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ABSTRACT

. Kansas produces large amounts of natural gas, and
large quantities are consumed within the state, especially
in the eastern part. At present gas is stored in 14 projects.

Geologic cenditions in the state are such that possibilities
for storage in more underground reservoirs is very prom-
ising.

GENERAL REMARKS

Annually more than 500 billion cubic feet of
natural gas (14.65 psia) is produced in Kansas.
Presently, about 70 percent of the production
comes from the Kansas part of the Hugoton Gas
Area, which extends into Oklahoma and Texas.
A large part of the Hugoton gas is transported
across Kansas. Very small amounts of gas, prob-
ably less than one percent of the total, come from
eastern counties. The eastern area, however, con-
tains many depleted pools, some of which are of
moderate size and all of which are at shallow
depths. Underground storage of gas in depleted
pools has been practiced in Kansas for many years
(Jewett and Abernathy, 1945, p. 147). There are
now 14 projects in operation and it is believed that
the need for underground storage facilities will
increase for several years.

Because of the seasonal demand for natural gas
as a fuel, underground off-season storage has be-
come a significant factor in the overall economy of
gas production, transmission, and consumption.

Kansas, located in the heart of the nation geo-
graphically, contains a major source of natural
gas supply (Federal Power Commission map, Dec.
31, 1958). There were 494,000 residential con-
sumers in Kansas during 1958, utilizing 64,486,000
M cubic feet at an average value of 60.4 cents per
thousand (Minerals Yearbook, v. 2, Fuels, 1958).
Commercial consumers totaled 61,000 during the
year. These used 40,147,000 M cubic feet of gas
valued at 39.1 cents per thousand. Other users of
natural gas in Kansas during 1958 consisted of
makers of carbon black, drillers, refineries, and
other industrial users. During the year they con-
sumed 202,557,000 M cubic feet valued at 20.4
cents per thousand.

The marketed production of gas in Kansas in
1958 amounted to 561,816,000 M cubic feet and
was valued at 11.4 cents (average) per thousand
cubic feet at the well head. Interstate movement
of gas accounted for 424,547,000 M cubic feet.
Quantity received was 237,707,000 M cubic feet,
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mostly from west-south-central United States in-
cluding Arkansas, Louisiana, Oklahoma, and
Texas. Consumption within Kansas amounted to
only 362,280,000 M cubic feet or 64 percent of the
marketed production.

Development cost of gas storage projects by
private industry is difficult to determine and not
necessarily useable because comparison between
companies utilizing dissimilar storage reservoirs
would be futile. During 1959, however, Cities
Service Gas Company applied for permission from
the Federal Power Commission, which has juris-
diction over interstate movement and sale of fuels,
to construct several storage projects along its lines.
The large Denton Storage Area in Elk County was
listed at a cost estimated at $4,337,000.00. The Fer-
guson and Denton fields will be operated as a

single unit. About 200 old wells and 35 new wells
will be utilized. Finished, the total storage capacity
will be about 16 billion cubic feet, making it the
largest in Kansas.

It is obvious that a large portion of the inter-
state marketed gas from Kansas is dependent on
the consuming area of north-central United States
for an outlet. Industrial users assume some of the
seasonal slack of residential users, but even so,
the need to flatten out the annual curve of con-
sumption and market, to utilize the pipeline ca-
pacity the year around, and to stablize the gas
producing industry in Kansas makes off-season
storage of gas in underground reservoirs near
transmission lines and enroute to market both
desirable and necessary.

GAS PRODUCTION IN KANSAS

Gas was discovered in Kansas about 1860, in
the Forest City Basin. In 1870, gas was discovered
in the Cherokee Basin, and in 1888 on the Central
Kansas Uplift. By 1910, numerous industries had
been established on the basis of cheap natural gas
available in eastern Kansas counties. This is signi-
fied in the 1908 production, which exceeded 80
billion cubic feet of gas. Later, insufficiency of
new supplies of natural gas forced out of business
those pipelines dependent upon declining re-
serves.

Kansas now ranks fifth among gas producing
states and fourth in reserves. A significant por-
tion of Kansas annual gas production is being
exported, but estimates of amounts of natural gas
used for industry in the state have risen within
the last few years. During 1958 natural gas was
produced from 49 counties in Kansas. At the end
of 1958, there were 30 gas fields in Kansas under
state jurisdiction, and monthly proration sched-
ules were issued for 22 fields. Unprorated gas
fields in Kansas are limited by statute not to run
in excess of 25 percent of the open-flow capacity.

Cumulative natural gas production in Kansas
surpassed the 8,600,000,000 M cubic feet mark in
1959. This volume is more than double the total
production of natural gas in Kansas prior to 1949
and four times the amount produced previous to

1938. Since 1956, annual gas production has ex-
ceeded one half trillion cubic feet and since 1943
has been greater than one hundred billion cubic
feet annually. In 1958 production was 595.2 billion
cubic feet, an all-time high for the state. By far
the greatest amount of Kansas gas production has
come from the prolific Hugoton Gas Area in west-
ern Kansas and adjoining areas of the Texas-
Oklahoma Panhandles. In recent years gas pro-
duction from outside and stratigraphically beneath
the Hugoton has been gaining in importance.
Pennsylvanian beds principally in eastern Kansas
have supplied the second largest amount of gas,
about 32 percent of the total. Lesser amounts have
been obtained from rocks of Mississippian, Ordovi-
cian, and Cambrian age.

The Hugoton Gas Area proper was opened in
1922 by a well in sec. 3, T. 35 S., R. 34 W., Seward
County. A rapid development of the huge gas
reservoir in southwestern Kansas came in the
early 1940’s. By the end of 1949, the number of
producing wells in the field passed the 2,000 mark
and the area encompassed 2,000,000 acres. At the
end of 1958, there were more than 3,800 producing
wells in the Kansas part of the Hugoton Gas Area.

The Hugoton Gas Area alone accounted for
about 69 percent of the total Kansas yield of gas
in 1957, 73 percent in 1956, 85 percent in 1955 and
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1954, 92 percent in 1953, 90 percent in 1952 and The locations of active gas fields and of major
1951, 88 percent in 1950. This shows a recent rise gas pipe lines are shown on Figure 1. The names
in importance of gas production within Kansas and locations of gas storage projects and aban-
outside the limits of the Hugoton Gas Field. doned gas fields are indicated on Figure 2.

STRATIGRAPHIC AND STRUCTURAL GEOLOGY OF KANSAS
IN REFERENCE TO GAS STORAGE

Figure 3 shows distribution of outcrop areas present time primarily concerns porous rocks that
of rocks of various geologic systems in Kansas. are in structural positions that cause them to be
Outcropping and other rocks above the crystalline actual or potential reservoirs. These are the condi-
basement complex (Precambrian) and data more tions that obtain in the presently operating gas
or less pertinent to gas storage are listed in Table storage projects that are described in another part
1. It is deemed that interest in gas storage at the of this report. In Kansas almost all rocks above
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the Precambrian floor are sedimentary; many of
the layers are relatively porous and permeable.
All these rock units are in positions that are close
to horizontal. Only on the flanks of major uplifts
and very locally elsewhere are dips measured in
angles of more than a fraction of a degree. Be-
cause of the general scarcity of faulting and steep
folding, anticlinal and domal structures are rela-
tively simple and easily defined (Jewett, 1951,
1958, 1960) .

KANSAS STRATIGRAPHY

Discussions of Kansas stratigraphy are found
in many publications, especially of the Kansas
Geological Survey. Attention is called to Bulletin
89, “The Kansas Rock Column” by Moore and
others (1951), and to a chart “Graphic Represen-
tation and Classification of Rocks in Kansas”
(Jewett, 1959) . Here are presented characteristics
of rocks of the various geologic systems (Table 1
and Fig. 3) with special reference to porous beds.
The rocks are discussed in order of increasing age,
or in the order in which they occur downward in
the earth. As shown in Figure 3, older rocks are
in general at shallower depth in the eastern part
of Kansas than in the western part.

For convenience, Kansas rocks may be divided
arbitrarily into seven main structural categories.
These divisions are defined mainly by their struc-
tural distinctions each from the other., Of the
seven divisions, four (Neogene, Mesozoic, Per-
mian-Pennsylvanian, and Mississippian) are pres-
ent at the surface, but the others, (Devonian-Silu-
rian, Ordovician-Cambrian, and Precambrian) are
known in Kansas only from information obtained
by deep drilling.

Neogene rocks.—Here are included the “Quat-
ernary’ and “Tertiary” deposits that constitute a
widespread more or less continuous blanket con-
cealing the structural features in the older, con-
solidated bedrock. These rocks are almost entire-
ly ‘unconsolidated and consist of debris derived
physically from older rocks; they are nonmarine
in origin. They comprise alluvium in river
valleys under flood plains and in terraces, and
widespread sheets of loess, dune sand, and, in
northeastern Kansas, glacial deposits, as well as

the comparatively thick alluvium of the High
Plains. The thickness of “Quaternary” deposits
may range locally to 500 feet but generally it is
less than 100 feet. The “Tertiary” Ogallala For-
mation of western Kansas has a maximum thick-
ness of about 400 feet. There are comparatively
thin but wide-spread deposits of probable “Terti-
ary” age in eastern Kansas.

In western and central Kansas, in the north-
eastern glaciated part of the state, and in major
and some minor stream valleys elsewhere, de-
posits of Neogene age are important reservoirs for
fresh water; safeguards against pollution by oil
and gas field wastes are important. In addition to
their being impractical for gas storage because of
being freshwater aquifers, the Neogene beds lack
impervious seals or sufficient overburden above
what otherwise might be storage reservoirs.

Mesozoic rocks.—Although there are deposits
in western Kansas believed to be of Jurassic and
Triassic age (Table 1), most of the Mesozoic rocks
of the state are Cretaceous. Strata of Cretaceous
age are spread across all of northwestern Kansas
and as far eastward as central Kansas (Fig. 3).
These rocks consist of brown, ferruginous sand-
stones, dark clayey shales, chalky limestones, and
some deposits of clay. No oil is known to occur
in Mesozoic rocks in Kansas, but gas in moderate
amounts has been produced near Goodland, in
Sherman County, in a part of the Cretaceous sec-
tion. Sandstone is characteristic of the lower part
of the Mesozoic section, in the Dakota Formation,
the Cheyenne Sandstone, and locally in Triassic
rocks. Sandstones in the wide-spread Dakota
Formation are lenticular within rock that chiefly
is clay. Commonly the sandstone bodies, some of
which are believed to be littoral and some alluvial
deposits, are elongate and narrow. They are in
form somewhat similar to the oil- and gas-bearing
“shoestring sands” in the Cherokee Group (Penn-
sylvanian) in eastern Kansas. The Cheyenne
Sandstone is more sheetlike than most of the
sandstones in the Dakota. Porosity and perme-
ability of these rocks are high. They are interest-
ing as potential reservoirs for gas storage.

Sandstone-bearing Cretaceous rocks are pres-
ent in the subsurface west of their outcrop belt,
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which is along the eastern border of the Creta-
ceous outcrop area (Fig. 3). Thickness of over-
burden, generally increasing westward, is about
2,000 feet in northwestern Kansas.

Permian-Pennsylvanian rocks.—As shown in
Table 1, the thick Permian-Pennsylvanian section
in Kansas, ranging to about 6,000 feet in south-
western Kansas, comprises many kinds of rocks.
The youngest and uppermost parts of this rock
section, however, that are of present interest in
reference to natural gas storage are believed to
be in the lower part of the Permian and in the
upper part of the Pennsylvanian. Lenticular sand-
stones, probably filling river valleys, occur in that
stratigraphic zone (Jewett, 1959). In passing it
may be mentioned that thick salt deposits higher
in the Permian beds are suitable for washed-out
cavities. Such cavities, presently used for storing
liquids, contain extensive mined-out space avail-
able for storage of gas (Jewett, 1956).

The great Hugoton gas pool, by definition of
the Kansas Nomenclature Committee limited to
the Chase Group of rocks, in southwestern Kan-
sas (Fig. 1) is in a stratigraphic trap in Lower
Permian (Wolfcampian) rocks. Gas accumulation
there is controlled mainly by the lateral gradation
of porous dolomitic marine beds up dip into fine-
grained dense, seemingly nonmarine strata farther
west. Storage of gas in the Hugoton Area can be
expected in the foreseeable future to be feasible
as a gas-pressure maintenance program.

Known oil and gas reservoirs are present
throughout almost the whole Pennsylvanian rock
section in Kansas. Many of the hydrocarbon accu-
mulations are in traps that are “structural” in
origin, although concentrations that commonly are
said to have taken place because of lateral changes
in porosity, as in “shoestring sands”, are plentiful.

Pervious sandstones in the upper part of.the
Pennsylvanian section are mentioned above be-
cause some of the uppermost ones are not clearly
defined from some that are classed as being in
the Lower Permian. Other “shoestring sand” type
channel fillings and sandbars, representing local
deposits of pervious materials, occur throughout
most of the Pennsylvanian column, but they are
most prevalent in the Douglas and Pedee Groups

and especially in the Cherokee Group. Sandstones
in any part of the Pennsylvanian should not be
overlooked, however. In addition to sandstones,
some of which are more or less sheetlike, the
Lansing and Kansas City Groups contain in cen-
tral Kansas, more or less characteristically, open-
textured oolitic zones that are productive in many
places. Examples of oil and gas production from
Lansing and Kansas City limestones are the Cun-
ningham field in Kingman and Pratt Counties, the
Macksville field (abandoned) in Stafford County,
and the English field in Edwards County. Oil and
gas pools in Pennsylvanian sandstone are very
numerous in eastern Kansas (Jewett, 1954).

As shown in another part of this report, Chero-
kee sandstones are most extensively used for gas
storage at present. It is reasonable to expect that
sandstones in the Pleasanton, Marmaton, and
Cherokee Groups in the area near Kansas City
will be of increasing interest as potential storage
reservoirs. '

Mississippian rocks.—Composed chiefly of
limestone and often called the “Mississippi lime”,
Mississippian rocks underlie all of Kansas except
on two major uplifts. They are absent in the area
of the Nemaha Anticline in a belt extending from
Nemaha and Marshall Counties on the northern .
border southward to Butler County. In the Cen-
tral Kansas Uplift area there are no Mississippian
rocks in a large area extending southeastward
from Decatur, Norton, and Phillips Counties in
the north to Pawnee, Stafford, and Reno Counties.
Thickness of these rocks ranges from a feather-
edge on the flanks of the late-Paleozoic uplifts to
about 1,800 feet. The maximum thickness of Mis-
sissippian rocks in Kansas is believed to be in or
near Meade County in the southwest part of the
state.

A very consequential amount of natural gas
has been produced from Mississippian rocks in
Kansas. It is possible that partly depleted gas
reservoirs may at some time be of value for gas
storage. Counties that produce large amounts of
gas from Mississippian rocks include Barber, Har-
vey, Harper, Kingman, Kiowa, and Meade. Mis-
sissippian gas pools are known in several other
central and western counties.
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In much of Kansas, Mississippian limestones
are underlain by a rock section that is chiefly
shale. This unit, generally less than 100 feet thick,
probably is in part Mississippian in age and in
part Devonian. Main divisions are the Boice Shale
(above) and the Chattanooga Shale (Table 1).
In places the shale is an effective “cap rock”.

“Hunton” Limestone—In Kansas, Devonian
and Silurian rocks, together or in places where
either of the two is present, commonly are called
“Hunton” Limestone. Thickness nowhere is more
than a few hundred feet. These rocks have been
identified in the Forest City, Salina, and Sedgwick
Basins. They lie unconformably below the Chatta-
nooga (or Boice) Shale and unconformably above
various older rocks. A small amount of gas has
been produced from “Hunton” rocks in Kansas.

Ordovician and Cambrian rocks.—Youngest
Ordovician rocks in Kansas are shale beds, some
of which are silty and dolomitic, known as Sylvan,
or sometimes Maquoketa Shale. These deposits
now are almost confined to the area of the old
Northeast Kansas Basin, an area in eastern Kan-
sas northeast of a line from Phillips County to
Cowley County and northwest of a line from
Cowley County to Miami County. These deposits
are of some importance as a “cap rock” above
Simpson and Viola oil pools; little or no gas has
been found in the Sylvan in Kansas. The known
thickness ranges from a featheredge to about 155
feet.

Limestone and dolostone beds that are be-
lieved to be of Middle Ordovician age and are
assigned to the Viola Limestone are widespread
in Kansas but are not present in the areas of major
uplifts. The Viola is known to contain gas pools in
a few counties, including Pratt, Reno, and Staf-
ford. Hydrocarbon accumulations in these beds
are mostly in structurally high areas in which deep
weathering took place before burial under less-
pervious sediments. Thickness ranges to slightly
more than 300 feet.

It seems possible that sandstones in the Simp-
son Group of Ordovician rocks in Kansas at some
time may be utilized as reservoirs for gas storage.
These rocks are absent from major uplifts, but
elsewhere in the state they are widespread. Simp-
son gas pools are known in several counties, in-

cluding Barber, Comanche, Harper, Pawnee, Rice,
and Sumner. The thickness of the group common-
ly is less than 100 feet. Depths to the known gas
pools range from about 3,300 feet in Rice County
to about 4,860 feet in Barber County. In the
Kansas City area, depth to Simpson rocks is about
1,550 feet.

The term “Arbuckle” is used in more than one
way. According to accepted stratigraphic classifi-
cation, the Arbuckle Group in Kansas comprises
strata below the Simpson Group and above the
Bonneterre Dolostone. Thus both Lower Ordovi-
cian and Upper Cambrian rocks are included
(Jewett, 1959; Table 1). For convenience, how-
ever, “Arbuckle” frequently is used for all Paleo-
zoic rocks below Simpson beds and above the
Lamotte Sandstone or other detrital basal accu-
mulations on Precambrian rocks.

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; from higher parts of
the Central Kansas Uplift in Barton, Ellis, Rush,
and Russell Counties; and from the northern part
of the same uplift (or the Cambridge Arch) in
Decatur and Norton Counties. All divisions of the
group are not distributed equally. The Cotter and
Jefferson City Dolostones are absent from north-
ern Kansas. Thickness of this upper part of the
Arbuckle in other parts of the state ranges to
about 650 feet. The Roubidoux is believed to be
the most widely distributed Ordovician formation
in the state; it is probably thickest in the south-
eastern part. The Gasconade and Van Buren
Formations have been identified only in eastern
and south-central Kansas. The thickness, greatest
along the eastern and southern borders of the
state, exceeds 200 feet. The Gunter Sandstone is
the basal member of the Van Buren Formation.
Locally it is 45 feet thick. The Eminence Dolostone
is restricted to small areas in eastern and western
Kansas. Its maximum thickness in Kansas is be-
lieved to be in eastern Kansas, where about 150
feet has been identified. Gas storage seemingly is
possible but not now practicable in Arbuckle
rocks.

The Bonneterre Dolostone is widespread in
eastern and western Kansas but is believed to be
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absent from the central part of the state. Its maxi-
mum known thickness is nearly 200 feet.

Clastic deposits overlie much of the Precam-
brian rock surface in Kansas. Lamotte Sandstone
is restricted as a name for these basal deposits by
some geologists to detrital sediments that are un-
conformable above Precambrian rocks and con-
formable below Bonneterre Dolostone (Keroher
and Kirby, 1948, p. 23). Others include detritus
overlain by formations as high stratigraphically
as the Roubidoux. “Granite wash” is a term fre-
quently used for deposits lying on the Precam-
brian but overlain by sediments as young as Penn-
sylvanian. The thickness of these basal deposits
ranges to about 100 feet, but commonly is much
less. Possibly at some time these beds may be of
use as storage reservoirs.

It is believed that except in a few places Pre-
cambrian rocks in Kansas lack porosity sufficient
for gas storage.

STRUCTURAL CONDITIONS
Middle Pennsylvanian tectonic movements seg-
regated areas in Kansas that now conveniently
serve as petroliferous provinces (Moore and

GEOLOGICAL SURVEY OF KANSAS

features that now lend their names to geographic
divisions of the state (Fig. 4) are quite distinct
from earlier and later ones (Jewett, 1958, 1960),
and are almost without any indications in surface
rocks. Many ‘“structures” that are oil and gas
traps within the provinces are of later develop-
ment than are the large structures for which the
areas are named. Also, even older structures,
especially those of post-Middle-Devonian—pre-
Mississippian age, had given an entirely different
grain to this part of the country.

Forest City and Cherokee Basins.—For present
purposes, Kansas east of the Nemaha Anticline
may be regarded as a unit, but it is well to note
that the so-called basins are extremely broad
structures and were separate areas of deposition
during an extremely brief interval of time in the
middle part of the Pennsylvanian period. Consoli-
dated rocks that now are exposed at the surface
in the area dip gently westward and constitute
the late Paleozoic or early Mesozoic Prairie Plains
Monocline (Jewett, 1951, p. 152), which properly
should be recognized as extending, under cover,
well into northwestern Kansas (Jewett and Mer-

Jewett, 1942, fig. 11). The ancient structural riam, 1959, fig. 10). Gentle folding produced low
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domes, anticlines, and “noses” that are discernible
in outcropping rocks. Most of the “highs” that are
measurable in surface rocks are more pronounced
in the subsurface, and many serve as oil and gas
traps. Some “structural traps” in Pennsylvanian
rocks in eastern Kansas have no or very little
surface indications; some structures that are traps
in pre-Pennsylvanian sediments are completely
concealed. Examples of several conditions in
which oil and gas occur in eastern Kansas are dis-
cussed in detail by Jewett (1954, p. 68).

Some of the gas storage projects in eastern
Kansas, described in another part of this report,
for example Cities Service Gas Company’s Mc-
Louth project (Table 2), are in structural traps
of the aforementioned kind. It is believed that in
almost all counties in the Forest City and Chero-
kee Basin area structural conditions can be found
where porous Pennsylvanian rocks would be
suited for gas storage.

Much of the gas and oil that has been dis-
covered in eastern Kansas occurs in “shoestring
sands”. These are elongate sandstone bodies en-
closed by less pervious shale. As hydrocarbon
traps these reservoirs may be uninfluenced by
localized tectonic conditions and are regarded as
“stratigraphic” traps. Parts of some of the elongate
sandstone bodies have been arched slightly, how-
ever, probably in some cases as a result of dif-
ferential compaction. Cities Service’s Colony proj-
ect, in Anderson County, utilizes a trap of this
kind.

“Shoestring sand” oil and gas pools, at depths
ranging to about 3,000 feet, but except in the
southwest part much shallower, averaging per-
haps about 1,000 feet, are plentiful in the Chero-
kee Basin and 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. Rich (1926), Bass (1936), and Jewett
(1949, 1954) have described ‘“shoestring” oil and
gas reservoirs in eastern Kansas.

In addition to the general conditions described
above, some specific structures in eastern Kansas
may be mentioned. They are cited here as ex-

amples of “highs” that, because of any of several
factors such as cultural or other conditions within
the areas, may or may not be suited for gas storage
projects. They indicate deviations from the gen-
eral or regional westward dip of outcropping
rocks.

In the vicinity of Kansas City, the Morris Anti-
cline is one of several folds that can be measured
in surface rocks in the lower Kansas River Valley.
It was described by Jewett and Newell (1935)
and by Jewett (1951). Other similar structures
occur near Bonner Springs, De Soto, Eudora, and
in several other places. Farther south in eastern
Kansas there are conspicuous “highs” near Mound
City, in Linn County; near Kincaid, in Anderson
County; near Humboldt, in Allen County, and
near Cherryvale, in Montgomery County. In Cow-
ley and Elk Counties, in the southern part of the
Cherokee Basin, several anticlines containing oil
and gas pools are typical of localized structural
conditions in Pennsylvanian rocks in that part of
Kansas. The Elk City field project near I ongton
is in one of the Elk County structures.

Nemaha Anticline.—The well-known Nemaha
Anticline, whose Precambrian core commonly is
called the “Granite Ridge” and somewhat erron-
eously the “Nemaha Mountains”, crosses Kansas
from Nemaha County southwestward to Sumner
County. Formed by earth movements at about the
close of Early Pennsylvanian time, this buried
anticline forms the west boundary of the eastern
Kansas basins.

As a petroleum-bearing province in Kansas,
the Nemaha is an area of slight but somewhat in-
definite width. Only a comparatively small num-
ber of oil and gas traps have been found along its
axis. In the southern part, the great El Dorado
and Augusta oil and gas fields lie partly along the
anticlinal axis. Some of the reservoirs are “struc-
tural traps” and others, commonly more prolific,
are “stratigraphic traps” in beveled sub-Pennsyl-
vanian beds. Farther south in the area, oil and
gas is produced from structures more or less
parallel to and near the axis and in the anticline
itself. Northward from Butler County (El Dorado
and Augusta fields) in the higher parts of the anti-
cline, Pennsylvanian beds are in contact with Pre-
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cambrian rocks, and only minor amounts of gas
have been found in some of the Pennsylvanian
sandstones. Several oil fields lie above small anti-
clines that are near the Nemaha structure on each
of its sides. Interesting examples are found in
Wabaunsee County. In Riley County oil has been
found recently in a sub-Pennsylvanian “Hunton”
stratigraphic and structural oil trap on the west
flank of the Nemaha structure.

Throughout much of its length the Nemaha
Anticline area contains potential gas storage reser-
voirs. Depths range from a few hundred to 4,000
feet or more. Little research would be required to
determine suitable sites for sizeable reservoirs.
Known higher parts of the anticline, as near
Burns, Butler County; Alta Vista, Morris Coun-
ty; Elmdale, Chase County; and the part north of
Kansas River, are important potential storage
sites.

Sedgwick and Salina Basins.—Stratigraphic
and structural conditions in the two areas desig-
nated as Salina and Sedgwick Basins are suffi-
ciently different to warrent separation as distinct
petroliferous provinces. On a regional structural
basis, the two parts, both lying west of the Nemaha
Anticline and east of the Central Kansas Uplift
(Fig. 4) are properly differentiated, inasmuch as
there is distinet thinning of Mississippian rocks in
a belt separating them. Geologic conditions in the
Sedgwick Basin are more complex than in the
Salina Basin.

Lenticular sandstone bodies in the lower part
of the Cretaceous section in the northwestern
part of the Salina Basin offer possible reservoirs
for gas storage, should economic or other condi-
tions warrent storage in this part of the state.
Lack of sufficient thickness of overlying rocks
might be a handicap in parts of the area.

In both basins the gently westward dipping
Pennsylvanian rocks (Jewett and Merriam, 1959,
fig. 10) offer numerous potential gas storage reser-
voirs. Investigations for porous strata in suitable
structural positions would be somewhat more diffi-
cult in this general area than farther east in the
state, but sufficient data seemingly are available
for relatively simple studies. Depths to potential
reservoirs in Pennsylvanian rocks throughout the

two basinal areas range from a few hundred to
about 4,500 feet.

Central Kansas Uplift—The Central Kansas
Uplift, nearly in the same area as the older (pre-
Mississippian) Ellis Arch, is designated as a
petroliferous province in Kansas, and is the state’s
most prolific oil producing area. Large amounts of
gas also have been produced in the area. Oil and
gas traps are somewhat complex; there are numer-
ous examples of “stratigraphic” traps of various
types below disconformities and elsewhere in the
rock section. “Structural” traps are common,
especially in Pennsylvanian rocks.

Because of the density of drilling in the Central
Kansas area, many data as to porosity and attitude
of comparatively shallow rocks are available.
Should gas storage in that part of Kansas become
desirable, suitable geologic conditions will not be
found lacking. Depths to potential reservoirs in
Pennsylvanian rocks commonly are slightly in
excess of 3,000 feet.

In passing it may be noted that the northern
part of the Central Kansas area is in some reports
properly designated as Cambridge Arch; the ex-
treme southern part has been called Pratt Anti-
cline (Jewett, 1958, fig. 7).

Hugoton Embayment.—All Kansas west and
south of the Central Kansas Uplift area is desig-
nated as a single petroliferous province, the Hugo-
ton Embayment. This large area was basinal both
before and after the movements that produced the
Central Kansas Uplift and Nemaha Anticline. The
very prolific Hugoton gas-producing area is in
southwestern Kansas within the larger area.

“Stratigraphic” traps suitable for gas storage
are believed to be plentiful, especially in post-
Paleozoic rocks in western Kansas at a depth of
about 5,000 feet. There are many potential “struc-
tural” traps in older and deeper rocks.

It seems probable that it may be desirable to
store natural gas in the Hugoton Gas Field. The
proved gas productive part of the Hugoton area in
Kansas measures about 85 miles north-south and
60 miles east-west. In the Kansas part of the field
there are 3,806 producing gas wells. Gas is ob-
tained from porous dolostones and limestones be-
longing to the Chase Group of early Permian age.
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The thickness of the productive zone is about 250
feet; within this thickness of strata there are five
main gas “pays” that generally are persistent
throughout the field but are not equally produc-
tive in different parts of the area. The gas produc-
ing beds are reached at depths of about 2,560 to
2,950 feet below the surface, the average being
about 2,700 feet.

The Hugoton gas reservoir is a stratigraphic
trap that is due to irregular distribution of poros-
ity along the strike (N 20° E) of the gently east
dipping Permian beds. As determined from mark-
er beds, the dip is about 15 to 20 feet per mile and
it is interrupted locally by minor deformations
consisting of easterly pitching anticlines of low
relief. There is no surface indication of this struc-
ture, inasmuch as the country is entirely covered
by Neogene deposits that rest unconformably on

Cretaceous or Permian rocks. Conditions favor-
able to accumulation of gas in the Permian strata
are due partly to the regional structure and partly
to sedimentation. Marine beds grade laterally
westward updip into nonmarine strata consisting
of red shale, sandstone, and arkose. The westward
limits of gas-productive territory are along the
zone of interfingering marine and nonmarine de-
posits. The chief gas-producing zones are the Fort
Riley Limestone (Barneston formation); To-
wanda Limestone (Doyle Shale); Winfield Lime-
stone; and Krider and Herington Limestones
(Nolans formation).

The paragraphs above outline the general
structural conditions in Kansas that are of con-
sequence to underground gas storage projects.
More details may be had from numerous publica-
tions on individual fields or other areas.

GAS STORAGE PROJECTS IN KANSAS

As of January 1, 1960, there were 14 active
gas storage projects and 1 pending project in
Kansas (Table 2). The Boyer project in Butler
County, Colony in Anderson County, Craig in
Johnson County, Elk City in Elk and Montgom-
ery Counties, McLouth in Jefferson and Leaven-
worth Counties, Piqua in Allen and Woodson
Counties, and Welda North and Welda South in
Anderson County are operated by Cities Service
Gas Company. Consolidated Gas Utilities Corpo-
ration operates the Collinson Gas Storage project
in the Gibson field in Cowley County. Union Gas
System, Incorporated, operates five projects, the
Buffalo and Fredonia in Wilson County, the Lib-

erty North and Liberty South in Montgomery
County, and Longton in Chautauqua County.

Natural gas is stored in Kansas subsurface
rocks in depleted sandstone reservoirs, which are
overlain and underlain by less pervious materials.
Zones for storage include the Iola Limestone,
“Severy”, “Layton”, “Squirrel”, “Colony”, “Bar-
tlesville”, and “Burgess” sandstones (Pennsyl-
vanian) and the “Misener” (Devonian). In the
14 projects in the state, 661 wells are used as in-
jection or producing wells and 68 wells are used
for observation. Total storage capacity for natural
gas in Kansas is 99,434,882 M cubic feet. Work-
ing gas makes up 36,963,657 M cubic feet and
cushion gas 62,471,225 M cubic feet.

POSSIBILITIES FOR ADDITIONAL STORAGE

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, Wich-
ita (Sedgwick County, population 332,092%),
Greater Kansas City (Wyandotte County, popu-
lation 184,357*; Johnson County, population
141,694*), and Topeka (Shawnee County, popu-

* Population (unofficial) from 1960 Census.

lation 144,357*), natural reservoirs at compara-
tively shallow depths are believed to be sufficient
for storing gas in as large quantities as may be
desired in the foreseeable future.

In other parts of Kansas the porosity, perme-
ability, and attitude of rocks are such that in al-
most every county, gas storage projects may be
initiated, it is believed, after not extensive investi-
gation of geologic conditions. Foregoing parts of
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this report indicate depths and other conditions in
which gas can be stored in natural geologic
“traps”.

Heretofore attention has been directed prin-
cipally to geologic conditions that are the same as
those in which gas now occurs. It is evident, how-
ever, that gas can be stored in artificial reservoirs.
At the present time liquid hydrocarbons, prin-
cipally liquified petroleum gas, are stored in Kan-
sas in cavities artificially dissolved in Permian
saltstone in the central and western part of the
state (Jewett, 1955; 1956). There seem to be no
reasons that similar “salt jugs” could not be util-
ized for storing .gas. LPG storage projects are in
operation in McPherson, Reno, Grant, and King-
man Counties. Depths below the surface range

from about 400 to 1,000 feet. A more or less typical
cavity is about 200 feet high and 30 feet in
diameter, but some “jugs” are 40 feet high and
100 feet in diameter.

Extensive space in existing salt mines in sev-
eral places in central and southern Kansas offers
possibilities for gas storage. In Rice, Ellsworth,
Reno, and Kingman Counties, salt has been mined
by the room-and-pillar method as well as hy-
draulically. Room-and-pillar mining has created a
great amount of possible storage space, most of
which is not now utilized. It is estimated that in
eight mines there is total space of almost 400
million cubic feet. Sealing off portions of these
mines would be comparatively easy. The use of
huge plastic bags is worthy of consideration.
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