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SUMVARY

This document examines several regulatory and legal issues that can poten-
tially affect implementation of a compressed air energy storage (CAES) system.
This technology involves the compression of air using base load electric power
for storage in an underground storage medium. The air is subsequently released
and allowed to pass through a turbine to generate electricity during periods of
peak demand. The storage media considered most feasible are a mined hard rock
cavern, a solution-mined cavern in a salt deposit, and a porous geologic forma-
tion (normally an aquifer) of suitable structure. The issues are discussed in
four categories: regulatory issues common to most CAES facilities regardless
of storage medium, regulatory issues applicable to particular CAES reservoir
media, issues related to possible liability from CAES operations, and issues
related to acquisition of appropriate property rights for CAES implementation.

A variety of regulatory issues can potentially affect implementation of
any CAES project. The focus in this document is on selected federal regula-
tion. Lesser attention is given to state and local regulation. Conventional
CAES systems rely on a liquid petroleum product or natural gas to preheat the
compressed air before it enters the turbine, Use of these fuels will require
an exemption from the Powerplant and Industrial Fuel Use Act. The CAES plant
planned by the Soyland Power Cooperative, Inc. has recently received such an
exemption. The air emissions that result from burning the fossil fuels must be
controlled sufficiently to meet all regulatory requirements under the Clean Air
Act. At a minimum this will involve meeting the Environmental Protection
Agency (EPA) new source performance standard for gas turbines. Compliance with
prevention of significant deterioration and nonattainment regulations under the
Act may also be required, depending on the quantity of individual pollutant
emissions and the ambient air quality at the CAES site.

Several regulatory concerns relate to water. A permit under the under-
ground injection program created by the Safe Drinking Water Act will most
likely be needed for any CAES system. Surface water discharges are not
expected to be a serious problem with a CAES system, but a National Pollution
Discharge Elimination System permit will still most likely be needed. Special



precautionary measures may be required to minimize the possibility of oil
spills at the site. The CAES operator will also need to comply with state law
to obtain a supply of water for cooling, cleaning, sanitary, and other pur-
poses. A limited number of wells will be needed for injection and monitoring
for CAES systems using a cavern in hard rock or a salt deposit for air stor-
age. In contrast, a large aquifer-based system may require up to several
hundred wells. Compliance with applicable state and local well drilling,
construction, and abandonment standards will also be necessary.

Certain miscellaneous regulatory concerns will also be applicable to any
CAES system. An environmental impact statement will most likely be required
either because a significant federal permit or other action is involved or
because the facility is in a state having its own environmental policy act. A
certificate of convenience and necessity and state concurrence in facility sit-
ing will be required in most states. Finally, the CAES owner/operator will
have to comply with applicable health, safety, and noise regulations.

Additional regulatory concerns are applicable to CAES in particular stor-
age mediums. The principal environmental and regulatory concern for CAES in a
salt cavern will be disposal of the brine generated during cavern construction.
Underground injection is the most probable disposal option, and will require
an underground injection control permit. CAES in a hard rock cavern may
involve compliance with special mining safety regulations during construction.
Disposal of mine waste will require compliance with applicable state solid
waste and surface mine regulations. Whether EPA regulations issued under the
Solid Waste Disposal Act will be applicable is uncertain. An aquifer-based
CAES system may require compliance with special state or local injection
requirements designed to protect potable water. Siting may also be influenced
by special use aquifer classifications.

Liability resulting from CAES operations is not likely, but can poten-
tially arise in several different ways including cavern blowouts, induced seis-
mic activity or subsidence, groundwater contamination, and accidents resulting
from surface activities. |f damage to third parties does occur, the CAES
operator can potentially be held strictly liable regardless of any fault or
negligence on the operator's part. Sound site selection, engineering, and
purchase of appropriate insurance can help mitigate liability exposure.



CAES projects can be located in relatively rural areas and purchase of
needed property rights should therefore not be extraordinarily expensive, espe-
cially in relation to total project costs. Multiple landowners at the desired
site a unwilling sellers mey present difficulties. In some cases, the power
of eminent domain mey be available. Land requirements for surface activities
should not exceed several hundred acres and mey be as low as 100 acres for CAES
in a salt deposit cavern. The CAES facility owner mey also want to consider
purchase of all land overlying the air storage zone to minimize the possibili-
ties of outside interference and liability. In the case of CAES in an aquifer,
this mey require the purchase of up to 2000 acres or more. Purchase of an
underground air storage easement underlying land not needed for surface activi-

ties is a possible alternative approach.
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LEGAL AND REGULATORY ISSUES AFFECTING
COMPRESSED AIR ENERGY STORAGE

1.0 INTRODUCTION

The objective of this study is to examine significant legal related issues
that can potentially affect implementation of the compressed air energy storage
(CAES) concept in the US. The focus is on federal regulatory issues and on
issues affecting liability and property rights. Lesser attention is given to
state and local regulatory issues. The study examines selected issues believed
to be important to implementation of the concept. The issues examined are cer-
tainly not exhaustive, however. Site specific issues, especially local regula-
tions, clearly must be examined in depth prior to any implementation effort.

CAES is a relatively new concept for electrical energy storage by electric
utilities. Electrical energy is stored by compressing large quantities of air
and storing it in an underground storage reservoir. Compression is accom-
plished with off-peak base-load power that normally will be generated by coal
and/or nuclear power plants. The stored air is later released in a controlled
manner through a conventional turbine-generator to generate electricity during
periods of peak demand. Compression and release cycles may occur once a day or
even more often depending on load demand. A general schematic of a CAES cycle
is shown in Figure 1

The primary objective of CAES is to utilize relatively inexpensive base-
load power more effectively to reduce overall generation cost and the need for
peaking power generating units fired by expensive oil and natural gas. Secon-
dary objectives are to provide an emergency standby power supply in case of
failure at a power station or in the electricity transmission grid and to
assist stabilization of the frequency of the alternating current.

A conventional CAES cycle will involve staged cooling of the compressed
air before storage and reheating the air before it passes through the tur-
bines. Cooling reduces the energy required for compression, the volume of the
storage cavity, and the possibility of damage to the storage formation. The
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air is reheated after leaving the storage reservoir in a combustion unit that
will probably be fired by a liquid petroleum product or natural gas. An option
that does not require new technology and will most likely be implemented in
most CAES applications is to use a recuperator to capture the waste exhaust
heat from operation of the turbine to preheat the air coming from storage. If
the compressed air is stored at a sufficiently low pressure, it can potentially
be used without reheating by using low-pressure turbines; however, this approach
results in relatively low system efficiency and high storage cost. Reheating
the air in a combustion unit and subsequent expansion through the turbine
increases power output and efficiency.

Conventional CAES systems using a combustion unit can be expected to save
up to two-thirds of the oil or gas that would otherwise be needed to produce

(1)

the input air to a CAES turbine is already compressed, the energy content of

the same amount of peaking power with a conventional gas turbine. Since
the reheating fuel is largely devoted to performing useful work, namely elec-
tricity generation. In contrast, a conventional combustion turbine peaking
unit must drive its own compressor stage, absorbing approximately two-thirds of
the available fuel energy internally. By using base load electricity to com-
press and store air, the amount of fuel consumed to generate peak load elec-
trical power can be substantially reduced.

Alternative CAES technologies that would reduce and perhaps even eliminate
the need for oil and gas combustion are being studied. Alternate heat sources

(2)

cation units are possible but unproven candidates for reheating the stored air.

such as the combustion of coal in fluidized bed combustion or coal gasifi-
Problems include system inefficiencies caused by frequent start-up and shut
down and the need for further technical development. CAES coupled to thermal
energy storage (TES) has considerable potential for reducing oil and gas con-
sumption. In a CAES/TES system the heat generated during compression is stored
in a pebble bed for later use in reheating the air after release from storage.
This concept appears to be economically attractive in comparison to a conven-
tional CAES system in many cases. (3) The more advanced CAES/TES systems are
termed adiabatic if essentially no fossil fuels are required for reheating the
air and hybrid if the need for fuel is reduced, but not eliminated. A hybrid



system can potentially be further enhanced by using stored solar energy to
preheat the air coming from storage.

Possible underground storage media for compressed air include caverns in
salt deposits and hard rock formations, and natural water-bearing formations
(i.e. aquifers). Generally, storage will be at depths of 1500-3000 feet. A
salt cavern would most likely be solution mined and would have a long, vertical
cylindrical shape. A more compressed cavern in arelatively thin salt deposit
is also possible. Compressed air storage in hard rock would most likely be in
a specially mined cavern, although previously mined and natural caverns are
remote possibilities. A dome-shaped or closed anticlinal aquifer configuration
is required for CAES in an aquifer to prevent migration of the compressed air
away from the storage site. Groundwater at a sufficiently high discovery pres-
sure to retain the stored air is needed beneath the air bubble. Aquifer stor-
age is similar to the widely used natural gas storage technology.

The air stored in a hard rock cavern can be maintained at constant volume
or constant pressure. Constant pressure is achieved through the use of a sur-
face compensating water reservoir. The water level in the reservoir is allowed
to fluctuate slightly to maintain a constant vertical head of water, and there-
fore constant hydrostatic pressure, in the air storage cavity. This-mode of
operation has several advantages. First, the total design volume and hence the
cost of the cavity is significantly reduced. Second, large pressure changes
potentially damaging to the host rock are minimized. Finally, turbine effi-
ciency is increased by air inflow at constant pressure. The compensating res-
ervoir is less suitable for a cavern in a salt deposit primarily because the
surface reservoir would necessarily have to be saturated with dissolved salts.
This condition presents potentially large environmental problems related to
disposal and clean-up of potential spills. No commercial salt deposit CAES
projects with a compensating reservoir are known to be planned. A compensating
reservoir is not needed for air storage in an aquifer because adequate buffer
storage can be provided to minimize pressure traverse during operation and
because providing adequate storage volume is not a significant portion of sys-
tem capital cost.

The first and currently the only commercial CAES facility went into opera-
tion in December 1978 at Huntorf, West Germany. The facility is a 290 MWe unit



and uses two 150,000 cubic meter solution-mined salt caverns for air stor-

age. (4) A small-scale CAES field test in an aquifer is currently being con-
structed by the Pacific Northwest Laboratory (PNL) for the US. Department of
Energy (DOE) near Pittsfield, Illinois, and several commercial CAES installa-

tions are in the planning stages. The Soyland Power Cooperative, Inc., of
Decatur, Illinois, is planning to construct a 220 MWe CAES facility using a
mined hard rock cavern and a surface compensating reservoir. DOE the Electric
Power Research Institute (EPRI), and three investor-owned utilities are cospon-
soring investigations into site specific applications of CAES in the US. (4)

A study of an aquifer-based CAES system is being led by Public Service Indiana.
An investigation of a CAES facility with a solutioned-mined cavern in a salt
deposit as the storage medium was led by Middle South Services, Inc. A study
of CAES in a mined hard-rock cavern with a compensating reservoir was led by
Potomac Electric Power Co. Finally, the SO utility group in Belgium is plan-
ning a CAES in hard-rock system.

The principal alternative to CAES with present technology is a pumped
hydro storage installation. This technology involves pumping water into a res-
ervoir at a higher elevation using off peak power. The water is later released
to fall through the same pumps, now acting as turbines, to generate electricity
during periods of peak demand. The turbines can either be at ground level with
the water storage reservoir at a higher elevation, or the turbines can be under-
ground with the storage reservoir at ground level. The latter approach is a
relatively new concept, which is termed underground-pumped hydro. The approach
has a relatively high capital cost, but has the advantages of being able to
utilize a very high vertical head of water and providing siting flexibility.
Aboveground-pumped hydro facilities have been used in the US. for fifty years,
and about 35 such systems are either operating or are under construction with a
total capacity of 25 gigawatts. (5)

The remainder of this document is organized into four sections. Sec-
tion 2.0 examines regulatory issues common to most CAES systems in the US with
any of the three possible storage mediums. Section 3.0 examines regulatory
issues applicable to particular CAES mediums. Section 4.0 discusses possible
areas of liability associated with a CAES operation. Section 5.0 discusses
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acquisition of property rights to implement a CAES system. Background informa-
tion on groundwater rights and ownership of subsurface space is included in the
appendices.
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2.0 REGLATCRY | SSUES GOWEN TO MOST CAES FAQLITIES

The purpose of this section is to discuss regulatory considerations that
are potentially applicable to the inplenentation of a CAES systemin any stor-
age nedium The focus is on federal regulatory considerations wth secondary
attention given to state and local requirements. The principal regulatory
areas of concern are likely to be requirenents under the Powerplant and Indus-
trial Fuel Use Act (FUA) related to the conbustion of oil or gas, air emssion
requi rements, underground injection requirenents, power plant siting |egisla-
tion, and environmental inpact statenent (EIS) requirenents.

2.1 FUEL USE ACT exemptIoN®)

Under section 201 of FUA,(G) no new el ectric power plant nmay use natural
gas or petroleumas a prinary energy source unless exenpted. For a conven-
tional CAES facility, this restriction presents a potential probl em because
natural gas or petroleumw !l ordinarily be the fuel choice to reheat the
stored conpressed air prior to introduction into the turbine. The probl em nay
not be burdensone because the Soyland Power Cooperative, Inc. has recently
received a pernanent fuel mxture exenption(see below fromthe Act. (7)

This exenption wll most |ikely provide a precedent for future CAES appli ca-
tions requiring an exenption fromthe Act.

The term"primary energy source" is defined in section 103(b)(15) of the
FUA sinply as the fuel or fuels used by any new electric power plant. The pri-
nary fuel to produce the peaking power froma CAES facility in terns of percent-
age of Btu's supplied is the energy source at the base-1oad power plant that
supplies the electricity to operate the conpressor at the CAESfacility. This
base-load plant wll generally be either coal or nuclear. However, according
to the definition in the FUA it is entirely possible that the natural gas or
petroleumused at the CAES installation wll be interpreted to be the primary
fuel because it is the fuel used at the plant actually producing the peak |oad
pover. Fortunately, certain exenptions to the section 201 prohibition are
provided for in sections 211-214 of the FUA  Final regulations relating to the

(a) DCE published a notice of proposed rule making on June 12, 1981, 46 Federa
Regi ster 31216, that wll significantly sinplify exenption procedures under

FUA if the proposed changes are made final
2.1



exenptions were issued by the Economc Regul atory Admnistration (ERA) within
DCE in dune 1980 and becane effective August 5, 1980. (8

Section 212 of the FUA provides for several categories of pernanent exenp-
tions fromthe section 201 prohibition. The exenptions that are nmost likely to
be nost suitable for a CAESfacility are the exenption in section 212(d) for
certain fuel mxtures that include gas or petroleumand the exenption in Sec-
tion 212(g) for peak-load power plants.

The fuel mxture exenption is potental |y available when an alternate fuel
is used with natural gas or petroleumto produce electricity. In nost cases
the electricity used to conpress the air wll have been generated at a coal or
nucl ear power plant. If one of these base-load fuels is considered as part of
the fuel mxture used to produce power at the CAES faci lity and this fact can
be denonstrated, the fuel mxture exenption is potentially available. (9)
Although in nost cases the electricity wll sinply cone fromthe grid, it
shoul d be possible to make the required denonstration on a systemw de basis.
Additionally, the Btu heat input fromthe natural gas or petroleumat the CAES
facility cannot exceed the mninmumBtu heat input supplied by the base-Ioad
pover pl ant. (9) Conpliance with this requirement should not be difficult for
a typical CAES installation, which typically wll have a 2:1-3:1 ratio of
energy supplied at the base load plant to energy supplied at the CAES facility.

Several informational requirenents nust be submtted to EPA in support of
a fuel mxture exenption.(lo) The requirenents are extensive and nust be
studied wth care. They include a conplete description and engineering assess-
nent of the fuel mxture, design specifications, a demonstration that no reason-
able alternative source of electric power exists, a description of conservation
neasures designed to mnimze oil or gas use, and an environnental inpact analy-
sis of the proposed and reasonable alternative sites. A denonstration that
alternate fuel s cannot be used is also required.(ll) These requirenments, fur-
ther described at 10 CFR 503, should be analyzed in detail prior to submtting
an application to ERA for an exenption.

The other nost probabl e exenption category is for peak-1oad power plants.
To qualify for this exenption a petitioner nust certify to ERA that the power
plant wll be operated solely as a peak-load plant for the life of the facil-
i) If natural gas is to be used as the fuel source, the cognizant air



pol [ution control agency nust determne that the use of any alternate fuel
woul d contribute to a condition in which a national air quality standard woul d
be exceeded. (13} A vith the fuel mixture exenption, several infornational
studi es nust be conducted to qualify for the peak-load power exenption. The
required studies are simlar to, but not identical to those required for the
fuel mxture exenption. Several requirenents are included:

e a denmonstration that alternate fuels cannot be used at the proposed
site and at reasonable alternative sites (10 CFR 503.11, 503.16)

e docunentation of conservation neasures (10 CFR 503.13)
e information on oil and gas consunption (10 CFR 503.14)
a an environnental inpact analysis (10 CFR 503.15).

If the fuel mxture exenption or the peak-1oad power exenption fail to
apply to a proposed CAES system several other pernanent exenption categories
are possible. (14) Possi bi Tities include an exenption for enmergency purposes,
mai ntenance of service reliability, inability to conply wth applicable environ-
nental requirenents, and lack of alternate fuel supply. A tenporary exenption
can also be obtained if alternate fuels are nmore costly, site 1imtations
exist, or environmental requirenents cannot be net. (15) 1he procedur al
requirenents for filing an exenption petition wth ERA are at 10 CFR 501 Sub-
part F and nust be studied in detail before an actual petition is filed.

22 AREMSS ON REQU REMENTS

The source of air pollutants in a CAESfacility is the natural gas or oil
used to reheat the conpressed air before it enters the turbine. If no gas or
oill are used in an adiabatic system a systemthat utilizes solar energy for
reheating, or a |owpressure CAES system little or no air pollution should
occur and emssion regulations are not relevant. Wen gas or oil are used,
conpliance with air quality and air emssion requirenents is potentially a
conpl ex process.

A a mninum the EPA new source performance standard for stationary gas
turbines and any applicable state requirenments issued pursuant to a state inple-
nentation plan wll have to be net. Aso, nost likely a permt under the EPA
prevention of significant deterioration(PSD) regulations wll be required or

2.3



special requirements will be imposed i¥ a proposed CAES facility is to be
located in an area where any ambient air quality standard is being violated.

The basis for air pollution re%tllggttion is the Clean Air Act of 1970 (CAA)
as amended. Section 109 of the CAA directs EPA to promulgate primary
national ambient air quality standards for individual air pollutants that spec-
ify levels of pollution that cannot be exceeded without threatening human
health. Secondary standards are designed to prevent adverse effects on public
welfare (e.g., vegetation and scenic values). To date EPA has promulgated pri-
mary national ambient air quality standards for sulfur dioxide, particulates,
carbon moxoxide, nitrogen oxide, lead, hydrocarbons and ozone, (17) frequently
referred to as criteria pollutants. The standards for ozone and hydrocarbons
are enforced in conjunction with each other because hydrocarbons are considered
to have an adverse effect only as they contribute to the formation of

ozone. (18) Secondary standards have been designated for sulfur dioxide and
particulates. Section 110 of the CAA directs states to develop and adopt state
implementation plans that set forth all necessary control efforts to achieve
compliance with the national ambient air quality standards. The state imple-
mentation plans establish specific emission limits for various categories of
air pollution sources, or in some cases, limits for individual sources, or
emission limits by geographic area. To facilitate compliance with the national
standards, EPA and the states have divided the country into 247 air quality
control regions according to the direction provided in section 107 of the CAA

2.2.1 New Source Performance Standards

Overlying the state implementation plans are the new source performance
standards that section 111 of the CAA directs EPA to promulgate. These stan-
dards apply to specified categories of new or modified stationary air pollution
sources. New source performance standards have been issued for about 30 source

(19) EPA denied a petition to

categories, including stationary gas turbines. 50)
20

revise the gas turbine standard on December 11, 1980.
turbine standard applies to units with a heat input at peak load equal to or
greater than 10.7 gigajoules per hour, which corresponds to a peak power output

The stationary gas

of about 25 MWe. Essentially all conventional CAES facilities will exceed
this level and therefore be subject to the standard. Implementation and
enforcement of the standards has generally been delegated to the states. Under



its inplenentation plan, a state has the option of applying the new source per-
f ormance standard as promul gated by EPA or adopting a nmore restrictive standard.
In virtually all cases then, a CAES operator will require a permt fromthe
cogni zant state or local air pollution authority authorizing operation of the
turbine in conformty with the EPA new source perfornance standard for gas tur-
bines or a more restrictive state standard if one exists.

2.2.2 Prevention of Significant Deterioration Review

In addition to the new source performance standard, a CAES facility wll
al so nost |ikely have to conply with EPA regulations for prevention of signifi-
cant deterioration and/or regulations for operation in nonattai nment areas
(i.e., areas where an anbient air quality standard is being violated). These
regul ations are conplex and conpli ance can be a time-consumng and costly pro-
cess. Their potential application can only be sunmarized here.

New EPA PSD regul ations were issued August 7, 1980. (21) General | y, any
maj or new or nodified stationary source is subject to the PSD regul ations if
the area is in conpliance (attainment) or is unclassifiable with respect to at
| east one of the national ambient air quality standards. [f applicable, the
PSD regulations will require application of the "best available control tech-
nol ogy" and preparation of pollutant-specific inpact analyses.

A key element of the PSD requirements is the definition of a major air pol-
lution source. According to the regul ations, (22) 5 maj Or source IS a source
that emts or has the potential to emt, after application of appropriate pol-
| uti on control technol ogy, 250 tons per year (tpy) or nore of any pol | utant
subject to the CAA (23) These pol lutants include the criteria pollutants
plus the following noncriteria pollutants: ashestos, beryllium nercury, vinyl
chloride, florides, sulfuric acid mst, total reduced sul fur conpounds, and
hydrogen sulfide. It is entirely possible that a large CAES installation wll
emt or have the potential to emt 250 tpy or nore of a criteria pollutant. An
illustration is provided by the CAES installation being investigated by Potonac
Electric Power @. The conceptual plant wll have four turbines, a capacity of
1000 MWe, and will use number 2 fuel oil for reheating the conpressed air.

Bel ow are the estimated total emssions‘*) for the four turbines in tpy,
assumng 10 hours per day(zs) and 365 days/year operation:



sulfur dioxide 329

particulates 17
carbon monoxide 219
hydrocarbons 77
nitrogen oxides 612

Under these conditions, PSD review would most likely apply to sulfur dioxide
and nitrogen oxide emissions.

The states are required to update and revise their implementation plans to
comply with the PSD regulations. 1f EPA approves the proposed plan, the state
can implement its own PSD program; otherwise, EPA will implement the program.

If a CAES facility is determined to be subject to PSD review, several
important requirements apply. First, the facility must have the "best avail-
able control technology” installed to control the emission of each pollutant
with the potential to emit 250 tpy or more. What constitutes this technology
is generally negotiated with the cognizant regulatory authority.(%) At a

minimum, the new source performance standard must be met.

A second requirement of PSD review is that the impact on ambient air qual-
ity of each criteria pollutant emitted that is subject to PSD review must be
(27
criteria pollutants for up to a year preceeding the PSD permit application if
such data are not otherwise available. Modeling of air quality impacts on non-
criteria pollutants subject to the CAA will also be required. (28) Addition-

analyzed. This requirement may involve monitoring the air quality of

ally, the air pollution source applicant will have to demonstrate how much of
the available PSD increment the facility will consume. The PSD increment is
the amount of additional pollution that may be allowed in a particular area.
The amount of available increment is determined by baseline air quality, the
national ambient standards and the classification of the area. Geographic
areas are classified in decreasing order of desired air quality as I, II, or
III. Areas are generally classified by the states, except that certain areas
such as parks are permanently designated in section 162(a) of the CAA as Class
I_. Available increments for sulfur dioxide and for particulates are designated
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in section 163 of the CAA Available increnents for other criteria pollutants
are under investigation by EPA (29)

A third requirenent of PSD-review is that the applicant must conduct an
air quality analysis for all pollutants that are regulated under the caA and
whi ch the proposed CAES facility has the potential to emt in "significant"
amount s. (30 Note that this requirenment applies to al pollutants regul ated
under the CAA, not sinply to criteria pollutants with the potential to emt 250
tpy or nmore. Significant anounts are defined 3L) to be rates of emssion (in
tpy) that equal or exceed the follow ng:

carbon monoxi de 100
nitrogen oxides 40

sul fur dioxide 40
particulates 25
ozone 40
Tead 0.6
ashest os 0. 007
beryl Tium 0. 004
mer cury 0.1
vinyl chlorides 1
fluorides 3

sul furic acid mst 7
hydrogen sul fide 10
total reduced sul fur 10

reduced sul fur conpounds 10

(32)

The air quality analysis requires nonitoring of criteria pollutants, and

modeling for noncriteria pollutants. (33)

A fourth requirement of PSD review is analysis of the inpairnent to vis-
ability, soils, and vegetation that would occur as a result of the facility and
associ ated comercial and resi dential growth in the surrounding area. (34)
Finally, the PSD permt application calls for a variety of information relating
to the proposed facility including its location, operating specifications, con-
struction schedul e, emssions, and em ssion control s. (35)



(ne way to avoid PSD review is to keep al criteria pollutant em ssions
bel ow the 250 tpy cut-off. A second possibility is to limt the breadth of PSD
review by limting the nunber of criteria pollutants that have the potential to
exceed 250 tpy. The potential CAES operator may want to give serious attention
to both of these possibilities.

2.2.3 Nonat Revi ew

If a proposed CAES facility is to be located in a geographic area where
the existing concentration of a criteria pollutant exceeds the national anbient
air quality standard (i .e., the area is nonattainnent with respect to the pol-
lutant), the nonattai nment permt and review procedures must be fol | owed. (36)
These procedures apply only to sources with the potential to emt 100 tpy of a
criteria pollutant in geographic areas where the sane pollutant exceeds anbient
standards. $37) 1t is inportant to note that analysis nust be done on each
individual pollutant. One pollutant froma particular CAES facility coul d
potentially be subject to the nonattainnent review procedures. A second pol -
lutant could be subject to both PSD and nonattainment review A third pollu-
tant fromthe same facility could be subject to the PSD review process only if
the ambient concentration of this pollutant is within the applicable air qual-
ity standard.

If nonattainnent review applies to a particular criteria pollutant, sev-
eral inportant requirements nust be net. First, the applicable state inplenen-
tation plan nust be in the process of being carried out. In areas that are
nonattai nment, this neans a plan for reaching attai nment status nust be in
effect. |If the state plan to reach attainment is inadequate or is not being
carried out, a construction noratoriumon al newair pollution sources may be
ineffect. Second, the |owest achievable emssion rate nust be achieved for
the nonattai nment pollutant. This level of emssion cannot be higher than the
new source performance standard and wll be subject to negotiation with the
appropriate regul atory agency. Third, the applicant nust denonstrate that all
other air pollution sources owned by it within the state are in conpliance wth
air pollution regulations or are on a conpliance schedule. Afinal requirenent
is that the applicant must conply with the emssions offset rule. If an area
IS nonattainment for any criteria pollutant, a state can accommodate new



sources by requiring reductions in emissions for the nonattainment pollutant
from existing sources sufficient to create a margin of air quality within ambi-
ent standards to permit new sources. Or the state can require a new applicant
to achieve sufficient offsets (i.e., reductions in emissions from other sources)
to more than make up for the emissions to be generated by the new source.

The nonattainment permit and review requirements can potentially be as
burdensome as the PSD requirements. The potential CAES operator may want to
seriously investigate whether the emission of criteria pollutants that are
nonattainment for the specific geographic area can be kept below 100 tpy to
avoid this review.

2.3 SURFACE WATER QUALITY OONTROL

The discharge of water pollutants into virtually any surface water body
will most likely require a National Pollution Discharge Elimination Permit
(NPDES). Permits required under section 401 of the Clean Water Act (CWA)(38)
can be obtained from either the Regional EPA Administrator or the state water
quality agency, whichever operates the program. At least 33 states have now
received EPA authority to operate the NPDES system within their border. (39)

(40) The only exception to this

Discharges without a permit are illegal.
requirement would occur if discharge is through a sewer to a treatment works
with its own NPDES permit. To do this the CAES operator must meet the EPA

pretreatment regulations at 40 CGR 403, comply with state and local law, and

meet the discharge rules of the treatment works operator.

2.3.1 Sources 0f Water Pollutants

Sources of water pollutants include blowdown discharge from a compensating
reservoir, thermal and chemical pollutants in cooling tower blowdown, sanitary
wastes, storm water drainage, oily wastes from fuel and oil drains where the
turbomachinery is housed, fuel storage and transfer facilities floor service
draina(%i,) and water separated from the air before and/or after compres-
sion.

wastes. The oil wastes and possibly the residue from the fuel oil tank can be

The oily wastes will most likely be separated into oil and water

collected and transferred to an oil rerefiner. Sanitary wastes will likely be
discharged to a septic system or to a sewer if one is available.
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Mbst CAES systenms wll have to reject some heat to the atnosphere and in
blowdown even if thermal energy storage is attenpted. Heat is specifically
included within the definition of pollutants in the QWA (42) The great est
amount of heat will be generated during the conpression cycle. Excess heat
fromthe air coolers and heat generated by nechanical and electrical |osses
nust be dissipated. During power production, reject heat fromthe turbine
exhaust and again fromelectrical and nechanical |osses nust also be dissi-
pated. Odinarily, a wet cooling tower will be the selected means for heat
dissipation. A wet/dry or a dry system although nore expensive, are alternate
possibilities in water-short areas. The 220 MWe CAES system under investiga-
tion by Mddle South Services uses both wet and dry cooling. Cooling water
flows will be as high as 35,000 gallons per mnute during the conpression cycle
and 10,000 gal l ons per ninute during power generation. (43)

232 NPDES Permt

Any di scharge of pollutants to navigable waters will require an NPDES
permt. Navigable waters are defined in the OM as the waters of the United
States including the territorial seas. (**) Vdters of the US are defined at
40 OFR 122.3 to include virtually all surface water bodies. NPDES permts
include interimand final effluent limtations, a conpliance schedule to
achieve final effluent limtations and self-monitoring and reporting require-
ments. (**) The final effluent standard in the NPDES permt wll require the
more stringent of the follow ng: (46)

1 limtations necessary to neet the water quality standards of the
receiving waters under sections 301(b)(1)(C), 302, or 304 of the CWA,
or any nore stringent state standard, or

2. (a) the best conventional pollutant control technology(47) must be

appli ed to conventional pol | utants (biochemcal oxygen demand
total suspended solids, pH fecal coliform and oil and
grease). (48)

(b) the best avail able technology for all nonconventiona
poIIutants.(49)

These requirements nust be net by July 1, 1984, and consequent|y would
effectively apply to any new CAES facility in the US Interimeffluent



requirements prior to July 1, 1984, require the application of the best prac-
ticable control technology currently availabl e. (%90 The necessary equi pnent
and control technol ogies to neet these standards will ultinately be determned
by negotiation with the cognizant regulatory authority.

A potential ly useful negotiating point regarding thermal discharges for
the CAES operator is section 316 of the QM  This section authorizes the state
or EPA as appropriate, to set the thermal conponent of any discharge permt at
a level that "will assure the protection and propagation of a bal anced, indige-
nous popul ation of shellfish, fish, and wildlife in and on" the water body.
Protection beyond this level is not required.

In addition to the effluent requirenents described above, any cooling
water intake structure in navigable waters wll require a permt fromthe US
Arny Corps of Engineers.(Sl) EPA requires that the structure reflect "the
best technol ogy avai 1able for mnimzing adverse environmental inpact. .(52)

233 (Al Storage

A conventional CAES facility using oil for reheating the conpressed air
will have oil storage tanks. If the oil could possibly pollute a surface water
body after an accidental spill, special regulatory requirenments may have to be
met .

Section 311(b)(3) of the OM prohibits discharge of oil or hazardous sub-
stances in harnful quantities into the navigable waters of the u.S, adjoining
shorelines, or the contiguous zone. A harnful quantity is any discharge that
wll violate applicable water quality standards or cause a filmor sheen upon
WMWHSWMwormmmWSMHmew” Even a very smal| discharge
Wi ll produce a filmand hence be a harnful quantity. The scope of protection
extends to essenti ally all surface water bodi es. (54

The EPA regul ations applicable to oil pollution prevention are found at
40 GFR 112. They apply to all oil consumng activities unless: 1) the geo-
graphic location of the facility is such that an accidental oil spill could not
reach a surface water body, or 2) the underground buried storage capacity of
the facility is 42,000 gallons of oil or less, or 3) the surface storage capac-
ity does not exceed 1320 gallons and no single oil container has a capacity
exceedi ng 660 gaIIons.(Ss) If the above exenptions are not applicable, a
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variety of precautionary design and operating steps must be taken. These
precautions include appropriate containment and diversionary structures and
provisions for inspection of equipment and record keeping. The precautionary
steps must be documented in a spill prevention control and countermeasure plan

(56)

that has been certified by a professional engineer. The plan must be

available for EPA review during business hours.

234 Construction Activities

Water pollution from construction activities related to a CAES facility
may be subject to regulation under local or state law. Section 208 of the
CWA(57) provides a procedure for areawide waste management treatment. The
geographic area and a planning/regulatory agency is to be designated by the
state governor. Any plan prepared under this process must include provisions

(58)

to control construction activity sources of pollution,
of pollutants on land or in subsurface excavations. (59) Investigation into

and the disposal

whether such an agency has been designated and its regulatory requirements
should precede any construction activity.

2.4 WATER ACQUISITION

24.1 State Water Withdrawal Rights

In nearly all western states and many eastern states, a permit from the
state water resources agency will be required to obtain water for cooling or
(60) . . , .

This requirement applies to either surface water or
groundwater. In addition, separate permits will most likely be needed if any

other purposes.

water body is dammed, has its course altered, or is otherwise affected.

Western states generally follow the appropriation system for acquiring
surface and groundwater rights. A permit to withdraw water will usually be
granted if the state agency determines that the proposed use will not interfere
with the rights of existing users of waters drawn from the water body, that
unappropriated water is available, and that the project is not otherwise con-
trary to the public interest.

Eastern states generally follow the riparian system of water law. Under
this system an owner of land contiguous with a surface water body may ordi-
narily use a reasonable amount of the water in a beneficial way. Many eastern



states (e.g. Delaware, Florida, Iowa, Kentucky, Maryland, M ssissippi, New
Jersey, North Carolina, and Wsconsin) also require a permt to utilize surface
water. A lesser nunber of eastern states require a permt for groundwater

wi t hdr aval s.

242 Dredge and Fill Permt

In addition to a state permt to withdraw water, a permt fromthe US
Arnmy Corps of Engineers may be required if any dredging or filling activities
in awetland area or surface water body is needed for placenent of a water
intake structure or otherwise. The authority for the permt requirenent is
section 404 of the QM. Applicableregulations are at 33 CFR 323.

2.5 POWER PLANT CERTI FI CATI ON AND SI TI NG
2.5:1 Certification

A CAES facility wll probably require a certificate of convenience and
necessity prior to construction if the facility is to be located in a state
that normally requires such a certificate for new power generating stations.
Certificates are required for new generating facilities added by investor-owned
utilities in approximately 35 states and for publicly owied utilities in
approxi mately 16 states. (61) Certificates are required for major transmis-
sion line additions in approximately 37 and 18 states, respectively.

252 State Siting Legislation

A proposed CAES facil ity may have to meet siting requirenents at both the
local and state level of governnent. At the local |evel, zoning requirenents
nust be met. Preenption of local requirements by a state siting agency is
unusual , and local requirements nust normally be met in addition to state
requi renents. (62)

Forty two states now have some formof state role in power plant sit-
1'ng.(63) The siting legislation follows a general pattern, but details
differ fromstate to state. The general thrust of the legislation is to coordi-
nate state regulatory efforts and designate a single agency to play the |ead
role in issuing whatever construction permt and/or certificate of convenience
and necessity is needed for final state approval.



253 Federal Legislation

A though the federal government does not directly participate in the power
plant siting decision process, several federal laws are indirectly applicable.
The National Environnental Policy Act (NEPA), (64) Gi scussed in section 2.8 1,

Is nost likely to have inpact in nearly all CAES siting decisions. The Fish
and Wldlife Goordination Act requires consultation with the Fish and Wldlife
Servi ce whenever any body of water is to be inpounded, directed, or nodified in
any nanner. (65) Any CAES facility needing a federal permt that is to be

| ocated in a coastal zone nust furnish certification to the permtting agency
that the facility wll conply with the state's coastal zone nmanagement pro-
gram These progranms generally were fornulated in response to the Coastal Zone
Managenent Act of 1972 (66) Alist of other federal | egi slation that can
potential |y affect the siting process is in the Tenth Annual Report of the
Counci| on Environmental Quality. (67) | censi ng by the Federal Energy Regu-

| atory Commission coul d conceivably be required for a CAESfacility wth a com
pensating reservoir, however, this result seens unlikely(see Section 323.

26 UNDERGROND | NJECTI ON REQUI REMENTS

Mst likely every CAES facility will require an underground injection con-
trol (UC permt issued by EPA or a state water quality control agency aut hor -
ized by EPA to operate the UC program The authority for the UC programis
Part Cof the Safe Drinking Water Act of 1974 (DM. (68) The Act directs
EPA to promul gate regul ations limting the underground enpl acenent of fluids by
wel| injection that may contam nate any underground water that supplies or can
reasonably be expected to supply any public water system (69) The Act contem-
plates that regulatory prograns w 11 be admnistered by the states under pro-
cedures established by EPA EPA has broadly interpreted its Congressional man-
date and has prohibited any underground injection unless authorized by permt
or rule by the cognizant regul atory authority.(m) The UC programis only
recently being inplenented. Final regulationsfor the programwere issued by
EPA on My 19, 1080, 1) and are found at 40 CFR 122.31-122.45 and 40 GFR
146. State requirements applicable to establishing acceptable UC prograns are
found at 40 CFR 123, Subparts Aand C In addition to requirenments under the




UC program certain states al so have existing underground injection require-
nents. These requirenments may eventual |y nmerge with or be superseded by regu-
| ations under the SDWA

EPA has utilized the discretion provided it in the SDM and determned
that all states wll be subject to the UCregu1at1‘ons.(72) Al states nust
submt an approvable UC programto EPA by April 1981 or request an extension
not to exceed 9 nonths; otherwise EPAw !l establish a programfor the state.

Underground injection is defined in section 1421(d)(1) of the SDWA to be
the subsurface enpl acement of fluids by well injection. The definitions of
"fluid" and "well injection" are inportant in determning application of the
SDM to CAES. Athough the SDWA does not define the termfluid," the EPA
regul ations define it to include any gas. (73) vy injection is defined to
be "the subsurface enpl acenent of fluids through a bored, drilled, or driven
well or a dug well where the depth of the dug well is larger than the |argest
surface dinmension.”" Thus, even injection through the four-foot inside dianeter
air pipethat is planned for air injection and withdrawal at the hard rock CAES
facility being investigated by Potomac Hectric Power Qo, (74) appears to be
well injection within the neaning of the EPA regul ations. Under these defini-
tions, any CAES facility presumably wll be subject to the UC regulations.

In the criteria and standards that EPA has promul gated at 40 GFR 146
i npl enenting the UC program five injection well classifications are esta-
blished”®) and injection practices included within classes |-1V are defined.
Al wells not included within these classes are lunped into class | If, as
seens |ikely, the air injection portion of a CAES facilty is determned to be
subject to the UCregulations, it wil alnost certainly be aclass V injection
well. This classification includes wells that inject nonhazardous fluids into
or above formations that contain underground sources of drinking water. (76)
The examples for class V wells given in the regu]ations(77) do not include
air or gas injection; however, the list is stated to be illustrative only.

The U Cregulations provide for four separate types of underground injec-
tion authorization: authorization by rule, individual permts, area permts,
and energency permts. Injection into class V wells nay be authorized by rule
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indefinitely, provided that applicable existing and future regulatory require-
ments are met. 78) Authori zation by permt is regulated under the require-
nents at 40 OFR 122.38. A CAES injection well authorized by rule must still
obtain a permt unless authorization by rule was for the life of the well. (79)
Apermt for aclass V well nmay be issued for a fixed termnot to exceed 10
years.(80) An areawide permt for multiple wells in a limted geographic

area is authorized under 40 CGFR 122.39. This provision is especially appli-
cable to aquifer-based CAES systens that nay require as nany as several hundred
wells in asingle well field Energency permts are authorized at 40 GFR
122.4, although this provision would probably not be applicable to a CAES

proj ect.

The technical requirenents applicable to class V wells are found at 40 GFR
146 Subpart F  The regul ations direct owner/operators of these wells to submt
a description of any existing well and its status to the state within one year
of the effective date of a state UC program Wthin three years of the
effective date, the state nust submt to EPA information on the construction
features of class V wells and the nature and volune of injected fluids, an
assessnent of their contamnation potential, available corrective actions and
their economc and environnental consequences, and recommendations for regu-
| atory action. (8) Final construction requi rements for underground injec-
tions fromclass v wells thus will probably not be issued for three to four
years.

Even though Subpart F does not inpose construction requirenents on class V
well's at this tine, certain regulations are applicable. These requirenents are
effective when a state UC programis approved by EPA or when EPA establishes a
UC programfor the state. General conditions applicableto al UC and NPDES
permts are found at 40 OFR 122.7. These conditions establish certain duties,
such as the duty to mtigate environmental danage and to al | ow i nspections by
regul atory officials. Another limtation is that no class V injection well
shal | be authorized by rule or permt if the well wll allowthe novenent of
any f1uid containing any contamnant into underground sources of drinking
veter (82) yhen the presence of the contam nant nay cause a violation of any
primary drinking water regulation under 40 R 142 or nmay adversely affect pub-
‘lic health. (83} various sanctions can be applied if a potential violation
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from an operating class V well is detected. The following requirements, found
at 40 OR 12241, are also applicable to any injection well authorized by
permit:

(1) all records concerning the nature and composition of the injected
fluid must be retained

(2) the cognizant UIC regulatory official must be notified
(a) Wwhenever any contaminant may endanger an underground source of
drinking water or may cause fluid migration into or between
underground sources of drinking water
(b) 180 days prior to conversion or abandonment of the injection
well.

(3) injection may not begin until construction is complete and the
cognizant UIC regulatory agency has been notified and given an
opportunity to inspect the well.

Under 40 CRR 142.42(f), a permit for a class V well may include conditions to
ensure that plugging and abandonment of the well will not allow the movement of
fluids that will adversely affect drinking water supplies. Finally, under 40
OR 122.42(g) a performance bond or other form of financial guarantee may be
required by the cognizant regulatory authority to assure proper abandonment of
the well. From the CAES facility owner's stand point, the most desirable
authorization thus appears to be authorization by rule for the life of the
project. A regulatory authority obviously may or may not want to confer this
type of authorization.

Certain states also have their om permit requirements related to under-
ground injection. Eventually these requirements may merge into the require-
ments under the SDNA however, in the interim they must be identified and
complied with. For example, any injection well in Illinois, the site of the
PNL field CAES test, must be approved by the State Environmental Protection
Agency. A permit from a cognizant state or local health authority may be
needed in any state if any possibility exists that public drinking water
supplies will be affected by a CAES project. Also, a CAES facility possibly
will be regulated at the state level similarly to an oil or natural gas well.
Such things as an engineering and geology study and an injection plan could be
required. (84)



Finally, an NPDES permit for the air injection portion of the CAES opera-
tion should not be required because only discharges of pollutants without a
permit are prohibited by the G/\A(SS) and air is not within the scope of pol-

lutant as defined in the Act. (42)

2.7 WHL DRILLING AND CONSTRUCTION REQUIREMENTS

All CAES facilities will require the construction of at least one air
injection/withdrawal shaft. A CAES facility with a pressure-compensating res-
ervoir will require at least two shafts. A CAES system utilizing aquifer
storage may require up to a hundred wells or even more for a large system to
adequately inject into, withdraw from, sample, and monitor the aquifer. Many
states have well drilling, construction and abandonment regulations(as) and

compliance with these regulations most likely will be necessary.

Some state requirements go into considerable detail and may cover such
areas as information needed for a permit, well location, well design and con-
struction, well drilling equipment and materials, pumps and related equipment,
testing, maintenance, and abandonment. (87)

Most states license well drillers. Some states have inspection require-
ments and require that log data and/or a well completion report be filed.
Chemical and bacteriological analyses may also be required.

2.8 ENVIRONMENTAL IMPACT STATEMENT REQUIREMENTS

An environmental impact statement (EIS) most likely will need to be pre-
pared prior to construction of a commercial CAES facility. The EIS will be
required by NEPA by a state environmental policy act (SEPA), or both. The
NEPA requires federal agencies to prepare a detailed EIS for each major federal
action significantly affecting the quality of the human environment. (88)

28.1 NEPA EIS

Two questions must be answered before determining of whether an EIS under
NEPA would be required for any particular CAES project. The first question is
whether a major federal action is involved. A typical CAES facility will
require an exemption from the FUA from DOE-ERA. The facility may require a
permit from EPA for air or water discharges or underground injection if the



respective programs are not being operated by the state. A permit from the
Corps of Engineers mey be needed if a cooling water intake structure is placed
in asurface water body or in a wetland area. Also, a CAES facility possibly
could be located m land leased, exchanged, or purchased from a federal agency
or federal funds or loan guarantees could be utilized in financing the CAES
facility. Ary of these federal actions could possibly trigger the NEPA
requirement for an EIS. The second question is whether the environmental
impacts of the GAES project are significant. Impacts mey be significant even
if on balance there is a positive environmental impact. Given the extent of
environmental impacts that were described earlier in Section 20 axd that will
arise during the construction and operation of a CAES facility, a CAES project
of more than minimal size will probably be construed to have significant
impacts.

A federal agency mey decide to prepare an environmental assessment if it
Is unclear whether an EIS should be prepared, to facilitate preparation of an
EIS, or to aid an agency's compliance with NEPA when ro EIS is necessary. (89)

Whn more than one federal agency will be involved in the NEPA process,
the agencies must determine which one will be the lead agency and which will be
cooperating aqencies.(go) A state agency involved in the NEPA process
because of the existence of a A mey act as a joint lead agency with a fed-
eral agency.(gl) The Council an Environmental Quality will appoint a lead
agency if agreement cannot be reached.(gz) It is difficult to predict in
advance which federal agency would be the most likely lead agency if a CAES
facility is determined to require preparation of an EIS.

2.8.2 SEPA EIS

A A EIS possibly could be required for a CAES facility as over half of
the states rov have some type of state EIS requirement. (93) variety of
permit requirements, including an air or water discharge permit, a certificate
of convenience and necessity to construct the facility, a UC permit, or a
request for a zone change, could potentially trigger the need for a A EIS

Both a NEPA and a A EIS would probably not be required because federal
agencies are to cooperate with state and local governments to coordinate EIS
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preparation and eliminate duplication.(94) Moreover, many states specify
that an otherwise necessary SEPA EIS will not be required if an adequate NEPA
EIS has been prepared.

If either a NEPA or a SEPA EIS is prepared, the CAES plant owner will
most likely have to prepare either a comprehensive environmental analysis and
report or a draft EIS, either of which will be used by the regulatory agency to
issue the final EIS.

29 SAFETY _AND NOISE REGULATION

The construction and operation of a CAES facility will be subject to the
safety regulations of the Occupational Safety and Health Administration (OSHA).
Regulations applicable to construction activities are found at 29 CR 1926,
while regulations applicable to operation of a CAES facility are found at 29
(R 1910. The OSHA regulations are enforced either by O8HA or by a state
health and safety agency that has been delegated enforcement responsibility by
OSHA

The OSHA regulations applicable to noise control are of particular con-
cern. (95) An operating CAES facility will generate noise from several
sources, the most important of which include turbine operation, the air inlet

to the compressor, and cooling tower operation if a tower is used. (96)

The OHA noise regulations are applicable to the work environment. Many
states and local governments also have noise regulations applicable to the
general environment.(97) These regulations vary in scope and detail, but
their potential applicability should be determined prior to construction.
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3.0 REGULATORY ISSUES APPLICABLE TO PARTICULAR CAES RESERVOIR MEDIA

3.1 SALT DEPOSITS

A salt deposit is one of the potential storage mediums for application of
CAES technology. Utilization of a salt deposit will ordinarily involve solu-
tion mining a cavern of suitable size and geometry. Caverns may be developed
in either salt dome or bedded salt deposits. An existing cavern previously
mined for salt extraction can also potentially be used if the cavern and site
are compatible with the utility's needs. The Huntorf, West Germany, CAES
facility, which is the first commercial facility in the world, utilizes two
approximately cylindrical solution-mined caverns in a salt deposit for air
storage.

The principal environmental impact and also the most likely area of regu-
latory concern associated with construction is disposal of the brine produced
by solution mining. Each cubic meter of storage cavern is expected to result
in 7-10 cubic meters of brine requiring disposal. (98) The salt-dome cavern
planned for air storage in the conceptual study conducted by Middle South
Utilities provides air storage capacity of nearly 1.18 million cubic meters for
the 220 MWe facility.(®%)
planned.

A location near Carmichael, Mississippi, is

The available brine disposal options include underground injection, ocean
disposal, and ponding/evaporation. The last technique offers the possibility
of commercial recovery of the salt. Underground injection will probably be the
least expensive alternative, however, and is the planned brine disposal option
at the Carmichael site.

3.1.1 Subsurface Brine Injection

Subsurface brine injection will probably be the least expensive disposal
option, and in most cases, the option with the least environmental impact. The
most important regulatory impact is the need for an injection permit under the
UIC program. The permit must be obtained from the state water quality agency

or the Regional EPA Administrator, whichever administers the program.

A brine disposal well will be classified as a class III well. (100) Stan-
dards applicable to class III wells are found at 40 CFR 146.31. Detailed



information on the injection well, the nature of the brine, and the injection
formation will most likely be required to support a permit application. The
well must be cased and cemented and detailed well logs will be necessary. Well
monitoring requirements may also be imposed if drinking water or water poten-
tially suitable for drinking can be affected.

3.1.2 Ocean Brine Disposal

Ocean brine disposal can be done from a land-based point discharge source
or by barging the brine to an acceptable ocean disposal site. Discharge from a

(101) from the state water

point source on land will require an NPDES permit
quality agency or the Regional EPA Administrator, whichever administers the
NPDES program. Criteria to be used in issuing permits have recently been
issued by EPA(IOZ) and essentially provide that a permit may be issued if the
discharge will not cause unreasonable degradation of the marine environment.
Certain conditions may be placed on a permit, and a monitoring program in the

area of discharge is mandatory. {103

If barge transport followed by ocean disposal is selected, a disposal per-
mit from the Regional EPA Administrator under the Marine, Protection, Research,
and Sanctuaries Act of 1972(104)
tions are found at 40 OR Subchapter H. A detailed application must be sub-

will be required. Applicable EPA regula-

mitted and a public hearing may be required if objections to issuance of the
permit are raised. Criteria for the evaluation of permit applications are
found at 40 CFR 227. Acceptable ocean disposal sites are listed at 40 CFR
228. Disposal at other than approved sites may be proposed in the permit
application. (105

3.1.3 Land Brine Disposal

If the CAES facility owner elects to discharge the brine to a holding pond
or lagoon, the EPA solid and hazardous waste regulations must be considered.
The principal legislation to consider is Subtitle C of the Solid Waste Disposal
Act, otherwise known as the Resource Conservation and Recovery Act of 1976

(RCRA).(106) RCRA directs EPA to issue standards governing all aspects of
hazardous waste control. 1t is not entire|3(llc|e§ar whether salt brine would be
07

considered a hazardous waste under the Act, and thus subject to the com-

plex EPA hazardous waste regulations found at 40 GFR 261-265. Brine does not
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fit into the RCRA exclusion category at 40 R 261.4(b). However, brine is not
among the listed hazardous wastes in Subpart D of 40 CRR 261. Brine may or may
not be classified as a hazardous waste based on the characteristics of hazard-
ous waste found in Subpart C of 40 GR 261. The characteristics are ignitabil-
ity, corrosivity, reactivity, and toxicity. |If a waste meets the test for any
one characteristic, it is considered hazardous. Each characteristic has associ-
ated parameters and tests. The corrosivity test is probably most applicable to
salt brine.

Brine ponding would, however, have to meet the criteria for solid waste
disposal facilities and practices at 40 OR 257. The regulations at Part 257
were adopted under Subtitle D of RCRA The definition of solid waste at 40 OR
257.2 includes solid, liquid, and semisolid material resulting from industrial,
commercial, and mining operations. The criteria in Part 257 provide that dis-
posal shall not be in a floodplain, threaten endangered species, cause a dis-
charge to surface water, or contaminate groundwater. The population of disease
vectors must be minimized. Compliance with certain safety requirements is also
necessary.

Prior to selecting land-based disposal, a detailed test of the brine
should be made to determine whether it has any of the characteristics of hazard-
ous waste as defined in 40 OR 261 Subpart C. If the brine is found to be a
hazardous waste, the regulations at 40 GR 264 and 265 applicable to owners and
operators of hazardous waste treatment, storage, and disposal facilities must
be met. The regulations at 40 CARR 265 Subpart K, relating to surface impound-
ments, will be especially applicable. If the brine is found to be hazardous,
these regulations would also be applicable to any surface impoundment of brine
that occurs prior to underground injection or ocean disposal.

If a brine spill from a holding pond occurs and the brine contains a
"reportable quantity” of any of the 299 compounds designated as hazardous at
40 OR 116.4, the CAES operator could potentially be liable for a monetary
penalty under section 311 of the CWA. The list of hazardous compounds is not
identical to the list of hazardous wastes under RCRA at 40 CR 261.3. The
amount of each substance that constitutes a reportable quantity is given at
40 OR 117.3. Notice of any spill of a reportable quantity of a hazardous



substance must be immediately given to the appropriate agency of the U.S.
Government, which normally will be EPA or the Coast Guard.

3.2 HARD ROX

Compressed air storage in a natural or mined hard-rock cavern presents sev-
eral unique regulatory considerations that merit attention. These considera-
tions include safety regulations, regulations applicable to disposal of mined
waste products, and considerations applicable to operation of a pressure-
compensating reservoir.

3.2.1 Safety Requlations

The workers involved in the construction of a mined air storage cavern
will either be subject to the safety regulations of the Mine Safety and Health
Administration (MSHA) or the OSHA regulations discussed in section 2.9. Both
of these agencies are in the US. Department of Labor. In some cases, safety
regulations of each agency may apply.

Mine safety is regulated under the provisions of the Federal Mine Safety
and Health Act of 1977. (108)
products of which affect commerce."

The Act applies to any mine "the operations or
(109) Since the operation of a hard rock
CAES mine results in electricity that almost certainly affects commerce, the
provisions of the Act are most likely applicable to the construction of a CAES

10)

potentially subject the disposal of mine waste and the construction and opera-

cavern. The definition of "mine" in the Act is also broad enough to

tion of a surface compensating reservoir to the provisions of the Act. The Act
grants the Secretary of Labor the power to assign safety enforcement responsi-
bilities to OSHA or M3HA in cases where the jurisdiction of these agencies may

over]ap.(lll)

Occupational health and safety regulations adopted under the Federal Mine
Safety and Health Act and potentially applicable to construction of a CAES
cavern are found at 30 OR 57. A wide variety of activities are regulated
under Part 57 including fire prevention, air quality in the mine, use of explo-
sives, drilling, personal protection, materials storage, and safety programs.
The regulations at 30 CR 57.5 relating to air quality, ventilation, and radia-
tion protection merit particular attention. For example, a rock formation
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selected for a CAES cavern could possibly contain radionuclides or asbestiforms

(112) The regu-

in quantities sufficient to cause a potential health hazard.
lations at 30 CR 57.5 potentially apply to both surface waste disposal opera-

tions and subsurface cavern construction operations.

3.2.2 Mine Waste Disposal

Disposal and long-term care of the waste and rubble resulting from con-
struction of a hard-rock CAES facility will present certain technical and regu-
latory problems that must be considered. The size of the potential wastepile
Is significant. One study states that a large hard-rock CAES facility could
produce waste rock covering 40 acres or more to a depth of 17 feet. (113)

It is not certain which of the EPA solid waste regulations will apply to
waste product disposal. Most likely the criteria for solid waste disposal
facilities and practices at 40 CFR 257 will apply, and the hazardous waste
regulations under RCRA at 40 OR 261-265 and the guidelines for the land dis-
posal of solid waste at 40 CFR 241 will not apply.

The criteria at 40 GR 257 (see section 3.1.3) do not apply to "overburden
resulting from mining operations intended for return to the mine site. .(114)
The waste from a CAES hard-rock cavern is not strictly overburden; however, it
iIs the functional equivalent. The waste may or may not remain at the CAES
site. Possibly the waste will have value as a construction or fill material in
some cases and will be relocated. Otherwise the waste will most likely remain
at the site because of high transport costs and the difficulty of finding an
alternative storage site. |If the waste remains at the CAES site, it will
remain on the surface and not be placed in an excavated area as the overburden
exemption apparently contemplates. The applicability of the part 257 regula-
tions is therefore unclear. Since these regulations are not likely to be
burdensome, good practice suggests that compliance should be achieved.

The hazardous waste regulations issued under RCRA also exclude mining
overburden returned to the mine site. (115) Recent regulations also exclude
solid waste from the extraction, beneficiation, and processing of ores and

minerals. (116) The waste from a hard-rock CAES cavern probably will be
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excluded from the hazardous waste regulations on the basis of one of the exclu-
sions or because it does not exhibit any of the characteristics of hazardous
waste found at Subpart C of 40 GR 261.

EPA has also published guidelines for the land disposal of solid waste
that are mandatory for federal agencies and recommended to state and local
bodies. However, these regulations do not apply to mining "because of the lack
of sufficient information upon which to base recommended procedures. a(117)

Several states do have solid waste disposal and surface mine reclamation
requirements that may be applicable to hard-rock CAES waste disposal. (118)
For example, in California the Surface Mining and Reclamation Act(119) of
1975 applies to surface mining operations and to surface disturbance associated
with underground mining. A regulation adopted by the State Mining and Geology

Board applicable to mined waste piles provides as follows: (120)

Permanent piles or dumps of mine waste rock and overburden shall be
stable and not restrict the natural drainage without suitable
provisions for diversion. Stable slopes at angle of repose shall be
permitted as a final slope. OlId equipment and other similar inert
mining wastes shall be removed or buried. Toxic materials shall be
removed or protected to reduce leaching to allowable levels. Under
some conditions, covering of part or all of the mine waste may be
desirable. Where reasonable choices exist, dumps shall be located in
least visible locations. Controlled placement of this material with
relationship to topography, hydrology, and end use features can
greatly enhance the results of a reclamation program.

These requirements are illustrative of requirements that may be imposed in any
state.

One of the significant environmental problems associated with a surface
waste pile is control of sediment in runoff. Construction of a sedimentation
pond may be needed or required. Such a pond qualifies as a point discharge
source under the CWA and any discharges from the pond may require a NPDES
permit.

3.2.3 Compensating Reservoir

As discussed in the Introduction, a hard-rock CAES cavern can be combined
with a surface compensating reservoir to keep the stored air at constant pres-
sure. The compensating reservoir will require an initial filling with water



and periodic replenishing to replace system losses. May of the regulatory
concerns addressed in section 2.4 o water acquisition will be applicable to
acquiring water for the reservoir. In practice, water requirements for cooling
and the compensating reservoir can be treated as a combined requirement and a
single permit from the appropriate regulatory agency obtained. A surface com-
pensating reservoir ordinarily wi1l not discharge water, and consequently no
NFDES permit should be needed.

The possibility has been raised that a CAES facility with a compensating
reservoir mey require a license from FERC. (121) Section 23(b) of the Federal
Power Act(lzz) requires a FERC license for the construction, operation, and
maintenance of dams, water conduits, reservoirs, powe houses, transmission
lines, or other project works an or affecting navigable water which are neces-
sary or convenient to the improvement of navigation or generation of water
power. A key requirement is that the license is required for the generation of
electricity by water power. A FERC license is not required for a steam-
generating plant that uses water only as a coolant. (123) license has often
been required, however, for a pumnpad hydro installation because it does gener-
ate powe from falling water. The compensating reservoir associated with a
hard rock CAES facility is only incidental to the generation of electricity.
It is used to improve system efficiency and operation, but it IS not necessary
for electricity generation. Consequently, it appears that an FERC license
would not be needed. If there is doubt, a utility can file a petition with
FERC for a declaratory order requesting a determination that a license is not
requi red. (124)

3.3 AQUIHRS

Aquifer storage is the third storage medum under consideration for the
CAES technology. Regulatory issues are considered in three categories: spe-
cial injection reguirements, holding ponds, and special aquifer classifications.
Aquifer storage of compressed air does not directly involve the withdrawal of
groundwater during operation. Some withdrawal will be necessary though for
such needs as sampling and testing of groundwaters, axd in situ evaluations of
caprock and reservoir rock. In may states a permit for groundwater withdrawal
will be needed. Background information o groundwater law is included in
Appendix A.
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3.3.1 Special Injection Requirements

In addition to the underground injection requirements discussed in section
2.6, use of an aquifer for CAES may require compliance in certain states with
special regulatory requirements designed to protect groundwater. Special
requirements are especially likely if the aquifer proposed for storage is a
potential drinking water source. Minnesota, for example, prohibits underground
injection wells unless a variance is obtained from the State Department of
Health. (125) Groundwater protection, monitoring, and reporting requirements
are likely conditions to a variance. In general, aquifers suitable for CAES
are not likely to be potable water sources because they will be too deep and

total dissolved solids content will be too high.

3.32 Holding Ponds

Prior to implementation of an aquifer-based CAES system, detailed well
testing will be required. One necessary test is the aquifer pumping test
conducted to ensure that the caprock has adequate integrity and to measure in
situ permeability. (126) A temporary holding pond containing on the order of
50 acre-feet of water/brine will be required for the test. The discussion in
section 3.1.3 applicable to land disposal of salt brine is pertinent to the
regulatory requirements potentially applicable to the holding pond.

3.3.3 Special Aquifer Classifications

Utilization of an aquifer for CAES that has been designated by EPA or pos-
sibly a state agency as the sole or principal drinking water source for an area
may be more difficult than utilizing an aquifer not so designated. The EPA has
authority under section 1424(e) of the Safe Drinking Water Act to designate
sole source aquifers. Once it has made a designation, no subsequent commit-
ments of federal financial assistance may be made to projects that BEPA deter-
mines may contaminate the aauifer so as to create a significant hazard to
public health. (127) Federal financial assistance is broadly defined to
include contracts, grants and loan guarantees. (128) A significant hazard to
public health is one that causes an aquifer to exceed any maximum contaminant
level established by the National Primary Drinking Water Standards, (129)
adversely affects human health, or requires additional treatment by a public



water systemto prevent adverse effects. As of July 1980, 7 aquifers had been
designated as sole source and 8 petitions for sole source status were under
consi deration by EPA (130)  1he 7 aqui fers designated as sol e source are the
Edwar ds Aqui fer near San Antoni o, Texas; the groundwater systemof Guam the
aqui fer beneath Fresno, California; the Magothy Aquifer underlying Nassau and
Suffol k Counties on Long Island, New York; the Spokane- Rat hdrumAquifer in
Wshi ngton and | daho; the Biscayne Aquifer in southeastern Florida; and the
Buried Valley Aquifer systemof western Essex and Southeastern Mrris Counti es,
New Jersey. (131)

In the future al groundwaters may be classified in some manner. Such a
classification could affect where a CAES facility utilizing an aquifer for air
storage could be located. EPA is currently considering a three-tiered ground-
water classification systen4132) in which different |evels of groundwater
protection would be required for each classification. Three classifications

are being consi dered:

1 groundwater that serves a highly valuable use or ecological function
warranting the most stringent |evel of contro

2. groundwater potentially usable as drinking water and requiring usua
| evel s of protection

3. groundwater areas where limted and defined contam nation would be
al owed for certain contamnants.

I ncentives woul d nost |ikely be offered to encourage states to adopt the classi-
fication systemultimately selected. Certain states already have groundwater
classification systens and associated water quality standards. Exanples include
New York, New Jersey, New Mexico, Maryland, and Mnnesota. (133)



4.0 POTENTIAL LIABILITY

The objectives of this section are to identify selected aspects of a CAES
operation that can potentially lead to liability and to discuss the |egal
theories under which liability mght be inposed. None of the events that could
lead to possible liability can be considered likely. Nevertheless, the prudent
CAES operator will want to be aware of potential liability sources in order to
take steps to mtigate its possibility and perhaps to obtain appropriate
| nsur ance.

4.1 POTENTI AL SOURCES CF LIABILITY

Several potential liability sources are associated wth a CAES operation.
Sone of the more important sources are highlighted below Mre detailed survey
studies are avail abl e, (134) and detail ed I nvestigations of particular environ-
mental problens that can potentially lead to liability are becomng avail abl e
as part of the three DOE-EPR-utility studies on CAES applications that are
di scussed in the Introduction, and the Conpressed Air Energy Storage Technol ogy
Programbei ng managed by PNL for the Assistant Secretary for Conservation and
Renewabl e Energy, DCE

411 Cavern Bl owout

A possible and very undesirable potential liability source is a blowout of
the air storage cavern. This phenonenon coul d be caused by a loss of integrity
between wel | casing and grout in any type of CAES injection well. Ar |eakage
fromthe well or fromthe storage cavern in general can potentially lead to a
sufficient pressure build up in air pockets belowthe surface that results in a
blowout. In a reservoir conpensated system a blowout can also potentially be
caused by the "chanpagne effect,” whereby a two-phase air bubbl e-water mxture
is forced out of the reservoir shaft.

412 Induced Seismc Activity

Induced seismc activity caused by daily air pressure cycling is a remote
liability source, but one with potentially high consequences. Little is cur-
rently known about the likelihood of this possibility and the potential magni-
tude of activity and effects. The likelihood can be mnimzed by careful site
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selection and control of the pressure exerted an underground strata. Location
at a site without minor faults or discontinuities mey be difficult, however.

4.1.3 Groundwater Contamination

A CAES facility can potentially contaminate or otherwise damege ground-
water in several ways. The risk of liability is especially great if the ground-
water damaged is an existing or potential source of potable water. W an
aquifer is utilized for air storage, chemical contamination can be induced by
introduction of oxygen and carbon dioxide. Contamination can be enhanced by
the heat of compression, which will wam the reservoir to some extent. Improper
casing or inadequate chlorinatian can damage groundwater quality. An aquifer
can also be contami nated by the introduction of microorganisms. These effects
can ham the CAES operation by reducing aquifer permeability and increasing
equipment corrosion rates. Damege to other aquifer users or potential users is
also possible.

Other damage to groundwater can occur no matter what type of air storage
medium is used. Air escaping from CAES can potentially mix with natural gas
and lead to groundwater contamination. Escaping air can also potentially alter
artesian flow and the capacity of existing wells.

4,1.4 Subsidence

Ground subsidence is another low probability source of liability, but one
that merits muh attention. It can potentially be induced by construction of
the underground air storage chamber, material fatigue caused by temperature ad
pressure cycling, ad by mineral solubility enhanced by CAES operations.

4,15 Surface Activities

Potential liability can result from several surface-related activities.
Drilling and injection activities and fossil fuel handling are possible liabil-
ity sources. Examples include oil spills or damage caused by noise and vibra-
tion. These activities are fairly routine though, and liability is not likely
if ordinary care is taken. Transport and disposal of hard-rock cavern waste or
salt brine are less conventional activities and present a greater risk. Liabil-
ity can result from such things as spills affecting adjacent lands, erosion
precipitated by GAES activities, and contamination of surface water bodies.
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Any of the above phenomena can result in significant physical damage to
the CAES facility and possibly to the manpower employed there. If the CAES
facility is unable to operate for a period of time while repairs are being
made, expensive peaking power will have to be generated or purchased else-
where. Beyond these important concerns, the possibility of damage and conse-
quent liability to third parties residing in the vicinity of the CAES facility
exists. Damage could take the form of a contaminated or diminished capacity
well or possibly physical damage caused by a blowout, induced seismic activity,
or subsidence.

42 THEORIES KR LIABILITY

A variety of different legal theories can potentially lead to liability in
a particular situation. These theories include strict liability, negligence,
nuisance, trespass, breach of a duty imposed by a statue or regulation, and
willful misconduct.

The CAES operator would possibly be held strictly liable for any injuries
or damage resulting from the CAES operation regardless of whether he was at
fault. Injuries to any employee of the CAES owner/operator would be handled on
a no-fault basis under the usual state workmen's compensation scheme. For
damage to third parties, liability would most likely be based on the theory
that strict liability should be imposed for escapin? i3r£1_,a)1nimate forces from

Strict Tiability
for injuries resulting from abnormally dangerous or non-natural activities
stems from the 1868 English case of Rylands v. Fletcher. Most states have
now accepted the theory. Under the theory, liability can be imposed without
proof of negligence. The activity of a CAES operation (i.e., underground

extra-hazardous or abnormally dangerous activities.

storage of air under pressure) probably would be considered by a court to be
abnormally dangerous and hence the CAES operator should be strictly liable for
damage to others. For example, in a California case(136) adriller was held
to be liable when his drilling, even though apparently careful, resulted in a
blowout that damaged nearby property.

An injured plaintiff might also claim liability based on the theories of
negligence, nuisance, or trespass. In practice, all of these theories plus
strict liability might be pleaded. An action based on the negligence of the
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CAES operator would attempt to show his failure to meet an obligation or duty
to conduct his operations in a manner to protect others against unreasonable
risks. The plaintiff in such an action would have to show that failure to meet
this duty of obligation led to his actual loss or damage.(137)

A nuisance theory is a flexible theory available to a plaintiff dameged by
a CAES operation. A nuisance is a substantial ham to a right of another and
Is classified either as public or private. A public nuisance is an unreason-
able interference with a right camm to the general public. A private nui-
sance is unreasonable interference with the use ad enjoyment of a property
right (a groundwater right is a property right). To constitute a nuisance, the
interference must be substantial and unreasonable. Intentional or negligent
interference need not be shown. It is often difficult to predict whether a
particular activity will cause substantial and unreasonable ham. However, the
case lav suggests that the presence of the following elements will increase the
likelihood of recovery:(l38§)

1. The ham is continuous or produces long-lasting effects.

2. The ham would have been incurred by anyone in the plaintiff's posi-
tion (i.e., the plaintiff is not peculiarly vulnerable).

3. The plaintiff's use of his property right preceded the CAES
operation.

All of these elements need not be present for the plaintiff to prevail. Sig-
nificantly, recovery under a nuisance theory mey be possible even if the CAES
operator is complying with all applicable regulations and permits.

The trespass theory is likely to be least helpful to a plaintiff. In
appropriate cases, however, the theory can support and in effect coexist with a
negligence and/or nuisance theory. The basis of the theory is an intentional
invasion of the plaintiff's interest in the exclusive possession of
property. (139)

A plaintiff can seek a variety of remedies in a case where damage is
claimed, ad a court has wide discretion to select anog the remedies sought.
A common remedy is to award monetary damages. If the defendant's activity is
permitted to continue when the ham is very likely to be continuous, the
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result, in effect, is a judicially conferred power of eminent domain on the
CAES operator. Another option is to force the defendant to add additional
equipment or operate in such a manner that damage is reduced. In appropriate
cases, the remedies can be combined.

43 MITIGATION OF LIABILITY

A CAES operator can take steps to minimize the possibility of future
liability. Naturally the first step is to gain as much information as possible
prior to implementation and construction about the technology, the air storage
medium, and potential risks prior to implementation and construction. Sound
design and engineering based on this information is the best protection against
possible liability. A second obvious precaution is to purchase appropriate
liability insurance. One study has determined that aboveground construction
and operational aspects and underground construction aspects of CAES technology
are familiar operations and should not present insurance difficulties. (140
The operational aspects of underground CAES are less familiar but analogies in
coverage provided for underground storage of oil and natural gas exist.
Although specific rates would necessarily have to be determined on a site and
technology specific basis, the study concludes that the risk exposure from CAES
technology is such that utilities will find that conventional insurance
coverage will be available.

Beyond the steps of good design and engineering and obtaining adequate
insurance coverage, other specific means exist to minimize the possibility of
liability that the CAES operator might consider. Examples are suggested below.

One step would be to take water samples from all nearby wells prior to
(141) This step would serve the dual function of informing the
CAES operator of existing groundwater quality and may also help to clarify any
later disagreements on alleged degradation caused by the CAES operation. This

operation.

step seems especially prudent with an aquifer-based CAES system, but also may
be wise for hard-rock or salt-deposit based systems.

A second step to mitigate possible future liability is to provide written
notice of the CAES operation to everyone holding an interest in the land uti-
lized by the CAES facility. This step should be taken for test sites and sites
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abandoned after use. Notice of the CAES operation should be given to existing
owners and any transferees of the utility. Ideally, notification should be
recorded in any document of transfer or separately in the appropriate county
land records so that constructive notice of the CAES operation is provided to
future owners. Notice should reduce the possibility of any future claim of
damage based on "hidden defects" resulting from the CAES operation. Section
353 of the Restatement of Torts (Second)(l42) provides that a vendor of real
estate is under a duty to disclose to the vendee any concealed conditions that
are known to him and that involve an unreasonable danger to the health or
safety of those upon the premises, and which he may anticipate that the vendee
will not discover. One example danger is the concern some have if a storage
medium previously used for CAES testing or operation is subsequently used for
natural gas storage. Trapped air can apparently form an explosive mixture, in
some cases when mixed with natural gas. (143) A second example danger is illu=
strated by the accident that occurred in November 1980 when an oil drillingrig
punctured a salt mine shaft under Lake Peigneur in Louisiana, sending much of
the 1.5 acre lake down the drill hole. (144)

A third possible mitigating step is to consider the purchase of all land
potentially affected by the CAES operation. Land not needed for surface opera-
tions could then be leased for activities unlikely to be affected by the CAES
operations.

Another step is to consider the cost effectiveness of lining surface brine
holding reservoirs. This step would be costly, but would substantially reduce
the possibility of liability resulting from spills.
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5.0 ACQUISTION OF PROPERTY FOR CAES IMRBEMENTATICN

5.1 PROPERTY RGHTS NEEDED FOR SICRAGE AND RECOVERY

In addition to obtaining necessary regulatory permits, the CAES owner also
requires assurance that he has the right to store, protect, and recapture the
compressed air energy resource. H mud also determine whether property inter-
ests should be purchased to reduce the possibility of future liability. The
real property rights that must be acquired to achieve these objectives are the
subject of this section. Background information an the ownership of under-
ground space is included in Appendix B.

The extent of property rights that should be purchased will not always be
clear, although it most likely will depend an several factors including the
extent of perceived liability, howv the bundle of ownership rights to the
desired land has been broken up, the applicable state lav and the extent of
uncertainty in the law, and the relative cost of acquiring desired property
rights. Complicating factors such as multiple owners and/or unwilling sellers
can occur. In mogst cases, the GAES owner/operator will be able to obtain the
desired property rights, although the acquisition process mgy be slow.

Oe advantage of a CAES power generating system is that it does not neces-
sarily have to be located near a base-load power plant or a load center.
Because the location can be selected using several decision criteria (one of
which wi 11 naturally be electric power transmission cost), relatively inexpen-
sive rural land mey be selected for a CAES operation. In this case, acquisi-
tion of desired property rights mey be relatively inexpensive, especially in
comparison to total project costs. The time investment and the public rela-
tions aspect of acquiring land mey thus be as important as the purchase cost.
Ordinarily land needed for the site would be purchased outright. W the
desired quantity of land is not available and/or there are multiple owners and
unwilling sellers, consideration of options other than outright purchase mey be
warranted.

The bundle of property rights associated with a surface parcel of land can
be divided in various ways. If the landowner retains all possible property
rights, he is said to have a fee simple absolute interest. Out of this



interest he can carve out such interests as easements, |leaseholds, mineral
rights,(145) air space rights, and future interests in the property.

The minmum property right the CAES owner/operator will nesd to acquire is
sufficient surface rights for physical access; injection, withdrawal, and obser-
vation vells; compressors and pova generating equipment; holding ponds, and
transmission lines. Ordinarily this will involve purchase of a fee smple
property interest sufficiently large to accommodate all of these needs. The
desired interest can also possibly be obtained by purchasing an easement or
through a long-term lease agreement. In all cases the right to drill wells and
the assurance that the acquired property rights extend into the future at least
as long as the project's planned life mus be included. If acquisition of the
surface right will interfere with a prior lease agreement or the implied sur-
face access interest o a mineral estate holder, surface access mus also ke
purchased from these parties.

In mog cases, the CAES owner/operator will also wat to acquire the
groundwater and mineral rights for all land over the air storage medum This
acquisition is desirable principally to eliminate possible interference with
CAES operations. A second reason is to reduce the possibility of future liabil-
ity for such things as alleged groundwater contamination. In exceptional cases
the mineral rights nmey ke too difficult to acquire or nmgy be considered worth-
less or dormant. In this situation the potential risks of nonpurchase can be
weghed against the difficulty or futility of purchase.

In actual practice the CAES owner/operator W11 probably want to purchase
a fee sample interest for all land overlying the air storage medum and awy
additional land nesded for surface activities. This purchase should be entirely
feasible for CAES in salt deposits and hard rock, where the total land required
should not exceed several hundred acres. For aquifer storage, total land
requirements can potentially be on the order of two thousand acres. In this
case, alternatives to fee simple purchase mgy wat to be considered either to
save moey and/or because the total required land cannot be obtained for some
reason. Qe possible alternative wodd be the purchase of an underground air
storage easement for land utilized for air storage but not needed for surface
activities. A second alternative would be to negotiate a long-term lease
agreement with the surface oma and possibly the mineral estate holder. The

5.2



storage rights for land where drilling could adversely affect the CAES project
may al so be considered for acquisition. The easement or |ease would ordinarily
be structured to include a covenant by the transferor/lessor not to utilize
groundwat er or conduct dri1ling.

The three CAES projects being investigated under conbined DCE-EPRI -utility
sponsorship illustrate sone of the property concerns. The salt-dome air-storage
site located in Mssissippi and being investigated by Mddle South Wilities
will use a cavern located 3100-4500 feet below the surface. 46} about 100
acres over the air storage will be needed for surface activities. (}47) pyp_
chase of this land is being contenplated. The hard-rock CAES site located in
Maryland and being investigated by Potomac E ectric Power G. w 11 use a cavern
about 2300 feet bel ow the surface. (%) Surface area requi renents, includi n();
land for a conpensating reservoir, are estimted to be about 310 acres. (148
Purchase of the land is also being contenplated. The aquifer-based CAES system
Is being investigated by Public Service Indiana. Athough afinal test site
has not been selected, it is estimated that the depth to the air storage reser-
voir will be about 1800 feet. (**9) The land area over the air st orage bubbl e
for a 1000 Me facility vill be on the order of 2000 acres. 19  Additi onal
property between the |imts of the air-storage area and the |owest closed under-
ground contour (the spi 1l point contour) may also require protection. The
Investigators contenplate that a fee sinple property right to the 2000 acres
wll be purchased and that a storage easement for the remainder of the spill-
point wll be acquired.

52 BEXEROSE G EM NENT DOVAIN

The principal and preferred way for the CAES owner/operator t0 obtain
needed property rights w 11 be through negotiated purchase. In sone cases, the
party owning the desired property rights may not wsh to sell, and exercise of
the power of emnent domain, if available, may be needed.

States can exercise the power of emnent domain as an incident of their
sovereign power. The Fifth Arvendnent to the US Constitution requires the pay-
nent of conpensation for property taken and is applicable to the states either
through the Fourteenth Anendnent or through provisions in state constitutions.
States may del egate the power of emnent donain by appropriate legislation to



units of local government and even to privately omad entities. A11 takings
must be for a public use. Court interpretations of what is and is not a public
use vary. However, with appropriate legislative authority, property rights con-
demned for a CAES project most likely would be found to be taken for a public
use. Publicly owned property mey even be condemned, again with appropriate
legislative authority, if the proposed use is superior to the existing use of
the property.

In may states, natural gas utilities have been delegated the power of emi-
nent doman for gas storage. (151) This legislation provides an appropriate
analogy ad precedent for extension of the power to GAES owner/operators. The
extension would require special legislation unless the owner/operator already
hed the necessary authority.

When property is condemned, the condemnor mey generally take only the
interest reasonably necessary to allow the purpose of the project to be ful-
filled. For subsurface storage, an easement mey be sufficient.

The condemnee in an eminent domain action is entitled to just compensa-
tion. "Just compensation" is often defined to be the cash fair-market value of
the highest and best use of the property taken. Just compensation ordinarily
requires that the condernnee be put in the same monetary position as he would
have been had his property not been taken. This approach effectively precludes
a single private owner from holding out for a "windfall" sale if his property
Is needed for a project.

Condemnation of underground storage space alone mey be quite inexpensive
if the condemnee cannot show damage. For example, in one case a natural gas
transmission company wes able to condemn an easement in underground strata for
"no dollars. "(1%2) | groundwater rights are taken, compensation will ordi-
narily have to be paid. A variety of problems arise in water rights valuation
and several approaches to valuation are available. (153) The physical proper-
ties of the water right must first be quantified. The value of the water must
then be estimated. Ome approach is to look at markets where water rights are
traded. A second approach is to consider the value of the land with and with-
out the water right.
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APPENDIX A

BACKGROUND INFORMATION ON GROUNDWATER LAW(154)

Four principal types of groundwater rights exist: 1) appropriative,
2) overlying, 3) prescriptive, and 4) pueblo. (155) The latter two are of
limited importance. Prescriptive rights are vested rights to use a limited
groundwater supply acquired after continuous water use for a period established
by statute, often 7 to 10 years. Pueblo rights are the rights of communities
in the southwest as successors to Spanish or Mexican pueblos to use waters
naturally present within the old pueblo limits.

Appropriative groundwater rights exist in most western states. The rights
are generally acquired by permit from a state water agency and are allocated on
afirstintime-firstinright basis, as is the case with surface appropriative
rights. In times of water shortage, the junior appropriator in time is the
first to have his water right cut back.

Overlying rights predominate in the eastern and midwest states. The
rights derive from the common (judge made) law and exist in three forms: the
English rule of absolute ownership, the American rule of reasonable use, and
the rule of correlative rights. The English rule of absolute ownership is
analogous to the nonownership rule in oil and gas law. Under this rule the
overlying landowner has unlimited access to water under his land, but does not
own it until capture. Only a few states accept this rule. The American rule
of reasonable use is more common and is similar to the English rule with the
added provision that the water cannot be unreasonably extracted or unreasonably
harm the underground aquifer. Correlative rights stem from a 1903 California
case(lss) and provide that the rights of every water user are to be correla-
tive with the rights of every other user. The correlative rights rule is not
entirely limited to California. Several other states following the American
rule have added a sharing requirement to the reasonable use doctrine. The
reasonable use and correlative rights rules are analogous to the qualified
ownership rule of oil and gas law discussed in Appendix B.

A.l



APPENDIX B

BACKGROUND INFORMATION ON OWNERSHIP

AND USE OF UNDERGROUND SPACE




AFFENDIX 8

BACKGROUND INFCRMATION ON OANERSHP
AND UEE OF UNDERGROUND SPACE'1®%)

Under the English common law, a surface landowner wes considered to also
oamn everything vertically upwad and downwad from his land. This rule first
appeared in an English case in 1586, but had its origins in other lav systems
several hundred years earlier.157)  pg applied to air space, the rule began
to break doan with the coming of airplanes. The US Congress in the Air Gm-
merce Act of 1926 and the Civil Aeronautics Act of 1938 declared a public right
to freedom of transit within the navigable air space. The landowner did not
lose all aboveground property rights, however. In a leading 1946 case, the
Supreme Court required compensation to be paid to a landowner wo suffered
damage to his poultry business because of low-flying government aircraft. (158)
The Court stated that 'the landowner oms at least as muh of the space above-
ground as he can occupy or use in connection with the land."

The law for underground space has not developed to the same extent as that
for aboveground, although it appears to be heading in the same direction. For
example, several court cases in Nev Yok State have awarded only minimal dam-
ages to surface owners for subway tunnels constructed at considerable depth
(e.g., more that 100 feet) under the Iand.(157) Another case found no inva-
sion of property rights for a sewer 150 feet below the surface. (157) us
mining lav generally provides that the owner of the rights to the highest point
of a mineral vein owns the entire vein even if it extends beyond the horizontal
boundaries of the original claim. (1%7) These cases support the notion that
vertical ownership is not absolute, but rather is conditioned an what space the
surface owner can actually utilize.

Underground storage rights in oil and natural gas lav provide an interest-
ing analogy for CAES The current prevailing rule appears to be that gas can
be stored under another's ground as long as compensation is paid. Three pos-
sible theories for relating underground oil ad gas to the property rights of
the surface owner have been advanced: (159)



1. nonownership - 0il and gas are incapable of ownership until reduced
to possession.

2. qualified ownership = Landowners have correlative rights in an under-
ground oil and gas reservoir.

3. ownership in place = The nature of the surface owner's interest in
oil and gas is the same as for solid minerals.

All of the theories have been advanced by state courts at one time or another;
however, the decisions are not always consistent. The third theory is the most
common, followed by 1 and then 2. Under theory 1, an early Kentucky case con-
cluded that natural gas stored under another's property was not a trespass, but
that the gas was subject to capture. (160) More recent cases have rejected

this view and have held that gas artificially stored underground is not subject
to capture. (161) In the later instance, however, compensation must be paid

to the surface and/or mineral owner for the right to store. Case law is mixed
on whether the surface or mineral owner or both is entitled to payment. (162)
Oil and gas law thus seems to be developing similarly to the law of air space.
Ownership of the space beneath the surface owner's land is recognized. How-
ever, the surface owner cannot interfere with a reasonable underground use such
as gas storage. However, the owner is generally entitled to compensation for
use of the underground space. Unlike the air space, sewer, and subway cases
this is apparently true even when the surface owner cannot make effective use
of the storage space. This outcome strongly suggests that someone desiring to
store natural gas (and perhaps by analogy compressed air) might just as well
negotiate the purchase of a storage easement if storage rights, but not surface
rights, are needed.

Underground storage of water also provides an interesting analogy for the
CAES concept. Underground water storage has been utilized in California for
many years, and the law there is considerably more developed than in other
states. (163) At least for public water agencies, the law in California now
permits the storage of water underground and the right to protect and recapture
the stored water. Moreover, these rights can be exercised without paying com-
pensating overlying landowners. The most important case establishing these



rights is Niles v. Alameda Water District.(164) In this case, the plain-

tiff, Niles, sued the defendant Water District for damages caused by impairment
of quarry operations due to a rising water table caused by underground water
storage. The California Court of Appeal found for the Water District and based
its decision on the existence of a public servitude for groundwater storage and
conservation. The court also found that the storage operations were a noncom-
pensable exercise of the District's police power. The court did suggest, how-
ever, that compensation would have been appropriate if the water level had
risen above the historical water table. The Niles decision is especially
remarkable because California had codified the common law rule that the surface
landowner owns subsurface space. The California Civil Code (section 829) pro-
vides that "the owner of land in fee has the right to the surface and to every-
thing permanently situated beneath or above it." Section 659 of the same Code
defines land as including "free or occupied space for an indefinite distance

upwards as well as downwards."

A second California case, City of Los Angeles v. City of San
Fernando, (165) established the right of a public water agency to store
water underground and to recapture the water later. This right exists regard-
less of whether prior recapture intent existed, whether the water to be recap-
tured can be identically traced to the water stored, or whether the storing
agency actually serves the area overlying the underground basin.

In a 1971 report for the National Water Commission, one author advocated a
similar result to the California cases and concluded that the law in most juris-
dictions would support the result. (166) Specifically he concluded:

1. A can store water beneath B's land without acquiring a right to do so
whether or not A is a public agency. A must, however, indemnify B for
damage.

2. B cannot extract the water that A has stored beneath B's soil.

The two California cases provide an interesting and potentially valuable
precedent for implementing the CAES concept. |If the cases were to be followed
and extended to air storage, a public agency (or perhaps even a private entity
if the above cited author is correct) possibly could store compressed air under-
ground and be assured of the exclusive right to recapture without compensating



overlying landowners. There are obvious problems with relying too strongly
the analogy, however. First, there is ro guarantee the result would apply to
CAES Second, compensation mey have to be paid if groundwater or mineral rights
are impaired. Third, the ability of the CAES owner to prevent drilling into
the CAES storage medium is uncertain. Initial purchase of a storage easement
would alleviate these problems.
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