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Surface installation for underground gas storage project at Troy Grove, [llinois, Operating well ls in
foreground: plant for treating and handling gas is in background.
{Photograph courtesy of Northern Illlnois Gas Co.)
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UNDERGROUND STORAGE OF NATURAL GAS

IN ILLINOIS—1967

T, G, BUSCHEBAUH AND Ly, G, ROND

ABSTRACT

Natural gas is stored in underground reserveoirs
at 22 locations in Illinois. These reserveirs gontain
200 billion cubic feetof gas, about half of which is work-
ing gas and half is cushion gas. Potential capacity of
these reservoirs is estimated to be 600 billion cubic
fecr. At 8 of the storage projects, gas is stored in de-
pleted gas reservoirs; in the remaining 14 projects, gas
is stored in aquifers that originally contained no hydro-
carbons in commercial quantities.

© M) systems of rocks from Cambrian to Pennsyl-
vanian are used for storage in Illinois., Most of the
storage volume, however, is in sandstone aquifers of
Cambrian and QOrdovician age.

This report includes a brief discussion of some
of the technology associated with the underground stor-
age of gas. Also included is information onthe geolog-
ic setting and the history of development of each project.

INTRODUGTION

In 1961, Dr. A. H, Bell issued his report
"Inderground Storage of Natural Gas in Illingis, "
Since then, the number of Illinoisgas storageres.
arvoirs has grown from 7 to 22, The eatimated
total capacity for underground storage of gas has
likewise increased, from 184 to about 600 billion
cubic feet., Furthermore, during this period, con-
giderable Improvements have been made in gas
storage technology.

The present report was prepared (1) to glve
a brief introduction to the subject of underground
gas storage for the layman or for the geologist or
engineer who is just entering the field and (2) to
present up-to-date information about Illinols gas
storage projects in operation or under develop-
ment,

tn many places, liguefied petroleum gas,
“LPG, " is stored underground in natural or arti-
ficial caverns; this LPG ls usually liquefied pro-
pane or butane, [n a few states, though not in
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1llinois, liquefied natural gas, "LNG, " is stored
in the ground or above ground. However, our re-
port is not concerned with liquid products such
as LPG or LNG: it deals only with the underground
storage of natural gas in the gasecus state,
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without the help of many people inthe gas indus-
try. The following men supplied valuable infor-
mation aboutgas storage intheircompanys’ oper-
ations: Central Illineis Light Go.—Robert Ryan;
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Iliinois PowerCo.—C, V. Crow, K, W. Robertson;
Midwestern Gas TransmissionCo.—James H, De-
borah, J. P. Fortenberry; Mississlippl River Fuel
Corp,—Richard H, Fulton, Tack Thomas; Natural
as Pipeline Co, of America—W, R, Clark, R. A,
Younker; Northern Illinols (as Co,—Bruce Eng-
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son,
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held with P, A, Witherspoon, of the University of
California, and with a number of people at the I1-
linois State Geological Survey, gspeclally W. F.
Meents, who checked much of the data inthis re-
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of the section on engineering of gas storage proj-
ects,

Figure 2, "Development of gas bubble in
an aguifer,” was taken from Katz et al. (1963).
We are grateful to the publishers, the Amerlcan
Cas Association, for permission to usethis illus-
tration.

Why Gas Storage?

Space heating in homes and other build-
ings consumes large amounts of gas. Because of
the seasonal fluctuation inthe demand for gas for
apaco heating, the totalgas demand generally var-
ies considerably from summer to winter,

One way to accommodate this fluctuating
demand would be to build a pipeline from the gas
fields large enough to supply the greatest amount
of gas that would be needed in the middle of win-
ter. Inthe summer, then, pipeline pressure could
be reduced so that gas would flow at a fraction
of the pipeline capacity. This, however, would
be an lncfficient use of an expensive facility, In-

stead, the pipeline companics usually have oper-
ated the pipelines at full capacity throughout the
year; in summertime, they {or the gas distributing
companles}) have sold the excess gas at reduced
prices to manufacturers and other industrial us-
ers. In the winter, then, when the gas was need-
ed for heating, the industrial users swltched to
other fucls such as ofl or coal,

To make better use of the plpalines through-
out the year, the gas distributers acquired more
heating customers than the pipelines could sup-
ply inthe middle of winter. Then, any deficiency
in gas supply was made up by using gasthat was
stored above ground during summer months in "gas
holders" at atmospheric pressure, or 4as that was
stored under high pressure in pipelines or cylin-
ders, or by using a mixture of stored propane and
air. (Thesc expedients are often called "peak
shaving" in the industry.)

None of those measurcs, however, has
heen very satisfactory. The pipeline companies
did not make much money onthe gas that they sold
to industey in the summer, and the gas distribu-
ting companies could not store encughgas or pro-
pane to handle many customers. Thus, both the
pipeline and the distributing companies have been
under great economic pressure to develop ways
to store large amounts of gas. Underground gas
storage has proved to be the answer to this prob-
lem in many cases,

The daily capacity for "peak shaving" in
the United States is over 30 billion cubic feet,
It iz available in these forms:

Billion

cubic feet
Underground steorage 25,29
Propane ("LPG") - air 4,17
Manufactured 1,58
Liquefied natural gas (*LNG") 0,37

Illinais has over 25 LPG-air plants but no
LNG plants, A number of plants are used for the
manufacture of gas, but their contribution to "peak
shaving" demand in the state is negliglble, In

llinois, as in the United States as a whole, un-

derground storage supplies mostol the gas need-
ed for peak shaving {Hale, 1966},

What Is Underground Gas Storage?

In a few places, such as Michigan and
S@askatchewan, gas ls stored ip underground cav-
erns leached out of natural salt deposits. In one
case, in Colorado., an abandoned coal mine has
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been usged to store gas, More commonly, howe.
ever, gas that is stored underground is pumped
down wells into a porous gandstone or carbonate
rock. In the case of sandstone, the stored gas
occupies pores or void spaces between the sand
grains, In atypical sandstone used for gas stor-
age, the pores are generally a few millionths of
an inch in sixe, In the case of carbonate rocks,
gas may occupy vold spaces between grains of
dolomite or oolitic limestone, In some cases, as
at Glasford, Illinais, much of the porosity is ap-
parently due to fractures and openings caused by
solution of the carbonates by natural chemleal a-
gents, In a typical storage rock, the pores make
up about 15 to 25 percent of the total volume of
the rock; that 1s, 75 to 85 percent is "solid" rock
and 15 to 25 percent is void space available for
storage of gas,

HISTORY OF UNDERGROUND GAS 8TORAGE

(GGas was firat successfully stored under-
ground in Welland County, Ontario, Canada, in
1915, The first successful underground storage
of natural gas in the United States was made In
1916 by the Iroquois Gas Company in the Zoar
Field, south of Buffalo, New York, In 1918, a
much larger storage projectwas developed by the
United Fuel Gas Company inthe Menefee Fleld of
castern Kentucky. Both of these projects were in
depleted gas fields.

By 1936, the United States had 13 storage
reservalrs, with a total capacity of 39 billion cu-
bic feet, In the next year, the number of reser-
volrs rose to 22, with a capacity of 103 billion
cubic feet, Growth was steady until 1950, when
the number of reservoirs jumped from B0 to 125,
with a capacity of 774 hilllon cubic feet, At the
end of 1865, reservoirs numbered 293 in 24 states,
witha capacity of 4,1 trillion cubic feet (Perkins,
1962).

The firet known experiments in Illineis with
underground gas storage were made by Buperior
01l Company at New Harmony in 1941, TFifteen
million cubic feetof gas was injected into a Penn-
sylvanian water sand. When the well was opened,
some gas flowed back, but then salt water shut
off the flow and the experiment was abandonecd.
The first practical use of underground gas stor-
age inIllinois was by MisslssippiRiver Fuel Cor-
poration at Waterloo in 1950, In 1952, Natural
Gas Plpeline and Panhandle Eastern Pipeline Com-
panies started their large projects at Herscher and
 Waverly, respectively. BSince then, the number

200 -
180
160 o
T 140 -
2
o i
£
i
120 4
T
Z
= o
w
§
w
5 ao - 20
& | "
Bl -
L
[ S opme 2
g %
P L %
b o - o
- - p
40 4 ey
F L =
- - b &
- -
p—y T =
20 | ~ Le
- Ok
J - H
Y Lt I
o " "1 T T T T I T T T T T o

& 55 B4 83 5% 47w 5% 60 & 4@ B3 A4 63 BB
Year

Figure 1 - Number of underground natural gas stor-
age projects and amount of storage gas
in llinois, 1952-1966.

of projects and their capacity have grown contin-
uously (fig. 1).

T1linois ranks fifth intotalreservolr capa-
cityamong states that have underground gas stor-
age. Pemnsylvania, Michigan, QOhic, and West
Virginia each have 1% to 2 times the capacity of
Illinois (Martinson et al,, 1966),

GAS STORAGE ECONOMICS

In a study of 181 United States storage
fields, Coats (1966) showed that fixed charges
aceounted for 80 percent of total storage costs.
These fixed charges included depreclation, return
on investment, and taxes, About one-third of the
total investment was for "cushion" gas—gas that
cannot be withdrawn for practical reasons during
the normal operation of the storage project (see
page 14), About 50 to 60 percent of this cughion
gas is considered nonrecoverable and should bhe
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depreciated, The depreclated investment for all
181 fields was 92 cents per thousand cubic feet
(Mcf) handled or 27¢/Mef In storage at the end
ofthe year. Forll aquifer storage reserveirs, in-
vestment was $1,26/Mcf handled or 41.3&/Mef
inventory. The investmentper Mcfperday deliv-
ery capacity was #$46,50 for all 181 fields and
%66 for the 11 aquifer storage reservoirs,

Coats also showed that the average cost
of aquifer storage was about 24¢/Mef withdrawn,
compared with about 16 cents for storage in de-
pleted dry gas fields. This resulits partly from
the fact that agquifer storage requires exploratory
tosting and development to establish the presence
of a structure with a satisfaciory caprock. Also,
aquifer storage sometimes ls plagued by leakage
problems that must be overcome by reinjecting
gas, withdrawlng water, or other costly expedi-
ents, Furthermorc, dry gas storage generally re-
gquires less expenditure for new wells, Sometimes
storage gas taken from a depleted gas reservoir
requires no dehydration. Finally, the depleted
gas reserveir itself may supply a considerable
amount of the cushion gas, at reduced cost.

ENGINEERING OF GAS STORAGE PROJECTS

Many complex problems arlse when a gas
storage project is planned, These problems gen-
erally must be handled by experienced enginecrs
and geologists. Anyone who wishes to make a
serious study of the subject should consult the lit-
erature ongas storage, inparticular, the compre-
hensive monograph by Katz etal, (1963}, Thafol-
lowing gives a brief intreduction to some of the
engineering aspecta of gas storage.

Nature of Underground Gas Storage Reservoirs

To store natural gas underground the fol-
lowing are needed: (1) rock layers with sufficlent
permeability and porosity to accept and hold the
gas, (2) an impermeable caprock overlying the
storage rock to prevent upward migration of gas,
and (3) a geologic trap to keep the gas from mov-
ing in a horizontal direction; this trap may be a
dome or closed anticline caused by gentle upward
arching of the strata, a stratigraphic trap caused
by updip gradation of the reservoir rock from sand-
stone to shale, or a trap caused by faulting that
seals the updip sidc of the reservoirby emplace-
mentof an impermeable bed adjacent to the reser-
voir, Exploration for an underground gas storage
site is discussed by Buschbach (1963).

The porous storage rock in a geologic trap
under the caprock is called a reservoir, This res-
ervoir may have been filled originally with oil or
gas and thus may be a depleted oil or gas reser-
vair, On the other hand, the reserveoir may have
been filled originally with water; in this caze, it
is calleda naturalaquifer, The water in an aqui-
fer could be fresh or salty; in Illinois, however,
freshwater agquifers are not used for gas storage
because they are too valuable as sources of wa-
ter for human consumption,

Illinois has more aquifer storage capaclty
than any other state (Martinson et al,, 1966, p.
14), More than 90 percent of underground gas
storage in Illinois is in agulfers; some gas 1s al-
so stored in small abandoned or partially deplet-
ed gasreservoirs. Thus far, no abandoned ollres-
ervolr has been used for gas storage in Illinois,
but Natural Gas Pipeline Company of America 1s
preparing to store gas in the Devonian oil reser-
voir in the Louden Field, Fayette County,

In a few casesa, gas is stored in a reser-
volr associated with an oil producing structurg;
for example, at 5t. Jacob, Illinois, ollis produced
from the Galena (Trenton) Limestonc Group and
gas is stored several hundred feet below, in the
St, Peter Sandstone,

Avariety of traps are used tohold storage
gas inlIllinois. The Herscher Dome is an example
of a structural trap, and Tilden is a stratigraphic
trap. Trapping at Troy Grove is partially the re-
auit of faulting, Hookdale is acombination struc-
tural and stratigraphic trap, In some cases, the
reservoir not only has a tight caprock, but it is
bounded on all sides and on the bottom by rela-
tively impervious rock, The reservoir in the Cy-
press Sandstone at Cooks Mills 1z a sand lens of
this type. Such a reservoirbehaves like a closed
container. In predicting its behavior, the eng-

ineer needs to consider only the compression and

expansion of the storage gas as itis injected and
withdrawn,

Tllinois gas storage projects show a great
diverzity with respect to lithology, original fluid,
and type of trap (table 1), However, over 90 per-
cent of the storage capacity is in Ordovician and
Cambrian sandstone aquifers; thus, we will con-
centrate ourdiscussion on that type of reservoir.

In many ways, a gas storage reservolr be-
haves like areservoir that produces gas naturally.
Therefore, gas storage engineers and geologists
have been able to borrow much of the technology
used in the gas producing industry, On the other
hand, when gas i3 withdrawn from storage, parts
of the reservolir mayresemble an il regerveir sub -
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jocted to certain primary and secondary recovery
processes, Therefore, the gas storage induatry
has also used techniques that were developed by
the oil recovery engineers (Katz etal., 1959; Craft
and Hawkins, 1959),

Although gas storage reservoirs and natu-
ral oil and gas reservaolrs are similar in some re-
spects, they differ in many ways. Ina storage
reservoir, the injection rates and deliverabilities
of wells generally must be congiderably higher
than those that might be used in some gas pro-
duction or secondary recovery operations. Ina
gtorage reservolr, the engineer must not inject at
too high a pressure or he may fracture the cap-
rock. This is not a problem In gas production,
although it may be in secondary oll recovery.
During the initlal injectlon of storage gas, be-
cause of the high flow rate, the gas fingers and
channels, as a result of permeability variations,
Also, because of the high flow rate in a storage
reservoir, gravity and capillary effects are less
pronounced than in many oil and gas rescrvolrs,
at leastin the early stages of Lnjection of storage
gas. Finally, the volume of storage gas changes
very rapidly during the injection and withdrawal
parts of the storage cycle, in comparison with
the changes inthe volume of 2 gas produeing res-
ervoir, Por this reason, the movementof the out-
er boundary of the storage reservolr is generally
more rapild and more complex than that of a gas
producing reservoir.,

Because of the differences between stor-
age reservoirs and oil and gas reservolrs, gas
storage engineers have greatly extended the tech-
niques and concepts of petroleum reservoir engl-
neering, :

Behavior of Fluids in Storage Aquifers—
Development of Storage "Bubble"

When gas flows through a porous, water-
saturated rock, it does not displace allof the wa-
ter from the pores of the rock, Even after a large
volume of gas has been injected, the rock still
contains a "residual water saturation," This re-
aidual water saturation varies from about 15 to
30 percent of the pore space in typical aquifers;
it must be taken into agcount when an estimate
{s made of the amount of gas in a given volume
of aquifer rock. As relatively dry gas is cycled
into and out of the aquifer, the water in the rock
around the well evaporates. As the rock dries
out, it develops a greater capacity for gas; the
permeabllity of the rock to the gas also increases,

resulting in higher injection and withdrawal rates
in the operating wells,

Let us consider an ideal agquifer that has
the same permeability throughout, Further, let
us assume that theregervoiris isotropic—thatis,
it has the same permcability in all directions,
One would cxpect thatwhen gas was injected into
a well in such an aquifer, the gas would displace
water uniformly in all directions and form a "bub-
ble" with a circular interface betweenthe gas and
the water, In practice, howcver, no agquifer has
such ideal uniform properties. Generally, the
permeability of the rock varies with depth; also,
the horizontal permeability is usually greater than
the vertical permeability, The result is that gas
that iz first injected into such an aquifer prefer-
entlally flows into the zones of higher permeabil-
ity. Later, gas rises into the rock above these
permeable zones, while water trickles down into
them because of gravity, Gradually, the entire
space around the well becomes filled with gas to
some degree to form a bubble with more or less
uniform saturations of gas and water {fig, 2}, This

injaction wall

a. Early stage

=

b. Loter 3toge

Waoter

¢. 5Nl loter, where gas phose may
pe considered to be "o bubble

Figure 2 - Development of gas bubble in an agui=-
for (Katz et al,, 1963, p. 130},
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TABLE 1 = UNRERGROUND WATURAL CAS
Operational dates
County {inilkial} Humber of wells Ceologie dara
Township Devel- | Stote | With— | Oper= | Obscr- Stratigraphic | Lithal- Trap Natbive
Frojoct Company kange opment | age dragwal | ating | vation | Other unit oy fluid
Ancona— Worthern Illinois LaSalle & Liv- 1761 L9 1365 34 14 —  Mt, Simen aand dome water
Garligld Gag Ca, ingston
9, MH
2, HE
Ashrore gentral Illinois Coles & Clarvk 1960 1963 1963 13 a9 —  Hpoom gund anei-
Public Service 12N Salem 1lime aline gas
10E, 11E, 14M
Cenkralia Illtnols Powar Co, Marion 1960 1964 1966 15 3 0 Penpsylvanlan  gand atratl-  gas
East IN gtaphic
1E
Cooks Mills Natural Gag Pipe— Coles & bouglas 1956 1957 1358 22 9 8§ CGypress agnd lens Ead
line Co, 14N Spar Mountain
7, BE ("Rosielare™)
Crescent Northern 1llipeis  Iroquoels 1959 1967 — 5 20 —  5t. Peter aand dome wWakar
Gity a5 Co, h, 27N
13W
Elbridas Midwestern Gas Edgar 1961 1964 1966 4 f 0 Grand Tower Line reef waker
Transmisaien Co, 12, L3N
11W
Freshurg I1llpais Power Co. 5t, Clairc 1958 195% 1359 68 ] 9 Cypress aand strati-  gas
1, 28 graphic
™
Cillespie= Illineis Power G, Macoupin 1358 1958 1959 7 o (t FPennaylvanlan sand steati-  gas
Benld BN graphic
bW
Glasferd Central Illinals Peoria 1960 1364 1964 7 12 D Hingaran doko— dome water
Light ¢o, Fi mite
GE
Herscher Natural Cas Pipe-  Kankakea 1952 1953 1953 65 15 107  Galesville aand anti- waker
line Co, 30 o clina
10K 195F 1957 1958 55 27 ——  Mt, Simoh sand anti- water
cline
Hetscher— Natural Gas Pipe=  Kankakee (being developed) 10 1 —  Mr. SImen” gand anti- waker
Northwest line Go. 30, 2IN cling
9E
Hnokdale 1llinols Power Co. Bond 1962 1963 1963 10 2 0 Yankeetown sand strati-  pas
A} {"Benolat') graphic
W & strug—
tural
Mahomek Paoples Gas, Light Champailgn 1960 1964 1966 15 10 —— Mt, Simon aatid Antl— water
& Coke Co. 21N cline
iE
Hevins Mldwestern Gas Edgart 1961 1965 1966 7 7 0 Grand Tower 1 ime reef water
Tranamission Co, 12, 13N
11w
Pontiae Hortharn I1linoia Livingston (heing developed) 5 11 ——  Mt, Simon aand dome water
Gas Co. 27, 28N
&E
Richuwoods Gas Utilities Co, Crawford 1966 1966 1966 1 2 0 Pemnaylvanlan  sand — -LH
&N
11W
St. Jacob Migsissippi River IMadison 1963 1763 1965 9 3 2  5t. Perer sand dome water
Fuel Corp, JN
&
State Line Midwestern Gas clark, Ill., & 1961 1962 L1964 7 6 —  Grand Tower lime Teef waker
Tranzmizsion Co, Vigoe, Ind.
12N
100
Tilden Tllinois Power Co. 3t. Glair & 1957 1961 1961 45 i 0 Cypress saud agrat{-  wae
Waahington geaphlic
s
5, 6W
Troy Grove Northern Illinois  LaSalle 1957 1958 1959 84 27 ——  Eau Claire Band dome water
as Co, 14, 35N Mt. Simon
1E
Waterloa Misziszippi River Monroe 1930 193) 1951 & ] 22 Ordoviclan sand & done waker
Fuel Corp, 1, 2% dnlo—
108 mite
Waverly fanhandle Eastern  Margan 1952 1954 1861 27 1% B 5¢. FPerer sand dome vater
FPipeline Lo, 138
2w

AMillion cubic feet
*Current storage ultimate ¢apasity not available
CIncludes Elmhurst Member of overlying Eaw tlaire Formation
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Resarveir data

Capacities (l‘mcf)a

Withdravals (MMef)

Area in acces Avcrage Averape Fotential, Fresent Pgak
Depth Thickness patroesity permeability cashien and daily, Total,
Scorage {losure (feck) (feer) [¥A] {millidarcys) warkLng Warking Cushion 1966 L9k
R 12,840 ¢,154 290 12,5 114 100,000 7,000 7, DO 77.0 360
—_— 1,600 400 4u80 15.0 up o 3,000 2,000 429 945 14.0 10
463 —_— Bl& 49 18.2 200 615 112 225 4.8 18
— 1,500 1,600 40 16.0 67 3, 790" 2,224 1,566 s6.1 2,392
—_— 16,725 1,200 130 14.5 138 3,000 —_— — — —_—
— 1,891 1,925 145 17.5 18 6,270 — — 11 81
4,222 — 340 47 21.5 216 6,507 1,871 4,636 37.6 1,551
113 —_— 510 I8 16.0 326 147 3¢ 116 4.4 14.1
— 3,200 £00 ap-120 12,0 ¥} 9,000 1,000 Z,000 a0 373.8
6,750 4,000 1,750 100 1&.0 467 75,000 18,880 2,283 1,054 16,336
7,500 8,000 2,450 a0 12.0 185 67,000 18,990 25,904 148 8,300
— a,000 +L200 58 15,10 a2 20,000 —_— —_— —_— —_—
414 28 1,125 28 0.2 458 798 512 286 0.4 7564
—_ 13,370 3,950 16 11.0 L5 30,000 1,500 10,749 21.7 177.8
—_ 1,650 1,975 a0 16.5 25 3,800 —_— —_— 16 0
e 3,300 3,000 100 10.0 — 50,000 — 705 0 0
— — 700 — — — 32 — - 0.5 4.8
550 650 2,860 100 14,0 800+ &, 800 1,200 2,600 41,0 1,708
—_ 436 1,860 91 17.3 4y 2,300 —_ —_ 13.0 652
1,287 _— 800 a 20.5 183 2,688 869 1,819 4.5 1,193
—_— 9,600 1,420 100 17.0 150 64,000 22,217 24,220 650 22,762
100 300 1,650 100 VUEEY — 250 150 100 17.7 548
1,500 7,000 1,800 115 18.0 1,220 150,000 &,000 12,000 142 6,636
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Figure 3 - Change in gas
bubble pressure during
development and oper-
atlon of an aguifer stor-
age project (adapted
from Katz etal., 1963,
p. 13},

.gas bubble of go3
Ist winiér

may take many months, depending on the perme-
ability and inhomogeneity of the aquifer.

Even after 4 uniformly saturated bubble has
been formed, it will not necessarily have a flat
bottom. Katz et al. (1963, p, 131) show that the
hottom side of the bubble should be concave down-
ward during gas injection and concave upward dur-
ing gas withdrawal. Chaumet, Crolssant, and
Colonna (1966) found that in an actual reservoir,
even after 8 years of operation, the hotiom slde
of the bubble was still quite irregular in shape.
These eifects can serlously reduce the useable
storage capacity of a glven structure in an acuifer,

The storage engineer must develop abub-
ble large enough to satisiy his needs for the high-
est "poak" load that he can anticipate in a heat-
ing season. The simplest way to do this would
be to start injecting gas into the aquifer, as de-
scribed above, and to continue injection until the
bubble was big enough, This, however, would
create a problem, because gas is ugually avail-
able from the supply pipeline only during the sum-
mer when demand is low, Furthermore, the engi-
necr mustoften withdraw gaslong before the bub-
ble has reached the desired size; therefore, the
bubble is usually developed through a series of
injection and withdrawal periods. Eachyear more
gas is injected than is withdrawn, until the bub-
ble finally reaches the required size. Thiz may
take 2 to 5 years, or more.

Figure 3 shows how the pressure intheres-
ervolr varies as the bubble is developed, When
gas ls injected into an agquifer, water is displaced
from the pores of the rock around the injection
well, Where docs this water go? If the storage
formation crops outnecarby (or if itis in communi-
eatlion with other formations that crop out nearby) .

a——— Growth of == =—Withdrowal —=|*— Injection of
Qos, |5t summer

*Withdrowal =
of gos,
2nd wintar

some of the water can be forced to the surface,
Onthe other hand, if the storage formation extends
for many miles underground, which 1g usually the
case, the net effect ls merely to compress the
water and the rock around the storage bubble, as
gas is injected. In a typical storage aquifer,
roughly half of the space for the injected gas is
created by the compression of the solid rock ma-
trix and halfis created by the compression of the
water in the pores of the rock, Near the storage
bubble the fluid pressure in the pores of the rock
is the same as it iz within the bubble, As the
distance from the storage hubble increases, the
density of the water-saturated rock and the pres-
gure in the rock decrease. Atadistance of several
miles, the density and the pressurc are practi-
callyunchanged, even at the end of the normal in-
jection season,

At the beginning of the gas withdrawal sea-
sonthls process is reversed, The pressure with-
in the storage bubble is reduced, permitting water
to flow back into the bubble. The energy for this
flow of water is produced by the expansion of the
water-saturated rock around the bubble. Thus,
the rock around the storage bubble acts like alarge
elastic reservoir, Durlng the injection period,
the rock iz compressed, making room for more gas
in the storage bubble, Then, during the withdraw-
al period, 1t expands, providing the energy to
drive water into the bubble and displace some of
the gas from it,

The petroleum production engineers en-
counter similar conditions whenthey try to predict
the behavior of an eilor gas producing deposit in
an aquifer, Van Everdingen and Hurst (1948) have
presented methods for solving this problem, Katz
et al, (1963) have shown how the Van Everdingan
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and Hurst method canbe applied to specific prob-
lems in gas storage In aquifers, For example,
suppose we know the following: initial pressure,
thickness of reserveir, bubble radius, permeabil-
ity of storage rock, and porosity of storage rock.
The storage bubble grows at a constant rate, o
that s, water ig displaced at the rate ey, [t is
assumed that the aquifer is verylarge in compar-
ison with the storage bubble, How will the reser-
voilr pressure change with time, as gas iz injec-
tad 7 This can be found in the following manner,
First, the "dimcnsionless time, " tn. 1s calcula-
ted:

. = 6.33x107%ke W)
D 2
pocry
where
K = permeability, millidarcys
t = time, days
p = viscosity of water, centipoises
¢ = porosity, fraction
t}, = bubble radius, feet
¢ = composite compressibility of the water-

gaturated porous formation,
volume
volume x pounds per square inch (psi).

Then, by referring to Appendix A of Katz et al.
(1963), the value of the “dimensionless pressure, ™
Pt. is found that corresponds to this value of tn.
Finally, the reservoir pressure, p, is calculated
from:

25.15e 1
P=Pg- Xh

P, (2)

where

Do = initial reservoir pressure, pounds
per square inch ahsolute (psia)

h = thickness of aqulfer, feet
(e i5 given a negative sign if
water moves away from the storage
bubble; it is given a positive sign if
water moves toward the bubble).

On the other hand, suppose we have a bub-
ble of known thickness and radius. We propose

to inject gas into the bubble while maintalning
the pressure in the bubble at a pressure, p, a-
bove the pressure, D, in the agquifer, We wish
to caleulate how much water will be displaced dur-
ing a given period of gas injection, TFirst, we cal-
culate this cumulative water cfflux, Wg, in terms
of Q. "dimensionless water cfflux, " by substi-
tuting the known values of ¢, ¢, rp, h, pg. and
p in this equation:

WE=6.283¢crgh(p-po)Qt. (3)

Next, we calculate the dimensionless tlme, tp,
from equation (1). Then, from Appendix B of Katz
etal, (1963), we find the value of @, that comes-
ponds to this value of tp, Finally, we insert this
value of Q, in equation (3) to give W, the volume
of water t}'tat iz displaced. This enables us to
estimate how the bubble will grow asgas s injec-
ted into the reservoir,

1f the aquifer is enclosed, a2 ina sand
lens surrounded by shale, it 1s called a "limited"”
aquifer; the treatment of the problem is the same,
but different values of Q; are used.

inthe calculations outlined above, theas-
sumption 1s made that within the gas bubble only
gas flows and that outside the bubble only water
flows. Thiz assumption does notcause any seri-
ous errors after a large bubble has been devel-
oped; but in the early stages of development of
the bubble, this iz an overly simplified picture,

Actually, as gas displaces water from the
aquifer, both gas and water flow through the rock
in the same direction, In any given part of the
rock, the flow of gas depends on the gas satura-
tlon—the greater the gas saturation, the higher
the flow rate of gas. Llkewlse, the greater the
water saturation, the higher the flow rate of water,
Woods and Gomer (1962) approach this problem
in the following manner:

Ry = rading of well
Ry, = radius of bubble
Re = maximum radius to which

bubble grows.

In the region from Ry, to Rys two-phase flow oc-
curs (both water and gas flow), Qutside Rg, only
water flows., Woods and Comer apply the equa-
tions for two-~phase flow to the region between Ry
and R,, Qutside R, they use Van Everdingen's
and Hurst' s (1949)" equations for flow of a com-
pressible liquid. By combining these equatlons,
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they obtain a solution that describes the behavior
of the aquifer more exactly,

In choosing the upper limit of pressure in
the storage bubble (pmay)» consideration is glven
to the pressure per foot of depthand to thediifer-
ence between the initlal aquifer pressure and the
bubble pressure {(see p. 15}, The lower limit
(pmin) during the gas withdrawal period depends
onthe economics of compressing gas thatis with-
drawn and the storage capacity that is reguired.
If ppin 15 set at too high a value, the working
capacity may be too small, On the other hand, if
Pmip 18 too low, the cost of compressing the gas
for delivery to the pipeline may be 1oo great.

Caleuwlation of the storage capdcity forgiva
en values of ppay and ppip would be a simple
matter if water at the outer edge of the hubble did
not move during the period of gas withdrawal, The
amount of water movement canbe estimated by the
method outlined above for estimating the rate of
growthof a storage bubble. Experience shows that
in a typlcal withdrawal season, abput 10 to 20
percent of the bubble volume is filled by water
that flows lnward as gas 1s withdrawn,

Let us assume thatof the rock fillad with
gas at the startof withdrawal, 10 percentbecomes
flushed with water during the withdrawal season,
This supplies a volume ofgas equal to one-tenth
of the total amount of gas thatwas in the storage
bubble at the beginning of the withdrawal season,
(A small amount of gas is trapped in the rock when
it ig flushed with water; this usually iz so small
that it can be neglected). In addition, in nine-
tenths of the original bubble, the pressure is re-
duced from pyax 10 Pmin. The velume of gas sup-
plicd by this pressure reduction can easily be cal-
culated by means of standard formulas involving
the known temperature, pressure, and compressi-
bility of the gas.

Reserveir Capacity

The gas content of a reservoir ¢canbe cal-
eulated from the following equation (Katz et al,,
1959, p. 456):

P Ty,
Py Tz

O =43,560 Aha (1 - 8) (4

wharg

Q) =gas in place, cubic feet, meas-
ured at Pb and Th

A = areal extent, acrcs
h = thickness, feet
¢ = fracticnal porosity
8 = fractional saturation of
pore space with water
(for Illinois aquifers, S
iz usually about 0.15 to
0.30)
P =reservolr pressure, psia
Fj, = measurement pressure base, psla
T =reservolr temperature, 'R
T}, = measurement temperature base, °R
z = compressibility factor for gas

In this calculation, the reservoir is con-
aidercd to be ofuniform thickness, h, If the struc-
ture of the reservoirdoes notpermit this assump-
tion, the gross volume of the gas-filled rock is
determined by planimetering the isopach map; the
sum of the number of acre feet is inserted in the
above equation in place of the volume factor, Ah.
The quantity, Q. whichis obtainedin this manner,
is the total amount of gas in the reservoir, Ex-
perience shows that usually about half of this gas
is available for use In meeting peak load needs
("working gas"), The other half is known as
"cushion gas, "

Although the cushion gas is not avallable
during the normal cycling of the reservelr, this
does not mean that all of the cushion gas will be
lost when the storage reserveir 1s eventually a-
bandoned, Katz (1966) shows that the gas lost
at abandenment of an aquifer includes (1)} low
pressure gas cap at the top of the agquifer (this
pormits gas to be produced without 100 much in-
terference from advancing water), (2) gas trapped
in the sand below the abandonmentgas-water con-
tact, and (3) gas dissolved in the water in and
below the original storage bubble, Ina typical
case, the gas tobe lost atabandonment was eati~
mated tobe 35 percentof the maximum inventory.
This value, of course, will vary from one storage
aquifer to another.

After the reservoirhas beenfilled withgas
and cycled once or twice, a working plat of gas
volume versus observation well pressure can be
drawn, Often changes in this working curve can
be uscd to infer changes in the behavier of the
rasarvolr.

Well Performance and Injection Pressurcs

Water pumping tests can be made on a
well that penetrates the storage agquifer; from the
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results of these tests, the effective permeability
of the reservoir rock can be calculated., Then,
by standard reservolr engineering methods, the
performance curve of a gas injection (or producing)
well can be predicted.  Qr, f the permeability
of the aquifer is known from core analyses, the
performance curve of a well can be calculated.

"This enables one to estimate the number of oper-

ating wells that will be needed for the anticipa-
ted peak production rate. A good general discus-
sion of practical problems in the testing of wells
in gas storage flelds is given by Guinane and Eva-
rencs (1964),

The higher the injection pressure, the
greater the rate at which the storage bubble is
developed, However, if gas iz injected at too
high a pressure, the caprock may be fractured,
Experience with hydraulic fracturing of oil and
gas producing wells to increase production of these
wells shows that sand-face pressures from about
0.7 to 1.0 psi per foot of depth are required to
cause fracturing., In gas storage aguifers, in-
jection presaures of approximately 0.55 psi per
foot are often used, '

Besldes pressure per footof depth, the dif-
ference hetween the injection preasure and the
initial fluid pressure in the aguifer must also be
congidered, In the ecarly stagesz of the develop-
mentof the bubble, this difference is usually held
at about 100 psi, If experience shows that this
causes noleakage problems, the pressure differ-
ence isthen increased to 200 psi or more. Selec-
tion of both the pressure per foot of depthand the
pressure difference depends on the judgment of
the storage engineer,

Caprocks

As pointed outabove, ifgas 15 tobe stored
in a porous reservoir, the reservoir must be over-
lain by a caprock that is relatively impervious to
gas, In theory, this caprock need not have an
extremely low permeability if it has a sufficiently
high threshold pressure, {(Threshold pressure s
the pressure required to force gas into the pores
of the water-wet rock.) In practice, the caprocks
that are considered for storage purposes general-
ly have extremely low permeabilities (1 o-4to10-6
millidarcys) as well as high threshold pressures,

A number of criteria are used to indicate
whether or not a caprock may leak (Bays, 1964;
Witherspoon, Mueller, and Donovan, 1962; With-
erspoon and Neuman, 1966}, Careful measure-
ments of the head of water in wells drilled into
porous zoned above and belowthe caprock some-

times give useful reaults; a differonce in head is
an indicatlon that the caprock is tight. Also,
samples of formation waters above and below the
caprock can be analyzed; a difference in compo-
sition of the waters 1s an indication that leakage
may not be severe.

The permeability and threshold pressure
of a core sample of the caprock can be determined
in the laboratory, As mentioned above, permea-
billties generally are in the range from 1074 wo
107" millidarcys and lower, Threshold pressures
are usually in the range of several hundred pounds
per square inch, Such measurements gilve the
engineer some assurance that the caprock will be
satisfactory, but they may not indicate fractures
in the caprock through which gas may leak.

Varlous kinds of pumping tests have been
devised to galninformation about the in gitu per-
meability of the caprock, Hantush (1956) shows
how drawdown measurements in an observation
well in the storage formation can be used as wa-
ter is withdrawn or Injected into the formation
through ancther well. He also shows that while
water 16 pumped from one well, drawdown meas-
urements in a number of other wells can be used
to glve an estimate of the caprock permcability.
Thus, a plotof r {distance from pumping well} ver-
sus log mj (m; =slope of the drawdown versus log
time curve) gives a straight line, The intcrcept
atr =o 15 log (my),. Katz etal, (1963, p, 123)
show that Hantush' 5 equations reduce to the fol-
lowing expression, which permits the calculation
of the permeability of the caprock:

(mi)
(9)

h' r my

‘Where

K = permeability of aquifer, millidarcys

h = thickness of aquifer, feet

K' = permeability of caprock, millidarcys

h' = thickness of caprock, feet

my = slope of drawdown curve In well at dis-
tance, r, from the pumping wcll

Witherspoon and Neuman (1966) point out
some of the limitations of such methods as those
of Hantugh, which are based on pressure observa-
tions inthe aquifer alone. Ifcoreanalysis shows
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that tho matrix permeability of the caprock is very
low, any leakage detectable by these pressure ob-
servations is definite evidence of a fractured cap-
rock. (This assumes that the possibility of leak-
age of water through the bottom of the aguiferhas
pbeen excluded,) Onthe otherhand, the sensitiv-
ity of the method is toe low to permit the detec-
tion of borderline cases of fracturing that could
be large enough to permit a troublesome amount
of leakage. In the final analysis, one must rely
on some kind of observatlon in porous zones over-
lylng the caprock.

A method for using drawdown measure-
ments, which were made in an observation well
above the aguifer, to determine caprock permea-
bility is described by Witherspoon, Mueller, and
Donavan (1962}, They utilize the well known
Theis solution of certaln problems in ground-wa-
ter flow. In their method, & pumping well pene-
trates the aquifer; ata distance, 1, from this pump-
ing well, an observation well is completed ina
sone of some permeability in or above the caprack
to a point that iz at a helght, h", above the top
of the aquifer, Wateris withdrawn from the pump-
ing well ata rate of q barrels per day for t days,
resulting ina measured pressure change, Ap' psi,
in the ohservation well,

First, the dimensionlesstime, tyy, is cal-
culated from

_6.331 %1073 Kt

D ¢ucr2

t (6)

Then, from the Theis curve {Witherspoon, Muel-
ler, and Donovan, 1962, fig. 4), the correspond-
ing dlmensionless pressure, Dy i8 read. Next,
Ap, the pressure change in the acguifer at dis-
tance, r, from the pumping well, is calculated
from

PpAGHK
Ap = 3 (7)
Ehx 7.082 x 107

Equation (6) is similarte equation (1) used
by Katz et al, (1963) in calculating pressure
change and water efflux. Katzet al. use the sym-
bol Py fordimensionless pressure, although With-
erspoon, Mueller, and Donovan (1962) use the
symbol pyy.

Tﬁe onstants in egquations (6) and (7).
6.331 x 107° and 7.082 x 10'3, are used when

the units for the variables are as given above;
that is, permeability is in millidarcys, time in
days, viscosity in centipolses, compressibility
in voluma/(volume x pai), thicknesses and dis-
tances in feet, pressure in psi, and flow rate in
barrels per day. If other umits are uzed, differ-
cnt values must be used for these constants,

The ratio (Ap' /Ap) 1s calculated. Then,
the dimensionless helght, H, 1s calculated:

h +hh" ) (B}

ﬂ:

From Witherspoon, Mueller, and Donavan {1962,
fig. 7)., the parameter c is read, Finally, the
permeability of the caprock is caloulated from

K= —. (9}

Methods like these can give only an effec-
tive permeablility; that is, the caprock acts as
though it were a homogenaous rock with the given
permeability. In fact, the observed leakage may
be due to a rock ef uniform or nonuniform permea-
bility, or a fractured rock.

In some cases, the caprock itself may be
tight, but a leak may exist at one point, perhaps

because an old unlocated well was not properly:

plugged. Burnett (1967) gives a method for locat-
ing such a leak, As gasls withdrawn from the
storage reservoir, the water level s meagured in
three observation wells inthe caprock, Thetimes
required for a given response inthe wells {(for cx-
ample, a 50-foot drop in water level) are meas-
ured, These times are proportional to the square
roots of the distances fromthe wells to the leak.
The wells are considered in pairs; the locus of
polnts 1s constructed whose distance is propot-
tional to the square roots of the response times
for each pair, The common polnt of intersection
of the three locus lines is the calculated point of
the leakage.

Difficulties caused by leakage of the cap-
rock can often be overcome by cycling the gas
from an upper formation into the principal storage
aquifer. Sometimes water is withdrawn to reduce
the aquifer pressure; in other cases, water is in-
jected into strategic areas to control leakage, I1-
linols companies have been among the ploneers
in the testing and development of such methods,
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LAWS AND REGULATIONS CONCERNING
UNDERGROUND GAS STORAGE

Pipeline companies and other companies
subject to the regulations of the Federal Power
Commission muat satiafy the requirements of that
Commigsion with respect to any proposed under-
groungd gas storage project, Public utilities op-
erating inllinoiz are subject tothe "Public Util-
ities Act" (111, Revised Statutes, 1965, chapt,
111 - 2/3), Under Section 55 of this Act, the Ii-
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Figure 4 - Southern limits of use of the Mt. Simon,
Galesville, and 5t. Peter SBandstones as sources
of potable water (prepared by R. E. Bergstrom},

linois Commerce Commission is directed to issue
an order authorizing a new facility (such as an
underground gas storage project) after it has found
that the new facility 1= nccegsary.

In additlon, gas storage companies that
operate inIllinols are subject to certainrules and
regulations of the Ilinois Department of Mincs
and Minerals and of the Illlnoiz Sanitary Water
Board. Each well that is drilled requires a per-
mit from the Department of Mines and Minerals,
The Illingis State Mining Board 1s authorized to
make rules and regulations to prevent the pollu-
tion of freshwater supplles by oll, gas, ar salt
water (Il1, Revised Statutes, 1965, chapt, 104,
secs, (62-88; Illinois Dept. Mines and Miner-
als, Division of Oll and Gas, 1961). Further-
more, the storage company may need to furnish
evidence to the State Sanitary Water Board that
the proposed storage project will not result in
the pollution of potable waterz (I11, Revised
Statutes, 1965, chapt. 19, secs, 145-1 to 145-
18),

From the standpoint of water pollution,
each gas storage project ls a separate problem,
However, some broad guidelines may he helpful
to one who is considering the possibility of under-
ground storage. The principal aquifers used for
storage in Illinois are the St, Peter, the Gales-
villeg, and the Mt, 3imon Sandstones, The map
of these sandstones (fig. 4) shows the areas
where these are used as freshwater sources, As
ageneral rule, a given aquifer cannot be used for
gas storage if itis a potential freshwater source.
Of course, no sharp dividing llne exists between
waters that are definitely fresh and thoge that are
definitely salty, and under some clrcumstances,
waters containing several thousand parts permil-
Hon of solids may be consldered useable, The
Sanitary Water Board might require that such wa-
tors be protected against pollution; this could pre-
vent the storage ofgas in formations where these
waters occur, or it could affect the casing pro-
gram for storage wells in deeper formations.

The Natural Gas Storage Act (I11, Revised
Statutes, 1965, chapt. 104, secs, 104-112) gives
storage companies the right to use private proper-
ty for gas storage purposes in the manner provided
for by the law of emlnent domain. According to
the act, before the right of condemnation can be
excreised, the corporation must recelve an order
from the Illinois Commerce Commission approving
the proposed storage project, Furthermore, the
Commerce Commission cannot issue such an or-
der unless it finds that the proposed storage (1)
will be confined to strata lying more than 500 feet
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balow the surface, {2) will not injure any water
resources, and (3) will involve no condemnation
of any lnterast in any geologlcal stratum within
the area of the proposed storage containing oil,
gas, or coal,..in commercial quantities (para-
phrased and condenszed from parts of the Natural
(as Storage Act; for further details consult the I1-
linois Revised Statutes and the files of the Iili-
nois Commerce Commission since 19531),

Thus, a company that has difficulty in ac-
quiring storage rights from the owners of the min-
eral rights in a given storage area must meet the
provisions of the Natural Gas Storage Act if it
wishes to exercise the right of eminent domain.
However, a company that already has leases that
permit it to store gas may not need to exerclse the
rightof eminent domain, and thus itmay not have
to satlsfy the depth requirement of the Storage
Act. Por example, a depleted gas reserveir such
as Freeburg can be used for storage even though
its depth (350 feet) isless thanthe 500 feet spec-
ified in the Natural Gas Storage Act.

To summarize, in Illinois, a given gas
storage project may have to satisfy the require-
ments of the Federal Power Commissien, the I1li-
nols State Mining Board, the [llinois State Sani-
tary Water Board, and the IllinolsCommerce Com-
mission, depending on the circumstances,

PUTURE OF UNDERGROUND GAS STORAGE
IN ILLINOIS

Pilpeline companies and distributing com-
panies are still actively seeking new reservoirs
for storage ofgas. Thetotal volume of gagin un-
derground storage inthe state will probably be in-
creased by 50 percent or 3¢ within the next few
years,

Competition from ¢oal and from nuclear en-
ergy sources mayrestrict opportunities for selling
gas on an interruptible basis for electric power
generation, This could give economic incentive
for the developmernt of more underground gas stor-
age to handle excess gas brought Into the state
by pipelines during the summer months, On the
otherhand, if the use of high-sulfurcoal and fuel
oil is cut back because of air pollution contrels,
demand forgas on afirm as wellas an interrupti-
ble basis may increase, Thig couldresult in de-
creased pressure for the development of new un-
derground gas storage. At thiz point, we cannot
determine which of these effects will be dominant.

Unless suitable aquifers are found, more
depleted oil reservoirs, such as the Devonlan in

the Louden Field, will probably be used for gas
storage, In addition, many small abandoned oil
and gas reservolrs may be used for small atorage
projects, Suchreservoirs, although of little val-
ue to the large pipeline or distributing company,
might be profitably used where an industry or a
town needs a small amount of storage. In some
cases, the gas storage operation may result in
the production of additional oil from abandoned
reservoirs, which may pay for a partof the stordge
cosats (01l and Gas Jour,, 1967},

Besidos storage in aguifers or indepleted
oil and gas reservoirs, alternative methods of
storlng gas will be developed, For example, the
gas may be stored as a Uquid {(LNG), or storage
caverns may be blasted innonporous rock by means
of nuclear explosives (Coffer, 1967; Witherspoon,
1966), In [llinois, LNG storage cannot compete
with aquifer storage because of the greater cost
of ING, However, LNG maybe used onarelative-
ly small scale to supplementaquifer storage when
alarge amount of gas 1s needed for a short time,
Underground caverns blasted by nuclear cxplo-
sives are not likely to be used in Illlnols. Nu-
clear explosions would not be permitted near met-
ropolitan areas, where the storage is most nced-
ed. In the less populated areas, where nuclear
explosions might posaibly be permitted, aquifers
and depleted oil and gas reservoirs are available
at a fractlon of the costof caverns formed by nu-
clear explosives, :

Within the next 10to 20 years, a coalgas-
ification indusatry will probably be built up in 1l-
linois, As itisdeveloped, huge gas storage res-
ervoirs will be needed to act as surge tanks, in
case the gasification plants are shut down, and
to take care of seasonal variations in the demand
for gas, Since many depleted oll reservoirs are
near potential sources of coal, these reservolrs
may serve the storage needs of the gasification
plants.,

Underground gas storage should be a grow-
ing activity in Illincis for many years to come.
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SUMMARY OF ACTIVE STORAGE PROJECTS
IN ILLINOIS

At the end of 1966, 19 underground gas
storage projects were operating in Illinois, con-
tainlng a total of aver 200 billion cubic feet of
gas (fig. 1), These projects, plua three others
that have been developed or approved for gas in-
jection, are discussed here, A summary of perti-
nent data is presented in table 1, Several more
projects are invartous stages of development, but
the available data are Insufficlent todiscuss them
at this time. Projects that have been tested and
abandoned or that are inactive and awaiting further
testing are not included in this report,

Information about each projoct was ob-
tained from current statistics and structure maps
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Figure 5 - Underground storage projects and ma-
jor gas transmission lines in Illinois,

kindly furnished by the operating companics, Also
freely used in the preparation of this report was
testimony presented to the Illinois Commerce
Commission during hearings on petitions for cer-
tification to store gas at ecach project, The tes-
timony contains much valuahle information that is
available to the public from the files of the Il
nois Commerce Commission at Springfield, I1li-
nois.

Storage projects in Illinois, in general,
are located near the major centers of population,
such ag Chicago and 8t. Louls, or they are rela-
tively near the main pipeline systems., BSeveral
smaller projects, however, are located in areas
of abandened gas flelds (fig. 5},

All systems of rocks from Cambrian to
Permavivanian are used for gas storage inIllinois
(figs, 6, 7), although most of the storage volume
ig in agquifers of Cambrian and Ordovician age.
Eight projects have gas astored indepleted gas rea.
ervoirg, Illinols Power Company has five of these
projects; Natural Gas Pipeline Company, Central
Illinois Public Service Company, and Gas Utili-
tles Company each have one, All the rest of the
projects have gas stored in aguifers,

The Mt. Simon, Galesville, and 5t. Peter
Sandstones are the most commonly used aquifers
in northern and central Illinois. The Mt, Simon
iz a thick hagal sandstone overlain by shale and
slltstone of theEauClaire Formation, The Gales-
ville is a porous and permeable sandstone that
varies from a feather edge to about 100 feet thick
in northern Illinois, It is absent in the southern
part of the state. Overlying the Galesville is
the Ironton Sandstone, which contains several
beds of dolomite, and the Franconia Formation,
which contains sandstone, shale, and dolomite,
The St, Peteris a permeable sandstone of varlable
thickness, It crops out in northern Illineis and
dips southward under younger strata, Overlying
the 5t, Peter are thin beds of shale and sandstong
of the Glenwood Formation inthe north, and dolo-
mite, shale, sandstone, and anhydrite of the Joa-
chim Formation in the spouth,. The Platteville Lime-
stone Group overlies the Glenwood or Joachim,

At the top ofthe Ordovician Bystem isthe
Magquoketa Shale, which is widespread and rela-
tively impermeable, In many areas, the Maguo-
keta 15 considered an ultimate caprock in the event
of any upward migration of gas stored in under-
lying formations,

The gas storage capacity of[llinols aqui-
fors in presently developed projects ls greater
than the aquifer storage in any other state.
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Ancona-Garfield Project

Operator:
Location:

Northern Illincois Gas Company

Near Ancona, 7 miles southwest of
Streator, T. 2% and 30 N,, R, 2 and
3 E,, Livingston and LaSalle Counties

(5as for the Ancona -Garfield projectis pur-
chased from Natural Gas Pipeline Company of
America, A 24-inchpipeline connects the project
to the Natural Gas Pipeline Company of America
trunkline at Mazon, IHlingis. The gasis consumed
in the suburban Chicago area,

Structure drilling in the area began ln 1958,
and 123 structure tests have been drilled to the
Galena Dolomite Group or deeper, A gravity sur-
vey was run to help dellheate the structure, Gas
was firstinjected in 1963 and the project became
oporational in 1965 (table 2).

TABLE 2 - INJECTION AND WITHDRAWAL HISTORY
OF ANCONA-GARFIELD PROJECT (MMef)

Inventory Peak daily
Year | Injection | Withdrawal (end of yaar) | withdrawal
1363 105 0 105 Q
1964 1,976 0 2,080 0
1965 4,857 a9 6,899 22
1966 9,237 360 14,431 17

The Ancona-Garfleld strugture is anasym-
matrical anticline, 10 miles long and 4 miles wide,
that tronds northwest {fig, 8). At the crest of the
gtructure are the Ancona and Garfield Domes, sep-
arated from each other by a gentle saddle.

The storage reservoir is in the Mt, Simon
Sandstone, an aquifer witha porosityof 12,3 per-
cent, The capreck is the Eau Claire Formation,
which is 400 feet thick, The upper 250 feet of
the Eau Claire consists of shaly and dolomitic
sandstones and siltstones; the lower 150 feet con-
sists chiefly of dense, grayish grcen shale with
thin #ilty and sandy beds at the base.

The Ancona-Garfield structure has 290 feet
of closure on top of the Mt. Simon Bandsatone,
(Closure is considercd the difference in eleva-
tion between the highest point on the dome or an-
ticline and the lowest structure contour that com-
pletely surrounds it.) The Ancona Dome has 96
feetof closure and the Garfield Dome has 89 feet,
When injection of gas exceeds the limits of the

two domal peaks, the gas will comingle through
the saddle area, At that time, the entire anticlin.
al area canbeoperatedas a slngle storage project,

The reservolris 2154 feet deep and covers
about 12, 840 acres. Ultimate capacity of the dual
project has been estimated as high as 100 hillion
cubic feet, about half of which would be working
gas,

The Ancona-Garfield project has 36 injec-
tion and withdrawal wells and 14 ohservation
wells, In each operational well, 7-inch casing
wasz cemented through the storage zone and per-
forated, The normal injection pressure ig 1160
pounds per square inch gauge (psig).

Ashmore Project

Operator; Central Illinois Public Service Company

Location: 8 miles east of Charleston, T. 12 N.,
R, 10 and 11 E,, 14 W,, Coles and
Clark Countles

Gas for the Ashmore project comes from
Panhandle Eastern Pipeline Company and Trunk-
line Gas Company. The gas is congumed in east-
central Illinois,

This reservolroriginally contained gas that
wasdiscovered in 1957, 3ince then, 43 gas wells
have been completed (Meents, 1965, p.2}), Ten
of these wells were completed inthe northern ar-
ea, wherethe small volume of gas 15 used for in-
dividual houzeholds. The southern part of the
field contatns 33 gas wells, 22 of which are now
being used for Injectlion and withdrawal of storage

as.
¢ Gas is being stored in sandstone of the
Spoon Formation (Pennsylvanian) and in the under-
lying Salem Limestone (Mississippian). No at-
tempt is made to segregate injection or production
from the two units, The Penngylvanian gas sand
is 4 to 80 feet thick in the area, generally thick-
ening off structure, Average porosity of the sand-
stone is 16 percent and permeability 1s 144 milli-
darcys, The Salem Limestong has an average po-
rosity of 15 percent with permeability up to 3000
millidarcys, The caprock is several hundred feet
of shale and coal of Pennsylvanian age,

The Ashmore structure is anelongate doma,
It trends north-gouth and has ¢losure of 87 feet
on top of the gas sand and 144 feet on top of the
Salem Limestone and Borden Siltstone (Meents,
1965, p. 13), The dome is about 4 milas Iong and
2 miles wide (flg, 9}, Depth of the regeorvoir is
350 to 446 feet, Ultimate capacity of the reser-
voir ig estimated to be 2 billion cubic foet.
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Moat wells have 43-inch production castng
setin the top of the Pennsylvanian gas sand, and
the wells are completed as open holes, In a few
instances, casing has been sat through the Salem
porosity with the casing perforated by four shots
per foot, No tubing or siphon strings are used,

Normal Injection pressure is 145 paig,
Open-flow potential of the wells ranges from 200
to 7200 Mef per day with an average of 800, The
Ashmore structure was developed for gas storage
in 1960 and became operational in 1363, The a-
mounts of gas injected and withdrawn are shown
in table 3.

TABLE 3 — INJECTTOR AND WITHDRAWAL HISTORY
OF ASHMORE PROJECT (icf)

Tnventory® Peak daily
Year | Injectlion { Withdrawal {end of year) withdrawal
1963 1l 58 253 11
1964 458 115 596 10
1965 489 234 a5l 12
1966 88 310 929 14

*
Working gas

Centralla East. Project

Qperator: Illinois Power Company
location: 1 mile east of Centralia, T,
R. 1 E,, Marion County

1 N.,

Cas for the Centralia East project is pur-
chased from Natural Gas Pipeline Company of
America and is consumed in the Centralia-Mt.
Vernon ared,

The reservoir 15 in a former gas field that
was discovered in 1958, Gas was produced from
1958 to 1964, Injection of storage gas commenced
in 1964 with 272 MMcf injected that year and 61
MMecf injected in 1965, No withdrawals of injec-
ted gas were made in 1965, but the project be-
came operational during the 1966-67 heating sea-
son (table 4),

The reservoir is a stratigraphic trap in a
gsandstone of Pennsylvanlan age. The sandstone
has a maximum thickness of 49 feet and has an
average porosity of 18.2 percent. The reservoir
iz about 812 feet below the surface and covers
463 acres (fig. 10),

The project contains 15 injectionand with-
drawal wells and 6 observatlion wells, In all
wells, 54-inch production casing was set 40 feet

TABLE &4 = INJECTION AND WITHDRAWAL HISTORY oF
CENTRALIA EAST PROJECT (MMcf)

r ' Invenktory Faak dai;‘
Year | Injectfon | Withdrawal | (epd of year) | withdrawal
1964w 272 — 272 —
1965 61 _— 332 —
1966 23 18 337 4,8

below the gas-water contact, Thé casing was per-
forated with four shots per foot at the gas sand.

Normal injection pressure is 250 to 350
psig, Open-flow potential of the wells ranges
from 260 to 9000 Mcf per day with an average of
3016.
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Figure 10 - Top of Pennsylvanian gas sand at Cen-
tralia Enst, Marion County (Illinois Power Go.).

Cooks Mills Project

Operator: Natural Gas Pipeline Company of Amer-
fca

Iocation: T, 14 N,, R. 7 and 8 E,, Coles and
Douglas Counties
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Cas for the Cooks Mills project comes
from the Gulf Coast System line of Natural Gas
Pipeline Company of America by way of 16 miles
of 20-inch pipeline to Cooks Mills, The gas is
consumed in the Chicago area.

The Cooks Mills Consaolidated oil pool was
dizcovered 1n 1541 (Whiting, 1959), but it was
not fully developed until 1954, il and gas are
produced from the Cypress and Aux Vases Hand-
stonez and the Spar Mauntain ("Rosiclare®) Sand-
stone Member of the Ste. Genevieve Formation,
all of Mississippian age. In 1963, some oll was
discovered in the underlying Carper sand (Mis-
slgsippian) and in limestone and dolomite of De-
vonian age. The pool has produced 2,794,000
barrels of oil through the end of 1966 and is cur-
rently under waterflood, In one partof the field,
saveral wells produced gas from the Cypress Sand-
stone, Natural Gas Pipeline Company of America
purchased the gas in place and also the storage
rights,

Gias i3 stored in the Cypress Sandstone,
which has a porealty of 16 percent, The trap is
a combination of an anticline and a stratigraphic
trap (fig, 11). The caprock ls shale of Chester-
ian age, The reservolr is 1600 feet deep, has 40
feet of closure, and covers 1500 acres, Ultimate
capacity of the reservolr 1s unknown, but at the
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Figure 11 - Thickness of Gypress netgas sand at
Gooks Mills, Coles and Douglas Counties
{Natural Gas Pipelipe Co. of America),

end of 1966, it contatned 3.8 billion cublc fect

of gas,

Nipe wells are used for injection and with-
drawal of gas and eight for observation. Opera-
tional wella were drilled through the Cypress and
were cased to total depth. The 51_inch produc-
tlon casing was perforated adjacent to the reser-
yoir,

Normal injection pressure Is 8B40 psig. No
rocords are available on open-flowpotential, hut
56 million cubic feet of gas has been withdrawn
during one day of 1366 {table 5}.

TABLE 5 — TNJECTTIGN AND WITHDRAWAL HISTORY
OF COOKS MILLS FROJECT {(MMef)

Inventoty Peak da¥I;1
Year | Injection Withdrawal {end of year) withdrawal
1958 —_ —_ 1,769 —
1959 1,206 978 1,598 —
1960 427 304 2,120 a2
1961 1,022 1,058 2,083 27
1962 1,142 1,016 2,210 31
1963 1,532 1,327 1,416 45
1964 2,495 1,412 3,499 A
1965 2,00% 1,801 3,796 52
1966 2,386 2,392 3,750 56

Crescent City Project

Operator: Northern Illinois Gas Company

Location: Between Crascent City and Watseka,
T. 26 and 27 N., R, 13 W,, Iroquols
County

Cas for the Crescent City project will be
supplied by Midwestern Gas Transmission Com-
pany through a 6-inch supply main from their 30-
inch pipeline. Currently, there is ne plpeline
from the project to the consuming area, suburban
Chicago.,

An oll testnear Crescent City indicated a
structural high thatwas mappedas a dome by the
Illinois State Geological Survey (Meents, 1954).

The Crescent Clty Dome was delineated in
1959 by structure drilling and gravity surveys, A
total of 78 structure tests have been drilled to the
Fort Atkinson Limestone (middle Magquoketa) or
deeper, The development of the field was delayed
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by litigation with some land owners, Injection
of gas began in 1967,

The trap is an asymmetrical anticline that
trends northwest (fig. 12), The reservolr is in
the 8t, Peter Sandstone, an aquifer with 4.5 per-
cent porosity and an average permeability of 138

millidarcys. Thereservoiris 1200 feet below sur=-

27

tace and covers 16,725 acres within the area
leased, The ultimate capacity of the Crescent
CGity project 1s estimated to be 50 billion cubic
feet, The caprock is 400 foet of limestane and
dolomite assigned to the Platteville and Galena
Groups, Thelower part of the Platteville contains
beds of very fing-grained limestone, Observation
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wells in the overlylng Galena willbe used to mon-
itor and eollect any leakage gas, Qverlying the
Galena is the Maquoketa Shale Group, which is
about 220 feet thick,

Twenty-five wells have been completed for
abservation, injection, or withdrawal. The oper-
ational wells have been cased through the reser-
volr with 7-1inch production casing and have been
perforated adjacent to the reservoir, Two deep
wells were drilled and cored into the Mt, Simon
Sandstone. The Galesville and the Mt, Simon
Sandstones, beneath the 5t, Poter, are considered
for future gas storage,

Elbridge Project

Operator: Midwestern Gas TransmissionCotnpany
Location: T. 12 and 13 N., R, 11 W., Edgar
County

Gas for the Elbridge project comes from
Midwestern Gas TranamissionCompany's 30-inch
line through 10- to 16-inch feederlines, At times
of withdrawal, the gas will be returned to the
same plpelines, Elbridge 18 aformer oll fleld that
wasg discoverced in 1949, About 1.5 millionbarrels
of oll have been produced from this pool, chiefly
from sandstones of Pennsylvanian age and from
the Missiszippian Ste, Genevieve Limestone.

Gas is stored in porous dolomite and dolo-
mitic limestone beds of the Grand Tower Formation
(Devonian)., No gas is storedinthe oll producing
formations. The dome-shaped structural trap was
formed by the draping of Devonian and youngor

strata over a Silurlan reef, Thecaprockis 90 feet -

of shale of the New Albany Group dircctly over-
lying the dolomite and limestone, OLkgzervation
walls in the porous Carper sand, which overliea
the New Albany, will be utilized to monitor any
gas leakage from the reservoir upward through
the caprock,

The Elbridge Dome has 145 feetof closure
on top of the Grand Tower and covers 1691 acres
(fig. 13). The reservolr has an average porosity
of 17,5 percent and is 1925 feet deep. The ulti-
mate capacity of the Elbridge projectis estimated
to be 6.2 billion cubic feet of gas, about half of
which will be working gas,

Elbridge has four injection and withdrawal
wells and six observation wells. The operational
wells have 43 -inch casing thatis setand comented
30 feet into the storage formation. The casings
are perforated with four shots per foot opposite
the top 25 feet of porosity. Packers are run on
2§ -inchtubing and set about 50 foet ahove the per-

forations, Gas ls injected and withdrawn through
the 23.inch tubing,

Normal injection pressure is 1100 psig,
Open-flow potentials of the wells range from 600
te 7400 Mcf per day and average 3900 Mct, Gas
injection at Elbridge began in 1965 (table &),

TABLE 6 — INJECTION AND WITHDRAWAL WISTORY
OF ELBRIDGE FROJEGT (MMcf)

Inventery Peak deily
Tear | Injection | Withdrawal (end of year) | withdrawal
1965 425 1] 425 —
1966 2,375 81 2,719% 11

*
Estimate — styvucture presently being cested

Freeburg Project

Operator: Illinois Power Company
Location: 2 miles south of Freeburg, T. | and
2 8., R. 7W,, 8t. Clair County

Gas for the Freebury project is purchased
from the Mississtppl River Fuel Corporation, The
gas iz consumed in the East St. Louls area.

The reservoir is in a former gas field, dis-
covered in 1956 (Meents, 1959) and acquired for
use as a storage fleld in 1958, The reservolr ig
a monoelinal stratigraphic trap in the Cypress
Sandstone. The Cypress dips to the south and
east and grades to shale to the north and west,
The sandstone has an average porosity of 21,5
percent and has a maximum thickness of 47 feet,

TABLE 7 — INJECTTON AND WITHDRAWAL HISTORY
OF FREEBURG PROJECT (MMcf)

Inventory¥* Feak daily
Year | Injection | Withdrawal (end of year) | withdrawal
1959 170 181 1,798 19
1960 494 462 1,760 23
1561 534 473 1,821 30
1962 1,085 1,059 1,869 42
1963 301 620 1,541 39
1964 120 632 1,604 40
1965 1,664 1,580 1,666 37
1966 1,463 1,551 1,871 38

*
Working gas
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Figure 13 - Top of porosity in the Grand Tower (Jeffersonville) Limestone at Elbridge,
Edgar County (Midwestern Gas Transmission Co.).
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The reservoir i3 300 to 400 feetbelow the surface
and covers 4222 acres {(flg. 14), Thecaprock islé
to 28 feet of shale overlying the sandstone res-
ervolr,

Atthe end of 1966, the rezervoircontained
1,87 billion cubic feet of working gas (table 7)
and 4,63 billion cuble feet of cushion gas, The
project has 68 Iinjection and withdrawal wells and
6 obaervation wells, In allwells, 5%-inch casing
was set to the top of the Cypress and the wells
were completed open hele with cable tools,

Normal injection pressure is 150 to 180
pslg. Open-flow potential of the wells ranges
from. 60 to 4600 Mef per day with an average of
198%,

Gillespie-Benid Project

QOperator: Illinols Power Company
Location: 2 mlles east of Gillespie, T, 8 N,,
R. 8 W,, Macoupin County

Gas for the Gillespie-Benld projectis pur-
chased from the Mississippi River Fuel Corpora-
tion, The gas 18 consumed in Gillespie, Benld,
and ngarby communities,

This reservoir is a former gas field, dis-
covered in 1923 and abandoned inm 1935 alter it
had produced 136 million cublc feetof gas, Stor-
age gas was first injected at Gillegpie-Benld in
1958 and withdrawals began in 1959 (table 8).

The reservolr 1s a stratigraphic trap con-
sisting of a sandstone lens of Pennsylvanianage,
The sandstone ranges from a feather edge to 28
fieet thick and has a porosity of 16 percent, The

TABLE 8 — INJECTION AND WLTHDRAWAL HISTORY OF
GILLESPIE-BENLD PROJECT (MMef)

Inventory Peak daily
Year | Injection | Withdrawal | (end of year) | withdrawal
14958 101 4] 115 0
1959 &4 10 147 1
1960 37 30 148 4
1961 74 61 146 4
1962 5% 47 146 4
1963 g ] 146 i
1964 a & 147 2
1965 3 2 147 0.0%9
1966 13 14 147 4.4

reservolr 18 500 to 550 feet deep and covers 113
acres (Mg, 13),

Seven wells are usgd for injection and
withdrawal, Oldgas wells were cleaned and filled
with crushed stone to the top of the gas reservolr,
New wells weredrilled to the top of the reservoir
where 4= or Sé—inch production caslhg was sct.
The new wells were then completed open hole in-
to the reservolr with cable tools.

Normal injection pressurc is 145 to 180
psig. Open-flow potential of wells ranges from
B3 to 5100 Mcf perday, with an average of 2350,

Glasford Project

Operator: Central Illinois Light Company

Location: 12 miles southwest of Peoria, 3 miles
northeast of Glasford, T. 7 N., R,
6 E., Peoria County

Gas for the Glasford project comes from
Panhandle Eastern Fipeline Company through a 24-
inch line and an 8-inch line, The gas 1s con-
sumed in the Peoria market,

Studies of Pennsylvanlanrocks in outcrops
and coal test borings indicated a structural high
northeast of Glasford, The structure was mapped
as a dome by the Illincls State Geological Burvey
(Wanless, 1957),

Fleld mapping, gravity surveying, and
structure drilling delineated the Glasford structure
as a circular dome with a diameter of about 2%
miles, A deep well wag drilled and cored at the
crestof the dome, It penetrated a normal appear-
ing, though slightly thinned, secquence of Paleo-
zole strata down to the Ordovician Maguoketa
Shale Group, The Maquoketa is about 100 feet
thicker thannormal for the area, and beneathitis a
jumble of blocks setatallangles ina matrixof fine
breccia (fig, 16)., The satructure ls classed as an
explosion structure and has been interpreted asan
astrobleme, theresult of a meteorite or comet col-
lision with the earth (Buschbachand Ryan, 1963).

Gas is belng stored above the disturbed
rocks, in gently arched beds of vuggy dolomite
of the Niagaran Series (Stlurlan), The reservoir
iz alightly over 100 feet thick and has a porosity
of about 12 percent. OCverlying the reservolr is
40 feetof fine-grained limestone of Devonian age,
which is overlainby over 200 feet of ashale of the
New Albany Group,

The trap 15 a structural dome, The top of
the Niagaran Series has 120 feet of closure, with
about 3200 acres Included within the last closing
contour (flg, 17). The reservoir {5 800 feet be-
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Figure 14 - Top of reservelr in Cypress Sandstone at Freeburg, 5t. Clalr County (Illincis
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low the surface andhas an estimated ultlmate ca-
pacity of 9 billion cubic feet of gas,

Wells were completed by drilling 450 feet
of 8 5/8-inch hole tothe middle of the Burlington
Limestone, thendecreasing to & 51_inch hole down
inte the Devonlan at a depth of about 750 fect.
The storage zohe Wag reached by cable tool toto-
tal depth, Twelve obgervatlon wells menitor gas
movement in the field.

Normal injection pressure is 350 psig. O-
pen-flow potential of wells ranged from 4 to 25

MMcf perday, withan average of 8§, Recenttreat-
ment of the wells with acid resulted in consider-
ably enhanced deliverabilities, which now aver-
age 20 MMef per day for the seven operational
wella,

Gas was first injected at Glasford in 1964,
with only minor withdrawals in 1964 and 1965
(table 9), On February 24, 1967, a daily high of
over 45 million cublc feet of gas was withdrawn,

TABLE & = INJECTION AND WITHDRAWAL HISTORY
OF CLASFORD PROJECT (MMcE)

Iavantory Pealk dally
Year | Injection Withdeawal {end of year) withdrawal
1963 1,745 53 2,963 —
1966 611 574 3,000 a0

Herscher Project

QOperator: Natural Gas Plpeline Company of Amer-
ica
Locatlon: HMalfa mile south of tha village of Her-

gcher, T. 30 N., R, 10 E., Kankakee
County

Gas for the Herscher project comes from
the Gulf Coast System line of the Natural Gas
Pipeline Company of America by way of a 30-inch
pipeline between Dwight and Herscher. The gas
is consumed in Chicago and vicinity,

The Herscher Anticline was indicatedon a
structure map of the St. Peter Sandstone drawn by

. D.J. Fisher (in Athy. 1928, p, 76). Severalsmall

oil wells had been drilled to the Galena {Trenton)
Group in the early 1900's, butall were abandoned
in less than a year. In 1952, Natural Gas Stor-
age Company of Iilinols drilled over 100 Galena
structure tests to delineate the anticline. Tour
deeptests were drilled and cored to the Gale sville
sandstone to determine the presence of a sultable
reservolr and caprock.

Injection of gas into the Galeswville S5and-
stone commenced in April 1953. During the last
week inJuly 1953, four months after gas injection
was started, one of the shallow water wells at
Herscher began to bubble gas (Natural (zas Storage
Co, of Iilinois, 1857). Within a week, 33 water
wells in the vieinity became active with gas. Gas
injection was stopped, and a gearch for the cause
of leakage was undertaken, To date, the cause
has not been determined with certalnty.
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Figure 16 - Grass section through Glasford atructure (Buschbach and Ryan, 1963).

Early in 1956, efforts were made to utilize
the Galesville reservoir to its maximum limit with
safety, Wells were drilled into the reservoir to
remove water from the periphery of the bubble,
thereby facilitating injectlon of gas without signif-
icant pressure change. Water from the peripheral
wells in the Galesville was injected Into the Poto-
ai Dolomite (Trempealeau); this had the effect of
pressurizing the formations above the reservolr,
Thus, by careful regulation of differential pres-
sures, and byrecycling gas from vent wells inthe
Galena and 8t, Peter, the Galesville Sandstone
at Herscher has become a successful storage res-
ervoir. )

Testdrilling was done in 1957 to determing
the feasibility of deeper gas storage to supple-
ment the Galesville reservoir. The information
obtained indicated that the Mt, Simon Sandstone

had the requirements of a good storage zone, Gas
was injected into the Mt, Simon late in 1957 and
withdrawala began in 1958, No leakage of gas
from the Mt, Simon has been observed,

The Herscher structure is an asymmetrical,
doubly plunging anticline that trends generally
north-south, Both reservolrs are aquifers, The
Galesville has a porosity of 18 percent, and the
Mt, Simon has a porosity of 12 percent, The Gales-
ville i 80 to 100 feef thick in the area and its
caprock is 125 feet of sandstone and dolomite of
the Ironton Formation, The Mt. Simonis over 2500
feat thick (Buschbach, 1964), but gas is stored
only inits uppermost partand in the ElmhurstSand-
stone Member of the overlying Eau Clalre Forma-
tion, Caprock for this rescrveir is 200 feet of
shale and dolomite assigned to the Lombard Member
of the Eau Claire.
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The Galesville g 1750 feet deep and the
Mt. Simon is 2450 feet deep., Closure lotals al-
most 200 feeton the Galena, a little over 100 feet
on top of the Galesville, and 80 feeton top of the
Mt. Simen (fig, 18). Closure is lost with depth,
due to northward thinning (convergence) of most
beds. The storage area covers about BOO) acres.
The ultimate capacity of the Galesville reservolir
is estimated to be 75 billion cubic fect, The ca-
pacity of the Mt. Simon iz about 67 billion eublc
feet, \
In the Herscher project, 120 wells are
used for injection and withdrawal of gas and 835
are used for observation. A total of 42 wells are
used for recycling leakage gas from the Galena
and St. Peter to the Galesville, and 14 wells are
used to withdraw water from the Galesville at the
perimeter of the bubble. Some of the Galesville
wells are completed open hole and some have been
caged and perforated, All Mt, Simon wells are
cased through the upper part of the formation and
perforated.

Normal injection pressures arc 680 psig
for the Galesville and 1180 psig for the Mt. Si-
mon. Open-flow potential of the wells is not avail-
able, but in 1966, over 1 billion cubic feect of
gas was withdrawn from the Galesville and 148
million cubic fect was withdrawn from the Mt, 5i-
meon (table 10) in one day.

Herscher-Northwest Project

Operator: Natural Gas Pipeline Company of Amer-
ica

Location: T. 31 N,, R. 9 and 10 E., Kankakee
County

Gas for the Herscher-Northwest project
will come from the Gulf Coast System lineof Nat-
ural Gas Pipeline Company of America, The gas
will be supplled by a 6-inch pipeline between
Herscher-Northwest and the 36-inch pipeline be-
tween the original Herscher project and the Nat-
ural Gas Pipeline Gompany-Chicagoe District facil-
ities at Joliet, The gas will be consumed in Chi-
cago and vicinity.

The Herscher-Northwest project is nowbe-
ing developed; injection and withdrawal weglls are
being drilled, but as yet no gas has been inj ected.
It is anticipated that Injection will begin late In
the summerof 1967 orearly inthe summerof 1968,

The trap is a doubly plunging anticline
that trends slightly west of north {fig, 19}, Gas
will be stored inthe Mt, Simon Sandstone, an aqg-
uifer with a porosity of 15 percent, and in the

PABLE 10 — INJECTION AND WITHDRAWAL HISTORY
0¥ HFERSCHER PROJECT (MMcf)

Galasyille Sandstome

Inventoxy Peak daily
Year | Injection | Withdrawal (end of year) withdrawal
1955 11,885 99 11,964 6l
1954 6,178 340 17,822 158
13955 4,338 1,865 20,295 368
1956 6,491 1,539 25,247 415
1957 7,041 2,997 29,291 291
1958 9,124 8,529 29,887 411
1954 9,698 6,051 33,534 430
1960 7,826 7,166 34,195 473
1961 7,561 7,160 34,596 495
1962 12,381 11,547 35,530 634
1963 16,185 17,693 23,922 702
1964 16,809 11,956 38,776 705
1965 18,149 15,488 41,436 171
1966 16,064 16,336 41,163 1,054
Mt. &imon Sandstone
1957 22 (] 22 0
1956 3,750 . &8 3,684 25
1989 6,034 364 8,354 52
1960 7,456 734 16,076 65
1961 7,636 1,626 . 22,087 Bl
1962 8,678 4,293 26,472 97
1963 10,856 4,147 53,181 97
1964 10,325 1,976 35,529 142
1965 11,759 3,797 43,492 145
1966 11,293 8,300 47,894 148

overlying Elmhurst Sandstone Member of the Eau
Claire Formatiorn., The Elmhurst 1s only 12 fget
thick and consists of sandstone with a few inter-
beds of shale, The caprock is 161 feetof shale,
dolomite, and siltstone assigned to the Lombard
Member of the Eau Claire.

The HMerscher-Northwest structure has 58
feet of closure ontop of the Mt, S8imon. The res-
ervoir is 2200 fect deep and covers over 3000 a-
cros, Ultimate capacity of the project 1s ostima-
ted to be 20 billion cubic {eet of gas,
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Hookdale Project

Operator; [llinols Power Company
Location: 7 miles southand 2miles eastof Green-
ville, T. 4 N,, R. 2 W,, Bond County

Gas for the Hookdale projectis purchased
from Natural Gas Pipeline Company of America and
is consumed in the area east of East 5t, Louis,

This reservolr 1s a former gas ficld, dis-
covered in 1961, It was acquired and developed
for gas storage in 1962 and 1963, withinjections
and withdrawals beginning in 1363. The reser-

voir is a combination structural and stratigraphic
trap in the Yankeetown ("Benoist") Sandstone of
Migsisgipplan age, The sandstone has an aver-
age porosity of 20, 3 percentand is 1125 feet deep.
The reservoir has 28 feet of closure and covers
414 acres (fig. 20),

Atthe end of 1966, the reservoir contained
512 million cubic feet of working gas (table 11).
Ten wells are used for injection and withdrawal
of gas, and two wells are used for observation,

TABLE 11 - INJECTION AND WITHDRAWAL RISTORY OF
HOOKDALE PROJECT (MMcf)
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LN
= 58

Inventory* Peak daily
Year | Injection | Withdrawal | (end of year) | withdrawal
1963 23 10% 46 29
1964 638 610 513 23
1963 596 596 513 26
1366 629 156 512 a0
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Figure 20 - Top of Yankeetown ("Benolst") Sand-
stone at Hookdale, Bond County
{Illinois Power Co,),

*
Working gae

Wells wore drilled to about 40 fect below
the gas-water contact. Production casing, 43 or
5% inches in dlameter, was cemented from total
depth to surface and perforated opposite the pro-
ducing zone with four shots per foot,

Normal injection pressure is 300 to 450
paig., Open-flow potentlal of the wells ranges
from 2.5 to 32 MMof per day with an average of
13,8 MMcf per day.

Mahomet Project

Operator: Peoples Gas, Light and Coke Company
Locatiem: 5 miles north of Mahomet, T. 21 N.,
R. 7 E., Champaign County

Gas for the Mahomet project is supplied
by Natural Gas Pipeline Company of America
through 7 miles of 12-inch pipeline. The gas is
consumed in Chicago,

During a detatled exploration program along
the LaSalle Anticline, the Union Hill Gas Storage
Company, a subsidiary of Peoples Gas, Light
and Coke Company, conflrmed the presence of a
domal structure in the northwestern corner of
Champaign County. A total of 24 structure tests
were drilled to the top of the Galena Group in
1959 and 1960. Injectlon into the St, Peter Sand-
stone began in 1961, In early August 1961, gas
was discovered migrating from the St. Peter tothe
glacial drift south of the crest of the structure.
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Gas injection into the 5t, Peter was discontinued
on August 21, 1961,

Shallow ventwells were drilled in the area
of leakage to prevent the accumulation of gas.
Test holes were drilled within the bubble area In
an attempt to locate the source of leakage. The
cement jobon each injection well was tested, and
tracers were injected into selected wells to deter-
mine areas of leakage. All of thetests and reme-
dial measures were inconclusive; the locationand
nature of the leakage have not been determined.

In 1963, gas containing propylene as a
tracer was injected into the Galesville Sandstone,
After one month of injection, it was apparent that
the gas was migrating upward into the 5t, Peter
Sandstone, At about the same time, water anal-
yses and pumping tests indicated a lack of com-
munication between the Mt. Simon Sandstone and
strata overlying the Eau Claire caprock. The Mt.
Simon, therefore, was chosen as theultimateres-
ervolr,

The trap ls a structural dome & miles long
and 4 miles wide (fig. 21). It is elongated ina
north-south direction. The reservolr is inthe Mt.
Simon Sandstone, an aquifer with an average po-
roaity of 11 percent, The caprock is 100 feet of
shalybeds in the overlyingEau Claire Formation.

The structure has 116 feef of closure on
top of the Mt, $imon, The reservoir is 3950 feet
deepand covers 13, 370 acres within the last clos-
ing contour. The ultimate capacity of the reser-
voiris 30 billioncubic feet of gas, Inearly 1967,
more than 14 billloncubic feet of gas was instor-
age.

Fifteen wella are used for injection and
withdrawal from the Mt. Simon at Mahomet and
10 for ohservation, In the operational wells, 7-
inch casing was set and cemented 500 feet into
the Mt, Simon. The casing was perforated oppo-
site the storage zone, Injection pressure is 1650
psig. Maximum daily withdrawal has been al-
most 22 million cuble feet of gas (table 12},

Nevins Project
Operator: Midwestern Gas Transmission Company
Location: T, 12 and 13 M., R, 11 W,, Edgar
County

Gas for the Nevinsg project comes from Mid-

wesatern Gas Transmission Company's 30-inch

line through the Elbridge storage project, A 10-
inch feeder line connects the Neovins project to
the Elbridge project. The line serves for hoth in-
jection and withdrawal of gas.

TABLE 12 - THJECTION AND WITHDRAWAL HISTORY IN THE
MT, SIMON SANDSTOME OF MAHOMET FROJECT (MMef)

Laventory Peak daily
Year Injection | Withdrawal {end of year} withdrawal
1965 3,158 Q 3,158 0
1966 8,945 178 12,249 21.7

The Nevins Dome was discovered during
exploration for oil. Structure tests werg drilled
in 1961 and 1962, and injection of gas began in
1965, The firat withdrawals were made in 1966
{table 13).

TABLE 13 — INJECTION AND WITHDRAWAL HISTORY OF
HEVINS PROJECT (MMcf)

Inventoty Peak daily
Year | Injectlon | Withdrawal | {end of year) | withdrawal
1963 1,682 0 1,682 —
1966 1,432 210 2,924% 1

*
Estimate - structure presently being tested

(Gas is stored in porous dolomite and dolo-
mitlc limestone bheds of the Grand Tower Forma-
tlon (Devonian), The trap 1s a structural dome
caused bydraping of Devonian and younger atrata
over a Silurian reef (fig. 22), Similar structures
are present at the Elbridge and State Line storage
projects, The caprock is 90 feet of shale of the
New Albany Group, which overlies the dolomite
and limestone reservolr,

The Nevinz Dome has 105 feet of cloaure
on top of the Grand Tower and covers 1650 acres
{fig. 23), The reservoir has an average porosity
of 16,5 percent and is 1975 feet deep, The ulti-
mate capacity of the Nevins project is estimated
to be 3.5 billion cubic feet of gas, about half of
which will be cushion gas.

Nevins has seveninjection and withdrawal
wells and seven cbservation wells, The opera-
tional wellz have 4}-inch caslng set and cement-
ced 30 feet into the storage formation. The cas-
ings are perforated with four shots per footoppoe-
aite the top 25 feet of porosity. Packers are run
on 2§ -inch tubing and are set about 50 feet above
the perforations, Gas is injected and withdrawn
through the 23 -inch tubing,

Normal injection pressure is 1100 psig.
Open-flow potentiala of the wells range from 8.5
to 28 MMecf per day and average 15.2,
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Pontlac Froject

Qperator: Northern lllinois Gas Company

Location: Approximately 5 miles southeast of Pon-
tiae, T, 27 and 28 N,, R. 6 E,, Liv-
ingstom County

Cas forthe Pontlac project comes from the
trunkline of Natural Gas Pipeline Company of
America through a 12-inch pipeline to the storage
project., The gas will be used in suburban Chi-
cago areas.

Preliminary geologic exploration in the
Pontlac arca began in 1963, Northern Illinols Gas
Company drilled 10 daep wells below the Ironton
Sandstone and 86 structure tests to determine
suitability for gas storage and structural configu-
ration, Most of the structure tests were drilled
to the Fort Atkinson (middle Magquoketa), although
25 weallg inthe area reached thetop of the Galena
Group, Three experimental seismic profiles were
run across the structure to aid structural mapping
and to evaluate seismic methods for future ex-
ploration, The results were favorable.

The Pontiac projoct ia in early stages of
development, Gas injection began in 1966, with
a total of 543 million cubic feet injected during
the year.

The trapis an anticline, 3 miles wide and,
5 miles long, that trends north-south (fig. 24),
The reservolr is in the Mt. Simon Sandstone, an
aquifer with 10 percent porosity. The Mt. Simon
iz astimated to be over 2000 feet thick, but only
the upper 465 feet have been tested for storage
purposes., The caprock s 125 feet of shale and
thin dolomite lenzes assigned to the Lombard Mem-
ber of the Bau Claire Formation. Between the Mt,
Simon reservoir and the Lombard Member is the
Elmhurst Member of the Eau Claire, 50 feet of
shaly and siity sandstane, Any gas that migrates
into the Elmhurst presumably will be trapped by
the overlying shale, and it will become partof the
cughion gas inventory.

The Pontiac atructure has 100 feet of clo-
sure on top of the Mt. Simon, The reservoir 1s
3000 feetdeep and covers about 3500 acres within
the last cloging contour. The leased area covers
10,690 acres. Ultlmate capacity of the project
iz estimated to be 50 billion cuble feet of gas,

Five wells arc completed forinjection and
withdrawal, and 11 wells are completed for ob-
servation, The wells were completed by casing
to total depth with 5%- or 7-inch production cas-
ing, which was perforated opposite the storage
zoOne.

Richwoods Project

Oporator:  Gas Utilities Company, Robinson, I11i-
neis
Location: T. 6 N,, R, 11 W,, Crawford County

Gas for the Richwoods projectis supplied
by Texas Gas Transmission Corporation through
a 2%-inch supply line about 2 miles long. Ad-.
inch line carrles the storage gas to Palestine,
Illinois,

The Richwoods project is aformergas tield
that produced 28 million cublc feet of gas hetore
it began to produce water, The gas was produced
from a sandstone of Pennaylvanian age, which is
about 700 feet below surface. The one operating
well was reworked in 1966, and during that year,
26 million cublc feet of gas was injected, TFour
million cublc feet of gas was vented to the atmos-
phere to test output capacity.

In additionto the operating well, there are
2 observation wells, The peak daily withdrawal
in 1966 was one-half million cubic feet, Total
withdrawals for the year were almost 5 million
cublc feet,

8t, Jacob Project

Operator: Mississippi River Fuel Corperation

location: At St. Jacob, 6 miles east of Granite
City, T. 3 N.. R, 6 W,, Madigon
County

Gas for the 5t. Jacob project is supplied
by an 18-inch pipeline owned by Mississlppl
River Fuel Corporation. The gas is consumed in
the St. Louis area.

The 5t, Jacob oil pool was discovered in
1942, Production is from the Galena (Trenton)
Limestone Group. A total of 55 oil wells have
been drilled on the structure, and the pool had
produced 3,540, 000 barrels of oll to the end of
1966, At that date. the Galena was being water-
floaded, and there were 29 producing wells, Pro-
duction of oil from the Galena and storage of gas
in the underlying S5t. Peter Sandstone have been
carricd out contemporaneously since 1963, With-
drawals of storage gas began in 1965 (table 14},
The project i3 being expanded, with development
expected to be completed in 1967

The St, Jacob structure s adouble-domed
anticline with 100 feet of closure on top of the
CGalena (fig, 25). Gas is storedin the north dome
in the St. Peter Sandstone, an aguifer with a po-
rosity of 14 percent. The reservoir is 2860 feet
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TABLE 14 — INJECTION AND WITHDRAWAL HISTORY OF
5T. JACOB PROJECT (MMcE)

TABLE 15 = TNJECTION AND WITHDRAWAL HISTORY OF
STATE LINE PROJECT (MMcE)

Inventory reak daily Invenkory Peak dally
Year | Injection | Withdrawal | (end of year) | withdrawal Year | Injection| Withdrawal | (end of year) | withdrawal
1963 400 ] 00 0 1963 97 10 B7 4
1964 1,273 0 1,673 [¢] 1964 Toi 74 777 11
1965 z,063 932 3,300 30 1965 333 277 1,053 &4
1565 2,237 1,708 3,800 41 1966 1,013 653 1,415 13

deep, has a thickness of 100 feet, and covers
650 acres, Ultimate practical capacity of the res-
ervoir has been estimated to be 4,8 billlon cubic
feet, The caprock is 400 feetof very fine-grained
limestane of the Plattevilla Group, The south dome
iz being tested for possible storage in the Mt.
Simen Sandstone.

Nine wells are used for injectionand with-
drawal of gas, and three wells are used for ob-
servation inthe north dome of the St. Jacob struc-
ture. Normal injectlon pressure ia 1260 psig.
Maximum open-flow potential of ali withdrawal
wells 1s at least 41 MMecf per day. The produc-
tlon wells were cased to the top of the reservoir
and completed open hole, Surface pipe, 13 3/8
inches in diameter, was szet to 320 feet, 8 5/8-
inch intermediate string was set to 2540 feet, and
5%-inch production casing was set to approx-
mately 2860 feet,

State Line Project

Operator: Mldwestern Gas TransmissionCompany
Location: T, 12 N,, R, 10 W,, Clark County,
Iilinois, and Vigo County, Indiana

Gas for the State Line project comes from
Midwestern Gas Transmission Company' 8 30-inch
line through a 10-inch feeder line. The line serves
for both Injection and withdrawal of gas.

State Line is a former oil field, which is
located with about 85 percent ofits area in Indi-
ana and 15 percent in Illinois, Gas was first in-
jected into the State Line project in 1963, and
minor withdrawals were made during the same year
{table 15), The station site is inIndiana, and the
gas volumes are not separated by states; there-
fore, State Line is congidered an Indiana storage
projectand 1ts capacity is notincludedin the Illi-
nols totals, :

Gas ia stored in porous dolomite and dolo-
mitic limestone beds of the Grand Tower Formation

(Devonian), Thetrapis a structural dome causgod
by draping of Devonlan and younger strata over a
Silurian reef. Similar structures are present at
the Elbridge and Nevins storage projects, Cap-
rock is about 80 feet of shale of the New Albany
Graoup overlying the dolomite and limestone reser-
volr,

The State Line Dome has 91 feetof closure
on top of the Grand Tower and covers 496 acres
(fig, 26), The reaervolr has an average porosity
of 17.3 percent and 15 1860 feet deep. The ulti-
mate capacity of the projectis estimated tobe 2.3
hillion cubic feet of gas. State Line has seven
injection and withdrawal wells, which are all in
Indiana, and sevenabservation wells, sixof which
are in Indiana and one in Illinois.

Normal injectlon pressure is 1000 psig,
Open-flowpotentlals of the operating wells range
from 6.5 to 12 MMef per day, andaverage 9,1,

Tilden Project

Operator: Illinoiz Power Company

Location: 23 miles scutheast of Belleville, T,
3 58,, R. 5 and 6 W,, B8t. Clailr and
Washington Counties

(Gas for the Tilden project is purchased
from Mississippi River Fuel Corporation. The gas
is conaumed in the East 5t. Louis area,

The reserveir ia in a former gas field that
was discovered in 1957, From 1957 to 1961, 21
core holes were drilled to determine the reservolr
limits, Gas is stored in the Cypress Sandstone
of Mississipplan age, The sandstone has an av-
erage porosity of 20,8 percent and a maximum
thickness of 33 feet, The reservolris a monoclin-
al stratigraphic trap in which the sandstone dips
gengrally eastward and grades to shale to the
north, west, and south (fig. 27). The reservoir
is 712 to 812 feet below surface and covers 1287
acres,
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At the end of 1966, the reservolir contalned
869 MMef of working gas (table 16). The proj -
ject has 45 injection and withdrawal wells and 4
observation wells, '

TABLE 1% — TNJECTION AND WITHDRAWAL HISTORY OF
TILDEN PROJECT {MMcf)

Inventory* Feek daiI;W
| Year | Injection withdrawal (end of year) withdrawal
1961 27 330 810 24
1962 1,017 1,014 749 42
1963 708 a5y 560 41
1964 392 112 831 17
1965 313 267 -1 20
1966 S 941 1,193 469 43

*
Working gas

In the part of the reservolr underlain by
water, the wells were drilled and cased through
the sandstene. The casing was perforated above:
the gas-water contact, In these wells, where
water production was anticipated, l-inch siphon
strings were installed, All other wells were cased
to the top of the Cypress Sandstone and completed
open hole into the reservoir, Casing, 54 inches
in diameter, was used in all wells,

Nommal injectlon pressure iE 250 to 360
psig. Open-flow potential of the wells ranges
from 230 to 16,500 Mci per day, with an average
of 5234,

Troy Grove Project

Northern Illinois Gas Company
Midway between Mendota and ILaSalle,
near Troy Grove, T, 34 and 35 N..
R. 1£., LaSalle County

Operaton
Location:

Cas for the Troy Grove projectcomes from
the Amarillo trunkline of Natural Gas Pipeline
Company of America by way afa 16-inch plpeline,
The gas is used in the suburban Chicago area,

Basic geologic studies were carried out in
1957, and by 1958 Northern Illinois Gas Compa-
ny had drilled 56 structure tests in the Troy Grove
area. Currently, over 200 test holes have been
drilled to delineate the structure. Deep holes
wera drilled and cored to determine caprock and
reservolr qualities of the Eau Claire Formation
and the upper part of the Mt, Simon Sandatone,

One well reached the Precambrian after penetrat-
ing over 2000 feet of Mt, Simon.

The Troy Grove structure is an cast-west
clongated dome on the LaSalle Anticline, The
structure 1s 5 miles long and 3 miles wide. I[tis
intersected by four faults, one of which has 180
feet of vertical displacement (fig, 28), The pri-
mary reservolr is in the Mt, Simon Sandstone,
an aquifer with 17 percent porosity. Gas has
also been injected into two sandstones in the low-
er part of the overlying Eau Claire Formation.
Gas migrates between the Mt, Simon and the sand-
stones of the lower Eau Claire, Excessive pres-
gure buildup in the uppermost sands of the Eau
Claire has been controlled by producing gas from
these zones. The caprock 1s 180 feet of shale
and siltstone in the upper part of the Eau Clailre.
Although the area is cut by faults, the caprock
has prevented upward migration of gas above the
Eau Claire.

The Troy Grove structure has slightly over
100 feet of closure ontop of the Mt, Simon Sand-
stone (fig. 28). The reservoir is about 1400 feet
below surface and covers 9600 acres within the
leased area, The capacity of the reservoir 1s ea-
timated Lo be 64 billlon cubie feat of gaz, About
55 percent of the total is consldered working gas.,

Troy Grove has 84 injection and withdrawal
wells and 27 observation wella, Normal injec-
tlon pressure is 740 psig, During a single day
in 1966, 650 MMcf of gas was withdrawn from
storage (table 17),

TABLE 17 — IRJECTION AND WITHDRAWAL HISTORY OF
TROY GROVE PROJECT (MMef)

Inventory Peak daily
Year | Injectlon Withdrawal | (end of year) withdrawal
1958 707 0 107 o
1959 4,138 65 4,780 20
1960 6,930 528 11,182 50
1961 9,649 1,081 19,731 100
1962 12,670 3,042 29,408 250
1963 20,749 12,940 37,218 400
1964 16,070 8,372 44,916 500
1965 28,069 24,342 48,643 580
1966 26,700 22,762 46,447 650

The operational wells are caged with 7-
inch production casing through the storage zone,
The casing was perforated adjacent 1o the reservolr.
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Waterloo Project

QOperator: Mississippl River Fuel Corporation
Location: 15 miles south of East 5t, Louis, T.1
and 2 8., R. 10 W., Monrge County

Gas for the Waterloo project comes from
a 22-inch Une of the Mississippl River Fuel Cor-
porationby way of a 6-inch pipeline. Because of
its relatively zmall size, the reservoir serves
chiefly as a surge tank to compensate for diurnal
variations indemand on the line that supplies gas
for the &t, Louls area,

The Waterloo oil pool was discovered In
1920, abandoned in 1930, revived in 1939, and
converted to gas storage In 1951, About 238, 000
barrels of oll were produced from the Galena (Tren-
ton) Limestone Group at a depth of about410 feet,

The Waterloo structure is ananticline that
trends generally north-south with about 100 feet
of closure on top of the Oneota Dolomite (fig. 29).
Gas is stored In the 8t. Peter Sandstone andalso
in sandstones and dolomites of the New Richmond
and Oneota Formations,

The maximum amount of gas known to have
been stored in the reservoiris 450 MMcfin 1959,
As much as 21 MMcf has been withdrawn in one
day, In 1966, 250 MMcf was in storage, and the
peak daily withdrawal during the year was 17,7
MMecf, S5ix wells are used forinjection and with-
drawal of gas and s5ix are used for observation,

Waverly Project

QOperator; Panhandle Eastern Pipeline Company
Location: 1 mile southwest of Waverly, 1. 13 N.,
R. 8 W,, Morgan County

Gas for the Waverly projectcomes through
Panhandle Eastern Pipeline Company' s trunklines
from the Anadarko Basain, The gas 15 consumed in
Illinoils, Indlana, Ohio, and Michigan,

A structure map of the Pennsylvanian strata
in the vicinity of Jacksonville (Collingwood, 1923,
fig, 2, p. 21) shows an anticlinal nose trend-
ing northeast in T. 12 N, R. 7 and 8 W, Later
drilling found oil shows and gas in the Devonian
strata and helped to delineate the structure of the
Waverly Dome, In the early 1950's, Panhandle
Eastern Plpeline Company acqguired gas storage
rights inthe area, and in 1954 they began inject-
ing gas into the 8t, Peter Sandstone, Withdraw-
als were begun on a small scale in 1961 (table
18), The projecthasbeen fully actlve since 1962,
bhut it 15 still being expanded,

The trap is a structural dome. The reser-
volr is in the 8t, Peter Sandstone, an agquifer
with 18 percent poresity. The 5t, Peter ls 250
to 300 feet thick in the area, Caprock is the lime-
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TABLE 18 — TNJECTION AND WITHDRAWAL HISTORY OF AW nrw
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stone and dolomite of the Platteville and Galena ey W A M,
Groups, which total 320 feet thick., Overlying UVE r“*-ﬂ‘:“:- e - F f/”"
the Galena is the Maguoketa Shale Group, 200 10 j Jea “-23_-'—‘“:“:?\“‘25:'1‘}5 / J}/ E
feet thick. Some gas migrates upward from the St, TSI
Peter into porous zones in the Galena. The leak- i
age gas 15 recycled into the 8t, Peter orproduced, o e » M 3 " M
Recent drilling at Waverly suggests that the Mt. o womcen casawsanc
8imon Sandstone mayalso be a satisfactoryreser- e BLEL
volr for storage gas, ‘ 1 MILES
The Waverly structure has over 100 feetof 0~ 1 Ferer Sandione  nrvel 0 | 2
,/__le 20 feel , dotum sea level [ i —— |

closure (fig, 30), The reservoiris 1800 feet deep
and covers about 7000 acres, The ultimate capac-
ity of the prolect iz estimated to be 150 billion
cuble feat of gas,

Seventeen wells are used for injectionand
withdrawal, 19 wells are used for observation,
and 10 additional wells are used for withdrawal
only. Normalinjection pressure is 845 psig, The
aperational wells are cased to total depth with 7-

Figurs 30 - Top of 5t, Peter Sandstone at Waverly,
Morgan Gounty (Panhandle Eastern Pipeline Co.).

inch production caslng, The casing is perforated
opposite the St, Peter and the wells have heen
acldized.




UNDERGROUND STORAGE OF NATURAL GAS IN ILLINOIS—1967 53

RETERENCES

Athy, L, F., 1928, Geclogy and minaeral resources
of the Herscher Quadrangle: Illinois Geol,
Survey Bull, 55, 120 p.

Bays, C. A,, 1964, Groundwater and underground
gas storage: Groundwater, v, 2, no, 4,
p., 25-42.

Bell, A, H,, 1961, Underground storage of natu-
ral gas in Illinois: Illinols Geel, Survey
Circ, 318, 27 p.

Burnett, P, G,, 1967, Calculation of the leak lo-
catlon in an aquifer gas storage field:
Jour. Petroleum Technology, v.19, no. §,
p. 623-626,

Buschbach, T. C.. 1964, Cambrianand Ordovician
stratigraphy of northeastern Illinois: I1li-
nois Geol, Survey Rept, Inv, 212, 90 p.

Buschbach, T. C..1965, Deep stratigraphic test
well near Rock Island, Illinois: Illinols
Geol. Survey Cire, 394, 20 p. ’

Buschbach, T, C.. and Ryan, Robert, 1963,
Ordoviclan explosion structure at Glas-
ford, Illinols: Am. Assoc, Petroleum Ge-
clogists Bull,, v, 47, p. 2015-2022.

Chaumet, P,, Croissant, R., and Colonna, J..
1966, Underground aquifer natural gas
storage: Dynamlcs of the water-gas inter-
face: Inst, francais pdtrole Rev, et An-
nales combustibles liquides, v. 21, no.
9, p., 1255-12740. '

Coats, K. H,, 1966, Some technical and econom-
ic aspects of underground gas storage:
Jour, Petroleum Technology, v. 18, no.
12, p. 1561-1566,

Coffer, H. L., 1967, The use of nuclear explo-
gives in oll and gas production, in Inter-
state QilCompact Commission Committee
Bull., v, 9, no, 1, p. 21-28,

Collingwood, D, M,, 1923, 01l and gas develop-
merit in the vicinity of Jacksonville: I1l1-
nois Geol, Survey Bull, 448, 30 p.

Craft, B, C., and Hawkins, M, F,, 1959, Applied
petroleum reservoirengineering: Prentice-
Hall, Ine.. Englewood CUffs, N. J..
437 p.

Guinane, J, P., andEvrenos, A, I,, 1964, Current
perspective ongas well testing in storage
fields: S,P,E, Paper No, 923 (B), 39th

Ann, Fall Mtg, of Soc, of Petroleum Engrs,
of AIME, Oct, 11-14, 10 p.

Hale, Dean, 1966, Peak shaving census finds
industry prepared to mcet big peak de-
mands: Am. Gasz Jour,, v, 133, no, 14,
p. 21-32.

Hantush, M. 5., 1956, Analysis of data from
pumping tests in leaky aquifers: Trans,
Am, Geophys. Union, v, 37, no, 6, p,
702-714,

Illinois Department of Mines and Minerals, Divi-
sion of Oil and Gas, 1961, An act in rela-
tion to oil, gas, coal and other surface
and underground resources, and Rules and
regulations, 78 p.

Illinois Revised Statutes, 1965, chapt. 19, secs,
145-1 to 145-18 {(Water pollution); chapt.
104, secs, 62 to 88 {01l and gas), zecs,
104-112 (Gas storage); chapt, 111-2/3,
sec, 55 (Public utllities),

Kalz, D. L., etal,, 1959, Handbook of natural
gas engineering: McGraw=-Hill Book Com-
pany, Inc¢,, New York, 802 p.

Katz, D, L,, 1966, Determination of non-recov-
erable gas when abandoning Troy Grove
aquifer; Illinois Commerce Commission,
open-file report, January 10, 5 p.

Katz, D, L,, Tek, M. R,, Coats, K, H., Katz,
M, L., Jones, 3. C,, and Miller, M., C,,
1963, Movement of underground water in
contact with natural gas: &m. (Gas Assoc,
Mon., New York, 323 p.

Martinzon, E, V,, et al,, 1966, The underground
storage of gas in the United States and
Canada, December 31, 1965: 15th Annual
Rept, on Statistics, Committee on Under-
ground Storage, Am, Gas Assoc., Inc.

Meents, W, F,, 1954, Structure mapof tha "Tren-
ton" in Illinois (Prelminary): Illinois Ge-
ol, Burvey,

Meents, W. F., 1959, Freeburg gas pool, St, Clair
County, Illinois: Illinols Geol., Survey
Circ. 272, 19 p.

Meents, W, F., 1965, Ashmore gas area, Coles
County, Illinois: Illincis Geel. Survey
Circ, 387, 23 p.

Natural (Gas Storage Company of Illineis, 1357,



54 ILLINOIS STATE GEQLOGICAT, SURVEY ILLINOIS PETROLEUM 886

The story of the Herscher Dome, 12 p.

01l and Gas Jour,, 1967, [nderground gas stor-
age pays its way; June 12, p, 52,

Perkins, ©. L., 1362, Underground storage of
natural gas in the United States of America,
in 2nd ECAFE Petroleum Symposium, Te-
heran, Iran, Sept., 1-15, p, 1-26,

Van Everdingen, A. F., and Hurst, W,, 1349, The
application of the La Place transformation
to flow problems in reservoirs: AIME Pa-
troleum Trans., v. 186, p, 305,

Wanless, H. R., 1957, Geology and mineral re-
sources of the Beardstown, Glasford, Ha-
vana, and Vermont Quadrangles: Illincis
Geol, Survey Bull, 82, 233 p.

Whiting, L, L,, 1959, Spar Mountain Sandstone
in Cooks Mills area, Coles and Douglas
Countles, Illinpois: Illincis Geol, Survey
Circ, 267, 24 p,

Witherspoon, P. A., Mueller, T, D., and Dono-
van, R. W_, 1262, Evaluation of under-

ground gas storage conditions in aquifers
through investigations of groundwater hy-
drology: Jour, Petroleum Technology, v,
14, no, 5, p. 535-562,

Witherspoon, P, A,, 1966, Economics of nuclear
exploslves in developing underground gas
storage: UCRL-14877, University of Cal-
ifornia, Lawrence Radiation Laboratory,
Livermore, California,

Witherspoon, P, A., and Neuman, 5, P., 1966,
Evaluating permeability of a slightly leaky
caprock In aquifer gas satorage: 5.P.E.
Paper No, 1634, Gasz Technology Sympo-
sium of the Soc. of Petroleum Engineers
of AIME, Omaha, Nebraska, Sept, 15-16,
17 p,

Waoods, E. G., and Comer, A. G., 1962, Satura-
tion distributionand injection pressure for
a radlal gas storage reservoir: Jour, Pe-
troleum Technology, v. 14, no, 12, p.
287,




Ilinois State Geological Survey Illinois Petroleum 86
54 p., 30 figs,, 18 tables, 1967

Printed by Authority of State of lllinois, Ch. 127, IRS, Par. 5B.25.



