management practices. Widespread imple-
mentation of advanced characterization
technologies and easy web-based access to
data could result in millions of barrels of
additional oil production in Kansas and
elsewhere in the Midcontinent region. 

tor-predicted productivity profiles when
reservoir geomodels include the newly
developed relative-permeability models.

• Understanding Soi, Sorw, and relative
permeability (kr) in transition-zone domi-
nated reservoirs is fundamental to under-
standing recovery and planning and man-
aging IOR/EOR operations. Drainage and
imbibition oil-water relative permeability
(kr) measurements on representative rock
types show residual oil saturation to water-
flood (Sorw) increases with increasing ini-
tial oil saturation (Soi). They also show a
systematic increase in the Land (1971)
trapping constant, C, with increasing
porosity resulting in less trapping. When
this relationship is coupled with Swi
increasing along with decreasing porosity
and permeability, these rocks exhibit a sys-
tematic dependence of Sorw on
porosity/permeability and Soi. With Soi
decreasing with depth in transition zones,
proper modeling of kr in the transition zone
requires a suite of kr curves that reflect
changes in kr with changing Soi and Sorw.
Utilizing a suite of kr curves, reservoir sim-
ulation shows that both oil and water
recovery are greater than predicted from
models utilizing kr curves with a constant
Soi and Sorw. These results validate and
expand on use of the Land equation in shal-
low-shelf carbonates and help to explain
both the high oil recovery and the high
water production rates that are common for
these reservoir systems.

Simple layered reservoir simulation mod-
els indicate that perforation strategy in

Crossplot showing relationship between Land Trapping Constant (C, 1/Sorw-
1/Soi=C) and porosity for Mississippian and Lansing-Kansas City Group car-
bonates (A). Change in C and Swi with porosity results in porosity-specific
Sorw-Soi relations for Mississippian carbonates (B) and other shallow-shelf
carbonates. 
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tectures and are being evaluated for two
field sites. Primary ongoing tasks involve
relative permeability measurement, theo-
retical and real geomodel construction, and
reservoir simulation. Plans for obtaining
fresh cores are in progress.

Funding
This project was selected in response to
DOE’s Oil Exploration and Production
solicitation DE-PS26-04NT15450-2C,
November 4, 2003.  

and Sorw. Utilizing a suite of kr curves in
reservoir simulation shows that both oil
and water recovery are greater than pre-
dicted from models utilizing kr curves with
a constant Soi and Sorw. 

Current Status (January 2006)
The project is in the beginning of its second
year of a 2-year term. Core and oil samples
from over 90 fields were collected in the
first year. Physical analysis was performed
on the oil and routine properties measured
on the core. Wettability and relative perme-
ability measurements have been performed
and are still in progress. Geomodels have
been constructed for basic reservoir archi-

Background
For many shallow-shelf carbonate reser-
voirs in the United States basic petrophysi-
cal properties (e.g., porosity, absolute per-
meability, capillary pressure, residual oil
saturation, resistivity, and relative perme-
ability) vary significantly horizontally, ver-
tically, and with scale of measurement. In
addition, many of these reservoirs produce
from structures of less than 10-20 meters,
and due to their position in the capillary
pressure transition zone, they have variable
initial saturations and relative permeability
properties. Rather than being simpler to
model, these reservoirs challenge character-
ization and simulation methodology. As
these reservoirs approach maturity and
implementation of infill drilling and
enhanced recovery programs are initiated or
considered, understanding these issues is
critical to successful reservoir management.

Summary
Principal project findings are as follows:

• Oil samples from Arbuckle, Lansing-
Kansas City, Mississippian, and Viola for-
mations exhibit a range of 16-44° in API
gravity and a viscosity-API gravity correla-
tion generally similar to the Beal (1946)
correlation using equation: ln(µ100) = -3.11
+ 166.13/API. 

• Oil-brine interfacial tension at 60°F
(σ60) ranges from 20-48 dyne/cm and is
weakly negatively correlated with API
gravity: σ60 = 40.7 – 0.24 API.

• Drainage and imbibition oil-water rela-
tive permeability measurements show that
“irreducible” water saturation (Swi)
increases with decreasing permeability and
that residual oil saturation to waterflood
(Sorw) increases with increasing initial oil
saturation (Soi) for a given rock type, due
to enhanced trapping by emplacement of
oil in fine pores, consistent with the Land
(1971) equation.

• The Land equation trapping constant, C,
increases with greater porosity, resulting in
less trapping. This relationship, when cou-
pled with increasing Swi along with
decreasing porosity and permeability,
results in a systematic dependence of Sorw
on porosity/permeability and Soi. 

• With Soi decreasing with depth in transi-
tion zones, proper modeling of kr in the
transition zone requires a suite of kr curves
that reflect changes in kr with changing Soi
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Parametric analysis of
income from oil production
for a simple laterally
unbounded, 10-layer, 40-foot
thick, 30-md Mississippian
reservoir, with variable rela-
tive permeability curves from
top to bottom reflecting
changing Soi and Sorw.
Maximizing income balances
additional oil recovery from
lower, more water-productive
layers with water disposal
cost saving by not perforat-
ing or completing lower lay-
ers. The number of closed
bottom perforations neces-
sary for maximum income
increases with increasing
water disposal cost.


