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RESERVOIR CHARACTERISTICS
OF MORROW/INCISED-VALLEY
FILL PLAYS

BOTTOM LINE

Identifying certain Morrow and related-age reservoirs in Kansas as fluvial origin in spite of their occurrence in a marine shale
context, gives operators the needed perspective to successfully explore for similar reservoirs and develop existing reservoirs more

efficiently.

PROBLEM ADDRESSED

Exploration for and development of elongate reservoirs encased
in fine-grained marine sediments of the Pennsylvanian Morrow
in Kansas has resulted in remarkable success in recent years, but
a better understanding of the depositional context and internal
architecture is needed for continuing success in exploration and
increasing recovery from existing reservoirs.

Based on a workshop sponsored by PTTC's North
Midcontinent Region on February 16, 2000, in Wichita,
Kansas.
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TECHNOLOGY OVERVIEW

Incised-valley fill (IVF) reservoirs in Kansas occur in Permian to
Mississippian sediments at depths from 2,000 to 6,000 feet. IVF
oil reservoirs are found in rocks of Morrow, Cherokee and Chester
age, and IVF gas reservoirs occur in Morrow, Atoka and Cherokee
rocks. Both oil and gas reservoirs are common in the Morrow.
About 15% of all oil-producing reservoirs and 28% of all gas-pro-
ducing reservoirs in the state are of IVF origin, and of recently
discovered oil and gas reservoirs, 50% and 70%, respectively, are
in IVF deposits. Most IVF reservoirs are attractive waterflood can-
didates.

Developing a better understanding of IVF reservoirs relies on
application of both new ideas and new technologies, as well as
judicious application of traditional knowledge. Sequence strati-
graphic concepts applied on regional, subregional and local
(field) scales lead to defining the circumstances of formation of
these porous and permeable rocks encased in tight marine sedi-
ments as fluvial to estuarine origin. Paleogeographic studies, cou-
pled with studies of modern depositional analogs, make the
stratigraphic occurrence of IVF reservoirs predictable. Emerging
3-D seismic techniques can pinpoint reservoir boundaries.

IVF reservoirs are associated with rapid sea level fall exposing
previously deposited marine sediments to subaerial weathering
and erosion/incision by fluvial processes. Therefore the key to
searching for IVF reservoirs, in a stratigraphic sense, is identify-
ing the stratigraphic occurrence of sudden drops in sea level
through larger scale paleographic studies based on wireline log
and regional seismic data. In some instances, such as in the
Cherokee Group, definitive thin and consistent sequences of vary-
ing lithologies that represent the sudden change from submarine
to subaerial conditions mark the prospective stratigraphic interval
for IVF development on a regional scale. Numerous analogous
examples of IVFs in modern Quaternary environments can be
identified to help understand the internal and external geometries
of the sediment bodies. Notable among these are deposits found
in Nigeria, the North Sea, New Zealand, Trinidad, the Bay of
Fundy, the Gulf of Mexico, and the East Texas Coastal Plain.




The workshop included a review of 3-D seismic interpretation as
applied to IVF reservoirs with emphasis on the application of
multi-trace attributes and seismic coherence. Multi-trace attribute
technology is simply the use of more than a single trace line as
input to seismic attribute defintion. Seismic coherence is a meas-
ure of the trace-to-trace similarity of seismic waveform within a
defined window. These approaches have several advantages in
delineating lateral boundaries (e.g., faults, lateral stratigraphic
contacts) and are particularly rapid ways to extract critical infor-
mation from large seismic datasets. IVF reservoirs are particularly
amenable to detection because of the sharp lateral changes in
lithology associated with their scour and fill origin. Time-slice
versus horizon-slice approaches to 3-D seismic interpretation
each have characteristic advantages and disadvantages. The time-
slice approach has best application in doing reconnaissance and
structural mapping, while the horizon-slice approach has more
application in detailed stratigraphic analysis, particularly in areas
of strong regional dip.

Fluvial and related estuarine/intertidal sediments that character-
istically fill incised valleys have internal reservoir properties con-
sistent with their origin. Fluvial facies in general have higher per-
meabilities and lower clay content than estuarine sediments, but
they are highly heterogeneous, both laterally and vertically.
Fluvial deposits tend to be less calcareous and often exhibit fin-
ing-upward sequences.

In analyzing Morrow logs in IVF reservoirs, the Archie equation
generally is applicable without serious complications. Traditional
values of a=1, m=1.8, and n=2 are almost always valid. In only a
few cases do anomalous water resistivities or the occurrence of
pyrite or clays cause problems. Simple log analysis procedures
and use of simple crossplots, such as Pickett plots, which are
crossplots of porosity and resistivity, can be implemented from
inexpensive spreadsheet-based programs (such as Excel®)to
define electrofacies for mapping of internal reservoir compart-
ments.

LESSONS LEARNED:

Poor waterflood recovery from a typical Morrow IVF reservoir at
Stewart field in Finney Co., Kansas, was a function of unrecog-
nized reservoir heterogeneity, channeling of injected water, and
clogging of injection wells by solids in the injection water.
Problems in most IVF reservoirs in Kansas can be attributed to
poor reservoir management practices: poor data collection, no
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integrated analysis of data, multiple operators, and failure to
identify optimum recovery techniques. Reservoir characterization
(with laboratory work) is a necessary component and volumetric
analyses are necessary first steps. Reservoir modeling and identi-
fication of appropriate recovery processes should follow, along
with identification and correction of operational problems. The
Stewart field went from 270 BOPD to 3150 BOPD by optimizing
the waterflood using this approach.

CONNECTIONS:
Kansas Geological Survey
1930 Constant Avenue
Lawrence, KS 66047-3726
Fax 785-864 5317

Allen Byrnes, Phone: 785-864-2177
e-mail: abyrnes@kgs.ukans.edu
John Doveton, Phone: 785-864-2100
e-mail: doveton@kgs.ukans.edu
Paul Gerlach, Phone: 785-864-2198

e-mail: pgerlach@kgs.kans.edu
Bill Guy, Phone: 785-864-2076
e-mail: bguy@kgs.ukans.edu
Susan Nissen, Phone: 785-864-2179
e-mail: snissen@kgs.ukans.edu
Lynn Watney, Phone: 785-864-2184
e-mail: lwatney@kgs.ukans.edu

Allen Archer

Kansas State University

Department of Geology

Manhattan, KS 66502

Phone: 785-532-2244, fax: 785-532-5159, e-mail: aarcher@ksu.edu

Ernie Morrison

Kansas Geological Survey

107 N. Market, Suite 408

Wichita, KS 67202

Phone: 316-265-7614, e-mail: jerm@fn.net

Roderick Tillman

2121 East 51st St, Suite 112

Tulsa, OK 74105-5862

Phone: 918-749-3174, Fax: 918-749-3184
e-mail: rtillman@worldnet.att.net

Anthony Walton

Univ. of Kansas

Dept. of Geology

Lawrence, KS 66045-2124

Phone: 785-864-2726, fax: 785-864-5276
e-mail: TWalton@UKans.edu

Disclaimer: No specific application of products or services is endorsed by PTTC. Reasonable steps are taken to ensure the reliability of
sources for information that PTTC disseminates; individuals and institutions are solely responsible for the consequences of its use.

The not-for-profit Petroleum Technology Transfer Council is funded primarily by the US Department of Energy’s Office of Fossil
Energy, with additional funding from universities, state geological surveys, several state governments, and industry donations.

Petroleum Technology Transfer Council, 2916 West T. C. Jester, Suite 103, Houston, TX 77018
toll-free 1-888-THE-PTTC, fax 713-688-0935; e-mail hq@pttc.org; web www.pttc.org




