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ABSTRACT

Possible underground natural gas storage sites near

the Kansas River Valley are discussed and presently

active projects are reviewed. Structural and stratigraphic

conditions are favorable for storage near the larger cities
in the valley. Artificial (mined) cavities can be used.

INTRODUCTION

General remarks—Much of the population of
Kansas is concentrated in towns in the Kansas
River Valley industrial complex between Junc-
tion City and Kansas City. If natural gas from
the large fields in Kansas is to be utilized in fur-
thering industrial development, this fuel should
be made available to presently developing in-
dustrial areas such as this one. Presently, how-
ever, only a few small distributing lines are avail-
able to supply gas along the Kansas Valley (Fig.
1). These seem adequate to supply present indus-
trial demand except for brief interruption during
extreme weather. One major interstate transmis-
sion line (Michigan-Wisconsin) crosses the area

but does not have an outlet in Kansas; other lines
make deliveries in the Kansas Valley only in the
Kansas City area.

Marketing.—Because of the seasonal demand
for natural gas as a fuel, underground off-season
storage has become a significant factor in the
over-all economy of gas production, transmission,
and consumption. Kansas, located in the heart of
the nation geographically, and containing in its
southwestern part a portion of one of the nation’s
largest gas reserves, the Hugoton Gas Area, is a
major source of natural gas (Federal Power Com-
‘mission map, December 31, 1958). A large part of
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Fic. 1.—Map of Kansas showing location of active gas fields, main gas transmission lines, and some cities along the

Kansas River Valley.

the interstate market for gas from Kansas is the
consuming area of north-central United States.
Although industrial users consume some of the
excess gas available during the seasonal slack in
residential use, it is desirable to flatten out the
annual curve even more, in order to utilize the
pipeline capacity the year around and to stabilize
the gas-producing industry in Kansas. This can
best be accomplished by off-season storage of gas
in underground reservoirs near transmission
lines yet available to industrial complexes such
as that of the Kansas River Valley. Such off-
season storage in industrial areas in north-central
United States seems to be a favorable factor for
industrial growth.

The interstate shipping of natural gas and the
approval of new cross country transmission lines
fall under the jurisdiction of the Interstate Com-
merce Commission and the Federal Power Com-
mission respectively. The apportionment of new
lines and approval of transmission of gas are
based on considerations of the greatest good to
the greatest number of people, on dedicated re-
serves, and on economic investment values. Thus

Kansas, ranking fifth among the gas producing
states, third in reserves, yet having a relatively
small population, has only a minor voice in the
eventual use of the gas produced in the state. The
producers desire export of gas for income, some
of which returns to the state; the Kansas con-
sumer, domestic or industrial, desires retention
of the natural resource within the state’s border,
arguing that exportation of natural gas is deplet-
ing reserves and that the gas should be used to
enhance Kansas industrial development. A sig-
nificant portion of the gas produced in Kansas is
being exported, but domestic and industrial use
within the state has increased during the last few
years, though not necessarily proportionally.
During 1960, according to the U. S. Bureau of
Mines report, 73,490,000 thousand cubic feet of
natural gas, valued at an average of 56.1 cents per
thousand, was consumed in residential use in
Kansas. A total of 41,175,000 thousand cubic feet,
valued at an average of 53.9 cents per thousand,
was consumed commercially. Industrial consump-
tion in Kansas was 257,637,000 thousand cubic
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Fi16c. 2—Map of Kansas showmg location of abandoned gas fields, active gas storage projects, and major post-

Mississippian structural provinces in eastern Kansas.

feet, part of which was valued at 20.3 cents and
part at 14.4 cents per thousand cubic feet. Re-
ported natural gas production (Goebel and oth-
ers, 1961) totaled 632.6 billion cubic feet. Esti-

mated well head value was only 11 cents per
thousand cubic feet. It may be seen readily that
about half the gas produced in Kansas is being
used within the state.

GAS STORAGE PROJECTS

Goebel and others (1961) report 15 storage
projects in Kansas as of December 30, 1960. Total
reservoir capacity of the two present Kansas
River Valley projects, Craig in Johnson County
and McLouth in Jefferson and Leavenworth
Counties, is 18,989,577 thousand cubic feet (Ta-
ble 1).

Structural conditions.—Kansas can be divided
into several petroliferous provinces (Merriam
and Goebel, 1956) coinciding with ancient struc-
tural provinces (Fig. 2), formed by tectonic
movements in or just before Middle Pennsylvan-
ian time. Still older structures, some having dif-
ferent orientation, were thereby modified or even
obliterated. Subsequent movements have not
produced much additional change in major fea-
tures, although numerous small structures have
been superimposed, including some of the oil and

gas traps. Very few of the structures are indi-
cated by anomalous position or attitude of surface
rocks.

A generalized cross section of rocks in north-
eastern Kansas from Clay County to Kansas City,
Missouri, is given in Figure 3. In Kansas, vir-
tually all rocks above the Precambrian floor are
sedimentary and almost horizontal. (Please note
that in the cross section, vertical exaggeration is
100 times.) Many of the layers are relatively
porous and permeable; data pertinent to gas
storage in the Kansas River Valley are listed in
Table 2.

The Kansas River Valley industrial complex,
defined as the river valley from Junction City to

Kansas City, may be located in Figure 1. The
complex transgresses two major structural fea-
tures of northeastern Kansas, the Forest City
Basin and the Nemaha Anticline.
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F1c. 3.—Generalized cross section from Clay County along Kansas River, depicting the sequence of rocks and their

present attitude as far east as the Kansas-Missouri line.

The Forest City Basin is a low broad struc-
tural feature centered in northeastern Kansas but
extending into adjacent states. The basin was
formed by downwarping of pre-Pennsylvanian
rocks, and it was both a topographic and a struc-
tural feature in which the Pennsylvanian rocks
in this part of Kansas were deposited (Fig. 3).
Gentle folding throughout the geologic past pro-
duced low domes, anticlines, and noses, some of
which are discernable in outcropping rocks. Most
of the small uparched features that are measur-
able in surface rocks are more pronounced in
the subsurface, and they may serve as oil and gas
traps. Some “structural traps” in Pennsylvanian
rocks in eastern Kansas have no or very little
surface indication; some structures that are traps
in pre-Pennsylvanian sediments are completely
concealed. Examples of various kinds of oil and
gas reservoirs in the Forest City Basin are dis-
cussed in detail by Jewett (1954).

The Nemaha Anticline crosses the western
end of the Kansas River Valley. It is a major
post-Mississippian element that crosses Kansas
from Nemaha County to Sumner County and

extends into Nebraska and Oklahoma. It is dis-
cernable in surface rocks along most of its length
but is much more pronounced in subsurface and
is believed to be faulted in many places along the
steeper eastern flank (Jewett, 1951). The Nema-
ha Anticline is referred to by some as the Nema-
ha “mountains”, because Precambrian crystalline
rocks lie at comparatively shallow depths along
the axis of the uplift. Lee (1943) discussed in
detail the structural history of the Nemaha Anti-
cline. Mississippian and older rocks are tilted and
eroded along the flanks of the anticline (Fig. 3),
and Pennsylvanian strata overstep and overlap
rocks ranging in age from Precambrian to Mis-
sissippian. Pennsylvanian sediments lie on Pre-
cambrian rocks in a belt extending northwest
from a point in T. 10 S., R. 10 E,, into Nebraska,
and in isolated areas farther south.

Potential storage sites—The gas storage proj-
ects presently operating in eastern Kansas, for
example Cities Service Gas Company’s McLouth
project (Table 1), utilize structural traps. It is
believed that in almost all counties in the Forest
City Basin area, structural conditions can be
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UNDERGROUND STORAGE OF NATURAL GaAs NEar Kansas RIVER VALLEY
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8 GEOLOGICAL SURVEY oF KANsAS

found where porous Pennsylvanian rocks would
be suitable for gas storage.

“Shoestring sand” oil and gas pools at depths
ranging from about 1,000 to 1,200 feet are plenti-
ful in the southern part of the Forest City Basin.
Abandoned gas fields lie above many of them. It
is reasonable to believe that gas could be stored
successfully in many of these sandstone bodies,
including some that have yielded gas and oil and
some that have been known to contain only water.

In addition to the general conditions described,
some specific structures in eastern Kansas may
be mentioned (Jewett and Goebel, 1960); they
indicate deviations from the general or regional
westward dip of outcropping rocks. In the vicin-
ity of Kansas City, the Morris Anticline is one of
several folds that can be measured in surface
rocks in the lower Kansas River Valley. Other
similar structures are situated near Bonner
Springs, De Soto, and Eudora, and in several
other places. Because of cultural or other condi-
tions in the areas, some may not be suited for
gas storage projects.

As shown in Table 1, Cherokee sandstones are
now most extensively used for gas storage. It is
reasonable to expect that sandstones in the Mar-
maton and Cherokee Groups in the area near
Kansas City will be of increasing interest as po-
tential storage reservoirs (Jewett and Goebel,
1960) .

It is possible that standstones in the Simpson
Group (Ordovician age) in the Kansas River
Valley may be utilized as reservoirs for gas
storage in the future. These rocks are absent
from major uplifts, but elsewhere in the state
they are widespread. In the Kansas City area,
depth of the Simpson rocks is about 1,550 feet.

Throughout much of the area on the northern
part of the Nemaha Anticline there are potential
gas storage reservoirs, especially in Pennsylvan-
ian rocks at depths of a few hundred feet. Not
much geologic study would be required to de-
termine suitable sites for storage reservoirs along
the anticline. Specifically, the part north of the
Kansas River, especially in the vicinity of Wa-
mego, should contain important potential storage
sites.

Arbuckle rocks are absent from the northern
part of the Nemaha Anticline and adjacent areas
as far west as eastern Washington County and
northeastern Clay County. Elsewhere, gas stor-
age in Arbuckle rocks seemingly is possible. Ex-
cept in a few places, Precambrian rocks in Kansas
generally lack porosity sufficient for gas storage,
but LaMotte Sandstone next above the Precam-
brian rocks could conceivably be usable.

Although at present natural gas is stored
underground in Kansas only in geologic struc-
tures that are natural gas reservoirs, storage in
artificial reservoirs has been found to be practical
in adjacent states. In Colorado, near Denver, gas
is stored in an abandoned coal mine (Bleakley,
1961). At Ponca City, Oklahoma, cavities have
been excavated in limestone in order to create
space for storage of natural gas liquids (Jordan,
1961).

Coal has been mined at various times in and
near the Kansas River Valley (Bowsher and
Jewett, 1943; Schoewe, 1946, 1951), but the only
coal mines in the area potentially practical for
low-pressure gas storage are in Osage County,
about 20 miles south of Topeka. There the Noda-
way coal bed (Howard Formation) has been ex-
tensively mined, chiefly by open pits, but as late
as 1938 about 20 shaft mines were operating at
depths of 25 to 120 feet, and a few shaft mines
have been operating intermittently in recent
years. Underground, most of the coal was mined
by the long-wall method, hence no sizable open-
ings are believed to be present. The effect of
mining operations on porosity and permeability
of the rocks is not known. Presence of water in
the mines should be no major deterrent, but
storage pressure would be limited by the shallow
depths. '

Limestone has been quarried in extensive
underground workings in the Kansas City area.
Mines in nearly horizontal limestone beds are
being used for refrigerated food warehouses near
Morris in Wyandotte County and in Leavenworth
County a few miles southwest of Bonner Springs.
Storage pressure in shallow mined limestones
would also be limited by the depth-pressure rela-
tionships. Probably such storage would be limited
to liquified gases.
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Considerable unused space is available in
other limestone mines in the Kansas City area.
Portals leading to extensive abandoned under-
ground workings to the south and west are situ-
ated a short distance west of 34th Street, Kansas
City, Kansas, about 1% mile north of the north
boundary of Maple Hill Cemetery (NEl; NE4
SE% sec. 30, T. 11 S, R. 25 E.). Thickness of
overburden over the mined-out space exceeds 100
feet. The Argentine Limestone Member of the
Wyandotte Formation was exploited for crushed
stone from this mine. The Bethany Falls Lime-
stone (Swope Formation) is being mined at a

depth of about 130 feet, a short distance north
of the Kansas Turnpike not far from its eastern
terminus.

Throughout the length of the Kansas River
Valley the bed rock, principally shale and lime-
stone, bordering and below the alluvial flood plain
generally dips almost imperceptibly to the north
of west. Throughout the upper 2,000 feet of strata
there are many shale units ranging in thickness
from a few feet to several tens of feet lying be-
tween limestone formations. These shale forma-
tions can be readily excavated to provide satis-
factory storage space.

CONDEMNATION AND APPROPRIATION OF STORAGE SITES

Under the state statues covering eminent do-
main, favorable underground storage sites may be
made available to gas public utilities in the public
interest. Specifically, as taken from the 1959
Supplement to General Statues of Kansas 1949,
Corrick, Chapter 55, Article 12 (55-1203) the
statute states, “APPROPRIATION OF CER-
TAIN PROPERTY. Any natural gas public util-
ity may appropriate for its use for the under-
ground storage of natural gas any subsurface
stratum or formation in any land which the com-
mission (State Corporation Commission) shall
have found to be suitable and in the public in-
terest for the underground storage of natural gas,
and in connection therewith may appropriate

such other interests in property as may be re-
quired adequately to examine, prepare, maintain
and operate such underground natural gas stor-
age facilities. The right of appropriation hereby
granted shall be without prejudice to the rights of
the owner of said lands or of other rights or in-
terests therein to drill or bore through the under-
ground stratum or formation so appropriated in
such manner as shall comply with orders, rules
and regulations of the commission issued for the

purpose of protecting underground storage strata
or formations against pollution and against the
escape of natural gas therefrom and shall be
without prejudice to the rights of the owner of
said lands or other rights or interests therein as
to all other uses thereof.”

CONCLUSIONS

In almost all parts of Kansas, geologic condi-
tions are favorable for economical storage of
natural gas in porous rocks. Fortunately, near
the centers of larger population and industries
(greater Kansas City, Wyandotte County, popu-
lation 184,357; Johnson County, population
141,694; and Topeka, Shawnee County, popula-
tion 144,357) natural reservoirs at comparatively
shallow depth are believed to be sufficient for

storing gas in as large quantities as may be de-
sired in the foreseeable future.

The purpose of this report is to call attention
to the conditions favorable for underground stor-
age of natural gas in the vicinity of the Kansas
Valley. Because only a hint of the detailed geo-
logic and engineering knowledge in the area
could be included herein, a selected list of refer-
ences is presented, which may serve as a starting
point for additional inquiry.
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