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Chapter 5

EVALUATION OF FINAL SITES™

Following the evaluation of the poteﬁtial sites, seven sites
were selected for further study. This study was conducted to
determine the suitability of the sites to undergo a field
drilling and testing program consisting of four phaseé:
drilling structure test wells, drilling injecﬁion—withdrawal
and observation wells, performing an_aquifer pumping tesf,

and performing an air injection test.

5.1 DESCRIPTION QOF FIELD DRILLING AND TESTING PRCGRAM

The purpose of the field drilling teéting program is to

test the concept of underground compressed air energy storage
(CAES) and to provide design input prior to the construction
of a CAES demonstration plant. To ensure that thé site

chosen for the test program is practicable, it ié necessary to
perform a four-stage test program. The purpqsé of each por-
tion of the test program is to gain more géologic and reservoir
information to ensure a high confidence level for fhe future
phase of the CAES development programé' the construction of a
working CAES demonstration plant. Each phase adds more and
different geologic and reservoir information, adds a greatef
éonfidence ievel against any unwarranted damage ciaims, and

provides data for plant licensing.

The four phases of the field drilling and testing program for
which the suitability of the sites was evaluated are described

indiVidually in the following subsections.
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5.1.1 Stpgcture TestLWells

geological structure on the top of the proposed ireservoir
unit. These wells are approximately 4.5 inches in

diameter and are drilled to a known stratigraphic marker.

The structure found nn this stratigraphic markecr allows

the geologists to interpret the structure on the deepcr
reservoir unit. During the drilling 1t is necessary to

dig a shallow pit near the drilling rig to circulate the
drilling mud and to collect rock cuttings for stratigraphic
interpretation. When each well is completed, the mud will be
removed from the qirculation pit and moved to the next well

to be arilled, the rock cuttihgs will be removed from the site and
disposed of in an acceptable manﬁér, and the circulation pit
will be backfilled and leveled to its.original condition. The

number of structure test wells at any given site depends on

the geologic control already present at the site.

The structure test wells are locged by a ceologist using

drill cuttings and geophysically logged using an electric-
induction well logging tool. The electric-induction well
logging tool gives another method for the geologist to check
geologic correlation and lithologic interpretation. This
geophysical logging also allows for the determination of bed
thicknesses and of porous and nonporous rock units in a sedi-
mentary sequence, which is very important for the dgtermination
of primary and secondary caprocks and of any potential aquifers

¢

.above the reservoir unit.
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The structure test wells provide data to prepare

structure contour maps showing the configuration of the reservoir
unit. These data are used to properly place the injection-
withdrawal wells on the crest of the structure. The well log-
ging portion of this phase of the work provides data on

porous zones above the caprock. "Delineating the porous zones
provides data for proper completion of the caprock

observation wells. This well is important to detect any inter-
communication through the caprock that could provide a path for

air leakage during air injection and storage.

5.1.2 1Injection-Withdrawal and Observation Wells

A specifié size production casing for injectibn—withdrawal wells de-
pends upon the individual field and its characteristics. The pressure
and permeability of the storage reservoir‘and the thickness of the air
bubble after the reservoir is completely full determine the maximum
rate of flow from each individual well and the casing size néeded to
prevent excessive friction loss. However, in order to evaluate each
site for the testing program, a 7-inch outside diameter (0.D.) casing
was used for all sites. This casing would extend from the ground sur-
face into the air storage reservoir. Generally, one well is

initially used as a pumped well for the aquifer pumping test, and the
others are used for observation wells during this pumpiﬁg test.

During the air testing phase all injection-withdrawal wells are used

for air injection.

The observation wells are completed as 4.5-inch

0.D., cased wells. Their purpose is to observe the changes

in water levels within the reservoir unit and any changes in
water levels above the caprock during the pumping test. It is
important to detect any communication through the caprock that
could provide a path for air leakage‘during air injection and

storage. £_1
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The drilling riq and the support equipment necessary to drill
these wells arejlarger than the drilling rig necessary to
drill the structure test wells. This drilling rig, with the
various storage and temporary facilities, will probably occupy
approximately 1 acre and operate 24 hours daily from

the start of a well until well completion. Upon completion of
each'well, the drill rig, all temporary structures, and all

trash and debris will be removed from the well location.

During the air injection phase of the test and later if the
site is utilized for a demonstration plant, £hese observation
wells will be used to observe bubblé development and to check
for potential leakage from the reservoir. 1If the site is not
used, then both sets of wells will be abandoned and plugged

using a method that meets state guidelines.

The drilling and geophysical logging of the injection-withdrawal
wells and observation wells provide data on the thickness

and nature of the reservoir and caprock units. The reservoir
core obtained during the drilling of these wells will be tested
for porosity, pcrmcability, and residual waler content. These
data are used for preliminaryAwellfield design and modeling
bubble growth and provide for an accurate calculation of

ultimate reservoir capacity.

The primary purpose of the injection-withdrawal wells is to

pump water from the reservoir during the aquifer pumping test and
to inject air into the reservoir during the air injection test.
The observation wells will be used to observe water level

changes during the aquifer pumping test and to determine the -

5-4.

setrae
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extent of intercommunication throughout the reservoir during

the air injection test.

5.1.3 Aquifer Pumping Test

The aquifer pumping test is performed to ensure that the
cabrqck has adequate integrity for the project ahd to pro-
vide in situ permeability results. This test is performed
by installing an electrically-driven pump in one of the
injection-withdrawal wells and pumping continuously

at a rate of approximately 100 gpm for 40 to 60 days. The.
other wells are used as observation wells for performing
water level measurements during the pumping test. The
water produced during the test is carried by a |

line, laid directly on the ground surface, to a water

holding pond.

The water holding pond will cover approximately 5'ac:es

and be approximately 10 feet deep. This pond will be
constructed of local materials. The topsoil will be stripped
and stored adjacent to the holding pond. The wéter produced
during the test willuprobably be a brine with up. to 40,000
ppm of fotal dissolved solids. The'pond will be constructed
such that the seepage rate from the pond meets all appli-
cable state and federal guidelines for this typerof wastewater.
When the pumping test is completed,‘the water frqﬁ the holding
pond will be reinjected into the reservoir unit, the holding

pond back-filled, and the area returned to its original

condition.
The aquifer pumping test provides data on the ability of

5-~5
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the caprock to;contain air within the reServoir,‘ensure that
there is no large-scale communication betwecn the reservoir
and stratigraphically higher porous zones or the ground sur-
face, and provide for a measurement of in situ permeabilities.
It is very important to determine the presence of any
large-scale leakage and the nature of any intercommunication,
as the workability of the CAES prejecl depends on the

ability of the storage reservoir to contain air.

A determination of thc in situ permeability is important to
prepare a detailed design and cost estimate of the wellfield
for the CAES demonstration plant, An example of its impor=
tance is in the modeling of the Media site where both
laboratory and in situ permeability data are available. The
calculated number of production wells necessary for a 1000

MW plant using laboratory data is 235, whereas using the in
situ data in the modeling program results in a value of 28.
Using a cost of approximately $60 per foot for the production
wells results in a cost differential hetween thc two possible

wellfields of approximately $25,000,000.

5.1.4 Air Injection Test

The purpose of the air injection test is to determine the
ability of the reservoir unit to accept air during injection

and its ability to deliver it during withdrawal. To perform

this test, portable air compressors are installed, and air

injected into the injection-withdrawal wells

until a small air bubble is developed. Various flow tests
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are then performed to measure the deliveryv rate. When
the air injection test is completed, the compressors will

be removed from the site.

The results of the air injection test program determine
whether the concept of compressed air storage in aguifers
and the cyclic nature of this type of storage is feasible

for a demonstration CAES plant.

5.2 CRITERIA AND METHODS

Three categories of criteria were used to evaluate the desir-
ability of the.sites for the tesﬁing program, Thé three
categorieg - geologic, economic, and environmental - are the
same as those that were used for evaluating the potential
sites, but the criteria used in each category were modified
for the final site evaluations. The geologic considerations
remained basically-the same, since the factors tﬁat determine
a site's sujitability for air reservoif development are much
the same as those that determine which sites have higher
probabilities for successful, informative test results. The
economic considerations were limited to those costs associated

with the testing program exclusively. The environmental con-

siderations were limited to cultural resources and ecology,

which could be affected by testing activity, and.did.not include

air quality concerns since no emissions are associated with

testing activity.

A numerical rating system (1 through 5) was used to compare
the sites in the three categories, but no weighting factors

were used and no total site scores were determined.

5-7
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5.2.1 Geologic Considerations

Several of the geologic considerations developed for the regional
portion of the site study described in Subsection 4.1.1 were used
when evaluatiﬁg the suifability of each of the seven sites for a
test proqram, The considerations reexamined in this portion of
the study were céprOCk, permeability, porosity, total closure, and

type of reservouir.

Also examined during this portion of the site study was the
approximate time period necessary to develop a 1 x 109

cubic foot test air bubble. The time for the

developmeﬁt of the test air bubble was found by prorating the
development times required for full plant development. . The
formula used to calculate thesg approximate times was:

T

T' = (0.7 psi/ft) d - Py «

100 psi X

<i+

where: d discovery depth in feet;

discovery pressure in storage reservoir in psi;

J
o}
I

Vs = stored air volume in billions of cubic feet; and
T = time required to develop a full bubble at a

pressure equal to 0.7 psi/ft of deplh.

The rating criteria developed for bubble development time are

as follows:

Development Time

(months) Rating
more than 12 1
9 - 12 2
6 - 9 3
3 - 6 4
less than 3 5
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The number'and location of wells necessary for the field
drilling and testing program were also determined. The number
of structure test welié ﬁecessary depends on the amount of
structural control available to prepare the original structure
contour maps. The number of injectioh—withdrawal wells and
obsérvation wells necessary depends primarily on the areal
extent of the site. The locations of these wells were

determined and illustrated on topographic maps.

5.2.2 Economic Considerations

The economic considerations include all those costs associated
with the four phases of the testing program. The cost items
specific to each site that were included are drilling and
logging of structure test wells, drilling and logging of
injection-withdrawal and observation wells, pumping test,
laboratory testing, air injection testing, and the services

of the reservoir consultants. The cos£ rating system developed
for the testing program is based on the total cost.estimate.

The rating criteria used in this evaluation are as follows:

Cost -
(millions of dollars) . Rating
more than 3,5 ‘ l
3.0 - 3.5 2
2.5 - 3.0 3
2.0 - 2.5 | 4
less than 2.0 ' 5
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5.2.3 Environmental Considerations

The environmental characteristics evaluated for the testing
program consisted of cultural resources considerations and
ecological considerations. The evaluation of the sites for
cultural resources required an evaluation of the effects of
each well. The location of each test well was first noted

on tupographic¢ maps of each site. Each site was then visited
to evaluate the type of land use on or near each well site.
The regional and site-specific ecology of all sites were
investigated for the site development phasa of the site

study using the methods described in Subsection 4.1.3.3.
Additional information collected for the test program phase
of the site sfudy consisted of numbers and locations of the
required fest wells and holding ponds, the necessity of
creating new access routes for the placement 6f test wells,
and the vegetative habitat in the immediate vicinity of these

testing activities.

5.2.3.1 Cultural Resources Considerations

Tﬁe evaluation of the sites for cultural resources required
an evaluation of the type of land use on or near each well
site. The uses evaluated were residential énd commercial,
iﬁstitutional, recreational, historical and archaeological,
and agricultural. In the evaluation of the sites, proximity
té residential, recreational, and institutional uses was
considered to result in a more significant impact than the
aﬁount of farmland preempted or the proximity to historical

or archaeological uses. This difference in relative importance

5-10 -
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~was accounted for by weighting the former categories twice
as heavily as the latter in developing the composite cultural

resources rating.,

5.2.3.1.1 Proximity of Each Well to Residential and Commercial
‘ Structures

The total numbef of residential and commerical structures
within 1000 feet of well sites was used to determine

noise impact. The noise impact was assumed proportionél to
the number of these structures. This number was hséd to

establish the following rating system:

Number of Residential or Commercial

Structures within 1000 feet ,‘4 : Réting
more than 19 E : j 1
15 - 19 ) 2
10 - 14 . 3
5- 9 y .4
fewer than -5 ' B 5

5.2.3.1.2 Proximi;y-of Each Well to Instititutional Uses

‘Incompatible institutional uses, such as colleges and
schools, were noted to determine both aesthetic and noise
impact. The distance of the nearest institutional structure
was used to establish the following rating system:

Distance from

Institutional Property (feet) ’ o ‘ i'Rating
On the Property | A - 1
less than 1000 2

1000 - 2000 | o 3
2000 - 2640 | A | 4
greater than 2640 oo . 5
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5.2.3.1.3 Proximity of Recreational Uses

Known and planned recreational uses were located to determine
whether they would be disturbed by any of the test wells.
'The wells were considered to have an adverse noise and
aesthetic impact if they were on or near a recreational area.
The distance of the nearest recreational area was used to
establish the following rating system:

Distance from

Recreational Property (feet) Rating
On the Property ‘ 1
less than 1000 2

1000 - 2000 | 3
2000 - 2640 4
greater than 2640 5

5.2.3.1.4 Proximity to Historical or Archaeological Sites

Known historical and archaeological sites were identified to
determine the impact of the wells. The distance of the nearest
historical or archaeological site was used to establish the
following rating system:

Distance from Historical

or Archaeological Property (feet) ' , Rating
On the Site ‘ ' 1
less than 1000 2
1000 - 2000 3
2000 - 2640 | 4
greater than 2640 5
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5.2.3.1.5 Amount of Agricultural Lands Preempted

The sites were examined to determine how much land would be
temporarily taken out of production and whether specialized
cropland areas would be disturbed. The following rating system

was established for this criterion:

Description Rating

Strong possibility-of disturbing 1
specialized cropland areas or
more than 400 acres of farmland

Some disturbance of specialized ' 2
cropland areas or

300 to 400 acres of farmland
taken out of production

Minor disturbance of specialized 3

: Crops or :
200 to 300 acres of farmland
removed from production

No specialized crops disturbed and 4
100 to 200 acres of farmland
removed from production

No specialized crops disturbed and 5
under 100 acres of farmland
disturbed

5.2.3.2 Ecological Considerations

The ecological suitability of the sites for testing was
evaluated based on the proximity'of the sites to ecologicaily
unique areas, the likelihood of endangéred“species occurring in
the test areas, and the amount of ecologically valuable habitat
that would be disturbed by testing at each site. Because the

overall ecological impact that would result from testing at
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any site is much less than the impact that would result from
site development, the criteria used to assign numerical
ratings for the test program were made more sensitive to
small differences between sites in the probability of
endangered species accurrence and the amount aof valuahle
habitat that would be disturbed. The numerical ratings
obtained for each of the three factors at each site were
averaged to obtain an overall score for the ecological

desirability of conducting the testing program at that site.

rhe rating criteria are described by topic in the following

subsections.

5.2.3.2.1 Endangered Species
The probability of a species listed as threatened or endangered
by the U.S. Fish and Wildlife Service (1) or the Illinois

Départment of Conservation (2) occurring in the test areas

was evaluated. Based on the estimated mrobahility the following

criteria were established:

Description Rating

Extensive use of the test area by 1
an endangered or threatened
species has been recorded.

Extensive use of the test area is 2
probable or :
some use has been recorded.

Some use of the test area is 3
probable or
extensive use is possible.
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Description Rating

Some use of the test area is 4
possible but - -
extensive use is unlikely.

Any use of the test area by an .5

endangerec or
threatened species is unlikely.

5.2.3.2.2 Ecologically Unique Areas

Ecologically unique areas include virgin forest or prairie,
unusual wetlands or canyons, and pristine waterways. Based
on the proximity of well sites to any of these areas, the

following criteria were established:

Description : .~ Rating
One or more testing activities a 1

within an ecologically unique area.

More than one ecologically unique 2
~area within 1000 feet of a
test area.

One ecologically unique area within 3
1000 feet of a test area.

One or more ecologically unique ‘ . 4
areas within 5 miles but not ‘
within 1000 feet of the test area.

No ecélogically unigque area within 5
5 miles of the test area. ‘

5.2.3.2.3 Habitat Disturbance

The amount and type of ecologically valuable but not unique
habitat that would be disturbed at each site weré{evaluated.
Based on the type of habitat and the extent of testing

activities, the following criteria were established:
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Description , : Rating
More than three testing activities 1
located in habitats of high ecological
value (extensive undisturbed woodlands

or wetlands).

One to three testing activities located 2
in habitats of high ecological value.

More than three testing activities 3
located in habitats of some ecological
value (small woodlots or wetlands).

One to three testing activities located . !
in habitats of some ecological value.

Testing would disturb only habitats 5
that are already extensively d;sturbed

(agricultural, industrial, or
residential land).

5.3 CHARACTERISTICS OF FINAL SITES

5.3.1 Wapella East

5.3.1.1 Geologic Considerations

A discussion of the geologic conditions present at the Wapella

East site is presented in Subsection 4.2.1.2,

The data from 69 wells were used as control to prepare the
structure contour map. To properly delineate‘the struétpre,
three additional structure test wells drilled to a deptH of
approximately 1750 feet are required. The testing

program also requires two injection—withdrawal wells

2400 feet deep, three reservoir observation wells

2500 feet deep, and one caprock observation well 2100

feet deep. Figure 5-1 locates these proposed well sites.
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The time required to develop a test air bubble of approximately
1 x 109 cubic feet, using an injection pressure of 100 psi

over discovery pressure, is approximately 3.5 months.

5.3.1.2 Cultural Resources

Only nine wells and one holding pond are required for the
testing program at the Wapella East site, and all of their
locations are on cultivated cropland. Approximately 12.5
acres are required for the testing program, and this

loss of productive land should have no significant impact on
agricultural production in the area. There are only two

residential structures within 1000 feet of well sites.

These wells are two structure test wells, and since these
are estimated to have drilling operations for only about

1.5 week each: the impact on these residences should be verv

Little.

This site presents no major land use or cultural activity
that would be affected by the testing program. The nearest
recreational site to any well site is the Lake Clinton State
Recreational Area approximately 2 miles southeast.

The testing program should not have any significant noise or
aesthetic impact on this recreational area. No historical,
archeological, commercial, or institutional activities should

be affected by the testing program. There is an active oil

field on the site, but the testinag proaram should no+ inter-—

fere with its operation.
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5301 03 " iBeellogy
A detailed description of the ecology of the Wapella East site

and the region in which it is located may be found in

Subsection 4.2.1.7.

Testing at this site will involve the disturbance of intensively
farmed cropland. Since this type of habitat is already
extensively disturbed and is very common in the region, the
testing program is not expected to have any signiticant
ccological cffects. Any use of the test arca by an endangered
species appears highly unlikely. No ecologically unique area

is known to exist within 5 miles of the test area.

5.3.2 Deliand

5.3.2.1 Geologic Considerations

A discussion of the geologic conditions present at the DeLand

site is presented in Subsection 4.2.2.2.

The data from 12 wells were used as control to prepare the
structure contour maps. To refine these maps and properly
delineate the structure, 12 additional structure test wells
drilled to a depth of approximately 1950 feet are

required. The testing program also requires two injeclion-
withdrawal wells 2550 feet deep, two reservoir

observation wells 2650 feet deep, and one caprock
observation well 2250 feet deep. Figure 5-2

locates these proposed well sites.
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The time required to develop a test air bubble of
approximately 1 x 109 cubic feet, using an injection
pressure of 100 psj over discovery pressure, is

approximately 2.8 months.

5.3.2.2 Cultural Resources

Seventeen wells and one holding pond are required for the testing
program at the Deland site. All but two of these wells are on
cultivated cropland, and only about 14.5 acres will

be disturbed, most for only a relatively short time. It is
therefore not expected that the testing program will have any
effect on agricultural production in the area. The effect on

residential structures should also be very little. Only seven

houses are within 1000 feet of any test well, and six

of these are located close to structure test wells and should

be affected by drilling noise for only about 1.5 weeks for

each well. The one residential structure located within 1000
feet of an observation well will be affected for approximately

2 weeks. No major land use problems exist at this location,

and the testing program is not expected tu affect any historical,
recreational, or commercial activity. Because the surrounding
land use is agricultural and the testing program activities are

of short duration, only minor aesthetic impact is expected.

5.3.2.3 Ecology
A detailed description of the ecology of the DeLand site and

the region in which it is located may be found in Subsection 4.2.2.7.
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Testing at this site will involve the disturbance of agricultural
land and approximately 1 acre of woodland. The

disturbance of this small amount of woodland is not expected

to significantly affect the population of any plant or animal
species. Any use of the test area by an endangered species
appears highly unlikely. No ecologically unique area is known

to exist within 5 miles of the test area.

5.3.3 Media

5.2.3.1 Geologic Considerations

A discussion of the geologic conditions present at the Media

site is presented in Subsection 4.2.3.2.

The data from 63 wells were used as control to prepare the
structure contour map. No further structure test welis are
required at the Media site. The testing program does, however,
require two injection-withdrawal wells 207C feet deeyp,

three reservoir observation wells 2180 feet deep, and

one caprock observation well 1900 feet deep. Figure 5-3

locates these proponsed well sites.

The time required to develop a test air bubble of approximately
1 x 107 cubic feet, using an injecection pressurc of
100 psi over discovery pressure, is approximately

5.6 months.
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5.3.3.2 Cultural Resources

Since only six wells and one holding pond are required for the
testing at the Media site, the total amount of cropland

disturbed (approximately 10 acres) should be very small

and should have no significant impact on agricultural production
in the area. Onewell is on pastureland, one is on woodland,

and the rest are on cropland. The holding pond, one observation
well, and two injection wells are located in a cluster near the
intersection of Highway 94 and a county road. This cluster of
wells is located on cultivated cropland within 1000 feet

of seven residential structures. The major impact to residential
structures should be in this vicinity. Two of the remaining three
observation wells are located within 1000 feet of a residential
structure. Other than the noise impact on residences, the
testing program should present no major land use problem nor

will the wells affect any culturally significant activity. No
historical, recreational, commercial, or industrial facilities
should be affected by the testing proagram. Since the area is
primarily rural and agricultural and the testing program J
activities are of short duration, only minor aesthetic impact

is expected on surrounding areas.

5.3:.3.3 Ecology

A detailed description of the ecology of the Media site and

the region in which it is located may be found in Subsection 4.2.3.7.

Testing at this site will involve the disturbance of
agricultural land and approximately 1 acre of woodland.

Noise from testing activities may cause some animals to leave



CAES-T2

nearby wooded areas temporarily. The disturbance of this

small amount of woodland is not expected to significantly affect
the population of any plant or animal species, even though
extensive use of the test area by an endangered species is
possible. No ecologically unique area is known to exist within

5 miles of the test area.

5.3.4 Parnell

5.3.4.1 Geologic Considerations

A discussion of the geologic conditions present at the Parnell

site 1is presented in Subsection 4.2.4.2.

The data from 41 wells were used as control to prepare the
structure contour maps. Because of the locations of these
wells, no further structure test wells are required at the

Parnell site. The large areal extent of the Parnell site,

however, requires four injection-withdrawal wells 2500 feet
deep, four reservoir observation wells 2640 feet
deep, and one caprock observation well 2225 feet deep.

Flgure 5-4 locates these proposed well sites.

The time required to develop a test air bubble of approximately
9 ! - Ly 4

1 x 107 cubic feet, using an injection pressure of

100 psi over discoverv pressure, 1is approximately

2.1 months.
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5.3.4.2 Cultural Resources

Only nine wells and one holding pond are required for the testing

program at the Parnell site. One well is on woodland area, one
is on pastureland, and the rest are on cultivated cropland.

The amount of cropland disturbed for the testing program
(approximately 12 acres) should not have any

significant effect on agricultural production in the area.

Only two residential structures are within 1000 feet

of injection-withdrawal or observation wells and may therefore
be affected by noise. One injection well location is on the
Lake Clinton State Recreational area and another is adjacent

to the recreation area, which will result in negative aesthetic
impact. No historical, archeological, institutional, or any

other cultural activity should be affected by the testing program.

5.3.4.3: Ecology
A detailed description of the ecology of the Parnell site and

the region in which it is located may be found in Subsection 4.2.4.7.

Testing at this site will involve the disturbance of agricultural
land and approximately 1 acre of woodland. Iloise

from testing may cause some animals to leave nearby wooded areas
temporarily. The disturbance of this small amount of woodland

is not expected to significantly affect the population o[ any
plant or animal species, even though some use of the test area
by an endangered species is possible. No ecologically unique

area 1s known to exist within 5 miles of the test area.
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5.3.5 Brookville

5.3.5.1 Geologic Considerations

A discussion of the geologic conditions present at the

Brookville site is presented in Subsection 4.2.5.2.

The data from 21 wells were used as control to prepare the
structure contour maps. To properly delineate the structure,

12 additional structure test wells drilled to a depth of 760 feet
are required. The testing program also requires two
injection-withdrawal weclls 830 feet deep, Ltwo reservoir
observation wells 940 feet deep, and one caprock

observation well 622 feet deep. Figure 5-5 locates

these proposed well sites.

The time required to develop a test bubble of approximately
9 ; it i

1l x 107 cubic feet, using an injection pressure of

100 psi over discovery pressure, is approximately

14..5 months.

5«35.2 Cultural Resources

The testing program at the Brookville site requires 17 wells and
one holding pond. One well is on pastureland, one is on wood-

land, and the rest are on cultivated cropland. Since 12 of the

wells are structure test wells, and disturbance of the area around

these wells will last only for a relatively short time, the
effect on cropland and agricultural production in the area should be
very little. Approximately 14 acres of cropland will be disturbed.

This temporary loss of productive land should have no significant
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impact on agricultural production in the area. The major effect
of the testing program will be its impact on residential
structures, 18 of which are within 1000 feet of some

well site. The overall impact is reduced because 10 of these
houses are close to the short term structure test wells and
therefore will not be affected for very long. Two structure
test wells are within a mile of Eagle Point, which

has a school and residential structures listed on the Ogle
County Historical Society Register. These should be the only
two wells that present a negative aesthetic impact, but the

effect will be small because the drilling activity is expected

to last only 1.5 weeks per well. The remaining 15 wells should

have little aesthetic impact on the surrounding area. No
recreational, commercial, or industrial activities should be

affected by the testing program.

5.3.5.3 Ecology
A detailed description of the ecology of the Brookville site
and the region in which it is located may be found in

Subsection 4.2.5.7.

Testing at this site will involve the disturbance of agricultural
land and approximately 1.3 acres of woodland. Noise

from testing activities may cause some animals to leave

nearby wooded areas temporarily. The disturbance of this

small amount of woodland is not expected to significantly

affect the population of any plant or animal species, even

though some use of the test area by an endangered species is

possible. No ecologically unique area is known to exist within

5 miles of the test area.
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5.3.6 Fishhook

5.3.6.1 Geologic Considerations

A discussion of the geologic conditions present at the Fishhook

site is presented in Subsection 4.2.6.2.

The data from 71 wells were used as control to prepare the
structure contour maps. Because of the locations of these
wells, no further structure test wells are required at the
Fishhook site. The large areal extent and flat structure of
the Fishhook site, however, requires six injection-withdrawal

wells 1210 feet deep, four reservoir observation wells

1280 feet deep, and two caprock observation wells
940 feet deep. Figure 5-6 locates these proposed

well sites.

lhe time required to develop an air bubble of approximately
1 x 109 cubic feet, using an injection pressure of

100 psi over discovery pressure, is approximately

2.8 months. The site may, however, be unusable for a testing
program because the flatness of the structure may cause the

air to spread over too large an area.

5.3.6.2 Cultural Rescurces

Although the Fishhook site is large, the effect of the testing
program should not be severe since only 12 wells and one holdina
pond should be reguired. Sowme of the nine residential structures
that are within 1000 feet of well sites are likely to

be affected by more than one well. All the wells needed

at Fishhook are either observation or injection wells and have
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therefore been evaluated for longer term effects than structure
test wells. Approximately 25% of the wells are located on
pastureland or woodland and the remainder on cropland. Since
only 14.1 acres of cropland will be temporarily

disturbed, the disruption of cultivated cropland should be small,
and the testing program should have no significant impact on
agricultural production in the area. The testing program

should present no major aesthetic impact on the surrounding
rural area. There are no historical, institutional, commercial,
industrial, or recreational activities that could be affected

by the testing program.

5% 3.6.3  'Ecology
A detailed description of the ecology of the Fishhook site and

the region in which it is located may be found in Subsection 4.2.6.7.

Testing at this site will involve the disturbance of agricultural
land and approximately 5.2 acres of woodland. Noise

from testing activities may cause some animals to leave nearby
wooded areas temporarily. The disturbance of this small amount
of woodland is not expected to significantly affect the
population of any plant or animal species, even though extensive
use of the test area by an endangered species is possible. No
ecologically unique area is known to exist within 5 miles

of the test area.
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5L oW s Toulen A

5.3.7.1 Geologic Considerations

A discussion of the geologic conditions present at the Toulon A

site is presented in Subsection 4.2.9.2.

The data from 11 wells were used as control to prepare the
structure contour maps. To properly delineate the structure,
nine additional structure test wells drilled to a depth of

approximately 860 feet arc required. The testing

program also requires two injection-withdrawal wells
approximately 1290 feet deep, two reservoir observation
wells 1450 feet deep, and one caprock observation well
1130 feet deep. Figure 5-7 locates these proposed well

sites.

The time required to develop a test bubble of approximately
1 x 102 cubic feet, using an injection pressure of
100 psi over discovery pressure, is approximately

29.8 menths.

5. 38 20 CulEural Resources

The 14 wells and one holding pond required for the testing
program at Toulon A should present no significant loss of
ayricultural lands. Approximately 13 acres of

agricultural land will be temporarily disturbed. One well is
located on pastureland, one is on woodland, and the rest are

on cultivated cropland. Since nine of the wells are structure
test wells, the minor disruption of agricultural activity

should only be for a relatively short time. Eight of the wells
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are within 1000 feet of residential structureé. The

nine structure test wells should have little impact fbrla relatively
short time. The one residential structure located close to an
injection-withdrawal well will be affected for about 2 weeks during
drilling and may be affected for a longer period during the aquifer
pumping and air injection testing. The major activity in the area
on which the testing program will have an impact is Black Hawk
College, a 2-year community college. Ohe structure teét well is
located within 1500 feet of the college and}three others

(two structure test and one observation are located within a

mile. Negative reaction from the college community to

the testing program may be expected. The site is in'a rural
égriculfural area and sﬁould have little aesthetic impact on
the surrounding area. The testing program should nof affect

any historical, recreational, commercial or industrial activities.

5.3.7.3 Ecology
A detailed description of the ecology of the Toulon-A site
and the region in which it is locatéd may be found in

Subsection 4.2.9.7.

Testing at this site will involve phe disturbance of agricultural
land and approximately 0.3 acre of woodland. Noise

from construction activiﬁies may cause some animals to leave
nearby woodéd areas temporariiy. Tﬂe disturbance of this small
aﬁount of woodland is not expected to significantly affect the’
population of any planc or animal species, even though some

‘use of the test area by an endangered species is bossible. No
ecologically unique area is known to exist within 5 ﬁiles

of the test area.
5-43
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5.4 RESULTS

The desirability of conducting a testing program at one of
the final sites was evaluated for thrée.groups of charac-
teristics: geologic, economic, and environmental. Composite
ratings for these characteristics for each of the seven final
3ites are shown in Table 5-1. Sinee none of the sites
received a rating of less than three for any of the
characteristics, it was concluded that all seven of the final

sites appeared suitable for the testing program.

''he overall ratings for the geologic characteristics of the
sites ranged from 5 to 3. The four highest rated sites -
Wapella East, DeLand, Media, and Parnell - had higher scores
because they had more and better quality geologic information
available than the other sites. Wapella East and Media re-
ceived a slightly lower rating (4) than DeLand and Parnell (5)
because they would require more time to develop a test air
bubble. The remaining three sites - Brookville, Fishhook,

and Toulon A have unproven or duestionable caprock integrity
because of insufficient information. Brookville and Toulon

A each require a significant amount of time to develop a test
bubble: 14.5 months and 29.8 months fespectivelyt Fishhook
has a less desirable aquifer than some of the other final

sites because its low structural closure causes the aquifer
to'be very thin and wide. Since none of the seven final sites
reéeived a rating of less than 3, however, all of the sites are
considered to have suitable aquifer characteristics for a test-

ing program.
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CHARACTERISTICS

Geologic
Economic

Environmental

TABLE 5-1

SITE SUITABILITY EVALUATION

OF THE FINAL SITES FOR THE FIELD TESTING PROGRAM

WAPELLA
EAST DELAND MEDTIA PARNELL BROOKVILLE FISHHOOK TOULON A
4 5 4 5 3 3 3
5 4 5 4 5 3 3
5 4 3 3 3 3 3

Note: Numerical ratings range from 1 through 5.
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The estimated present day costs for the testing program at the
seven final sites are presented in Table 5-2. The major

cost items that contributed to the cost differential of
approximately $1,100,000 were (a) the depth and number of
injection-withdrawal and observation wells and (b) the time
required to develop a test bubble. Tlie Wapella East site has
the lowest estimated cost because it has relatively low
estimated costs for both these major cost items. Some other
siles have much lower costs tor one of the major items but
much higher costs for the other. For example, the Brookville
site has the lowest cust for the structure test wells and
injcction~withdrawal and observation wells because of the
shallow depth of the wells, even though the site requires the
most number of wells (18) but it is not the least expensive
site because of its relatively high cost for initial air
injection due to the long injection period (14.5 months).
Toulon A also has shallow wells but because of the even
longer amount of time required for air injection (29.8 months),
it is the most costly site. The overall rating for the
economic characteristice of the aites is a 5 [ur the three
sites with estimated costs of less than $2.0 million, 4 for
the two sites with estimated costs of between $2.0 and $2.5
million, and 3 for the th sites with estimated costs of

between $2.5 and $3.0 million.

The overall ratings for the environmental characteristics of

the sites range from 5 through 3. None of the sites received
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TABLE 5-2

ESTIMATED COST OF DRILLING

AND TESTING PROGRAM

INJECTION-WITHDRAWAL AND

STRUCTURE TEST WELLS OBSERVATION WELLS WATER INITIAL TOTAL
GEOPHYSICAL DRILLING WELLS GEOPHYSICAL PUMPING LABORATORY AIR RESERVOIR ESTIMATED
SITE DRILLING LOGGING ~ _7-INCH 4)5-INCH LOGGING TEST TESTING INJECTION CONSULTANT COST

Wapella East $ 67,300 $ 5,000 $376,500 $545,800 $35,000 $270,000 $44,500 $ 437,500 $30,000 $1,811,€00
Bro.okville $116,900 $20,000 $130,200 $192,300 $35,000 $270,000 $44,500 $1,074,300 $30,000 $1,913,200
Media None None ' $324,700 © $648,800 $42,000 $270,000 $53,500 $ 575,320 $30,000 §1,944 ,OOOb
Deland $300,000 $20,000 $400,000 $580,000 $35,000 $270,000 $44,500 $ 398,000 $30,000 $2,0§77,500
Parnell None None $784,300 $779,900 $56,000 $270,000 $53,500 $ 384,000 $30,000 $2,357,700
Fishhook None None $569,400 $538,100 $84,000 $270,000 $62,500 $1,157,300 $30,000 $2,711, 300
Toulon A $ 99,200 $15,000 $202,350 $309,800 $35,006 $270,000 $1,909,<00 $30,000

Arotals are rounded to nearest $100.00.

$44,500

bCosts does not reflect the assumption that existing injection-withdrawal and observation wells

may be present at the Media site.

injection .phase. The cost is exclusive of any fees NIGAS may require for their data.

If these wells are still inplace and could be used for the
testing program, then the cost for the testing program would be near the cost for the air

$2,915,700
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a rating of less than 3, which indicates that the environ-
mental impacts from a testing program at any of the sites

were considered negligible. Wapella East, which has an
overall environmentalArating of 5, received individual ratings
of 5 for all of the cultural resources and ecology criteria
diacugsed in Section 5.2. The DelLand sile received an

overall rating of 4 primarily because a testing program

would disturb more residences (7) at this site than at the
Wapella East site. 'l'his number, however, was not considered
significant compared to the large number of wells required (17).
The remaining five sites all received an overall enviroﬁ—
mental rating of 3. Three of the five sites - Media,

Toulon A, and Fishhook - are similar because testing at each
would disturb between 8 and 12 residences, have some minor
impact upon ecologically valuable habitats, and have a
somewhat greater potential for affecting endangeréd species.
The major concern at the Parnell site is that the testing |
program would disturb.the state recreational development on
the shores of Lake Ciinton. The Brookville site would have
the most severe impact on residences since it would reguire
17 wells that would be in close proximity to a total of

18 residences.

In conclusion, the impacts associated with the testing program
do not appear to vary significantly among the sites. No sites
were eliminated from consideration'due to unsuitability for
the testing program. As a result, the ranking of the seven
final sites remains the same as tﬁat determined during the

initial evaluation of the potential sites (see Subsection 4.3).

5-48 -
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Attachment A
SUMMARY OF“LiTERATURE: EFFECTS OF AIR

INJECTION ON AQUIFER-CAPROCK-WELL SYSTEMS

A.l SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This section presents a digest of representative'iiterature
on selected topics relevant to geologic aspects of
compressed-air energy storage (CAES). Emphasis is placed
on information useful in predicting perfofmance4dnd poten-
tial problems of reservoir rocks, caprocks, and reiated
portions of well systems. Literature canvasses were

organized around the following topics:

a.  direct references to compressed—éir energy .
storage and to underground‘natural gas

storage (see Section A.3.1);

b. compressed-air injection into petroleum- .
bearing reservoir rocks and compressed-air
testing of natural gas reservoirs (see

Section A.3.2);

-c. clay mineral destabilization and.its effects
on reservoir rocks and caprocks (see

Section A.3.3);

d. possible mechanical failures in reservoir .

rocks and caprocks (see Section A.3.4);°
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e. effects of oxidation of iron-bearing

minerals and of steel (see Section A.3.5);

f. problems of bacterium and other micro-

organism proliferation (see Section A.3.f);

g. thermal stresses on well casings (see

Section A.3.7);

h. environmental concerns and hazards .(see

Section A.3.8); and
i. miscellaneous (see Section A.3.9).
The following major conclusions were reached:

a. Since at present there are no functioning
CAES aquifer plants, there are no direct
data on the operation of this mode of
storage. Experience from underground
natural-gas storage is probably the best
single source for predictioné bf the
overall workings of compressed-air injec-
tion, and the technology of-enhanced 
petroleum-recovery is probably the major
source of information on specific problems

likely to be encountered in air injection.

b. The geometric complexities of bubble growth

and the irregular pattern of water expulsion
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in natural-gas storage aquifers are‘a good
model for CAES; the oxidizing environment
of CAES, howevgr, is an important source of
prohlems not encountered in the reducing |

environment of natural gas injection.

The potential for problems of permeability
loes, environmental hazards, and possibly
corrosion is significantly greater in
petfoleum-bearing aquifers than in non-

petroleum-bearing aquifers.

Clay minerals of reservoir and, possibly,
caprocks are potentially susceptible to
destabilization in the presence of. warm
injected air. Fresh water of condensation

in contact with clay minerals could pro&oke
alterations, swelliné, and loss of perme-
ability under certain conditions.

Dehydration of clay minerals gould form
abrasive clay-dust particles, which even in
small amounts are potentially harmful to
generator components. Specific'mineralog?<and
distribufion of ciay minerals could:be a more
important determinant of clay behavior_ﬁﬁan
the total quantity of clay present. Polymers

can inhibit clay swelling.
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The literature survey revealed little of direct
application to the mechanical faiiure of rescr-
voir/caprocks under projected CAES conditions.
Laboratory experiments, however, on the effects
of hot'air (ventilation) on rock stability

are now in progress at the University of
Wisconsin at Milwaukee. From a limited data
base the mechanical failure of resefvoir rocks'

in CAES service does not appear likely.

Under certain conditions, the injecﬁion éf air
into pyrite-bearing strata might set off a

chain of events in which sulfate ions from
oxidized pyrite combine with calcium ions in’
formation waters to precipitate gypsum that
clogs reservoir pores. In cases where pyriti-
ferous shale caprock is in direct contaétvwith
reservoir beds, gypsum formation could induce
expansive forces in the caprock. Acid solutions
derived from the oxidation of pjrite could have

deleterious effects on reservoir rocks.

The possibility that sulfate-reducing bacteria
may survive in the CAES envirbnment, as they
do in the oxidizing environment of aquifers
undergoing water drive, cannot be dismissed.

Unchecked proliferation of sulfate-reducing
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bacteria could result in pore clOggihg, corro-

sion, and aquifer contamination.

There should be no failure or damége to CAES
well casings because of thermal stresses,.
assuming that injection/withdrawal weils employ’
petroleum industry technology. }Techniques |
used in drilling oil or gas wells should be

readily adaptable to CAES drilling.

Explosion haéards and/or air pollution would
be a major environmental concern at all CAES
sites in depleted petroleum reserv&irs. At
other sites, potential environmental con-
cerns include bacterial, chemical, or
thermal contamination at the éir storage
aquifer and, if there is caprock leakage, o%.

other aquifers as well.

Based on the preceeding conclusions, the following

recommendations are made:

a.

A continuing survey of current 1i£erature on
topics of interest should be maintained with
the help of indices such as the vaernment
Index of Publicatibns, the EngineeringAIndex,
and geological and petroleum engineéring

publications. References to actual field or
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laboratory experience (e.g., at the Uﬁiversity
of Wisconsin at Milwaukee work) would be

particularly valuable.

b. Before any final decision to accept a site is
made, a thorough petrographic study of reser-
voir and caprocks, including microscopic and
x-ray analysis, should be undertaken. Detailed
mineralogy and distribution of clay minerals

and pyrite would be of particular importance.

c. Reservoirs in depleted oil field should be con-

sidered a poor choice until proven otherwise.

d. Applications for permits must address the possi-
bilities of thermal, chemical, or biological
' contamination .of aquifers and the possibility

of atmospheric pollution.

A.2 INTRODUCTORY STATEMENT

One of the major unknown elements in the feasibility evalu-
ation of CAES aquifer sites is the potenﬁial‘effect of

air ihjectién on the aquifer-caprock-well system. As a
first step in assessing the nature and magnitude of such
effects, a literature search of selected potentially
relevant topics was undertaken. Rather than attempting an
exhaustive canvass, a representative sampling of literature
was sought. A summary of the ﬁore noteworthy poiﬁts dis-

covered is the subject of this part of the report.

A-6



CAES-T2

The choice of relevant subjects to reseérchAentailed a con-
siderable measure of judgment. Emphasis was placed on
problems controlled byiéeological conditions. Since the’
development of the CAES concept is relativély new and there
are no existing aquifer-reservoir plants from'which to draw
data, it was necessary to use theoretical ﬁodels of air-
injection effec¢ts, derived in part from experience Of
related technologies (e.g., underground natural gas storage,
petroleum recovery), to forecast problehs that might érise
during the operation of a CAES plant. Once potential pro-
blems were forecast, books and periodicals were identified
that were likely to contain conceptual material én CAES or field
or laboratory data on other subjects adaptable to CAES
studies. The literature on enhanced recovery of petroleum

was most applicable to the CAES study.

To aid in the identification of literature sources, the
computerized literature surveys Geoarchive, Energylihe,
and Compendex were run at John Crerar Library (Illinois

Institute of Technology, Chicago), but they yielded little

additional information.
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A.3 TOPICAL LITERATURE SUMMARIES

The most important literature search objectives were to
locate direct references to the geological aspects of CAES’
aquifer storage and to the closely related topic of under;
ground natural gas storage. The next goal was a canvass

of a wide variety of sources for data relevan£ to the
potential effects of air injection. For each of the topics
considered, literature summaries and conclusions'ana
recommendations are presented in the following pages.

Each topical summary also iﬁcludes a list éf refefences.

The complete citations are given in Section A.4.:

A.3.1 Direct References to Compressed Air Energy Storage and to

Underground Natural Gas Storage

A.3.1.1 Introduction

Literature on compressed-air energy storage and underground
natural gas storage was scanned to develop an outline of the
air-injection process within which more specific problems
could be addressed. Gas storage referénces were considered
along with direct references to CAES 5ecause'gas storage
technology is probably the major source of information

.the functioning of the complete compressed-air injection
system. Noteworthy items in the CAES/natural gas

literature with relevance to specific topics considered

are discussed in the appropriate topical sections.
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A.3.1.2 Summary of Literature

Good general treatments of CAES are presented by Ayers and
Strong (1), Bervig and Pinker (2), Fleury (3),

Harbol (4), Katz and’ﬁady (é), Rogers and Allen (6),

and most comprehensive of all, General Electric/ERDA (7$]
Bond (8) and Buschbach and Bond (9) provide excellent

summaries of underground natural gas storage in aquifers,

particularly in the Illinois Basin of Illinois.

Ayers and Strong (1) discuss mined caVern, dissoived salt
cavern, depleted o0il reservoirs, and aquifer modes of storage
and conclude that aquifer storage is best because it is the
most inexpensive, as shown by the experience of thg natural gas
storage industry. A minimﬁm volume of lO7 té lbg.ft3 is\

needed for compressed air aquifer storage. Air storage
reservoirs can tolerate greater leakage than would be permissible
for natural gas storage. A large air bubble is necessary to
minimize undesirable humidity—pressuré—temperature and-

volume changes near intake wells. Displaced air will not
compress aquifer water ad infinitum; some compression of solid
grain structure will occur. Following the displacemen£ of

groundwater, a temperature equilibrium between air and solids

in the aquifer is established.

Bervig and Pinker (2) considered candidate CAES sites
in the Kansas City area. They determined that aquifer
storage requires 10% porosity, over 200 millidarcies

3

permeability, and 1.60 x 108 ft storagé volume. The
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shape of the ideal reservoir is an inverted saucer of 2:1
length-width ratio, reservoir thickness of 150 feet and
side slopes of 0.2:1. Depth range should be between 750
and 3000 feet:; Eaprock permeability should not exceed 10~

millidarcies.

The article by Fleury (3) (in French) concentrates on
underground mined storage, which is considered the best
mode of storage (at least for France). He feels that
aguifer storage poses'qrave problems because of (a) the
large number of intake wells necessary to maintain needed
alr flow in the face of near-well porosity problems, (b)
oxidation, (c)lblockage by growth of microorganisms, and
(d) the lack of knowledge of air behavior in underground
storage. Other authors address these problems, as related,
in following sections of this report. The Fleury paper,
however, contains a good summary table of advantages and
disadvantages of different modes of storage. Excavated
granite caverns are considered the best type of stourage.
The French propose to construct a CAES mined cavern in

Brittany during the 1980's.

The General Electric/ERDA (7) report is a joint effort

of the General Electric Company, Fenix and Scisson, Inc.,
and United Engineers and Constructors. It is an extremely
thorough and comprehensive review of CAES and includes a

detailed conceptual design of an aquifer storage plant,
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using the Brookville Dome in Illinois as an hypothetical
site, and of an excavated cavern storage plant using a

hypothetical site-near Sykesville, Maryland;

The Harbol (4) report is a general paper noting that

.the concept of aquifer storage is yet to be proven. The
paper by Hobsen et al. (lg)'is a survey of potential sites
in California, including aquifer sites and depleted'oil/gas

fields.

The Katz and Lady (5) work is the only compreheﬁsivé
textbook available dealing with the subject of compressed
air storage. The presentation deals with the fﬁndamental
principles of underground storage and their apﬁlication to
compressed air storage. Several example designs and cal-
culations are covered including a conceptual design of an

aquifer storage plant using the Media field.in‘Illinois.

Howells' (11l) paper addresses cavern storage. The author
points out that even minute quantities of miﬁeral salts

can cause corrosion problems if they enter the well system.
‘This could be of significance in aquifer storégeﬂ A papef
written by-Kartsounes (12) and another»one by Kim and |
Kartsounes (13) are concerned with details of turbine
systems with CAES aquifer systems. An article by'
Korsmeyer (14) éonsidered underground. caverns onlyl.,A
paper by Pérk et al. (1l5) is an economic and cost study‘

of accelerating research activities of application to

electric utilities.
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The Rogers and Allen paper (6) is a conceptual article

on underground hydrostorage and CAES devoted to equipment,
plant arrangement, and economics. No information is

given on aquifer storage. Smith and Wiles (16) report

on a computer simulation study of the effect of vdarious

reservoir parameters on CAES operation.

Addressing natural gas Storage in aquifers,'Buud (8)

makes a number of statements of interest to CAES. He
describes the following toolé of exploration for aquifer
gac-ctorage reservoirs (particularly in the 1llinois Basin):
surface geology, coal structure maps, shallow structure
tests, 0il and gas tests, water wells, geophysics,‘and test
holes in aquifers. The following tests of caprocks are aléo
important: core analysis, differences in water composition
and/or head above and below caprock, pumping tests, and
observation wells in gas-filled fields. All of these

tools and tests can be applied to CAES. Dond cautions

that inhomogeneities above and below.caprocks must have
existed through "geologic time" if they are to serve as
reliable indicators of caprock integrity and that.entry

of gas into a caprock is controlled by head differences
across the caprock as well as by threshold pressuré. The
shape of the gas "bubble" can be highly irregular and depart
greatly from the ideal owing to horizontal and vertical
variations in reservoir rock permeability. Other causes

of anomalous shape and behavior of the gas bubble can be
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attributed to gravity differences in waters of var?ing'densi-
ties or to hydrodynamic conditions evidenced by phenomena |
such as a tilled gas/water interface. In addition to solid
gas hydrates, "water-walls" and "foam—wails" have been
proposed as seals for reservoirs'having no structural

closure.

v.Buschbach and Bond (9) make the important point‘that

fresh water aquifers are not used for gas storage in
Illinois because they are too valuabie_as sources'of'potable
water. In discussing the effects of gas injection} the
authors note that not all water in the aquifer'is displaced
at the same time or uniformly in all directions; pocketé

of residual water are left behind. As gas is injected, the
surrounding,water.and rock are compressed, but séve;él

miles from the reservoir water pressure and density are
practically unchanged. Normal gag injection pressures

are about 0.55 psi/ft of depth, but pressures as high as

0.7 psi/ft of depth have been used. Initial fluid pressure
must be also considered. Permeability to gas can be esti-
mated'from field water-pressure tests.. Also of interest |
is that high withdrawal rates from gas storage, compared with
natural gas and oil fields, render capillary effects less
important but tend to make movement of the gas/water
interface more complicated because of the cyclic'ﬁature of‘
withdrawal. Presumably both of these trendsiwouldAbe even

more marked'in CAES.
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A.3.1.3 Conclusions

Much of the experience accumulated in the development of
aquifer storage for natural gas seems to be appiicable td
CAES. The.geometric complexities of bubble growth and
irregularity of water expulsion of natural gas storaye
aquifers are a good model for CAES; likewise, the tech-
niques for exploring and testing reservoirs is also
applicable. As shown In the following portiaons of this
report, the oxidizing‘environment that air-injection
creates is an important cause of prdblems not encountered

in the reducing environment of natural gas injection.

A.3.1.4 List of Referenceerxamined

Ayers and Strong (1), Bervig and Pinker (2), Bond (8), Buschbach

and Bond (9), Day, Alff, and Jarvis (17), Engineering News

Record (18), Fleury (3), General Electric/ERDA (7),
Giramonti (19), Harboe (ij} Hobson et al. (10), Howells
(11) , Kartsounes (12), Katz and Lady (5), Kim and
Kartsounes (13), Korsmeyer (14), Lady and Katz (20), Park

et al. (lé), Rogers and Allen (6), Smith and Wiles (16),

Stottlmyre et al. (21), and Despois and Nougaréde (22) .

A.3.2 Compressed-Air Injection into Petroleum-Bearing

Reservoir Rocks

>
!
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A.3.2.l: Definition of Potential Problems

The topic of compressed air injection into petroleum reser-
voir rocks is of grea}l;ﬁportance because it is a source

of information on what actually does happen when air is
pumped into the ground rather than what might be inferred
to happen from indirect data. Obviously, experience from
compressed air injection into. actual oilAfields would be
especially relevant to CAES development in abandoned oil
fields but some ideas might be applied to non-petroliferous

aquifer sites as well.

The injection of compressed air into oil-bearing strata
(air drive) as a technique of secondary recoVery was begun

before World War I and continued into the 1930'5 and 40's

(23) . Although this method is not used as much now as in
the past, some interest in the method has been renewed in
recent years (24). This section of the report eﬁphasizes
data from air injection as an air-drive mechanism of‘
petroleum recovery, but some consideration is given to
data from airAinjection'as a source of oxygen in the'ig.'

situ combination process of o0il recovery.

In addition to problehs addressed in other sections of this
report (e.g., bacterial growth, explosion hazards, and
environmental pollution), there is concern that the circu-

lation of air through oil-svaked beds will mxidige'crude
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oil, remove lighter hydrocarbons, and leave behind a heavy
viscous mixture that will clog reservoir pores and reduce
permeability. The oxidation of hydrocarbons could also
raise the carbon dioxide content and ultimately the acidity
of the air-reservoir and well systems and thus aggrevate
problems, such as corrosion (25) or clay destabi-
lization, discussed elsewhere in this report. Large
quantities of carbon dioxide passing through the well/
turbine system might alter the compressive and thermal
properties of the air mixture. Air injected into an oil-
bearing stratum might by-pass tight oil-socaked zones and
follow paths not anticipated in thé design analysis of
air-reservoir geometry. In extreme cases design reservoir

volume assumptions could be invalidated.

' A.3.2.2 Summary of Literature

The best summary of compressed air injection into petroleum
reservoirs among the articles canvassed is the one by Dickey
and Bossler (23). Extensive secondary fecovery operLations
were carried outlin the Venango field, Pcnnsylvania, using
the Smith-Dunn air injection process. There the producing
sands are Devonian in age and occur in a 300-foot thick
zone of irregular lenticular bodies. The'sands include
numerous shale streaks. Permeability is highly variable
ranging from 0 to 2000 millidarcies. The sands are 800

to 900 feet below ground surface. Air was introduced from
special wells at pressures of 50 to 400 psi. There was

a break-down (threshold) pressure below which air would not

A-16
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enter the formation. Problems of air flow through porous

media are more complicated than flow problems of non-

compreesible fluids, Injected air tends to seek out the more

in the tighter zones. Well patterns should allow for
locations of impermeable streaks. Dickey and Bossler found
that the air flow through the oil-bearing sands oxidized
portions of the crude petroleum resulting in pore clogging
"by the heavier compounds formed. Constant passage of air
removed the lighter hydrocarbpns leaving a more viscous

0il behind. Another significant effect of air flow was

the creation of explosive mixtures.

Flood (26) reported on air repressuring in the Colmar-
Plymouth field of Illinois. Air was used because naturai
gas was not available. The field is located southwest of
Macomb, Illinois. The producing formation:is the Hoing
sand, of Devonian age; occurring as lenses above the'Maquo—
keta Shale. The sand is about.400 feét deep and 10 to 12
feet thick in the test area. Air was'injected at a
pressure of about 50 psi. Some by—passing:problems were
encountered but were corrected by raising fluid level in

wells.

Additional information on air repressuring in Illinois
fields was provided by Bell and Squires (27) who noted

that most attempts to repressure limestone were unsuccessful.
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In Ohio o0il fields undergoing air repressuring, by-passing
by air has been a major problem (28). 1In |

examples cited, the producing horizon was the Clinton

sand of Silurian age. The lenticular sand bodies lend
themselves well to repressuring, but great variations in
horizontal permeability were a disadvantage. Pressures

used were about 50 to 90 psi.

Ryder (29) emphasized the importance of monitoring the
carbon dioxide content of the produced gases as a measure
of oxidation of the crude o0il and of the thickening of oil
left behind. In extreme cases,‘resulting high viscosities
may force the abandonment of using air for pressuring. Byj

passing and preferential air-flow paths are also important

in analysis of air drive.

With increasing scarcity of natural gas there has been
renewed interest in air repressuring. Crawford at Texas

A&M University experimented with oil recovery pressures of
4000 to 6000 psi in a linear laboratory'sand pack

(24) . In further work at Texas A&M, Rusing ef al. (30)
suggested that, when air is injected into a

warm oil reservoir, oxygen should react with the petroleum
to yield carbon dioxide and nitrogen. The carbon dioxide
would dissolve in the o0il and connate water; the nitrogen
would provide an inert gas drive. In laboratory experiments

the authors used nitrogen at 6000 to 8000 psi on a glass-

based sand, and 43° API at 250°F.
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Some aspects of air injection for in situ combustion

may be of interest in connection with CAES. At Brea-0linda,
California, Showalter and McLean (31) reported that "occur-
rences that cause turbulence in the air supﬁly such as
compressor shut downs or adjustments of injection rate seem
to cause surges of plugging." The importance of clean

injection wells cannot be overemphasized.

Experiments in air and steam injection were carried out at
the Parker field near Casey, Illinois, in Pennsylvanian
sand (32). Mixtures from 100% air to steam—nitrogenF
carbon dioxide and no air were injected at slightly above
overburden pressure and at temperatures of 800°F. Carbon
dioxide content of produced gas is a measure of degree of

oxidation.

Reporting on field experience with injected air, ﬁeim (33)
discusses field investigations in the Siggins field in'Illinois
during which air was injected alternately with chemical

foam. The foam blocked off high permeability "thief"

streaks. Air was injected at 430 psig.

A final note, Watkins (25) referred to CO2 as a corrosive

gas.

A.3.2.3 Conclusions and Recommendations

The major conclusion and recommendation of significance
to CAES that can be drawn from experience with air-drive

techniques of petroleum recovery is that petroleum-bearing
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aquifers have significant potential disadvantages not found
in non-petroleum-bearing aquifers and should therefore be
avoided for CAES use except in cases where some overriding

compensating benefit can be demonstrated.

These potential disadvantages include anticipated problems
of permeability losses related to oxidation of petroleum
and/or removal of lighter hydrocarbon fractions, which are-
borne out by actual case histories. By-passing of air
through "thief" streaks has likewise been observed, Oxi-
dation of crude oil clearly leads to an increase of carbon
dioxide, and carbon dioxide is referred to-as a corrosi&e

gas (295).

Field injection pressures in the examples cited were
consistently below those that would be employed in CAES,
whereas pressures (and temperatures) cited in the laboratory
tests were far above those that would be used in CAES.
Presumably these discrepancies would not seriously
invalidate general conclﬁsions drawn from field data. For
the most part geologic conditions in oil fields where air-
drive techniques were employed most closely approximate
those of the Pennsylvanian and Mississippian CAES prospects

in the Illinois Basin.

The correlation of plugging with occurrences that cause

turbulence in the air supply for in situ combustion (31)

may have application to non-petroliferous and petroliferous



aquifers. The use of foam to seal off zones of high per-
meability (33) may also be useful in certain types of‘non-
petroliferous aquifers. Except for explosion ﬁazards, no
specific reference to fgpics addressed elsewheré in this
report (e.g., clay destabilization) was found in- the

literature on air-drive petroleum recovery.

A.3.2.4 List of References Examined

Baxton and Pollock (34), Bell and Squires (27), Dickey

and Bossler (23), Flood (26), Heim (33), Lindsley (35),
. Offshore (24), Rushing et al. (30), Ryder '(29), Schaefer

(28), Showalter and McLean (31), Stone and Crump (36),

Torrev (gl), Walter (32), and Watkins (25).

A.3.3 Clay Mineral Destabilization and its'Effects on

Reservoir Rocks and Caprocks

A.3.3.1 Definition of Potential Problems

The instability of clay minerals in environments of
changing moisture content, temperature, or water chemistry
is well known to geologists, soil ehgineers, and others
dealing with clay minerals. In the context of combfessed
air aquifer storage, the injection of warm dry air info
the reservoir rock with the concommitant expulsion of
formation (connate) waters could leaa to dehydrétion.of.

certain types of clay minerals. Dust-size partiéles thus
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liberated could find their way into withdrawal wells and
from- there into generator units where they could céuse
excessive wear to moving parts and potential contamination
of the atmosphere. The dehydration of clay mineral consti-
tuents of shale caprocks could lead to cracking and
deﬁerioration of the réservoir seal in cases where the shale

is in direct contact with the reservoir rock.

Another point of concern is that intefgranular clay minerals
stable in the presence of mineralized (formation) waters
will swell and/or disperse and thus close off pore space
when brought into contact with fresh water. Fresh water
could be introduccd into the aquifer by condensation of

warm air some distance away from injection wells.

A.3.3.2 Summary of Literature

Among the references examined, Grim (38) yielded the

most information on dehydratinn and rehydration of clay
minerals. Kaolinites show virtually no dehydration effécﬁs
below 400°C, a figure far in excess of proposed working

air temperatures for CAES. Chlorite is likewise insensi-

tive below about 500°C.

Illite shows considerable water loss at temperatures below
100°C and gradual loss between 100°C and 350°C. After
heating from 600°C to 800°C there is a gradual gain in

moisture on cooling (rehydration).
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Smectite (montmorillonite) undergoes considerable dehyara—
tion between 100°C and 200°C. Above 400°C most phase
changes occur in interlayered phases. No data for tempera-
tures below 100°C are given. Smectite regains water and
expands at low temperatures. The lithium variety loses the
property of expansion when heated to 125°C; the’hydrogen

and calcium varieties between 600°C and 800°C.

Vermiculite suffers large water losses when heated to
temperatures below 100°C, then gradual 1ossés to 850°C.

Water is regained almost instantaneously at room temperature.

Other information on dehydration may have been provided bf
laboratory ventilation (air injection) experimenté on
potential sandstone reservoirlrocks (39, 40). Apparently.
there is no change in porosity or permeability as a fesult
of ventilation. However, laboratory temperatures aﬁd
pressures did not completely simulate anﬁicipated field
conditions of CAES operétions. Other related information

is in Clark et al. (41) and Subsection A.3.2.2.

Expansion of clays and loss of permeability can be a majbr
problem in water flooding for enhanced recovery of'petroleum
according to many authors (e.g., 42, 43). Sodium bentonites,
for exahple, may swell to 20 times original volume on
contact with ffesh water (44). Even a small amount of clay

minerals in an otherwise "clean" sand can cause serious loss

of permeability.
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Different clays react differently to injecﬁed fluids

(43). In Gulf Coast sands containing kaolinite,

there is a migration of fine particles (see also

(44) . Smectite (bentonité) can be very sensitive

to fresh water) thc nct reaction of illité Ls t0 increase
pore tortunsity, chlorites are very acid-sensitive. Well-
cfystallized illite and chlorite in "dirtY" Chester Séries
sandstones of the Illinois Basin, however, are relatively
insensitive (45). Degraded clays in "clean"

Chiester sandstones are expandable. Clay minerals in shales

of the Chester Series, mostly illite and chlorite,are stable.

The special distribution of clay minerals in the reservoir
rock texture is a factor in potential permeability losses.
Clay minerals can occur as discrete detrital grains or as
coatings on sand grains (i.e., pores are lined with clay).
The first case is relatively unimportant to permeability
reduction. In the secbnd case, even a very small percentage
of reactive clay minerals can cause a very serious loss in

permeability (45, 46).

On another point, Slobod and Beiswanger (47) report ex-
periments on test cores of Berea sandstone, known to contain
water-sensitive clays, in which addition of small amounts of

polymers controlled clay swelling.

¢
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A.3.3.3 Conclusions and Recommendations

The potential for problems resulting from destabilization
ofAclay minerals is real enough to merit careful consideration
and planning of prev;ﬁtive and remedial measures at all
pfoposed CAES sites. The precise mineralogical variety of
clay minerals present in a rock may be a more important
control of swelling or deterioration potentizl than is the
total amount of clay minerals. 1In the Chester Series
(Mississippian) of the Illinois Basin, illite/chlorite-
bearing shales and "dirty" sandstones are less susceptible
to swelling from water-flooding and presumably from water
of condensation than are "clean" sandstones containing de-

graded clays. The extent to which this generalization may

apply to rocks of other ages is unknown.

The distribution of clay minerals within a reservoir rock

texture is potentially important. Rocks should be examined
petrographically in thin sections, by x~rays, and with core
permeability tests. The injection'of’small amounts of poly-

mers may be a way to control cléy swelling.

A.3.3.4 List of References Examined

Bernafd (44, 48), Buckley and Leverett (gg);'Byars and
Gallop (50), Calhoun (42), Clark et al. (41), Davies and
Almon (43), Griffith and Meniie (El)' Grim (ég), Hower (52),
Kharbaka and Smaltey (53), Krynine (46), McClintock (éﬂj,
Morris, Aune, and Gates (55), Pincus (39, gg),'slobod and
Beiswanger (47), Smoot (45), Watkins (25), and Wright et al.

(56) .
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A.3.4 Possible Mechanical Failures in Reservoir Rocks

and Caprocks

A.3.4.1 Definition of Potential Problems

A unique feature of underground CAES, as compared for
example to underground yas storage, is the diurnal cycle
of pressure changes during normal operations. A question
to be answered is whether cyclic pressure changes under
elevated temperatures eventually cause fatigue damage to
reservoir rock or caprock. Another consideration is the
long-term effecte of clevated Lewmperatures on reservoir

and caprocks.

A.3.4.2 Summary of Literature

The literature canvass found very little that was applicable
to conditions under which a CAES plant would be expected

to operate.

Pincus (39, 40) has reported on an ongoing laboratory

study of cyclie ventilation (i.e., air-injection) of st,
Peter Sandstnne, Berea Sandstone, Salem Limestone, and other
formations, at elevated temperatures and pressures. So

far there has been little evidence of systematic changes

in significant rock properties as a result of ventilation.
Laboratory conditions, however, have not yet fully simu-

lated expected operating conditions of CAES plants.

In other laboratory experiments (57),

o
i

26



CAES-T2

Berea, St. Peter, and Bandera sandstones heated to 400°C to
800°C under atmospheric and simulated petroleum reservoir
pressures showed evidence of serious mechanical disruptions

and a 50% increase in permeability. Cyclic pressure changes

were not reported as part of the experiment.

A sampling of literature on in situ combusion techniques

of secondary petroleum recovery was canvassed for insights
into stability of reservoir or caprocks at elevated

temperatures. Clark et al. (ﬂl) reported on an in situ

combustion test in Crawford County, Illinois. The Robinson
sand was burned at temperatures of 1200°F to 1300°F. -

Aside from color changes related to the oxidation of iron
‘minerals, the sand appeared petrographically unchanged .

except for some increase in permeability to air.

A.3.4.3 Conclusions and Recommendations

The report of Clark et al. (41) described rock subjeéted

to tempefatures as high as 1300°F (far iﬁ excess of ‘any
4planneq for CAES) that showed little change. Based on

this e#perience, it would appear that mechanical deteriora-
tion of reservoir rocks by reason of elevated températures

is unlikely.

On the basis of the literature examined, it is ﬁot
possible to say whether the cyclic pressure changes and
temperatures of normal CAES plant operation would result

in mechanical damage to reservoir rocks or caprocks.. Quite

possibly, reservoir rocks are not affected by such .changes.
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Further literature canvasses are not expected to yield

much data of significance.

A.3.4.4 List of References Examined

Baxton and Pollock (34), Burger (58), Clark et al. (41),

Pincus (39, 40), Showalter and McLean (31), Somecrton et al.

(57), Thomas et al. (59), Traeger et al. (60), Viloria and
Al (61-6G3); Widmyer et al. (64), Yiertuss (92), and

Zierfuss and Van der Vliet (66) .

A.3.5 Effccts of Oxidation of Iron-Bearing Mineral

of Steel

A.3.5.1 Definition of Potential Prohlems

Iron-bearing minerals, particulérly pyrite, are commonly
present in small amounts in many potential reservoir units

and caprocks. For the purposes of CAES investigations,

of greatest interest are the potentially hérmful effects

of the nxidation of pyrite (iron sulfide) to sulfates and
sulfate ions. These harmful effects could include corro-

sion of well casing by acid water, reduction of reservoir-
rock permeability by reprecipitation of sulfate minerals,
destabilization of clay minerals by changes in water chemistry
(see Section A.3.3), generation of swelling pressures, and

deterioration in shale caprocks.

The oxidizing environment of compressed air storage also
raises the possibility of steel corrosion in well casings

if any moisture is present. It is of interest to know to
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what extent this type of corrosion may exist under CAES field

conditions.

A.3.5.2 Summary of Literature

The literature canvassed yielded useful information on three
points of interest: gypsum precipitation, héaving shales, and

steel oxidation.

In the oil fields of Bradford, Pennsylvanié, precipitated gypsum
(calcium sulfate) clogged wells and lines used in waterflooding
(67). The possibility of oxidized pyrite as a source

of sulfate ions-was considefed but rejected in favor of §ypsum»

dissolved from the reservoir rock and later reprecipated.

Heaving in shales from the Pennsylvanian-age deposits of
Kansas City was ascribed to the oxidation of pyrite followed

by conversion to gypsum (68).

Oxidation is associated with the drying of shales exposed to
air in underground caverns. Both Byars and Gallop (50)

and Nelson (ggj report that oxygen-rich waters cause

significant corrosion of steel.

A.3.5.3 Conclusions and Recommendations

Sufficient information was gathered for the considerétion
of twé points. Yuster's (67) work suggests‘that'sulfate
ions from pyrite oxidized by contact with injecféd air
could combine with calcium ions in fdrmafion waters to

déposit gypsum in pore spaces of reservoir rock with
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consequent loss of permeability. The exact way this would
happen cannot be predicted in advance, but there could be
eﬁough water present in pore spaces to permit ion transfer
even long after the start of air injection. Yuster (67),
in discussing the Bradford trield, did not think it probable
that sulfate ions came from oxidized pyrite, but this does
not rule out the possibility of it happening elsewhere.

In some Pennsylvanian sandstone reservoirs interbedded

coal streaks could be an important source of pyrite.

In cases where highly pyritiferous shale caprocks are in

direct contact with reservoir beds and are injected with

dry air, the oxidation of pyrite with resulting formation

of gypsum may impose expansive stresses on the shale. The
magnitude and importance of these stresses should be considered

in reservoir evaluation.

No literature pertaining directly to corrosion of steel
casing or destabilization of clay minerals by oxidized
pyrite was seen but a further search could be productive.
Literature examined did indicate that well casings will be .
subject to oxidation if any moisture is present, unless

preventive action is taken.

A.3.5.4 List of References Examined

Allred (70), Byars and Gallop (50), Coveney and Parizek
(68), Frick (71), Hawsey et al. (72) , Nelson (69), and

Yuster (67).
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A.3.6 Problems of Bacterium and Other Microorganism

Prolifieration

A.3.6.1 Definition of Potential Problems

Unchgcked proliferation of bacteria resulting'in the loss
of reservoir rock permeability and/or the corroéion of

casing and other lines has been a major qohcern in water-
floodiny oil-recovery and underground natural gas storage

projects.

With reference to CAES,'bacteria or- other microo;ganisms
introduced into the well-reservoir system migﬁﬁ spread:
into connate waters or waters of condensation, causing
reservoir plugging and generation of acid producfs capable
of corrosion. An assessment of the probébilitylof-such
occurrences and of preventive remedial measures that could
be taken is of considerable importance inHCAES planhing.
Asiae-from effects on the réservoir'i£self,'another
possible resﬁlt of the introduction of microorganisms into
aquifer systems is the contamination of nearby pdtable
water resources. This subject is addresseé in'SéctiSn

A.3.8.

A.3.6.2 Summary of Literature

Allred (70) summarizes the potential problems caused by
microorganiéms in waterflooding for‘enhanCed oil recovery.
The following are the three mbst important types of prob-
lem-causing microorganisms: Sulfate—rgduciﬁg‘bacferia,

iron bacteria, and capsule (slime-forming) bacteria.
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Sulfate-reducing bacteria (genus Desulfovibrio) are very

tough and resistant to bactefiacides. The bacteria are
anaerobic but cannot be killed by aeration. They do not
need organic matter to grow. The.bactefia derive hydrogen
from yalvanic corrosion of steel pipe and use it to form
hydrogen sulfide by reduction of sulfates. Hydrbgen sulfide
then combines with ferrous ions in water to form insoluble

ferrous sulfide, which clogs rock pores and plugs piping.

Iron bacteria accumulate ferric hydroxide around wells.
They grow best at low temperatures and can exist .in waters
containing between 0.9 to 9.0 ppm oxygen. No organic
matter is necessary for their growth. Iron bacteria cause
much trouble by blocking lines and casing with‘gelatinous;

slimy masses of iron hydroxide.

Capsule bacteria form slime masses on pipe, but because
they need organic matter to grow, they are not a major

problem in waterflooding.

Hawsey et al. (72) point out that sulfate-reducing and
iron bacteria can cause serious corrosion problems. Sul-
fate bacteria are found in many different kinds of waters
and as troublesome contaminants in underground gas storage

facilities of the aquifer type. Iron bacteria of the

genera Gallionella and Sphaérotilus occur in fresh waters.

Any sign of hydrogen sulfide, sour o0il, black water, or

iron sulfide in the effluent or in the wells or pipés
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indicates bacterial contamination. Surficants applied
through water wells, combined with hydrofracturing can
help eliminate bacteria. Surficant can be administered

in liguid form.

Crowe (73) emphasizes treatment of bacterial residues
from water-injection wells. Pores can be clogged by
organic matter or by ferrous sulfide, ferric sulfide, or
ferric hydroxide: Corrosion of steel can be inhibited by
application of hypochlorite, to oxidize organic deposits,

followed by acidizing to dissolve inorganic residues.

A.3.6.3 Conclusions and Recommendations

In the environment of compressed air storage, éulfate-
reducing bacteria and possibly molds appear to be the
organisms most likely to exist. Since sulfate-reducing
bacteria can proliferate in the oxygenated watefs 6f a
waterflood drive, their existence is probable in aquifer
waters dr waters that condense in the,reservoir'fbck some
distance from the well bore. In the worst possible case,
sulfate-reducing bacteria introduced into. the air reservoir
through the well bore would proliferate in the existing
moist environment of the aquifer.’ By the time all moisture
was expelled (and this process might never be complete),
serious plugging with sulfide compounds may have occurred.
As water is expelled, these compounds may be oxidized to
sulfates with all the attendant problems addressed in
Section A.3.5. Under some conditions sulfate-reducing bac-

teria introduced by CAES could contaminate potable aquifers.

A-33



CAES-T2

Some consideration should be given during plant design

to preventing bacterial contamination.

A.3.6.4 List of References Examined

Allred (70), Bastin and Greer (74)., Crowe (73), Hawsey

et al. (72), Lada (75), and Raleigh and Flock (76).

A.3.7 Thermal Stresses on Well Casings

A.3.7.1 Definition of Potential Problems

Although thermal stresses on well casings are more a
mechanical or petroleum engineering consideration than

a geological one, geology is necessary to estimate the
formation temperatures likely to be encountered in CAES
reservoirs. Of interest to the CAES system is whether
well casings might fail under thermal stresses generated
at the air-injection temperaﬁures, assumed to beva maxi-

mum of 150°F.

A.3.7.2 Summary of Literature

A Natural Research Council study (77) reports that
conventional drilling techniques aﬁd equipment (including
casing) can be used up to temperatures of about 350°F
without special difficulty and up to 500°F with greatly
increased wear and other undesirable effects.. Rubber
components in seals and packers and downhble motors are
limited to between 300°F and 350°F and conventional drilling

muds to about 300°F.
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Laboratory investigations of thermal expansion of cemented

casing were performed by Smith (78). Extrapolating his

results to field conditions in oil wells, Smith (78)
cvoncluded that casing cemented with neat cement can be
heated to about 430°F without adverse effects. With

Lummile cement, casing elongation is negligible.

Dyart and Respese (79) found that even under extreme
conditions at great depth, casing free of cement is in no
danger of parting. With cementing, vertical pipe movement
is restrained. Radial separation from cement might occur,
but cracks so formed are very small and inaccessible to

fluids because of compression.

A.3.7.3 (onclusions and Recommendations

There should be no failure or damage to well casings be-
cause of thermal stresses, assuming injection/wifhdrawal
wells ére drilled with equipment and materials approximating
‘those used in the petroleum industry. Normal oilAwells

can be drilled at teﬁperatures up to 300°F to 350°F (at

the lowest estimate) without encountering speciai problems.
Assuming a nea?-surface temperature of 60°F and a geo-
thermal gradient of 1.25°F per 100 feet (78), even a
4000-foot deep well should not expérience temperatures in
excess of 110°F. Maximum operating temperatures of CAES

should be no greater than 150°F.
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A.3.7.4 List of References Examined

Davis and DeWest (80), Dyart and Respress (79), National

Research Council (77), and Smith (78) .

A.3.8 Environmental Concerns and Hazards

A.3.8,1 Definition of Potential Problems

Under certain circumstances, the circulation of air through
reservoir systems can iniliate environmental disturbances

above and below ground. The nature, probability of occurrence,
and preventive measures that might be applied to such dis-
turbances will have Lo be addressed in applicationé to public

authorities for permission to develop CAES sites.

The most dramatic of the possible environmeﬁtal hazards is
atmospheric emission and/or explpsion of hydrocarbbns derived
from depleted o0il fields used for CAES. Additional impact

on air quality, both at hydrocarbon and non-hydrocarbon
bearing CAES sites, could result from emissions of noxious
gases (such as CO2 or HZS) and emission of solid particles

originating in the air reservoir rock (see Sections A.3.2

and A.3.3 for details).

With respect to undérgrouﬁd water supplies, boﬁential undesirable
side-effects of air injection include thermal, chemical, and
biological contamination of the air-storage aquifer, and, if
there is leakage through the caprock, of other aquifers as well.
Disturbance of local flow systems anq well yields are another

possible effect of CAES agquifer storage.
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A.3.8.2 Summary of Literature

Of the literature canvassed, the best overall summary of
potential envifonmental problems is thé article by
Stottlemyre and Loscutoff (81). The authors confine
themselves to é listing and brief explanation of possible
environmental concerns of CAES and to sﬁggestions for
future research programs. The environmental concerns
listed are essentially the same as those mentioned in Sub=
section A.3.8.1, which is based to a considerable'degree
on the Stottlemyre and Luscutoff (81) paper. Many of

the concerns are suggested by experiences of allied

technologies such as enhanced o0il recovery.

Several of the}papers examined point out the danger of
explosions when air is used to repressure o0il fields.
Ryder (29) states that any air-gas mixture in the

casing head is potentially explosive if the quantity of
air is more than 80% to 20% gas and that it is best to
keep'the air content below 60%. Dickey and Bossler (23)
refer to explosion problems in the Venango Field, Pennsyl-
vania. On the other hand, Russian workers have reported
no adverse effects from injection bf natural gas into

aquifers previously tested with injected air (82).
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Of special interest to CAES 1is Watkins (25) report of fire

hazards from methane released from non-petroleum bearing

aquifers (Arbuckle series of southeastern Kansas).

A,3.8.3 Conclusions and Recommendations

The possibility of explosion hazards and air pollution by
emission of noxious gases into the atmosphere will require
_controlvmeasures at any CAES site where use of a depleted
petroleum reservoir is contemplated. Further detaiis on

CO9 generation are yiven in Section A.3.2.

As pointed out in Section A.3.6, since bacteria introduced
underground by waterflooding are known to contaminate oil
reservoirs, bacteria introduced by air injec£ion could
contaminate air reservoirs and through them (directly or
indirectly) potable-water aguifers beyond the air

"bubble." This matter should be studied and

necessary preventive or remedial measures planned. A brief’

discussion of bacterial control is presented,in Section A.3.6,

A.3.8.4 List of References Examined

Dickey and Bossler (23) , Economic Commission for Europe
(82), Jones (83), Lindsly (35), Ryder (29), Stottlemyre

and Loscutoff (81l), and Watkins (25).
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A.3.9 Miscellaneous

A.3.9.1 Introduction

In the course of canvassing literature on the previously
discussed topics, references were found on ulher miscellaneous
subjects of possiblé interest tuv CAES. A brief summary on

noteworthy points is presented in the following subsection.

A.3.9.2 Summary of Literature and Commentary

Holder et al. (84) reported that solid hydrales of methanc
and other gases form at temperatures of about 55°F to 65°F
at depths of about‘3000 to 4000 feet. Hydrate compounds
are of possible interest as sealants at spill points of
underground'natural gas reservoirs. Bond (8), however
noted that low temperatures would be needed to form the
hydrates in the first piace. He suggests that this problem
could be mitigated by using H,S hydrates instead of methane

hydrates.

With respect to CAES, hydrates as reservoir seéls would
seem to be of more theoretical than practical interest.'
Naturally occurring hydrétes in oil/gas reservoirs would
presumably be converted to gaseous méthane when heated by
warm injected air. The possibility éf explpsions would
then be an additional factor to consider when eValuating

petroleum reservoirs for CAES use.

Another point of possible CAES interest is Bond's (8)
remark that the injection of CO, or carbonated water might
increase the permeability of limestone, and possibly sand-

stone, reservoirs because of its ability to dissolve carbonates.
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Addressing anqther topic, Overby and Rough (85) presented.
results of a study of vertical jointing ih the Salamanca
Sandstone of the Bradford field of Pennsylvania and Alle-
gheny field‘of New York. Strike directions on the surface
can be used to predict the trends of induced fracturing in
the Third Bradford Sand. Knowledge of potential fracture
patterns in reservoir and caprocks could be useful in CAES

site evaluation.

Possible.application of geothermal well technology to CAES
were briefly canvassed. Takahashi et al. (86) noted that
petroleum and water-well drilling hardware could be adapted
to geothermal service. From this it would follow that this
type of hardware could also be used for CAES. Wehlage's
(87) book on geothermal engineering is a good overall
introduction to the subject but coﬂtains little of relevance

to CAES.

In the hope of uncovering information of value in the analysis
bf reservoir-rock permeability, several references were
reviewed. Neither Odel (88), Walls (89), nor Reznik et al.

(90) appeared to be of significant relevance to CAES studies.

Of more interest was Bernard's wofk (éﬁ) on the effects of
reactions between interstitial and injected waters on the
permeability of reservoir rocks. Testing Berea Sandstone

cores with a variety of chemical solutions, Bernard (48)

reported no reduction of permeability by reaction between

the solutions, although this result does not necessarily apply to
possible effects on solids such as clay minerals.
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A.3.9.3 List of References Examined

Bernard (48), Bond (8), Crow (91), Evenos et al. (92),

Holder et al. (84), Katz (93), Kuuskraa et al. (94),
Linville (95), McCarthy (96), Odel (88), Overby and Rough
(85) , Reznik et al. (90), Rudd (97), Slobod (98), Takahaski

et al. (86), Walls (89), and Wehlage (87).
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LOCATED IN SECTION 27,

CAES-T2

TABLE B-1

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

BROCTO

SITE IN DOUGLAS AND EDGAR COUNTIES,

ILLINOIS,

TOWNSHIP 15 NORTH, RANGE 14 WEST

PARAMETER

VALUE

RESERVOIR ROCK

Stratigraphic Unit
Lithology

Lingle

Grand Tower
Depth of Reservoir Rock (feet)
Thickness of Reservoir Rock (feet)

Lingle

Grand Tower
Trap Type
Structural Closure (feet)
Closure Area (acres)

Average Porosity (percent)
Grand Tower

Permeability (millidarcies)
Grand Tower horizontal

Static Reservoir Pressure (psi)
Reservoir Temperature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)

Permeability (millidarcies)

Threshold Pressure (psi)
SECONDARY CAPROCK

Stratigraphic Unit

Lithology

Minimuin Thickness (feet)

Permeability (millidarcies)

Threshold Pressure (psi)

Source: Treworgy (1).

3No data available.

Lingle and Grand Tower
dense limrestone
porous, vuggy limestone

666

e

150
asymetrical anticline
220

32,000
12.2
14.1¢9
89

225
R7e

water,

New Albany-Hannibal
éhale
73

1 x 106 to 3.4 x 10-4

50 to >800 (genexrally >800)
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TABLE B-2

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

BROOKVILLE SITE IN OGLE COUNTY, ILLINOIS,

LOCATED IN SECTION 2, TOWNSHIP 23 NORTH, RANGE 7 EAST

PARAMFTER VALIE
RESERVOIR ROCK
stratigrapnic unit - ! Trontun=Galesville
Lithology cand, dolomito
Depth of RéServoir ROER (reet) 672
Thickness of Reservoir Rock (feet) 140
Trap Type anticlinal dome
Structural Closure (feet) 134
Clocuro Aroa (aocrec) . 4262
AVELage POrosity (PEracnt) 18 {cotimatod)
Permeahility (millidarcies) 500 (estimated)
static reservolr bresSure (psi) 240 (estimated)
Reservoir Temperature (°F) 60 (estimated)
Native Fluid water
PRIMARY CAPROCK

Stratigraphic Unit Franconia
Lithology sand, shale, dolomite
Minimum Thickness (feet) 80
Permeability (millidarcies) a
Threshold Pressure (psi) >163 (estimated)

SECONDARY CAPROCK

Stratigraphic Unit . a
Lithology a
Minimum Thickness (feet) a
Permeability (millidarcies) a
Threshold Pressure (psi) ' a

Source: Treworgy (1), based on General Electric Company (2) except for closure
area and potential capacity, which are calculated values.

@No data available.
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TABLE B-3

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

DE LAND SITE IN PIATT COUNTY, ILLINOIS,

LOCATED IN SECTION 8, TOWNSHIP 19 NORTH, RANGE 5 EAST

PARAMETER VALUE

RESERVOIR ROCK

S.tratigraphic Unit . : . ’ St. Peter
Litholoyy ¢ sand
Depth of Reservoir Rock (feet) o ~2350
Thickness of Reservoir Rock (feet) A. ~200 (‘esti'mg:xtev:i)a
Trap Type ‘ dome
Struct:urall Closure (feet) N - 68
Closure Area {(acres) 1479
Average Porosity (percent) ; ' 16.6‘?
Permegbility (millidarcies) . a,

Horizontal : 377

Vertical 475°
Static Reservoir Pressure (psi) . 940 (estimated)a
Reservoir Temperature (°F) 87 '
Native Fluid ‘ water

PRIMARY CAPROCK

Stratigraphic Unit - Joachim

Lithology ) silty, ar-gillaceous dolomite -
Minimum Thickness (feet) o ' , ~40 to 60
Permeability (millidarcies) : . 2,33 x 10742 to 2 x 10-67
Threshold Pressure (psi) ) : generally >800% .. V

SECONDARY CAPROCK
Stratigraphic Unit Platteville and Galena, Maguoketa ’
Lithology I carbonate‘s,_ shale -

Minimum Thickness (feet) -
Platteville and Galena ~400

Maquoketa ’ . ~200
Permeability (millidarcies) : 3.81 x 1074% to 4 x 10-62
Threshold Pressure (psi) 7002 to >8002 in iower'.. 15 feet

Source: Treworgy (1).

‘8gstimated from data available at the Parnell site.
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TABLE B-4

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

FISHHOOK SITE IN PIKE AND ADAMS COUNTIES, ILLINOIS, LOCATED

IN SECTION 32, TOWNSHIP 3 SOUTH, RANGE 4 WEST

PARMIETER ) . VaLuE

RESERVOIR ROCK

Stratigraphic Urit A St. Peter
Lithology sand
Dopth of keservolyr konk (feet) 991
Thickness of Reservoir Rock (feet) ‘206
Trap Type anticline
Structural Closure (feet) ’ 71
flnsnre Area (Aanres) 11,733
Average Porusity (percenl) 19.4
Permeability (millidarcies)

Horizontal 892

Vertical 673 ‘ _
Static Reservoir Pressure (psi) 100 (estimaced)
Reservoir Temperature (°F) 70 (estimated)
Native Fluid water

PRIMARY CAPROCK

Stratigraphic Unit Joachim

Lithology dolomite with shale streaks
Minimum Thickness (feet) 28
Permeability (millidarcies) a

Threshold Pressure (psi) a

SECONDARY CAPROCK

Stratigraphic Unit ) Platteville

Lithnlngy limestone with shale streaks
Minimum Thickness (feet) 67
Permeability (millidarcies) a

Threshold Pressure (psi) a

Source: Treworgy (1).

Note: Values are for within the -220 contour.

2No data available.
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TABLE B-5

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

HUME SITE IN EDGAR COUNTY, ILLINOIS,

LOCATED IN SECTION 24, TOWNSHIP 16 NORTH, RANGE 14 WEST

PARAMETER VALUE
RESERVOIR RNCK

Stratigraphic Unit Lingle and Grand Tower
Lithology R

Lingle . dense limestone

Crand Tewer sandv dolomite
Depth of Reservoir Rock (feet 670
Thickness of Reservoir Rock (feet)

Lingle . 50

Grand Tower . 130
Trap Type asymetrical anticline
Structural Closure (feet) 136 (150%)
Closure Area (feet) 6,500 (7,600%)
Average Porosity (percent) .12.4

Lingle 5.7

Grand Tower . - 15.0

Permeability (millidarcies) 5403,C to 8,8502/C

Grand Tower ' . R b
Horizontal 38b
Vertical 7

Static Reservoir Pressure {(psi) 241

Grand Tower . 290

67°

Reservoir Temperature (°F)

Native Fluid water

PRIMARY CAPROCK

Stratigraphic Unit . X New Albany—HannibalA
Litholﬁgy o ." shale
Minimum Thickness (feet) .' 102"
Permeability (millidarcies) 1 x 1076 to 6 x 102

0.12 to 4.0%

Threshold Pressure (psi) 25 to >B00 (generally >800)

SECONDAR CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)

Permeability (millidarcies)

[ VO - W Y

Threshold ﬁressure (psi)

Source: Treworgy (1) and Peoples Gas, Light and Coke (3).
%source: URS Corporation (4).
)

From core analysis report.

SFrom pump test.

dNo data available.
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TABLE B-6

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

LEWIS SITE IN SULLIVAN COUNTY,

INDIANA,

LOCATED -IN SECTION 9,

TOWNSHIP 9 NORTH, RANGE 8 WEST

PARAMETER

VALUR

RESERVQIR ROCK
Stratigraphic Unit
Lithology
Depth of Rescervoir Rock (feet)
Thickness of Reservoir Rock (feet)

Trap Type

Structural Closure (feet)
Closure Area (ac;es)
Average Porosity (percent)
Permeability (millidarcies)

Static Reservoir Pressure
Ar yplill pulne
Reservolr Temperature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic Unit

Lithology

Minimum Thickness (feet)
Permeability (millidarcies)
(psi)

SECQONDARY CAPRQCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

Source: Keith (5).

@Estimated from other areas.
b

Values commonly shown in other areas.

®No data available.

(psi) minimum

Mansfield

sandstone
509 -

10U to 28&Y

structural closure associated with
Devonian reef

90
' 553

202

250 to 400

240
240

o

water

Mansfield

silty shale to shale with
thin shaly sand interbeds

35
c

(99

Manfield
interbedded shale, sand, and coal
400
.

C
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TABLE B-7

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

MEDIA SITE IN HENDERSON COUNTY, ILLINOIS, LOCATED

IN SECTION 17, TOWNSHIP 9 NORTH, RANGE 4 WEST

PARAMETER

RESERVOIR ROCK
Stratigraphic Unit
Litholoey

Deptn of Reservoir Rock (feet)

Tnickness of Reservoir Rock (feet)

Trap Type
Structural Closure (feet)
Closure Area (acres)
Average Porosity (percent)
Permeability (millidarcies)
Horizontal
Vertical
Static Reservoir Pressure (osi)
Reservoir Temoerature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

SECONDARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi}

Source: Treworgy (1l).

%No data available.

VALUE

Galesville
sandstono
1,950
96 to 123
anticline
157 fat -1410 contour)

4,748 (at -1400 contour)

DaQis Member of Franconia Formation
interbedded siltstone and shale
54
2.48 to 1.0 x 1076

50 to >800 (generally >800) .
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TABLE B-8

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

PARNELL SITE IN DEWITT COUNTY, ILT.INOTS, LOCATED

IN SECTION 3, TOWNSHIP 20 NORTH, RANGE 4 EAST

PARAMETER VALUE

RESERVOIR ROCK

Stratigraphic Unit St. Peter
Lithology ’ sand
pvepth of Keservolr Rock (feet) 1,275
Thickness of Reservoir Rock (feet) . ~200
Trap Type dog-leg anticline
Structural Closure (feet) 143
Clusure Arca (acvires) . 11,948
Upper 50 feet only 2,345
Averoage Porocity (porcent) 14.73
Upper 50 feet only 16.8
Permeability (millidarcies)
Harizontal 217
Vertical 270
Upper 50 feet only
Horizontal 457
Vertical 573
Static Reservoir Pressure (psi) 900
Reservoir Temperature (°F) "85 (estimated)
Native Fluid L water

PRIMARY CAPROCK

Stratigraphic Unit L Joachim

Llthuluyy §idty, argillarenus dolomite
Minimum Thickness {(feet) 50

Permeability (millidarcies) 2.33 x 1079 to 2 x 1076
ThYeshold bressure (psi) genarally >R0ON

SECONDARY CAPROCK

Stratigraphic Unit Platteville and Galena, Maquoketa
Lithology carbonates, shale
Minimum Thickness (feet)

Platteville and Galena ~400

Maquoketa 200
Permeability (millidarcies) 3.81 x 1074 to 4 x 1076 in lower 15 feet
Threshold Pressure (psi) 700 to >800 in lower 15 feet

Source: Treworgy (l).
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TABLE B-9

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

PAXTON SITE IN SULLIVAN COUNTY, INDIANA, LOCATED

IN SECTION 33, TOWNSHIP 7 NORTH, RANGE 9 WEST

PARAMETER

RESE?VOIR ROCK
Stratigraphic Unit
Lithology
Depth of Reservoir Rock (feet)
Thickness of Reservoir Rock (feet)
Trap Type
Structural Closure (feet)
Closure Area (acres)
Averagg Purusity (percent)
‘Permeability (millidarcies)
Static Reservoir Pressure (psi)
Reservoir Temperature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic uUnit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

SECONDARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

Source: Keith (5).

2pased on limited data from other areas.

bIn other areas.

®No data available.

VALUE

interb

Hardinsburg

sandstone
930

51 to 73

erosional truncation

62
1271

18 to 202

50 to 250°

Mansfield
shale

io

Pennsylvanian
édQed shale, sandstone, and coal
1000 i
c

[}
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TABLE B-10

RESERVOIR DATA FOR COMPRESSED" ATIR STORAGE AT THE

PRATRIE CREEK SITE IN VIGO COUNTY, INDIANA, LOCATED

IN SECTIONS 15 AND 16, TOWNSHIP 10 NORTH, RANGE 10 WEST

PARAMETER VaTUER
RESERVU1K RUCK

Stratigraphic Unit - Mansfield
Lithology sandstone
Depth of Reservoir Rook (teoet) C75
Ehickness of Reservoir Rock (feet) ! 31 to~ 125
Trap Type structural closure related to reef
Structural Closure (feet) 58
Clanure Arna (aarec) 1531
Average Porosity (percent) 202
Permeability (millidarcies) b
sStatic Reservoi} Pressure (psi) minimum 270

At spill point 293
Reservoir Temperature (°F) c
Native Fluid . ) water

PRIMARY CAPROCK

Stratigraphic Unit Mansfield
Lithology silty shale
Minimum Thickness (feet) 70
Permeability (millidarcies) [
Threshold Pressure (psi) c

SECONDARY CAPROCK

Stratigraphic Unit . Pennsylvaniaﬁ

Lithology shale with sand and thin coal beds
Minimum Thickness (feet) 500

Permeability (millidarcies) c

Threshold Pressure (psi) c

Source: Keith (5).
2pstimated from other areas.
b

Unknown, but probably in hundreds of millidarcies-.

SNo data available.

B-10
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TABLE B-11

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

TOULON A SITE IN HENRY COUNTY, ILLINOIS, LOCATED

IN SECTION 26, TOWNSHIP 14 NORTH, RANGE 5 EAST

PARAMETER ) VALUE

RESERVOIR ROCK

Stratigraphic Unit ASt. Peter (Starved Rock Member)
Lithology ' -sand
Depth of Reservoir Rock (feet) 1186
Thickress of Reservoir Rock (feet) 90
Trap Type . dome
Structural Closure (feet) : . 102
Closure Area (acres) . . 3304
Average Porosity (percent) - 16.9
Permeability (millidarcies)

Horizontal 210

Vertical ) 31
Static Reservoir Pressure (psi) 472
Reservoir Temperature (°F) 702
Native Fluid water

PRIMARY CAPROCK

Stratigraphic Unit . Platteville

Lithology . dolomite with some argillaceous'par;ings
Minimum Thickness (feet) 100 ’
Permeability (millidarcies) . 2,12 x 10'1 to 1 x 1076
Threshold Pressure (psi) . <50 to >500

SECONDARY CAPROCK

Stratigraphic Unit Maquoketa

Lithology , - . shale

Minimum Thickness (feet) 186'

Permeability (millidarcies) © 9.7 x 1075 to <1 x 1076 kin lower 70 feet)

Threshold Pressure (psi) 250 to »500 (generally >500 in lower 70 feet)

Source: Treworgy (1).

2From Kewanee city well (6).
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TABLE B-12

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

TOULON B SITE IN STARK COUNTY, ILLINOIS, LOCATED

IN SECTION 11, TOWNSHIP 13 NORTH, RANGE 5 EAST

PARAMETER

VALUE

RESERVOIR ROCK
Stratigraphic Unit
Lithology

Depth of Reservoir Rock (feet)

Thickness of Reservoir Rock (feet)

Trap Type
Structural Closure (feet)
Closure Area (acres)
Average porosity (percent)
Permeability (millidarcies)
Horizontal
Vertical
Static Reservoir Pressure (psi)

Reservoir Temperature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

SECONDARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

Source: Treworgy (l).

4From Kewanee city well (6).

St. Peter (Starved Rock Member)
sand
1150
90
dome
87
2045
16.9
210
31
460
70

water

Platteville
dolomite with some argillacéous partings
100
2.12 x 2071 to 1 x 1076

<50 to >500

Maquokega
shale
180
9.7 x 1073 to <1 x 1076 (in lower 70 feet)

250 to.»500 {(generally >500 in lower 70 feet)

12




" CAES-T2

TABLE B-13

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

WADESVILLE WEST SITE IN POSEY COUNTY, INDIANA, LOCATED

IN SECTION 11, TOWNSHIP 5 SOUTH, RANGE 13 WEST

PARAMETER

VALUE

RESERVOIR ROCK
Stratigraphic Unit
Lithology

Depth of Reservoir Rock {feet)

Thickness of Reservoir Rock (feet)

Tar Springs
sandstone
2195

36 to, 100

Trap Type structural closure over sand thickeﬁing'
Structural Closure (feet) . 52 .
Closure Area (acres) ' 660
Average Porosity (percent) 18% to 20%2
Permeability (millidarcies) 2250
Static Reservoir Pressure (psi) minimum . 878
At spill point 899
Reservoir Temperature (°F) c
Native Fluid ' - water

PRIMARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)
Permeability (millidarcies)

Threshold Pressure (psi)

SECONDARY CAPROCK
Stratigraphie Unit

Lithology

Minimum Thickness (feet)
Permeability (millidarcies)
.

Threshold Pressure (psi)

Source: Keith (é).

%Estimated from other areas..
b

From other areas in Posey County.

®No data available.

Tar Springs
shale

.40

HUpper Chester

interbedded shale, dense limestone
and thin sandstone

400
<

c



TABLE B-14

CAES-T2

RESERVOIR DATA FOR COMPRESSED AIR STORAGE AT THE

WAPELLA EAST SI'TE IN DEWIYT COUNTY, ILLINOLS, LOCATED

IN SECTION 28,

TOWNSHIP 21 NORTH, RANGE 3 EAST

PARAMETER

RESERVOIR ROCK
Stratigraphic Unit
Lithology
Nepth nf Reservnir Rock {feet)

Thickness of Reservoir Rock {(feet)

Trap Type ‘

Structiral Closure (feet)

Closure Area (acres)

Average Poresity (percent)

Permegbility (millidarcies)
Horizontal
Vertical

Static Reservoir Pressure (psi)

Reservair Temperature (°F)

Native Fluid

PRIMARY CAPROCK
Stratigraphic Unit
Lithology
Minimum Thickness (feet)

Permeability (millidarcies)

Threshold Pressure (psi)
SECONDARY CAPROCK

Stratigraphic Unit

Lithology

Minimum Thickness (feet)

Platteville and Galena
Maquoketa
Permeability (millidarcies)

Threshold Pressure (psi)

Source: Treworgy (l).

4pstimated from data available at the Parnell site.

b

B-14

VALUE

St. Peter
sand
2162

200 {estimated)?
dome

80
1844

16.1%

a
331
415

880?
84 (estimated)

waterb

Joachim
silty, argillaceous dolomite
40
2.33 x 1074% to 2 x 10°6°

éenerélly >8002

Platteville and Galena, Maguoketa

carbonates, shale

~400

200
N a . a
3.81 x 1074 to 4 x 1076

7002 to >800% in lower 15 feet

Salt water is currently being discharged into the 5t. Peter.
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TABLE C-1

SUMMARY REPORT COST ESTIMATE

Sites
(Reservoir Rock)

d isjti
é?n Piggg siteon
b. Storage rights
c. Reservoir

Total plant capacity

for cost estimate

Water storage facilities
Type

Volume

Wells
Number of wells

Depth (Avg.)

Length of make-up pipeline

Wapella
, DeLand East
{St. Pgter) {(St. Peter)
2,022 acre 2,227 acre
acre acre
3,214 acre 2,925 acre
1,000 MW 1,000 MW
Luke Lale
Clinton Clinton

14,000 ac-ft

165 ea.
2,374.5 ft.
49,100 LF:

13,000 ac-ft

190 ea.
2,190.3 ft.
51,500 LF

2

Media Parnel}l

(Galesville) (St.. Peter)

,838 acre 2.993 acre

5,163 acre 1C, 602 acre

- 2,925 acre
1,000 MW 1,000 MW

Perched Pond l.ake

Clinton

425 ac-ft

235 ea.
1,970 ft.
59,800 LF

13,020 ac-ft

215 ea.

2,292.7 fc.
109,900 LF

GENERAL DATA

Toulon A Brookville Fishhook
(St. Peter) (Galesville) (St. Peter)
4,631 acre 7,370 acre
1:040 acxe '788 acre 6,233 acre
2,741 acre - -
1,000 MW 1,000 MW 1,000 MW

Dam Across
Natural Water
Course
15,000 ac-ft

975 ea.
1,214.3 fe.

51,200 LF

Perched Pond

425 ac-ft

1,250 ea.
717.6 ft.
80,300 LF

Perched Pond

425 ac-ft

1,200 ea.
1,028.2 ft.
87,200 LF

Brocton
(Grand Tower)

Hume
(Grand Tower)

576 acre
960 acre
369 acre
0

7
28,
4,
1,000 Mw

Dan Across
Natural Water
tourse
11,400 ac-ft
9,00 ea.
657.7 ft.

28,000 LF

5,336 acre
2,484 acre
5,134 acre
1,000 MW
Dam Across
Natural Water

Course
11,400 ac-ft

15,000 ea.
710.4 ft.
89,600 LF

Toulon B

(St. Peter)

2,037
6,646 acre
2,741 acre

862 MW

Dam Across
Natural Water
Course
14,000 ac-ft

850 ea.
1,213.2 ft.

36,650 LF

Paxton

1,363 acre
990 acre

693 Mw

Diked .Perched
Pond

3,400 ac-ft

715 ea.
982.2 ft.

48,200 LF

Wadesville
est

Tar Springs)

1,;15 acre
q
327 Mw

Perghed Pond

"
K

425 :ac-ft

170;eé.

2,210 ft.
B

83,800 LF
t

\

Prairie

Creek
(Mansfield) -

2,337 acre
160 acre
246 MW

Perched Pond

1,800 ac-ft

900 ea.
695 ft.

18,900 LF

Lewis

1,245 acre
80 acre
98 MW

Perched Pond
700 ac-ft

380 ea.
540.1 ft.

84,700 Lr

1

CAES-T2



TABLE C-1 (Cont'd) 7 CAES-T2

COST DATA
(Prices as of 26MAR79 and based on a 4) hour workweek)

~ .

Wadesville

5 . DeLand Wapella East Medi i i L :
Sites p as edia Parnell Toulon A Brookville Fishhook Brocton Hume Toulon B Paxten West Prairie Creek Lewis
- fReservoir Rock) {St. Peter) (St. Peter) (Galesville) (St. Peter) (st. Peter) (Galesville) (St. Peter) (Grand Tower) (Grand Tower) (st. Peter) (Hardinsburg) (Tar Springs) {(Mapsfield) (Mansfield)
F.P.C. !
Account No. Description .
310 Land and Land Rights
W1 Land and privilege acquisition :
.11 Land and land surveys . s
S P IS o for planc sice 36,063,000 $6, 680,000 $8,515,000 $8,980,000 $9,120,000  $13,895,600 $22,110,000 iss,uo,ooo $4,090,000 $4,545,000 $7,010,000 $3,735,000
€
-112 Storage rights acquisition 95,000 180,600 1,550,000 3,180,000 440,000 240,600 1,870,000 ! 1.995.000 _ . . R
113 land acquisition for reservolr . —2.643,000 8,773,000 = 8,775,000 8,225,000 " - L 81225600 2,970,000 : 480,000 240,000
TOTAL 310.1 $15,805,000 $15,635,C00 $10,065,000 $20,935,000 , $17,785,000 §14,135,000 $23,980,000 ’ 5;15,330,000 $7,060,000 $4,545,000 $7,490,000 $3,975,000
.2 Demolition of buildings and structures, 3,335,000 360,000 15,000 765.000 150,000 _ 'r
. relocation of buildings, utilities, ’ ’ , ’ 25,000 See Note 6 on Page C-4—5 1 105,000 1,950,000 20,000 1,375,000 425,000
highways, and other services ) | ]
TOTAL 310 . $19.140,000  $15,995,000 $10,080,000 $21,700,000  $17,935,000  $14,135,000 $24,005,000. 516,435,000 $9,010,000 $4, 565,000 S8, 865,000 $4,400,000
311 Structures and Improvements g
.1 Development of intake, make up, service 8,510,000 6,155,000 2,215,000 7 6 0 ) . .
and hlowdown facilitiés. and development 4 6,730,000 220,00 2,350,000 3,550,000 i 5,970,000 6,640,000 ‘ 3,185,000 5,525,000 4,725,000
) ggfstoragedreservoip ., 2 100.000 4,595,000
. site and onsite improvements f , , , 4,725,000 2,585,000 5,135,000 8,210,000 . 6. 645,000
¥ e T < v i Y 3 QI o QR T QT
TOTAL 311 $55,955,000  $59,840,000 $62, 545,000 $67,025,000  $164,895,000 $147,665,000  $179,510,000 $147,830,000  §108,010,000  $52,655,000  $109,570,000 '$42,710,000




TABLE C-1 (Cont'd)

F.P.C.

Account No.

314

N

P g %)

Sites

(Reservoir Rock)

Turbine Plant

CAES equipment

Cooling water system including
circulating water piping, circulating
water pumps, mechanical draft cooling
tower, structures and foundations and
electrical accessories

Air pipeline system including earthwork
Make up and blowdown pipelines includin
earthwork .

TOTAL 314
Electrical Equipment

Transformers, transmission lines,
motor control centers, power and
control wiring for CAES, make up

and blowdown systems

Transmission lines to network
Switchyard

Balance of plant electrical equipment

TOTAL 315

TOTAL ESTIMATED CONSTRI™.TiuN COST

DOLLARS PER KILOWATT

CAES-T2

DeLand Wapella East Media Parnell Toulon A Brookville Fishhook Brocton Wadesville
T H T Paxt i
{(St. Peter) (St. Peter) (Galesville) (St. Peter) (St. Peter) (Galesville) (St. Peter) (Grand Tower) Lcrandu?ﬁwer) (§g?lg:t2;) (Haé%igzlurg) gTarwgzgingsz Pfﬁizéﬁigiﬁsk (Ma;;¥§ild)
. |
1
|
M I ..
‘.‘i N : "A‘{ ] . [N ““’,‘ s <
170,686,000 $175,220,000 $173,181,000 $176,394,000 $169, 645,000 197,465,000 186,522,000 ' o
, ,665, ,522, 146,261,000
22,200,000 22,200,000 22,200,000 22,200,000 22,200,000 22,200,000 22,200,000 $ 18,500,000 “ﬁ;%&g;ggg 552:3881888 54313331888 sz?;fé&:@é’é’
18,653,000 22,539,000 28,336,000 25,326,000 149,483,000 236,238,000 210, 564,000 {
s 30,081,000 251101 000 23:320-000 149,483, ,238, ,564, 130, 350,000 125,461,000 20,230,000 165,423,000 73,379,000
» ’ ’ ] » 13276, 17,011,000 29,656,000 32,219,000 9(397"00“0_ 15,193,000 16,939, 000 3"749"000 13,598,000
$223,888,000  $240,040,000 $245,818,000  $267,896,000  §358,339,000  $485,559,000  $451,505,000 $304,418,000  $276,867,000  $102,637,000  $223,142,000  $113,399,000
3,769,000 3,914,000 4,159,000 9,000 ; . <—See Note 6 on Page C-4=> '
e S it 4,629,0 7,503,000 8,760,000 8,628,000 e 8e 6,548,000 5,680,000 2,713,000 5,251,000 2,780,000
12,271,000 14,359,000 17,445,000 12,442,000 ‘
+ ’ . , ’ ’ th, Tnc luded ) ’ 22,929,000 7,540,000 1,650,000 19,7457'000 4,522,000 5,330,000 6,860,000 6,860,000
Not Included - —
$16,040,000  $18,273,000 $21, 604,000 17 i
PR e P85 $17,071,000  $30,432,000  $16,400,000 $10,278,000 $26, 305,000 10,202,000 $8,043,000 $12,111,000 9,640,000
1
$315,023,000  $334,148,000  $340,047,000  $373,692,000  $571,601,000  $663,759,000  $665,298,000 $494,988,000  $404,089,000  §$167,900,000  $353,688,000  $170,149,000
$315.00 §334.10 $340.00 $373.70 $571.60 $663.80 $665.30 §574.20 $583.10 $513.50 $1,437.80 $1,736.20

1




TABLE C-1 (Cont'd) CAES-T2

A e e

NOTES:

1. Cost for land acquisition for plant site and reservoir were based on an average of $3,000.00 per acre; costs for storage rights
acquisition were based on an average of $300.00 per acre.

2. Well pricing was based on Katz and Lady "Compressed Air Stofage" 1976 Report and escalated to March 1979 prices. P
3. The following costs are not included in the above estimate: ﬂ
a. Indirect expenses.
b. Escalation of equipment, materials, erection and construction labor. W
c. Allowance for Funds used During Construction (AFDC). !

d. Sales and use taxes.

4. Not included are the structural and electrical facilities for the main power block.

5. Water supply for the DeLand, Parnell and Wapella East sites is via pipeline from Clinton Lake but the estimate includes a cost for"
development of a new reservoir because it may be required.

6. The cost estimates for Brocton and Hume are not included due to the large pumber of wells calculated based on the
extremely low values of permability and discovery pressure in published Linformation.

: : : j
Note: The data provided in these tables are only for relative comparisons of the sites and are not -
Lo be used for reliable data on individual sites. !




TABLE C-2

DETAIL REPORT COST ESTIMATE
Wapella
Sites , DeLand East
(Reservoir’ Rock) (St. Pgter) (St. Peter)
L. k?ndPigggiS}Eéon Z,ggg acre 2,227 acre
acre acre
o Rescagsipies 3,214 acre 2,925 acre
2. Total plant capacity 1,000 MW 1,000 MW
for cost estimate ’
3. Water storage facilities
Type Lake Lake
Clinton Clinton
Volume 14,000 ac-ft 13,000 ac-ft
4. Wells
Number of wells 165 ea. 190 ea.
Depth (Avg.) 2,374.5 ft. 2,190.3 ft.
5. Length of make-up pipeline 49,100 LF*

51,500 LF
'

GENERAL DATA
Media Parnell Toulon A Brookville Fishhook
(Galesville) —_(St. Peter)  (gr. peter) _(Galesville) (St. Peter)
2,838 acre 2.993 acre 4,631 acre 7,370 acre
5,163 acre 1C, 602 acre %:2%2 2§§§ ' 788 azie 6,233 acre
- 2,925 acre 2,741 acre - -
1,000 MW 1,600 MW 1,000 My 1,000 M4 1,000 My
Perched Pond Lake Dam Across Perched Pond Perched Pond
Clinton

425 ac-ft

235 ea.
1,970 ft.
59,800 LF

Natural Water
Course
13,090 ac=£t 15,600 ac-ft

215 ea.

975 ea.
2,292.7 ft. 1,214.3 ft.
109,900 LF 51,200 LF

425 ac-ft

1,250 ea.
717.6 ft.
80,300 LF

425 ac-ft

1,200 ea.
1,028.2 ft.
87,200 LF

Brocton
_{(C:and Tower)

Hume
{(Grand Tower)

576 acre
960 acre
369 acre
0

00 MW

28,
:

7
8
4
1,

Dan Across
Natural Water
" (ourse
11,400 ac-ft
9,0 ea.
657.7 ft.

28,000 LF

5,336 acre
2,484 acre
5,134 acre

1,000 MW

Dam Across
Natural Water
Course
11,400 ac-ft
15,000 ea.

710.4 fc.

89,600 LF

Toulon B

(St. Peter)

2,037 acre
6,644 acre
2,741 acre

862 MW

Dam Across
Natural Water
Course
14,000 ac-ft

850 ea.
1,213.2 fe.

36,650 LF

Paxton

1,363 acre
990 acre
693 MW

Diked .Perched
Pond

3,400 ac-ft
715 ea.
982.2 ft.

48,200 LF

Wadesville Prairic
West Creek
(Tar Springs) (Mansfield)

i
w
1,515 acre 2,337 acre
- 160 acre
246 MW

327 MW

Perched Pond

h
425 ap-ft

170 ea.

2,210 fr.

83,800 LF
i

Perched Pond

1,800 ac-ft

900 ea.
695 ft.

18,900 LF

Lewis

1,245 acre
80 acre
98 MW

Perched Pond
700 ac-ft

380 ea.
540.1 fe.

84,700 Lr¥

CAES-T2



TABLE C-2 (Cont'd)

Sites

(Reservoir Rock)

F.P.C.
Account No. Description
310 Land and Land Rights
.1 Land and privilege acquisition
.11 Land and surveys
.111 Land acauisition for plant site and,
easements ’ '
.112 Storage rights ac?uisition
.13 Land acquisition for reservoir

TOTAL 310.11

.13 Clearing

.14 Demolition of buildings and
structures
TOTAL 310.1

.2 Relocation of buildings, utilities,
highways and other services

.21 Power lines

.22 Buildings, telephome lines, water
pipes, sewers, gas pipes, etc.

.23 Highways

.24 Relocation of creek or drainage
ditch

.25 Culverts .

.26 Underground pipelines
TOTAL 310.2

.3 faping of wells. etc.
TOTAL 310

COST DATA

(Prices as o 26MAR79 and based on a 40

hour workweek)

Wadesville

Wapeila East Media Parnell Toulouu A Brookville
~ : 3 Fishhook Hi v
(St. Peter) (Galesville) (S¥. Peter) (St. Peter) (Galesville) (St. Peter) gGrg:gc.{:g:er) (_Grai%i\ﬂl (?é‘,‘l;:;cgr)(l_laf_gﬁ‘s’gurg) Ta:eggrin_giz Prarj.:ieffrf;k MBLE‘?.S 1d)
—_——— ‘ ns e 2 < nsfie
i
)
650,00
$6,680,000 38,515,000  $8,980,000 $9,120,000 $13,895,000 $22,110,000 $6,110,000 54,090,000 $4,545 000 $7,010,000
. %gg'ggg 1,550,000 3,180,000 440,000 240,000 1,870,000 1,995,000 " C 33,735,000
,375, 2 8'775°000 _ 8,225,000 <2 870, 8,225,000 2 930 00 - s ;
225,000 0 - 480,000 240,000
< - el 2,970, _
$15,635,000 510,065,000 $20,935,000 $17,785,000 14,135,000 §23,980,000 $16, 330, 0 $4,545 o¢ ) '
Incl'd Acct. 311.2201 »330,000 $7,060,000 » 345,000 $7,490,000 $3,975,000
- )
145,000 15,000 140,000 50,000 - 25,000 55,000 20,000 20,000 30,000 20,000
— 33,0 2 ,000 . s
$15,780,000 $10,080,0 ;
, $10,080,000 $21,075,000 $17,835,000 $14,135,000 $24,005,000 $16,385,000 §$7,080,000 $4,565,000 $7,520,000 $3,995,000
«—See Note 6 on Pa - )
Incl'd Acct. 345.1 ge 12—~
Base S
215,000 - 625,000 100 ;000 - : >
1s, - 2 00; - - 50,000 1,500,000 - 1,250, 000.
- 75,000 - 35,000 :
- - - - - - - - - : - 405,000
$215,000 - $625,000 $100,000 - —— - I y ;
- $50,000 $1,930,000 - $1,345,000 5405, 000
+ -~ wmem—e—n - Mot Ineluded —+ -
- ——
$15,995,000 ! ) "
, $10,080,000 $21,700,000 $17,935,000 14,135,000 $24,005,000 $16,435,000 $9,010,000 $%,565,000 $8,865,000 $4,400,000

CAES-T2



TABLE C-2 (Cont'd)

F.P.C.

Account No.

Sites
(Reservoir Rock)

Description
Structures and Improvements

Development of intake, make up,
service and blowdown facilities
Development of cooling pond,
make up and blowdown facilities
Clearing

Development of cooling pond
Stripping

Excavation (for fill)

Compacted fill for dikes, etc.
Disposal

Riprap ;

Stone bedding

Dewatering during construction
Roads on top of dike or dam
Seeding and mulching

Ditc...ng

Testing and inspection

TOTAL 311.113

Spillways and outlet structures
Service spillway

Auxiliary spillway

Outlet structure

TOTAL 311.114

TOTAL 311.11

Make up water pumphouse
Make up water pipeline

Outfall structue for make up pipeline

Service voads, etc.
Blowdown pipeline

Outfall structure fz. outfall pipeline

TOTAL 311.1

DeLand Wapella East Medi@ Parnell | Toulon A Brookville _Fishhook Brocton Hume Toulon B Paxton Madesville Prairie Creek Lewis
(St. Peter) (St. Peter) gGalesvxlle) {St. Peter] {(St. Peter) (Galesville) {St. Peter) f(Grand Tower) (Grand Tower) . (St. Peter)@ardinsburg)graﬁegéringsq (Mansfield) (Man;§ie1d)
]
.
1
|
, i
1,795,000 285,000 ,
$1,795, $1,840,000 $ $2,040,000  $1,585,00C $360,000 $375,000 $1,555,000 $870,000 $375,000 $215,000 $465,000
220,000 85,000 80,000 85,000 ‘
45,000 ag,goo - 45,000 {381888 80,000 328'888 £0.900 310,000 388’888 613,000 283,000
000 : : : Y 5
1,5?0,000 1,1c_>o,ooo 4§5, 1,1(_)0,000 1,o_so,ooo M_BS.OOO 435,000 1,055,000 1,800,000 485,000 2,320,000 1,150,000
000 - ; ; S
2,215,000 895,000 255, 895,000 675,000 255,000 255,000 675,000 1,350,000 255,000 1,150,000 855,000
250,000 170,000 60,000 190,000 155,000 70,000 80,000 150,000 185,000 - - : -
190,000 60,000 40,000 60,000 80,000 40,000 40,000 ' 155,000 55,000 50,000
220,000 240,000 330,000 480,000 240,000 440,000 375,000 30,008 315.00 et ,000 425,00
- - 30,000 - - 30,000 30,000 215,000 33:000 453’888 531000 32:000
500,000 340,000 120,000 380,000 310,000 135,000 155,000 300,000 370',000 185,000 370,000 3403000
$5,330,000  $2,935,000 $1,400,000  §3,235,000  $2,770,000 $1,535,000  §$1,790,000 $2,595,000 34,780,000 51,905,000 54,640,000 $3,140,000
570,000 570,000 25,000 570,000 570 25 70,000 ; -
455,000 455,000 - 455,000 239:000 23.000 7 <—See Note 6 on Page C-12—> 20000 175,000 23,000 1 135,600 90,000
105,000 105,000 - 105,000 105,000 - 105,000 1627000 - : o - 105,000
$1,130,000 $1,130,000 7 $25,000  $1,130,000  $1,130,000 $25,000 $675,000 $1,130,000  $175,000 $25,000 | 175,000 195,000
$8,255,000 §$5,905,000 $1,710,000  §6,405,000  $5,485,000 $1,920,000 $2,840,000 5,280,000 $5,825,000 $2,305,000 ; 95,030,000 $3,800,000
- 00 170,000 ;. 1%aoce. 314.%3'000 . 230,000 380,000 - 245,000 665,000 225,000 235,000
5,000 5,000 5,000 - 5,000 5,000 5,000 5,000 ! 50
: 000 ’ - ) 5,000 | 5,000 5,000
_ 751000 75.000 Imfs;\e“' 31/'.12_202,000 145,000 45,000 150,000 95,000 30,000 90000 . 85,000 155,000
5,000 - ,000 5,000 5,000 5,000 5,000 5000 5,000 5,000 | 5,000 5,000
$8,510,000 $6,155,000 $2,060,000  $6,730,000  §$5,640,000 $2,205,000 $3,380,000 $5,380,000 $6,110,000 $3,070,000 ' $5,350,000 $4,200,00C

CAES-T2



TABLE C-2

F.P.C.

Account No.

L2104

121043

.2105
.2106

L2153
«2151
.2152

(Cont'd)

Sites
(Reservoir Rock)

Description

Structures and Improvements (Cont'd)

Improvements

Uffsite improvemencs
Clearing

Earthwork

Stripping
Excavation
Compacted fill
Disposal

TOTAL 311.2102

Railroad tracks

Track work, including rails, ties,

ballast, etc.
Turnout:

Roadway crossings and signals

Final alignment
Railroad bridge

TOTAL 311.2103

Roads
Upgrade existing roads

Overpasses, including temporary by-pass

Access roads
TOTAL 311.2104

Drainage structures
Seeding and mulching
TOTAL 210

Air wells and access roads to wells

Air wells

Access road to wells, includi-g

earthwork

TOTAL 311.215

TOTAL 311.21

D d Wapel Media Parnell Toulon A . Fishhook

(sc-'Peter) (Ste pecee’ (Galesville) (st. Peter)  (St. Perer) (Broskville (se. peter)
$15,000 $80,000 545,000 $50,000 $100,00¢ $95,000 $80,000
20,000 145,000 170,000 90,000 120,000 140,000 110,000
65,000 275,000 410,000 175,000 375,000 3507000 375,000
35,000 255,000 395,000 150,000 350,000 440000 355,000

- - = - - 140,000 =
$120,000 $675,000 $875,000 $415,000 $845,000  s1 470,000 $840,000
165,000 1,445,000 815,000 290,000 1,795,000 1,365,000 1,300,000
30,000 45,000 45,000 45,000 45,000 45 45,000
5,000 25,000 40,000 40,000 20,000 43900 5,000
5,000 45,000 25,000 10,000 55,000 45’000 40,000
$205,000  $1,560,000 $925,000 $385,000  $1,915,000 $1,495,000 $1,390,000
- 825,000 70,000 - - - 400,000

: z 40,000 - - 500,000 .
15,000 5,000 10,000 30,000 70,000 ’05 /000 105,000
$15,000 $830,000 $120,000 $30,000 $70,000 $605,000 $505,000
100,000 - 140,000 170,000 95,000 R 75,000
. 5,000 5,000 20,000 5,000 80,000 25,000 40,000

' ’ e $2,125,000 $1,055,000  $3,105,000 +690, 1A E

46,400,000 47,965,000 54,000,000 56,260,000 149,575,000 14,000,000
945,000 1,165,000 1,605,000 1,430,006 3965000 132:200-000 . 757513000
$45,345,000 $49,090,000 $55,605,0008 £57,710,000. 153,540,000 $137,105,000 $169,315,000
$45,805,000 $52,240,000  $57,730,000 $58,765,000- $156,645,000 $140.995,000 V172,245,000

Hum

Brocton e
(Grand Tower) (Grard Tower)

Toulon B

<—See Note 6 on Page C-12>

(St. Peter) Hardinsburg)

$150,000
170,000

600,000
550,000

$1,320,000

2,680,000
45,000

130,000
85,000

2,940,00C

195,000

20,000
$215,000
160,000
50,000
$4,835,000

130, 325,000
4,670,000

3134,995,000

Paxton

$20,000

40,000
140,000
45,000
20,000

$245,000

260,000

45,000
35,000
10,000

$350,000
1,000,000
0,000

$1,060,000

10,000
10,000
$1,695,000

96, 300,000
2,110,000

$98,410,000

$139,830,000 $100,105,000

Wadesville

West
(Tar Springe)

i

i

i

95,00

70,000
90, 000
00,000

4,000
$1,50(,000

1,16;000

'45,000
*40 000
}05900

1
$1,595,00

155
40, 00)
1?51009
szfs,ooc
110,00C
25,00C
33,560,00C
43,100,000
8?0,000

$43,9?0,000

i
$47,450,000

Prairie Creek Lewis

~{Mansfield) (Mansfield)

$135,000 $55,000
135,000 100,000
610,000 265,000
655,000 180,000
- - 15,000
$1,400,000 $560,000
2,470,000 945,000
45,000 45,000
65,000 50,000
80,000 30,000
$2,660,000 $1,070,000
‘ 5,000
175,000 45,00
1,000,000 40,000
20,000 -
$1,195,000 $85,000
890,000 105,000
163,000 15,000
$6,465,090 m
a4, 300,000 34,000,000
2,435,000 © 945,000
$96,735,000 534,945,000
$103,180,000  $36,835,000

CAES-T2



TABLE C-2 (Cont'd)

Sites
(Reservoir Rock)

F.P.C. .
Account No. Description
311 Structures and Improvements (Cont'd)
.22 Onsite improvements
.2201 Clearing
.2202 Earthwork
.22021 Stripping
.22022 Excavation
.22023 Compacted fill
.22024 Disposal

TOTAL 311.2202

.2203 Railroad tracks .
.22031 Track work including rails, ties,
ballast, etc.
.22033 Turnouts
.22034 Rail stop
.22035 Roadway crossings
.22036 Gates and signals
.22037 Final alignment
L2204 Roads and parking
.22041 Construction roads
.22042 Permanent roads
122043 Parking
.2205 Drainage
.22051 Ditching
.22052 Culverts
.22053 Manholes
.2209 Fencing
TOTAL 311.22
TOTAL 311.2

DeLand Wapella East Media Parnell Toulon A  Bryokville Fishhook Brocton Hume Toulon B _, Paxton Wad‘eJ::élle Prairie Creek
(st. Peter) QE Peter) (Galesville) {St. Peter) eter)(Galesville) (St. Peter)  (Grand Tower) {Grand Tower) (&M)Mﬂs—bﬂfrﬂ)srar Springs; _(Mansfield) (Malﬁes?'seld)
i
ot
j
'L
$300,000 $300,000 $300,000 $300,000 $300,000 $300,000  $300,000 $300,000 $300,000 $300,000 $300,000 $300,000
410,000 430,000 410,000 200,00
410,000 410,000 410,000 , i0, 410,000 410,000 ’ 00 185,000
465,000 350,000 880,000 3o 620,000 1,710,000 1,420,000 630900 360,000 720,000 210,000 3237000
485,000 385,000 1,01.0,000 Dindad 6- ’ 1,9(-)0,000 1,5?5,000 6- ,000 405,00? 805,000 2}0’000 360!000
$1,340,000  $1,145,000 $2,300,000 91,230,000 €1,732,000 4,020,000 $3,415,000 $1,730,000 965,000  $1,710,000 $565,000 $850,000
o
)
3 Base R [l
R \, <«—See Note € on Page G-12-» i
- Base 5 a— Cannll
f
i .
. Base - " ——— Lant
4
3 Base - T
$1,640,000 1,445,000  $2,600,000  $1,530,000 $2,030,000  $4,320,000 $3,715,000 $2,030,000  $1,265,000:  $2,010,000 $865,000  $1,150,000
$47,445,000 $53,685,000 $60,330,000 $60,295,000 $158,675,000 $145,315,000 $175,960,000 $141,860,000 $101,370,000;  $49,470,000 $104,045,000  $37,985,000

|
!
]
J
|
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TABLE C-2 (Cont'd)

Sites
(Reservoir Rock)

F.P.C.

Account No. Description

311 Structures and Improvements (Cont'd)
42 Screen house at reservoir

TUTAL 311

314 Turbine Plant
.1 Turbine generator and accessories
.11 Turbine generatgrs
.12 Regenerators
.13 Combustors
.14 Inter and after coolers
.2 Cooling water system
.21 Circulating water piping
.211 Circulating water pumps
.212 Mechanical draft cooling tower
.213 Structures and foundations
.214 Electrical accessories
.22 Compressed air piping ’
.221 Piping, fittings, and valves
.23 Make up pumphouse equipment
.231 Make up pumps and motors
.232 Traveling screens
.233 Piping, fittings, and valves
.24 Blowdown pumphouse equipment
.241 Blowdown pumps and motors
.242 Piping, fittings, and valves

TOTAL 314

Wapella East Media '

d Parnell

gsg%g:terz {St. Peter) (Galesville) {St. Peter)
- - -—$135,000 hd

$55,955,000 $59,840,000 $€2,545,000 $67,025,000

170,500,000 174,900,000 172,700,000

22,200,000 22,200,000 22,200,000
.18,€53,000 -22,539,000. 28,336,000
152,000 179,000 267,000

. 34,000 34,000 110,000
12,167,000 12,762,000 14,819,000
107,000 104,000

182,000 . 7,319,000 _ 7,282,000
$223,888,000 $240,040,000%245,818,000

176,000-.00C

2,200,000

25,326,000

242,000
34,000
27,233,000
118,000
16,743,000
$267,896,000

s

Toulon A

Brookville Fishhock
(St. Peter) (Galesville) (St. Peter)
) $580,000 $145,000 $170,000

$164,895,000 $147,665,000° SJJ94, 510,000

169;400,00C 194 900,000 185,900,000
22,200,000 33 200,000 22,200,000
149,483,000 234,238,000 210, 564,000

180,000 342,000 395,000

- . 106,000 123.000
12,687,000 ° 19,399,000 71,608,000
65,000 117,000 104,000
4,324,000 9,757,000 10,611,000

$358,339,000 $485,559,000 $451,505,000

Brocton Hume
(Grand Tower) (Grand Tower)

<«—See Note € on Page C-12 —»

{

. wladesville
Toulon B Paxton est Prairie Creek
(St. Peter)  (Hardinsburg) -%Iés_éezisszz (Mansfield) ( ﬁi??ild)
|
590,000 __ _§530,000 _:_ §115,000 175,000 $525,000
i
$147,830,000 $108,010,000 ?52,655.000 $109,570,000 542,710,000
146,023,000 121,968,000 !57,192;000 46,814,000 39 244,000
‘I
?
18,500,C00 14,000,000 ; 8,000,000 7,000,000 6,100,000
:
130,350,000 125,461,000 'Lo,zao.ooo 165,423,000 73,379,000
}
127,000 153,000 i 218,000 121,000 17,000
111,000 52,000 38,000 25,000 . 35,000
9,083,000 9,312,000 , * 9,327,000 2,282,000 7,648,000
}
- 40,000 i 20,000 10,000 4,000
224,600 : 1,467,000 5,950,000
$304,418,000 $276,867,000 $102,637,000 :$223,142,000 $113,399,000
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TABLE C-2 (Cont'd)

F.P.C.

Account No.

315
.1

.11
.12

.13

SN

Sites

(Reservoir Rock)

Description

Accessory Electrical Equipment

Transformers, transmission lines,
motor control centers, power and
control wiring for CAES, make up
and blowdown system

Transmission lines including power
transformers for CAES
Distribution equipment including
power and control wiring, motor
control centers, etc. for CAES
Make up and blowdown -system
electrical work including
transmission line, auxiliary
transformers, and distribution
equipment

TOTAL 315.1 /
Transmission lines to mnetwork
Switchyard

Balance of plant electrical
equipment

TOTAL 315

TOTAL ESTIMATED CONSTRUCTION COST
DOLLARS PER KILOWATT

Brookville Fishhook

Deland _ Wapella East Media Parnell ‘Toulon A
(Galasville) (St. Peter;

. (St. Peter} (St. Peter) (Galesville) (St. PeterXSt. Peter)

Brocton Hume
(Grand Tower) (Grand Tower)

' Toulon B

(St. Peter

Wadesville

$1,Ao9;, 000

|

t o Prairie Creek

Wi
st L 1
(T prings) _(Mansfield) (Ma;?%f:ld)

I
§
T

© $2,694,000  §2,706,000 $2,732,000  $2,866,000  §$3,379,00¢ $3,430,000 $3,442,000 $2,979,000 $1,539,000 $673,000
539, 0

621,000 713,000 885,000 948,000 3,639,000 4,641,000 4,455,000 3,176,000 615,000 3,431,000 1 407'000

454,000 495,000 542,000 815,000 485,000 689,000 731,000 l
' ’ ) , 393,000 6893000 281,000

, , 700,000
;
— e — e i

$3,769,000  $3,914,000 . $4,159,000  $4,629,000  §,,503,000 $8,760,000 $8,628,000 o <. nore ¢ on Page C-12- $6,548,000 $2,713/000  $5,251,000  $2,780,000
;

12,271,000 14,359,000 17,445,000 12,442,000 22,929,000 7,640,000 1,650,000 { a0, e, -
B , 0 ¢ f2ue ,929, 1640, , 19,757,000 5,330,000 6,860,000 6,860,000
—— Not Included :

[ T
$16,040,000 18,273,000 $21,604,000 $17,071,000 4 $10, 278,000 '
273, , $30,432,000 $16,600,000 $10,278, $26,305,000 $8,043,00
\ 1063,000  $12,111,000  $9,640,000

$315,023,000 $334,148,000 $340,047,000 $373,692,000 $571,501,000 5663, 759,000 $665,298,000
$315.00 $334.10 $340.00 §373.70 $571.60 $643.80 $665.30

$494,988,000  $404,089,000 $167,900;000  $353,688,000 $170,149,000

$574,20

$513.SQ $1,437.80

$1,736.20

11
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TABLE C-2 (Cont'd) CAES~-T2

NOTES:

i

1. Cost for land acquisition for plant site and reservoir were based on an average of $3,000.00 per acre; costs for storaée rights
acquisition were based on an average of $300.00 per acre.

2. Well pricing was based on Katz and Lady "Compressed Air Storage' 1976 Report and escalated to March 1979 prices.

3. The following costs are not included i. the above eStimate:

a. Indirect expenses.

b. Escalation of equipment, materials, erectivn and construction labor.
c. Ailowance for Funds used During Comstruction (AFDC).
d. Sales and use taxes.

4., Not inctluded are the' structural and electrical facilities for the main power block. .

5. Water supply for the Deland, Parnell and Wapella East sites is via pipeline from Clinton Lake but the estimate includes a cost for
development of a new reservoir because it may be required.

6. The cost estimates for Brocton and Hume are not included due to the large number of wells calculated based on the
extremely low values of aguifer permability and discovery pressure in published informationm.

Note: The data provided in these tables are only for relative comparisons of the sites and are not
to be used for reliable data on individual sites.

I
P
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Attachment D

POTENTIAL AREAS OF RISK FROM CAES AQUIFER PLANT

D.1 GENERAL

The main areas of potential risk to the project include

the following: formation of explosive mixtures at a later
date if gas is stored in a reservoir previously used for the
air testing program; potential leakage from the air storage
reservoir; chemical and biological contamination of a potable
aquifer; alteration of groundwater flow patterns; potential
crop damage from air leakage; and surface and groundwater

contamination from the pumping test.

D.2 DISCUSSION

D.2.1 Formation of Explosive Mixtures
One potential source of risk could occur if a gas
storage company were to utilize a reservoir for natural gas

Istorage after the air injection test program. P. A.

! . .
Witherspoon (1) felt that risk would rest with the gas

companies, as all work being performed as part of the CAES
.program will be pubiic record. He also felt that gas
storage companies would shy away from a field that had been
previously used for air storage. There would.always4be
pockets of air in the reservoir, and these pockets cquld
form a combustible mixture when mixed with natural gas.
However, if the storage company kept the air-gas mixture
coming from the reservoir from further mixing with air in

lines there would probably be no danger of explosions;

D-1
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AN

D. L. Katz (2) felt that an air storage reservoir could be
safely converted to natural gas storage., There probably
would be added expenses for an air sweep and added precau-

tions for monitoring operations.

An investigation of the available literature revealed
several papers that point out the danger of explosions when
air is used to repressure oil fields. Ryder (3) states that
any air-gas mixture in the casing head is potentially
explosive if the quantity of air is more than 80% air to 20%
gas and that it is best to keep the air content below 60%.
Dickey and Bossler (4) referred to explosion problems in the
Venango'Field, Pennsylvania. On the other hand, Russian
workers have reported no adverse effects from the injection
of natural gas into aquifers previously tested with injected

air (5).

A major concern with testing a site with air is that gas
storage companies would probably not'use a structure for

gas étorage that had been tested with compressed air. This
effectively removes a potential gas storage site frpm future
development. A landowner who has allowed air injection into
a geologic structure beneath his property faces the possibi-
lity of a future loss of income due to modifications in the

storage reservoir.
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D.2.2 Potential Leakage from Air Storage Reservoir

A major source of risk could occur as a result of air
leaking from the air reservoir reaching the ground surface
or a potable aqﬁifer. The major problem is not neceésarily
in the leakage of air, but the mixing of air with natural
gas during its passage through higher strata. ~There have
been cases in the gas storage industry where gas has leaked
into farm wells and exploded. Also, there are cases where
the gas storage companies haQe had to replace wells or
provide farmers with pdtable water due to gas contamination
of existing water wells. An example of this situation
occurred at the Hergcher Project in eastern Illinois (see
'Reference 6 for a description of the project). In order to
protect the project from unwarranted claims, P. A.
Witherspoon (1) recommends taking water samples of all farm
and municipal wells within 1 mile of the spillpoint contour.
These samples should be tested before the injection of air
by an independent laboratory for mineral content, coliform
bacteria, nitrates, and minute gas content (particularly
methane and ethéne). The teét xesults should be returned:
to.the well owner by registered letter. Also, a waterlevel
recorder éhould be installed in a water well tﬁat represents
the type of coﬁpletion for the wells in the site area. The
procedure adds another method'of checking for any leakaée

"through the caprocks.



It should bé noted that each site has to be examined

. individually for potential air leékage concerns. Some sites
do not have any strata above the storage zone that contain
natural gas‘or hydrocarbons, while some sites in central
Illinois and Indiana have natural gas. The bedrock‘aquifers
at thc central I1linols sites are saline and are not utilized
as a source of groundwater; however, in northern and western

Illinois almost all of the aquifers contain potable water.

To ensure that an air storage reservoir site has capable
caprock and to protect the project from unwarranted claims,

. pertain tests should be performed. Thesgse include a thorough
geologic investigatioh, laboratory tests for caprock threshold
pressure and an aquifer pumping test. Evaluation of the
pumbing test will immediately indicate any large leaks, such
.as undisclosed faulting." HoweQer,'subtle leaks may be
difficult to determiné,‘and may require a number of

observation wells.

D.2.3 Chemical and Biologiéal Contamination of Potable Aquifer
Another potential'concérn‘and source of risk is from

air leakage carryind;chemical or geological contamination,
introduced dqring the driliing Qperatiohé, from the air

storage reservoir'inpo é stratigraphidaily'higher aquifer
containing potable watér.‘ All known aquifers above the

étorage reservoirs should be tested for mineral content,

coliform bacteria, and minute gas quantities before

beginning the air injection test program.

D-4
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D.2.4 Alteration of Groundwater Flow Patterns

Air leakage could also accumulate in stratigraphically
higher aquifers'and displace the water, therefore altering
flow patterns and disrupting water supplies (7). If the air
storageAreservoir is in a potable aquifer, a potential
problem could arise if the air leaks past the spillpoint to
a portion of the aouifer presently being utilized for

potable;water supplies. To monitor potential air leakage

Winto higher aquifers or laterally past the spillpoint, it is
important to have observation wells in porous zones above

the storage zone and at the spillpoints.

D.2.5 Potential Crop Damage

" Loss of crops due to'leaking air is a potential source of
-.liability. Katz and hady (8) have indicated that when
natural gas‘leaks to the ground‘surface, uegetatioh is
stunted or kllled Suoh'a reaction to has been noted over
2 gas storage flelds when leaks were known to be occurring.

z Katz-ahd Lady (8)' feel the harm to vegetation is likely to
:A be‘the same for percolating air as for Qas. The reason is
that percolatlng gas 1s belleved to interfere with the
‘caplllary behav01r of the 5011 water system so that it

cannot support normal vegetatlon.

D.2.6 .Surfacevand GrOundwater‘COntamination from Pumping Test
‘Contamlnatlon of surface waters and potable groundwater by

‘brlnes produced durlng the pumplng test is a p0551ble

D=5
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cbﬁce:n. To.ﬁrotectvagainst sﬁch.céhﬁaﬁiné£ioﬁ, the waste
holding pond will be coﬁstruéted to meet alllabplicable
state-and.fedérgl‘standards for waste stdrage pdndé,
‘Depcnaing oniiocal soil éonditions p}esent at the site, it

may be necessary tb"have‘é‘few obsérvatidn wells to monitor
,for_bofenfial_brine leakage. It shouié béJnotea_that the
storage ‘reservoirs héve aﬁwide,yariance in_watér.éuality,

some even cqntain‘pdtable water. Water samples should be
taken fromithe alr storage reservéir,for labéfatory tests

on mingral content_andvtotal dissoiﬁéa'éolids. These data
gan'bé utilized to eValuate.the sefiqusneSs_of any potentia1
leakagé.from the.water holding pond. Potential contamination
problems resulting from a water pumping test may be eliminated
by lining the holding pond. However, the construction of a
pond liﬁing depends bﬁ individual site conditions and local
environmental regulations, and these constraints vary throughf

out the United States.

Another potential area of risk from the pumping test

is contamination of agricultural soils causing loss of
farmland. In this case, 1t may be necessary to either com-
pensate the farmer for loss of farmland or to‘remove the

contaminated soil and replace it with tillable soil.
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Communication on August 8, 1979, at meeting at
Sargent & Lundy, Chicago, Illinois.
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Appendix B

REEVALUATION OF PAXTON SITE FOR
COMPRESSED AIR ENERGY STORAGE

The Indiana Geological Survey (IGS) decided to test'the basic
premise for the Paxton site by drilling a test well with its
owﬁ rig during the summer of 1979 (l). Based on two'wells
located in the southwest corner of Section 28 of Township‘

7 North and Range 9 West, a Mississippian Hardinsburg
erosional remnant capped by Mississippian Glen Dean limestone
was postulated when drilling began. It was anticipated that
both the Glen Dean and Hardinsﬁurg were nearly flat struc-
turally, thus tﬁe Glen Dean was expected at a depth of
between 880 and 890 feet. The Hardinsburg Sandstone was

expected at a depth of 930 feet below the surface.

The location of the new well is approximately'750 feet west of
the corner of Sectioné 21, 22, 27, and 28 and is shown on

Figure B-1 (a modification of Figure 4-34 from Appendix A).
Drilling was stopped at a depth of 950 feet without encountering'
either Glen Dean or Hardinsburg rocks. Since Pénﬁsylvanian
rocks were still present at the  total depth, it was felt that
the erosional remnant does not exist at this location (1).

This interpretation indicates that the Hardinsburg storage
reservoir at the Paxton site could be no greater tﬁan one-third
the original postulated size and may even be considerabiy smaller,
although additional drilling would be needed to fﬁlly evaluate

the site.



The results of the IGS test well give a calculated potential
capacity for the reservoir of 1.68 x 109 cubic feet, which

is insufficient to support a compressed air energy storage
plant of greater than 100 MW. The actgal capacity, further-
more, may even be less. The new information gives a calculated

9

pore volume of 0.11 x 10 cubic feet and an areal extent of

330 acres for the erosional Hardinsburg Formation remnant.
The revised values for the pore volume at the Paxton site are

listed in Table B-1l.

REFERENCES

l. B. D. Keith, Geologiet, Pctrolcum Section, Indiana
Geological Survey, Bloomington, Indiana. Letter of
January 14, 1980, to J. M. Bumgarner, Project Engineer,
Public Service Company of Indiana, Inc., Plainfield,
Indiana. S '

2. B. D. Keith, Geologist, Petroleum Section, Indiana
Geological Survey, Bloomington, Indiana. Transmittal on
February 19, 1978, of Structure Contour Maps to A. K. Yonk,
Senior Geologist, Sargent & Lundy, Chicago, Illinois.
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TABLE B-1

CUMULATIVE PORE VOLUME AT THE PAXTON SITE

: CUMULATIVE
CONTOUR ' PORE VOLUME&
(feet MSL) . AREA (acres) ' - (cubic feet)
-428 (peak) : 0 _ ' _—
-430 : 52 ' 430,373
~460 173 28,363,223
-500 (maximum 330 111,600,000
spillpoint) ‘

aPore volumes were calculated using the following formula:
pore volume in cubic feet =*% e (Al~+ AZ) %x 43,560 x

porosity

helght based on difference in contour

where h
: intervals (feet).

Ay = area within upper contour (écresy,f
A2 = area within lower contour (acres)
43,560 = number of square feet in an acre

19.0% for the reservoir rock, whieh"
is Hardinsburg Sandstone

porosity

. B-5
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SARGENT & LUNDY
ENGINEERS Spec. No. G- 3600

Project: 5839-32 CHICAGO _ Issue:

_ SPECIFICATION FOR
COMPRESSED AIR ENERGY STORAGE
DRILLING AND TESTING

DIVISION 1 - GENERAL REQUIREMENTS

101. PURCHASER:
102. NAME OF PROJECT:
103. LOCATION OF PROJECT
104. SCOPE OF WORK
104.1 Contractor shall perform the following WORK for and at the above Project
Site: . ‘
COMPRESSED AIR ENERGY STORAGE
DRILLING AND TESTING, as indi-
cated on the Design Drawings
and as herein specified.
104.2 Work Furnished and Installed or Performed: Contractor shall furnish,

install and/or perform materials, equipment and services to complete
the WORK as subdivided hereinafter with respect to the various phases
of the WORK:

a. Phase I - Slimhole Structure Test Wells:

al. Survey well locations

a2. Drill and geologically log wells

a3. Geophysically log wells (electriq—induction)

- a4. Construct mud pits

a5. Plug wells to within 3 feet of ground'Surface

a6. Backfill mud pits and restore area to originalAconditipn

a7. Progress‘reports, and field and laboratory test data

b. Phase II - Injection-Withdrawal Wélls'and Observatioﬁ Wells: 

bl. Survey well locations

b2. Drill wells into bedrock, install surface casing and casing head hous-
ing ' :

b3. . Complete drilling of wells to total depth, retrieve rock cores, pack-
age and ship samples to testing laboratory

1-1
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b4. Run borehole geophysical logs (Compensated Neutron and Formation Density
Log)

b5. Install loﬁg string casing

b6. Run 3-D cement bond logs in wells
b7. Perforate casing

b8. Cap wells upon completion of WORK

b9. Phone daily progress and submit weekly progress reports, and field and
laboratory test data

c. Phase III - Construction of Water Holding Pond
d. Phase IV - Water Pumping Test:

dl. Furnish and install Reda*pump, control panel and metering devices for
the highest crest well, including the following:

dl.1 Water level recorders in observation wells

dl.2 Acovustic water level fiaders in pumping well

dl.3 Recording barograph

d2. Perform test on crest well, including the following:
d2.1 Monitor pumping rate and draw-down or pumping level
d2.2 Obtain and analyze water samples,

d2.3 Reinject filtered water from holding pond back into one of the observa-
tion wells.

d3. Remove holding pond and restore area to eriginal condition

d4. Submit daily and weekly progress reports, and field and laboratory test
data

e. All other work specified herein or as directed by Project Manager/
Purchaser to properly complete the WORK

104.3 Special Provisions: The WORK shall also conform to the following special
provisions:

a. Work on Private Property: Contractor shall not enter upon or allow any
of his employees to enter upon any private property without prior
authorization from Purchaser to do so.

b. During the course of the WORK, Cdntractor shall immediately report to
Purchaser any unusual conditions which may affect the progress of the
WORK.

*This equipment or its equal will be selected for the actual specificatidn.
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c. Contractor is advised that if during the prosecution of the WORK, down-

time occurs due to mechanical failure of Contractor's equipment, or due
to inclement weather, Purchaser will not reimburse Contractor for such
delays. :

d. Consulting Geologists: Contractor shall retain the services of one of
the following Ceologists as a rcgular subcontractor to-and to form a
part of the Compressed Air Energy Storage Drilling and Testing Con-
tract: :

Mr. Ernest Loveless®

P.0. Box 238

Monroe City, Indiana 47557
Mr. Merle Williams*

P.0. Box 701

Mt. Vernon, Illinois 62864

dl. The duties of the Consulting Geologist shall consist of the following:

dl.1l Sit on well

dl.2 Assist in directing drilling procedures

dl1.3 Study and describe the drill cuttings and core samples

dl.4 Pick formation contracts

dl.5 Determine coring and casing depths

dl.6 Coordinate the removal of core samples from the core barrel

dll7 Assist in the running and cementing of all well casings

dl.8 Coordinate the running of all survey 1ogs

dl1.9 Assist in performing fluid buildup curves

e. Testing Laboratory: Contractor shall retain the services of the follow-

ing laboratory as a regular subcontractor to and to form a part of the
Compressed Air Energy Storage Drilling and Testing Contract:

Geo-Engineering Laboratories**
P.0. Box 781 :

Mt. Vernon, Illinois 62864
Attention: Mr. Neilson Rudd

618-242-6175
el. The duties of the Testing Laboratory shall consist of the following:
el.l Box and'transport the core samples to the laboratory

el.2 Analyze the core samples as directed

*This consultant or his equal will be selected for the actual specification.
#%This firm or its equal will be selected for the actual specification.
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el.3 Preparation and submittal of core analyses reports
el.4 Storage of core samples

f. Water Analyses Services: éontractor shall retain the services of the
following laboratory as a regular subcontractor to and to form a part
of the Compressed Air Energy Storage Drilling and Testing Contract:

Calgon Corporation®

Water Management Division
320 Northwest 7th St.
Evansville, Indiana 47708
812-425-5835

fl. The duties of the Water Analyses Services Contractor shall consist of
the following: Analyze water samples for mineral content, pH, total
dissolved solids, and specific gravity.

g. Water Pump Test: Contractor shall retain the services of the following
Company as a regular subcontractor to and to form a part of the Com-
pressed Air Energy Storage Drilling and Testing Contract:

Reda Pump Co."
c/o John Cutright
Tulsa, Oklahoma
918-747-3668

gl. The duties of the Water Pump Test :Contractor shall consist of the
following: Provide submersible pump and control panel.

h. Geophysical Logging: Contractor shall retain the services of one of
the following companies as a regular subcontractor to and to form a part
of the Compressed Air Energy Storage Drilling and Testing Contract:

Birdwell* Schlumberger Well Services®
Drawer U P.0. Box 751 . :
Olney, Illinois 62450 Mt. Vernon, Illinois 62864

618-393-2188 618-244-4992

hl. The duties of the Geophysical Logging Contractor.shall consist of the
following: Provide the following geophysical logs:

hl.1 Electric-induction log
hl.2 Neutron log
h1l.3 Simultaneous Compensated Neutron-Formation density logs

hl.4 3-D cement bond log

*This firm or its equal will be selected for the actual specification.
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i. Mobilization and Demobilization: This item, as set forth in the Pro-

posal Form, shall include all of the following and all items of a
similar nature: ‘

il. . Moving in of all equipment and supplies

i2. Setting up all facilities for the WORK, including all temporary
facilities

i3. Moving out of all equipment and supplies and removal of all temporary
facilities at completion of the WORK

105. SCHEDULE OF WORK

105.1 The Schedule of Work herein specified sets forth certain critical dates
which Contractor is required to meet. However, the stipulation of
these critical dates shall not relieve Contractor of the obligation to
process the WORK, from start to completion, in an orderly and continu-
ous manner during the course of the WORK.

105.2 At least once a month, or more often if requested by Purchaser, and
: on such date as designated by Purchaser, Contractor shall furnish such
information as Purchaser deems necessary for reporting schedule progress
and costs including, but not limited to, information related to schedule,:
costs, man-hours and work performed. - Information shall be presented in
the detail and format requested by Purchaser. Purchaser shall have the
right to verify all data presented.

105.3 Scheduled Dates for Work by Contractor: In accordance with the fore-
going requirements, Contractor shall perform the WORK in accordance with
the following schedule: '

a. Start Work at the Site.....viveinreirereneercnnss
b. Complete Slimhole Structure Test Wells.......... ..
c. Complete first Reservoir Iﬁjection-Withdrawal
Well.oveeriieroenonaenens M ee e ettt e
d. Complete two Reservoir Observation Wells.........
. e, Complete second Reservoir Injection-Withdrawal:
L= 0
f. Complete Caprock Observation Well............o...
g. Construct Water Disposal PAit.eeruunnnnnnneanennns
h. Complete Water Pump Test......... Chtesese e
i. Reinject water into well......c.vviiinrernnnneens ]
3. Complete all Work on Site............ Ceere e .
k. Submittal of all reports by..... Chetssese e e
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106. PERMITS
Contractor shall obtain permits required for the WORK. Contractor shall
arrange with Purchaser for his representative to accompany Contractor
in securing all such permits.

107. DEFINITIONS

107.1 Wherever the term "Job Specification" appears or is implied, it shall
be construed to mean "Project Specification'.

107.2 Wherever the terms "approved", "as approved", '"satisfactory'", 'as re-
quested'", or other similar terms are used in this Specification, they
shall mean "as approved, etc., by the Purchaser", unless otherwise
specifically stated. '

107.3 Wherever the word '"Purchaser'" appears in the Bid Documents, it shall be
construed to mean

107.4 Contractor is herewith designated as the Compressed Air Energy Storage
Drilling and Testing Contractor.

108. SITE CONDITIONS

108.1 Examination of the Site:

a. Bidder shall visit the site during the Bid Period to familiarize him-
self with conditions under which the WORK is required to be done.

b. Bidder shall consult with Purchaser's representative as to means of
access to the site of the WORK and methods to be used in unloading
and bringing materials and equipment onto the site.

c. Contractor's later plea of ignorance of existing or foreseeable condi-
tions which will create difficulties or hindrances in execution of the
WORK will not be acceptable as an excuse for any failure on part of
Contractor to fulfill in every detail all requirements of the Speci-
fication and/or drawings. Furthermore, Contractor's plea of ignorance
will not be acceptable as the basis for any claim whatsoever for addi-
tional or extra compensation. '

108.2 Temporary Facilities:

a. Domestic Water and Water for Mixing Mud and Cementing: Contractor
shall provide his water and temporary appurtenant facilities required
for the WORK. '

b. Toilet Facilities: Contractor shall prévide chemical toilet facilities
for the use of employees and shall dispose of the wastes off the Project
S8ite., These facilities shall be satisfactory in every respect to all
governing bodies having jurisdiction.
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c. Temporary Light and Power: Contractor shall provide his own facilities.
d. Office and Construction Storage, Etc.:

dl. Any facilities required by Contractor shall be provided by Contractor at
his own expense at a location acceptable to Purchaser.

d2. All temporary buildings and associated electrical work required by Con-
tractor shall be erected and maintained by him. All buildings shall be
of fire resistant construction.

e. Burning or Burying on the Premises: Burning or burying on the property
will NOT be permitted. '

f. Fire Protection: Contractor shall provide, ahd shall be fully responsi-
ble for handling the required fire fighting facilities and maintalnlng
complete fire protection for his WORK.

g. Temporary Barricades: Contractor shall provide all temporary barricades,
warning signs, danger lights, etc., which shall comply with all author-
ities having jurisdiction.

h. Watchmen Service: Contractor shall provide his own.

i. Removal of Temporary Facilities: Contractor shall remove all temporary
facilities provided on the site for his own use at the termination of
their usefulness or the termination of the WORK, or when requested, and
shall leave the premises in condition satlsfactory to Purchaser's repre-
sentative in every respect.

109. PROTECTION

109.1 Various public and private utility lines, public and private roads,
water wells, farm tile drains and other 31m11ar fac111ties and struc-
tures are within, or adjacent to, the site.

109.2 Contractor shall accordingly provide all protectlon as requlred, as
approved or requested.

109.3 All due precautions shall be taken by Contractor to avoid damages to
these facilities and structures and to properly operate and/or move
all equipment and material with respect to these facilities and struc-
tures.

109.4 Contractor shall properly warn all of his employees with respect to
any/all of these facilities or structures which constitute a hazard
to these employees, and shall provide necessary protection for his
employees.

109.5 Protection of Natural Environment: Extreme care shall be exercised
throughout the course of the WORK to avoid damages to, or pollution
- of, existing vegetation, water facilities or other natural environ-

mental features outside of the immediate areas of the WORK.
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Crop Damage: Contractor shall make arrangements with Purchaser's repre-
sentative for the best access to drilling work areas, to cause least
damage to crops. Purchaser will be responsible for all crop damage only
when such damage was a necessity to the execution of the WORK and was not
occasioned by carelessness or neglect on the part of Contractor. Con-
tractor shall make prompt settlement of all claims that are due to Con-
tractor's negligence. When claims are settled, Contractor shall supply
Purchaser with three (3) copies of the damage release on a form approved
by Purchaser. If release cannot be obtained, Purchaser will accept a
copy of the check covering payment provided it is. a claim draft and states
that "payment is for all damages incurred" on specific date that damage
was done.

All adjacent public and private property shall be placed and left in as
good a condition as it was before the WORK started.

Any damages, interruptions, etc., which do occur to the foregoing prop-
erty, structures or facilities as a result of Contractor's acts of com—
mission or of omission shall be remedied by Contractor at his own expense,
including all premium time, if any, required to remedy damages, interrup-
tions, etc., in shortest possible time and to the complete satisfaction

of Purchaser's representative.

Public Good Will: Contractor shall carry on the WORK at all times so
as to maintain the best possible relations among Purchaser, the Public,
and Public Authorities. Contractor shall provide Courtesy signs for
detours and for other inconvenience to the Public if requested to do so.

MAINTENANCE OF EXISTING ROADS

Contractor shall maintain existing roads and other similar improvements
at or adjacent to the site and which are used by Contractor during the
course of the WORK. Contractor shall not remove or alter any existing
public improvements without approval of governing bodies having juris-
diction.

All maintenance shall be as required by governing bodies having Jurls—
diction.

LINES AND GRADES

Contractor shall lay out lines and grades from existing Section marks
for the WORK. '

Contractor shall notify Purchaser of any differences in location of
existing work or conditions from that indicated, wherever such differ-~

ences may affect the WORK.

CODES, STANDARDS AND REFERENCED fUBLICATIONS

Conform to the referenced requirements of the codes, standards, and
referenced publications listed herein.
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References herein to specific Paragraphs, Subparagraphs, Articles, Sec-
tions, Figures, etc., of these referenced publications are for conveni-
encce of reference only, and shall not relieve the Contractor from any/all
obligations of the applicable requirements of these referenced documents.

ACCOUNTING RECORDS .

Contractor shall furnish Purchaser with such statements, payrolls, in-
voices, and other sustaining papers, as may be required to provide Pur-
chaser with a clear and adequate record of payments by Contractor under
the Contract. Purchaser shall have the right at any time to inspect
Contractor's accounting records. Contractor further agrees to keep, pro-
tect, and make available te Purchaser, for a period of three years after
completion of the WORK, records and books of account pertaining to the
WORK. - ‘
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SARGENT & LUNDY Spec. No. G-3600

ENGINEERS N
CLHICAGD Issue:

COMPRESSED AIR ENERGY STORAGE DRILLING AND TESTING

DIVISION 2 - STANDARD AND DRAWINGS

201. DESIGN DRAWINGS (CONSULTING ENGINEERS')

201.1 The following Design Drawings by the Consulting Engineers, dated
5 unless otherwise noted, are attached hereto and form-a part

hereof:

S-1 - Construction of Injection - Withdrawal Wells.

s-2 - Construction\of Reservoir Obsefvation Wells.,

5-3 - Construction of Caprock Observation Wells.

S-4 - Schematic Drawing of Water Holding fond.
202. DATA (CONTRACTOR'S) |
202.1 Submittal of data shall conform to the requirements‘hérein specified.
202.2 Submittal Distribution: Contractor shall addressland submit

correspondence and .data as follows:
a. Correspondence:

al. Corgespondence, except as specified in Paragraphs 202.2al and 202.2b
shall be addressed and submitted to:’

Purchaser

b. Data:

bl. Address and submit original copy of transmittal leffer and data to:

Purchaser
203. DRILLER'S. FIELD RECORDS
203.1 Two.copies of the driller's tour sheets, driller's time sheets and

Geolograph Record*shall be forwarded to Purchaser's office not later
than noon of the day following completluu uf each well, All driller's
logs shall be delivered to: ’

Purchaser

*This equipment or its equal will be selected for the actual specification.
2-1 '
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203.2 Three typed copies of the field records shall be forwarded to the
same address and shall reach the above address not later than fifteen
days after the completion of each well.

204. SOIL DRILLER'S RECORDS

204.1 The soil driller for the water disposal pit borings, as outlined
in Division 5, shall forward two copies of the driller's field log
to Purchaser's office nut later than noon of the day following
completion of each well.

204.2 Driller's logs shall be delivered to the following address:

Purchaser

204.3 © Three typed copies of the field log shall be forwarded to the above
address not later than fifteen days after the completion of each well.

204.4 Each log shall contain the information specified in Paragraph 501.3.
205. REPORTS

205.1 Contractor shall submit daily progress reports to Purchaser for
verification. These reports shall detail the work performed during
the day including the total footage drilled by each crew, with a
breakdown for each well for the type of drilling (i.e., standard
split-spoon, rock coring, auger boring, and so forth), the number
and type of test performed per well, the number of crew hours,
measured Lo the nearest 1/6 hour, each rig and crew used or out of
production for the purpose of special testing, special sampling, and
percolation tests, as well as any downtimes affecting the progress of
work.

205.2 Progress reports and time and material records shall be submitted
to Purchaser, on forms as approved by Purchaser, not later than
noon of the working day following the date of the report. Purchaser
will not be responsible for any payment delays resulting from failure
to submit accurate progress reports on schedule. No payment will be
made for work which has not been verified by Purchaser's representative.

_206. ‘ PACKING AND SHIPPING SAMPLES

206.1 Each airtight container for soil, rock or water samples for each well
shall be carefully labeled showing the following information:

a. The number of the well from which the sample was taken.

b. Depth of the sample below ground.

2-2
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Standard penetration.resistance in split-spoon sample borings.

Date sample was taken.

Name of project location.

Purchaser's project identification number.

All samples shall be catefully packed to prevent damage during storage
or shipment. Packages containing airtight container samples and
thin-walled tube samples shall be marked "Fragile and Perishable -

Keep from Heat or Cold". Each set of samples shall be sent to the
responsible laboratory as specified in Paragraph 104.3.

2-3
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DIVISION 3 - SLIMHOLE STRUCTURE TEST WELLS
301. GENERAL

301.1 Prior to drilling of wells, a Registered Surveyor shall be retained
to determine the exact locations and elevations of the wells. Work
from existing section lines and bench marks at the Project Site.
The responsibility for accuracy of locations and elevations remains
‘with Contractor. »

301.2 - Survey to third order accuracy standards (1:5000).

301.3 If a well cannot be located within the allowable tolerance for any:
reason, advise Purchaser prior to drilling at a different location,
for approval. :

301.4 Any new culverts required for access to the drilling locations shall
be furnished and installed by Contractor in accordance with the
requirements of the State Road Commissioner. The culverts shall
be removed after each well has been drilled, if requested by the
land owner or the State Road Commissioner.

302. EQUIPMENT AND MATERIALS

302.1 Drilling Equipment: Rotary drilling equipment, capable of drilling
: holes four to six inches in diameter to a depth of 2000 feet and
shall be equipped with a Geolograph Recorder.*

302.2 Materials:

a. Well Casing: Temporary surface casing shall be of sufficient size
to accommodate all specified drilling and geophysical tools.

b. Drilling Mud: Dresser Magcobar** or NL Baroid** of sufficient consist-
ency to clear the hole and carry representative formation sample
cuttings from hole. ¢

c. Water: Potable. (Storage of water for cementing shall bé in" a tank
or tank truck.) '
d. Cement: Pozmix cement (Halliburtbn# or Dowell#).
303. CONSTRUCTION OF WELLS
303.1 General:
“a. A mud pit shall be excavated adjacent to the well for the mixing and

storing of drilling mud. The top soil shall be stockpiled,

*This equipment or its equal will be selected for the actual specification.
*%This material or its equal will be selected for the actual specification.
#This firm or its equal will be selected for the actual specification.
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and at the completion of its usefulness the mud shall be removed
and the pit back-filled. Using the topsoil previously stored on
site, the area shall be restored to the satisfaction of Purchaser.

b. Prepare the area whcre the work will be performed so that the work-
ing stage drains away from the well holes.

C. Drill the wells using a portable rotary drill rig.
303.2 Well Drilling:!
a. Mix drilling mud (Dresser Magcobér* or NL Baroid*) of sufficient weight
and consistency to clean the hole and to carry good representatlve

sample cuttings of formatlons from the hole,

b. Drill a borehole and run surface casing from ground level through

overburden to top of bedrock at a depth of approximately feet.
Surface casing shall be of sufficient size to accommodate drilling
tools.

c¢. Drill a Lole at least 4-1/2 inch in diameter from bedrock surface
through a kuvwn stratigraphic marker to an anticipated depth of
approximately feet or of sufficient depth to record the strat-
igraphic marker on geophysical survey laog.

d. Run an electric-induction survey log (Schlumberger** or Birdwell*#)
from bottom of hole to ground surface.

e. The surface casing shall be removed wherever possible. Where the
casing cannot be removed, Contractor shall cut off the casing three
feet below ground level.

f. Run drill pipe in hole to total depth and completely fill the hole
with pozmix cement (Halliburton** or Dowell*#*) to 3 feet below the ground
surface. Cementing the hole shall be performed using a minimum
of two stages.

g. At the completion of its usefulness, the mud shall be removed from
the mud pit and the pit shall be hack~filled. Rcmove enough uf
the drill cuttings from the mud pit to obtain the original contour
grade when covered with three feet of soil cover. Using the top-
soil previously stored on site, the area shall be restored to the
satisfaction of the Project Manager's representative.

304, . DRILL CUTTINGS SAMPLES

304.1 Samples of the drill cuttings shall be collected at five foot inter-
vals from the top of bedrock to total depth unless otherwise re-
quested by the Well Sitter (Consulting Geologists).

305. PLUGGING OF WELLS

305.1 General: Plug wells from the total depth to 3 feet below ground
surface.

*This material or its equal will be selected for the actual specification.
%*%*This firm or its equal will be selected for the actual specification.
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Materials: Pozmix cement (Halliburton* or Dowell*) .

Method:

All reasonable effort shall be made to pull out temporary surface
casing., Casings left in placeAshall be at Contractor's expense.,

. The well shall be filled with pozmix cement through the drill p1pe
-from total depth to 3 feet below grOund surface.

Contractor will be allowed to plug wells in stages as necessary
to prevent loss of drill pipe due to flash setting of cement.

If the temporary surface casing cannot be removed, Contractor shall
remove that casing which can be removed by unscrewing it., If none
can be removed, the casing shall be cut off three feet below the
ground level. : '

REMOVAL OF MUD PIT

After the well has been completed, the mud shall be removed from
the pit and the pit area back-filled. Using the topsoil previously
stored on site, the area shall be restored to the satisfaction of
Purchaser.

*#This firm or its equal will be selected for the actual specificétion.
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COMPRESSED AIR ENERGY STORAGE DRILLING AND TESTING

DIVISION 4 - INJECTION/WITHDRAWAL WELLS AND OBSERVATION WELLS

401.

401.1

401.2

401.3

401.4

402.

402.1

402.2

al.
a2,
‘a3.

a4,

GENERAL

Prior to drilling of wells, a Registered Surveyor shall be retained
to determine the exact locations -and elevations of the wells. Work
from existing section lines and bench marks at the Project Site. The
responsibility for accuracy of locations and elevations remains with
Contractor.

Survey to third order accuracy standards (1:5000).

If a well cannot be located within the allowable tolerance for any
reason, advise Purchaser prior to drilling at a different locat1on,
for approval. : :

Any new culverts required for access to the drilling locations shall
be furnished and installed by Contractor in accordance with the re-
quirements of the State Road Commissioner. The culverts shall be
removed after each well has been drilled, if requested by the land
owner or the State Road Commissioner.

EQUIPMENT AND MATERIALS

Drilling Equipment: Heavy-duty rotary drilling equipment, capable

of drilling wells up to 14 inches in diameter to a depth of 3000 feet
and shall be equipped with a Geolograph Recorder.*

Materials:

Well Casing:

7-inch 0.D., steel, 10 1b./ft., threaded and coupled -8 rd. thread,
Range 2, API, Bare (no mill coating) J-55.

4-1/2 inch 0.D., steel, 9-1/2 1b./ft., threaded and coupled, 8 rd.
thread, Range 2, API, Bare (no mill coating) H-40.

10-3/4 inch 0.D., steel, 40.5 lb./ft., threaded and coupled 8 rd.
thread, Range 2 API, J-55.

8-5/8 inch 0.D., steel, 24 1b./ft., threaded and coupled 8 rd.
thread, Range 2, API, H-40.

' Note: Contractor shall perform a sonoscope and magﬁetic particle

inspection on all 7-inch casing joints prior to imnstallation.

*This equipment or its equal will be selected for the actual specification.
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b. Cement:

bl. Cementing Surface Casing: Class A cement with 4% calcium chloride
conforming to requirements of API, Spec. 10 (1977).

b2. Cementing Long String Casing: Pozmix cement with 10% salt, 0.75%
CFR2 and 12.5 lbs./sack gilsonite (Halliburton* or Dowell%*).

c. Water: Potable (storage of water for cementing shall be in a tank
or tank truck).

403. CONSTRUCTION OF INJECTION/WITHDRAWAL WELLS

403.1 General:

a. Prior to drilling of wells, a mud pit shall be excavated adjacent
to each well for the mixing and storing of drilling mud. At the com-
pletion of its usefulness the mud shall be removed and the pit back-
filled. Remove enough of the drill cuttings from the mud pit to ob-
tain the original contour grade when covered with three feet of soil
cover. Using the topsoil previously stored on site, the area shall
be restored to the satisfaction of Purchaser.

b. Remove spoil from the stage area so that it will not interfere with
drilling operations. Dispose of the spoil on the premises where and
as directed by Purchaser.

c. Drill the wells using rotary drilling equipment. Other types of dril-
ling shall not be utilized by the Contractor without prior approval of
Purchaser.

403.2 Well drilling:

a. Drill a 13-3/4 inch diameter (minimum) hole from ground level through
the uverburden into bedrock to an estimated depth of feat.

b. Using the one-plug method and Class A cement, install and cement a
10-3/4 inch 0.D. well casing from ground level to the bottom of the
hole. The top of the top joint shall be set 1'-4" above ground level.
The casing shall be centered in the rotary table and supported for a
minimum of six hours after cementing.

c. The casing shall be cut off at the bottom .of the casing coupling and a
slip-on head casing housing shall be set level and seal-welded to the
top of casing. '

d. Go into the well with a 9-7/8 inch drill bit and 9-13/16 inch 0.D.
stabilizers. One stabilizer shall be placed immediately above the
drill bit followed by a 10-foot drill collar. A second stabilizer
shall be placed on the 10-foot drill collar followed by another full
length drill collar. A third stabilizer shall be placed on top of
the full length drill collar.

*This firm or its equal will be selected for the actual specification.
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e. Injéction - Withdrawal Well #l: Contractor, using a 9 7/8 inch bit,
shall drill to an estimated depth of __ feet.

f. Injection - Withdrawal Well #2: Contractor, using a 9-7/8 inch bit,
*.  shall drill to an estimated depth of feet. No coring will be
" required to be performed. : oo

g. Drilling mud shall be circulated in the borehole until all drill cut-
tings are removed from the hole and to prevent artesian flow from
the well while removing the drilling tools,

h. Core Drilling Injection/Withdra&al Well #1:

hl. Run a 3-1/? inch T.D. diamond coring bit in the hole with a stabilized
core barrel that will permit the core drilling of at least 25 feet of
formation each trip into the hole.

h2. Core drilling shall be performed from the top of the (ap-
proximately feet) to the total well depth at approximately
feet. Bactericide shall be mixed with the drilling mud and used for
all work below the foot level. The drilling mud used in the
drilling through the reservoir unit (approximately feet) shall
have a minimum weight of 9 pounds/gal. and the mud's water loss is
less than 6 cc, conforming to requirement of API RP 13B (1976).

h3. Drilling mud shall be circulated in the hole until the hole is clean.
The hole shall be kept full of drilling mud durlng the removal of
the core drill equipment.

h4. 1If core bit used is less than 9-7/8 inch 0.D., go back in hole with
9-7/8 inch drill bit and stabilizers and ream hole to total depth.

i. Run a Simultaneous Compensated Neutron-Formation Density Log in the
well from total depth to the surface of the ground.

Je Using the 2-plug method and pozmix cement, run and cement a 7 inch
0.D. casing to within 6 inches of the total depth. Use power tongs,
adjusted to the recommended API torque rating, to make up the string
of 7 inch 0.D. casing. Use a guide shoe, float collar, 12 hinged
centralizers (approximately 200 feet apart, with the first centralizer
5 feet above the guide shoe), 200 feet of rotary scratchers (all the
way through the reservoir unit and pozmix cement with 10% 'salt, .75%
CFR2 and 12.5 pounds per sack gilsonite. Rotate casing during circu-
lation, cementing and displacement, Circulate well for at least 20
minutes before cementing is started. Use one sack of Quadrofos* or
mud flush in a 10 bbl. water blanket ahead of the cement. After wiper
plug has bumped the float collar, open valve on pump truck and check
for bleed back through the float collar check valve.

k. Remove the slips from the rotary table and place the ca31nghead slips
around the 7 inch O0.D. casing in the cas1nghead

*This material or its equal will be selected for the actual specification.
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Cut off the 7 inch 0.D. casing 6 inches above the.top of the casing-
head and spot weld a steel plate over the end of the casing.

CONSTRUCTION OF RESERVOIR WELLS

General:

Prior to drilling of wells, a mud pit shall be excavated adjacent to
each well for the mixing and storing of drilling mud. At the comple-
tion of its usefulness the mud shall be removed and the pit back-
filled. Remove enough of the drill cuttings from the mud pit to ob-
tain the original contour grade when covered with three feet of soil
cover. Using the topsoil previously stored on site, the area shall
be restared ta the satisfaction of Purchaecr.

Remove spoil from the stage area so that it will not interfere with
drilling operations. Dispose of the spoil on the premises where and
as directed by Purchaser.

Drill the wells using rotary drilling equipment. Other types of dril-
ling shall not be utilized by the Contractor without prlor approval of
Purchaser.

Wull Drilling:

Drill a 12-1/4 inch diameter (minimum) borehole from ground level
through the overburden into bedrock to an estimated depth of
feet.

Using Class A cement, install and cement an 8-5/8 inch 0.D. diameter
casing from ground level to the bottom of the borehole using a one-
plug method. The casing shall be centered in the rotary table and
supported for a minimum of six hours after cementing. Set the top of
the coupling on the top joint 2 inches above ground level.

A threaded casinghead housing shall be connected to the top of the
surface pipe.

Go in hole with drilling tools and 7-7/8 inch bit and 7-13/16 inch
0.D. stabilizers. Place one of the stab111zers immediately above the
drill bit. Place a 10 ft. drill collar 1mmedlate1y above the stabili-
zer. Place the second stabilizer 1mmed1ate1y above the 10 ft. drill
collar. Place a full length drill collar immediately abové the second
stabilizer and place the third stabilizer immediately above the full
length drill collar. (The 10 ft. collar and three stabilizers can

be rented from Drilco* or Christensen Diamond Products Co.*)

Drill with the 7-7/8 inch bit to an estimated depth of ft.

Remove the drilling tools from the hole. (Keep hole full of drilling
mud while coming out of hole.) .

*This firm or its equal will be selected for the actual specification.
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Run a diamond core bit that will cut 3-1/2 inch 0.D. cores and a
stabilized core barrel that can recover at least 25 ft. of core sam-

Core drill the remainder 6f the well through the reservoir unit to
approximately ft. (coring will be performed in each of the ob-
servation wells). The core samples shall be boxed and transported
to their laboratory by personnel from Geo-Engineering Laboratories,

Be sure that the mud weight is 9 1lb./gal. and the water loss is less
than 6 cc. before penetrating the reservoir unit at approximately
ft. Mix bactericide in the drilling mude before drilling below

Circulate the hole clean and remove coring tools from hole.

Run a Simultaneous Compensated Neutron-Formation Density Survey Log
in the well from total depth to the ground surface.

Run and cement 4-1/2 0.D. casing to 6 inches above the total depth
using 2-plug method. Use power tongs, adjusted to the recommended

API torque rating, to make up the string of 4-1/2 0.D. casing. Use

a guide shoe, float collar, 13 centralizers, 200 ft. .of rotary scratch-
ers (through the total thickness of the reservoir unit at a depth

of approximately 2200 ft. and 900 sacks of pozmix cement with 10%

salt, .75%Z CFR2 and 12.5 pounds per sack of gilsonite. Use cementing
company's (Dowell* or Halliburton*) rotating head and rotate casing
during circulation, cementing and displacement. Use one sack of
Quadrofos** or mud flush in a 10 bbl. water blanket ahead of the

Remove slips from rotary table and seat the casing in the casinghead
housing with the casinghead housing slips. ’

Cut off the 4-1/2 inch casing one foot above the casinghead housing
and spot weld a steel plate on the end of the casing.

CONSTRUCTION OF CAPROCK OBSERVATION WELL

Prior to drilling of wells, a mud pit shall be excavated adjacent to
each well for the mixing and storing of drilling mud. At the comple-
tion of its usefulness the mud shall be removed, the pit back-filled,
and the area restored to the satisfaction of Purchaser.

Remove spoil from the stage area so that it will not interfere with
drilling operations. Dispose of the spoil on the premises where and

g. Core Drilling:
gl.
ples each trip.
g2.
Inc., Mt. Vernon, Ill.¥
g3.
ft.
gh.
h'
i.
cement.
J'.
k.
405,
405.1-  General:
a.
‘b.
as directed by Purchaser.
*This

“*%This

firm or its equal will be selected for the actual specification.
material or its equal will be selected for the actual specification.
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c. Drill the wells using rotary drilling equipment. Other types of dril-
lings shall not be ut111zed by the Contractor without prior approval
of Purchaser.

405.2 Well Drilling:

a. Drill a 12-1/4 inch diameter (minimum) borehole from ground level
through the overburden into bedrock to an estimated depth of
feet.

b, Using Class A cement, install and cement an 8-5/8 inch 0.D. surface
casing from ground level to the bottom of the borehole using a one-
plug method. The casing shall be centered in the rotary table and
supported for a minimum of six hours after cementing. Set thc top
of the coupling on the top joint 2 inches above ground level.

c. A threaded casinghead housing shall be connected to the top of the
surface pipe.

d. Go into the well with a 7-7/8 inch drill bit and three 7-13/16 iuch
0.D. stabilizers. Place one of the stabilizers immediately above
the drill bit. Place a 10-ft. drill collar immediately above the
stabilizer. Place the second stabilizer immediately above the 10
ft. drill collar. Place a full length drill collar immediately above
the second stabilizer and place the third stabilizer immediately above
the full length drill collar.

e. Drill with the 7-7/8 inch bit through a porous zone in the caprock
above the reservoir unit to approximately ft. (to be determined
from survey logs and core samples from the other four wells).

f. Run a Simultaneous Compensated Neutron-Formation Density Survey Log
in the well from total depth to the ground surface.

g. Run and cement 4-]1/2 0.D. casing to 6 inches above total depth using
2-plug method. Use power tongs, adjusted to the recommended API torque
rating, to make up the string of 4-1/2 0.D., casing. Use a guide shoe,
float collar, 11 centralizers, rotary scratchers (through the total
thickness of Lhe porous zone and 770 sacks of pozmix cement with 10%
salt, 0.75%Z CFR2 and 12.5 pounds per sack of gilsonite. Use cementing
company s rotating head and rotate c331ng during circulation, cement-
ing and displacement.

h. Remove slips from rotary table and seat the casing in the casinghead
housing with the casinghead slips. :

i. Cut off the 4-1/2 inch casing one foot above the casinghead housing and
spot weld a steel plate on the end of the casing.

406. ALIGNMENT AND PLUMBNESS

406.1 The wells shall be drilled straight with a maximum deviation from the
vertical of four degrees. Contractor shall check holes for deviation
by using a sure-shot when requested by Purchaser.
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In event well is out of alignment or plumbness, Purchaser reserves
the right to reject well or require any discrepancies to be rectified
at no cost to Purchaser.

1f well discrepancies cannot be rectified the well shall be abandoned
and sealed. Sealing of abandoned wells shall conform to the require-
ments as set forth in the State of Illinois Publication An Act in

Relation to 0il, Gas, Coal and Other Surface and Underground Resources

and Rules and Reg lations, Department of Mines and Minerals, Division
of Oil and Gas, latest revision, and to any other applicable state
and local authorities.

Purchaser will notify Representative of Mining Board whenever a well
is to be abandoned and sealed. Contractor shall not proceed to seal
well until Purchaser has notified the Mining Board.

WELL PERFORATING

After the five wells have been drilled, obtain a cable tool drilling
rig with jars, sinker bar, a swab, and a bailer for 4-1/2 inch 0.D.
and 7 inch 0.D. casing. - :

Remove the steel plate from well casings.

Run 3-D Cement Bond Survey Logs (Birdwell*) in the five wells.

Bail approximately feet of fluid from each well,

Perforate the casing in the upper 10 foot interval in the two reservoir
observation wells, the upper 20 foot interval in the two reservoir
injection/withdrawal wells, and all of the porous zone in the caprock
observation well. The casing in all five wells shall be perforated
with 4 jet shots per foot in the perforated zone.

After perforating each well, swab sufficient fluid from well to be
assured that only formation water remains in wellbore. At end of

swabbing perform a fluid level build-up test.

Obtain 3 one-quart samples of the water from each well after it has
been swabbed sufficiently to obtain only formation water.

Test samples as per Article 409.

CORE ANALYSES

Core samples shall be boxed and transporfed by personnel of Geo-
Eng1neer1ng Laboratories* for analyses to be performed by Geo-Engl-
neering Laboratories.¥*

The following analysis shall be performed on the reservoir core sam-
ples: whole core analysis consisting of horizontal and vertical
permeabilities, percent porosity, and water content.

*This firm or its equal will be selected for the actual specification.
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The caprock core shall be analyzed for percent of porosity and vertl-
cal permeability. Threshold pressure will be analyzed to 800 psi for
the bottom 50 feet of the caprock (immediately above the reservoir).

WATER TESTING
Send one of the samples from each well to Calgon Corp.*

Have samples analyzed for mineral content, pH, total dissolved solids,
and specific gravity. :

SAMPLE AND DRILLING TIME

Collect 5-foot samples of the drill cuttings from 5 feet to total
depth, except where core samples are obtained.

*This firm or its equal will be selected for the actual specification.A
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COMPRESSED AIR ENERGY STORAGE DRILLING AND TESTING

- DIVISION 5 - CONSTRUCTION OF WATER HOLDING POND

501. DRILLING AND SAMPLING

501.1 Prior to construction of the water holding pond, Contractor shall survey
the ‘area to determine the location and elevation of all borings. All
borings. as indicated on the drawings shall extend 25. feet below Lhe
existing ground surface.

501.2- Drilling fluid other than water may be used to stabilize the borehole
only in those borings where no percolation tests are to be performed.
Borings, where such tests are required, will be indicated on the draw-
ing. .

v501.3 The following ‘data shall be required for all borings:
a. Location of the boring
b. Surface elevation
c. Depth of boring
- d. Description of soill encountered
e, Layer thickness
f. Penetration and recover length
g. Groundwater level reading during and after the boring
h. SPT N values (blows/ft)

501.4 In cases where coheslve soll is encountered the shelby tube sampling
procedure shall be used to obtain undisturbed soil samples in accor-
dance with ASTM Specification D1587. A minimum of two shelby tube
samples shall be required for each borehole. All samples shall be
sealed immediately at the site and returned to the laboratory.

501.5 Representative soil samples shall be obtained by means of split-
barrel sampling in accordance with ASTM Specification D1856. SPT N
values and pocket penetrometer values shall be recorded.

501.6 Bag samples of 40 pounds from a depth of two to five feet shall be
obtained for laboratory testing. Each bag sample shall contain a
soll sample with an airtight container for field moisture content

determination by the laboratory. Bag sampling location shall be
indicated on the drawing.
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501.7 All borings shall be backfilled by grouting as directed by Purchaser.

502. LABORATORY TESTS

502.1 Index and Classification Tests:

a. Gradation Analysis: Conform to ASTM D421, D422, and D2217. The
tesults shall be presented in the form of grain size curves.

b.  Percent Fines: Conform té ASTM D1140.
c. Atterberg Limits: Conform to ASTM D4é3, D424, and D427,
d. Specific Cravity: Conform to ASTM D854, |
e. Soil Description: Conform to ASTM D2488.
f. Soil Classification: Conform to ASTM D2487.

502.2 Physical and Chemical Properties Tests:

a. Bulk Unit Weight: Conform to the Corps of Engineers EM 1110-2-1906
or ASTM procedures, '

b. Water Content: Conform to ASTM D2216 and D2974.
c. Organic Content: Conform to ASTM D2974.

d. Relative Density: Conform to the Corps of Engineers EM 1110-2-1906
or ASTM D2049.

e. Compaction: Conform to ASTM D698,

i Permeability Test: Conform to ASTM D2434 or Corps of Engineers
EM 1110-2-1906.

c. Shear Strength Tests:

¢

gl. Unconfined Compression: Conform to ASTM D2166; the results shall be
presented in the form of stress-strain plots.

g2. Unconsolidated undrained test on the compacted cohesive material
conform to ASTM D2850.

g3. Consolidated undrained test in the compacted cohesive material conform
to Corps of Engineers'EM 1110-2-1906.

503. PERCOLATION TESTS

503.1 Percolation tests shall be made in the overburden in selected zones
of those borings indicated on the drawing. Tests shall be conducted
in stages as the drilling progresses. Contractor shall furnish,
maintain, and operate all pumps, flow-meters, hoses, drilling rigs,
and miscellaneous equipment required for conducting the tests.

i
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Water may be supplied through any suitable pump or.by gravity flow
from a tank or similar source so long as sufficient capacity to

keep the casing full of water is developed. Water shall be free of
suspended sediments or other material which would reduce the porosity
of the soil.

Contractor shall insure that a complete percolation testing equipment
setup is available and propérly maintained so that equipment is avail-
able for testing at such times as the tests are required.

All percolation testing shall be performed in accordance with the
following procedure:

Tests shall be conducted in an open section of the borehole both with
the casing flush and extending 12 to 18 inches from the bottom of the
hole. After the split-spoon or shelby tube sample has been removed
from the bottom of the section of the borehole to be tested, the
casing shall be driven to the top of the interval to be tested. Every
effort shall be made to insure that a good seal is maintained between
the casing and the borehole wall during driving.

The borehole interval to be tested shall be reamed and/or flushed to
develop a relatively clean, uniform hole free from cuttings or loose
soil. Care shall be taken to prevent jetting of the borehole walls

or bottom during reaming and/or flushing. Flushing shall be continued

until the return water is clear.

The hole shall be filled with water to a level within 5 feet from the
top of the casing. This level shall be maintained for a period of

24 hours by adding necessary water to develop a steady seepage condi-
tion around the bottom of the borehole. .

The water level inside the casing being ‘adjusted for the last time,
the depth to the water shall be carefully measured, recorded, and a
timer started. The level of water may be allowed to drop inside the
hole due to seepage through the flush bottom of the hole. The depth
of water inside the casing shall be carefully recorded at 1/2 1, 2,
4, 8 12 and 24 hours.

The casing shall be pulled up 10 to 18 inches and that distance care- -
fully recorded. Requirements as specified in Paragraph 503.4d shall
be repeated to determine the data necessary for the calculation of
radial permeability.

In the event that there 1s caving in the overburden below the casing,
the length of test interval may be reduced. The testing procedure
for shorter intervals shall be the same as specified above.

EARTHWORK

General: Conform to the applicable requirements of Standard Specifi-
cation and to the requirements hereinafter specified.
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Services of Testing Laboratory: Contractor shall provide testing
services for use in connection with controlled compacted fill. Fre-
quency of tests for in—-place density values shall be one test for
each 4000 sq. ft. of each 8 inch deep layer.

Cleaning and Grubbing: Aa apecified in Form 1714.

Removal of Topsoil: Topsoil to a depth of 1'-6" shall be removed and
stored on site, in areas where indicated or requested.

Excavation: Excavation shall conform to requirements of Form 1714
and to the following requirements:

Topsoil, sod and organic matter shall be stripped from the dike area.
Suitably stripped solil surfaces within the dike area shall be scari-
fied to a depth of 6 incheco leveled and compacted by not less than 3

passes of a pneumatic tired roller or approved equal,

Stripping, leveling and compacting of soil surface on which embankment
fill 1s to be placed shall be accomplished to the satisfaction of Pur-

chaser.

Inspections and density teésts of the foundation subgrade of the dam
will be performed by the testing laboratory.

Material: Dike fill shall be of impervious materiél obtained from
material previously excavated by the Contractor. All fill material
shall be approved by Purchaser.

Compaction Densities:

Dike fi1ll material shall be éompacted to a minimum dry density equal
to or greater than 95% of the maximum value obtained in the Standard
Compaction test, ASTM 698.

Placing:

The maximum loose 1lift thickness of fill material shall not exceed
8 inches.

Under no circumstances shall ice, snow or frozen material be incor-
porated in the fill. In the event that the fill surface becomes
frozen during construction, all frozen materials shall be excavated
from the fill and wasted before additional material is placed.

SLOPE PROTECTION

Seed slopes to prevent erosion due to surface runoff, in accordance
with the applicable section of the Standard Specifications for Road
and Bridge Construction, of the Division of Highways, Department
of Public Works and Buildings, State of Illinois, latest edition.

T
'
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SEEPAGE CONTROL

Sand lenses and pockets exposed at the surface of the pond shall be
over-excavated three feet and replaced by suitably compacted fill
material, as specified in Article 504,

DEMOLITION WORK

After the pump testing, Contractor shall abandon the dike and backfill
the excavated area with the dike material, He shall. back-grade the
water holding pond area to its original condltlon to the complete -
satisfaction of Purchaser,
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COMPRESSED AIR ENERGY STORAGE DRILLING AND TESTING

DIVISION 6 - WATER PUMPING TEST

601. GENERAL

601,1 Contractor shall perform a water pumping test of the struc-
' ture to hydrostatically test the caprock, to determine its reliabil-
ity as a caprock for the proposed underlying reservoir unit and
to obtain in situ hydrogeologic characteristics, i.e. permeability,
of the reservoir.

601.2 Information shall be obtained from the pumped well and the remalnlng
four wells that will be used for observation.

602. MATERIALS AND EQUIPMENT

602.1 The pumping equipment shall consist of a Reda*submersible pump run
on 1000 ft. of 2-7/8 inch 0.D. upset tubing. A Reda Pump Company
representative will size the pump and supervise installation of
the pump assembly and control panel.

602.2 Continuous water level recorders (Stephens type "F"*) shall be furnished
and installed by Contractor for the four observation wells. Contrac-
tor shall submit specifications for the proposed recorders. The
recorder installations shall be protected by metal cover boxes.

602.3 Use an écoustic water level finder to meaéure fluid levels in the
pumping well.

602.4 Provide piping, flow meter and screen.

-602.5 Use a continuous recording barograph prlor‘to and dur1ng the pumping
test.

602.6 Use approved equipment for water reinjection.

603. EXECUTION

603.1 Contractor shall install the pump assembly in a 7-inch diameter in-

jection - withdrawal well at an approximate depth of 1000 ft. Con-
tractor shall provide power for the pump by installing a temporary
electrical line to the pumping location.

603.2 Contractor shall install continuous water level recorders, protected
by metal cover boxes, on each of the four observation wellheads.
The four observation wells are the non-pumping injection - withdrawal
well, the two reservoir observation wells, and the caprock observa-
tion well.

=
rd

*This equipment or its equal will be selected for the actual specification.
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Contractor shall start recording barograph two months before pumping.

Contractor shall record water levels on all observation wells for
at least one month prior to the start of the pumping test.

Contractor shall determine the barometric efficiency of the four
observation wells prior to the pumping test. Barograph readings,
converted to equivalent feet of water, shall be compared with well
water level fluctuations for a period not less than five consecutive
days. The purpose is to determine the effect of barometric pressure
changes on well water levels.

Contractor shall pump water from the pumping well to the water hold-
ing pond continuously for a period of 60 to 90 days at a rate of
approximately 100 gpm (the exact period of time shall be determined
by the capacity of the pump and the amount of drawdown). An accur-
ate log shall be maintained of the pumping test downtime, if it
nccurs, ’

Contractor shall obtain water level and barograph information as
specified in Article 604 of this Specification. The water level
recorder and barograph recording charts shall be changed as required
or as directed by Purchaser.

Contractor shall under the supervision of the Reda Pump* representa-
tive, remove the pump assembly and equipment from the well at the
conclusion of the pumping period upon Purchaser's approval.

Contractor shall reinject filtered water from the water holding .
pond back into down structure observation wells. Contractor shall
comply with all regulations of governing bodies having jurisdiction
relative to well reinjection.

Contractor shall back-fill water holding pond as specified in Division

DATA COLLECTION

Contractor shall ensure that water levels are accurately measured
and recorded to the nearest 0.01 foot in each of the four observa-
tion wells according to the following schedule: ;
First day:

Every minute during first 10 minutes.

Every 5 minutes during next 30 minutes.

Every 1/2 hour thereafter.

Second and third days - every hour.

Thereafter - once daily.

*This firm or its equal will be selected for the actual specification.
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604.2 Contractor shall ensure that barometric pressures are accurately

measured and recorded to the nearest 0.0l inch Hg during the pump=
ing test. The barograph readings shall be periodically checked
for accuracy with barometric‘pressures reported by the nearest U.S.

Weather Bureau. :

604.3 Contractor shall record ptimping rate at a minimum of once daily.

6-3
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