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LEGAL ISSUES IN THE DEVELOPMENT OF GEOPRESSURED GEOTHERMAL
. RESOURCES OF TEXAS AND LOUISIANA GULF COAST
SUMMARY- -

"~ This report is divided into two maJor sect1ons Lega] Scho]arsh1p and
Legal Support Scho]arsh1p is dist1ngu1shed from support by concentration
on abstract analyses of ‘issues which include resource def1n1t1on, ownersh1p,
taxation, and multistate reservo1rs. Support 1s based ent1re1y on those
legal tasks called up by the technical work scheduled in ‘the areas of Re-
source Assessment, Advanced Research and Techno1ogy, Inst1tut1ona1 and Env1-
ronmental, and Resource Utilization.

The report begiris with the observation that it is rare that law has
the opportunity to deve]op lega] pr1nc1pTes govern1ng a resource at the same
time that techno]ogy is’ beg1nning to make explo1tat1on of the resource a
reality. “One 1mportant such area for 1ega1 scholarsh1p is the def1n1t1on
of geothermal resources which will serve law 1n the fie]d of regu]at1on, 1n
the settlement of ownership disputes, and in 1eas1ng provis1ons

Resource definition beg1ns w1th an exam1nat1on of the different scope
of science as compared to 1aw. Defin1t1ons are used very d1fferent1y by
the two d1sc1plines. Scientific descr1pt1ons aim at high levels of accuracy
and detail, and serve a role as part of hypotheses about phys1ca1 rea11ty
Legal definitions serve the purpose of 1dentify1ng the jur1d1ca11y 1mportant
characteristics of juridically important entities in certain spec1f1c situ-
ations. This difference in thrust 1s v1s1b1e in ‘both case law and statutes,
where’ ru11ngs on' the character of geotherma1 steam are ‘made for the purpose
of decid1ng an 1ncome ‘tax’ 1ssue, and arguments “about ownership are sett]ed j
by defin1ng the resource as’ surface or m1nera1 estate '

“Resource definition exam1nes the phys1ca1 model of geotherma] resources
in general and geopressured resources in part1cu1ar.' ‘This’ mode] outIines a

'system ‘which consists of magmat1c heat, 1ntru510ns of magmat1c material into

the near subsurface or a thinning ‘of the surface, and the poss1b111ty of
heat’transfer mediums w1th attendant associated and solute m1nerals and gases.

‘This model is compared to the model articu]ated by statutes and case law.

The thirteen western states, Texas and Lou1s1ana, and’ the Un1ted States
all have statutes wh1ch dea] w1th geotherma] resources 1n var1ous manners.




The scope of many of these legislative provisions is limited to leases of
state-owned lands and regulation of operation of wells and facilities on
all lands. Few of the statutes define the resource so as to include all
types of geothermal resource, with hot rock mass1fs and geopressured sys-
tems be1ng most common]y left out. Few of the statutes define the resource
so as to 1nc1ude the ent1re system as set out in the physical model.
There have been three maJor cases concerning geothermal resources:

Union 0il, an act1on to settle a title dispute involving a federal m1neral
reservation on lands in The Geysers; Pariani, an action to settle a similar
title dispute in lands subject to a state mineral reservation in lands in
The Geysers; and Reich, an action wh1ch argued for application of the
dep]et1on allowance to .geothermal steam wells at The Geysers.

~ Each of these cases sets out some legal model within a definition.
Only one of the cases turns, however, on the model. The more important
question in ownership disputes is characterization of the resource as
surface or mineral estate. The tax dispute does explicitly turn on the |
definition of geothermal steam as a gas for income tax purposes.

The section on resource definition closes with a recommended definition

in two versions. One form is extremely detailed and specific for all known
types ofcgeotherma] systems. The other is compact, but it shares with the
longer version the clear delineation of the complex physical structure of
these resources. ,

‘Resource definition is followed by an analysis of the ownership com-
plex. This area is intimately connected with the characterization process
applied to resources which places a particular thing in one of two estates.
These estates in land, the surface and the mineral, are different bundles
of rights in property. The surface estate is concerned chiefly with do-
mestic and agrarian uses of land, while the mineral estate is concerned
eéxclusively with exploitation of commercially valuable commodities that
can be severed from the subsurface and sold.

Geothermal resources are characterized by the statutes of some of the
states, such'as Idaho, Montana, and Washington, as unique resources called
§gj_genenis, that is, neither mineral nor water. Other states, such as
Hawaii, expiicit]y Tabel the rescurce as mineral;; Most of the statutes
only 1mp1icit1y‘characterize the resource by virtue of less direct provi-




sions, such as subordination of geothermal leases to either mineral law or
water law. The case law, in the ownership disputes, argues both sides of:
this‘dichbtomy. ~In one such case, Union 0il1, the court does rule that
geothermal resources are water and, therefore, part of the surface estate.
"~ None:of the cases articulates'sdppbrting'analysis for the characteri-
zation ‘that is-incontravertible. This report suggests a different approach
from the usual Alice in Wonderland anima]-Vegetable-mineral procedure
which simply argues that this or that precedent said the thing was one of
the three. The.analysis attempted in the report is based on careful at-
tention to the definition of the resource and to policies which inhere in
the characterization of the entities and estates in land. This analysis
concludes that geothermal. energy systems ought to be viewed as part of the
surface estate. - The section concludes that legislative prerbgatives,and
duties in policy making*shou]d not be passed on by ‘default to other parties.
It is recommended: that both state and federal legislatures develop clear
declarations of -both the character -and ownership of the resource; or that
alternatively, state and federal regulations- and statutes at Teast pro-
vide-for: a certif1cate of primary purpose which will permit clear owner-
ship rights with regard to- produced ‘geothermal systems. ‘
‘Problems-associated with:multistate and multinational reservoirs are
examined.by théareport~following the ownership section. There are reser-
voirs that ‘cross.the abstract ‘1ines of jurisdiction between Texas and
Loufsiana; between Texas offshore and the Federal Outer Continental Shelf:
(0CS); between Louisiana offshore ‘and the Federal 0CS, between Texas and -
Mexico, and those which are shared by-Texas offshore, the- Federa1 OCS,
Mexico offshore and both Texas and Mexico onshore. R
“This complex of deposits iand Jurisdict1ons may give rise to prob]ems
and conflicts over different definitions, characterizations, ownership
principles, or regulations. The section recommends that the states should
create and join'an Interstate Compact Commission on Geopressured and: -
Other Geothermal Resources, which.commission should also include both =
Mexico ‘and the Federal government, - The function of such a commission is "
_to-promote uniformity in treatment of -the resource and to provide a forum
for resolution of disputes. It is also recommended that the states est- -




ablish an escrow system which would permit unit operation across juris-
dictional boundaries while equitably preserving the rights of developers..

This report examines taxation on both state and federal levels. The
states will be concerned, at least until specific geothermal taxation
statutes are passed, largely with ad valorem taxes, and severance taxes on
the solute natural gas which will be produced from geopressured systems.
At the federal level, allowances for intangible drilling costs and the
depletion allowance have been the subject of both litigation and legisla-
tion. .Reich decided that geothermallsteam;wel1s are subject to the same
percentage depletion as gas, and this ruling was later codified by the
Tax .Reduction Act of 1975. Unfortunately, this provision is severely
limited by the narrowness of the requirement that the geothermal well
must qualify as a gas well in order to take advantage of the allowance.

It is clear that geopressured resources are not brought under the
depletion allowance by either the case or the legislation. Other prece-
dent for cost depletion appears to apply to geopressured systems in the
Texas water law case of Shurbet. In this case the court determined that -
taxpayers who were applying for a cost depletion on a depleting aquifer,
the Ogallala, used for irrigation pumping and farming in the Texas/New Mex-
ico panhandle were entitled to such an allowance. The court reasoned that
the tax statute does not limit cost depletion to minerals alone, as the
percentage depletion seems to. They argued further that the resource
falls under the heading of other natural deposits in the act. This sec-
tion outlines an argument that would make Shurbet effective for geopres-
sured systems and allow at least a cost depletion. The section concludes
with recommendations for statutory enactment at both state and federal
levels. The chief thrust of such recommendations is the need for explicit
and specific provisions covering severance, ad valorem, intangible ex-
penses, and depletion. . . «

Legal support functions are outlined by this report for-the site
selection portion of Resource Assessment. Site selection will require an
analysis of the regulations covering that,particu]ar geographic area, -as
well as careful study of the ownership patterns for the areas. Advanced
Research and Technology will introduce some potential environmental im-




pacts through drilling program design and monitoring programs. -In addi-
tion, the effect of statutes and regulations may be to 1mpose specific
requirements on. the monitoring program, . This possibility is.subject to
analysis by the legal section. Weli design 1tself may raise questions
re]ated to hazard and bonding of the prOJect to encompass such contingen-
cies. - - : '

Institutional studies overlap 1ega1 studies in several areas. That
section proposes to produce a detailed regu]atory analysis of the partic-
ular site. - Th1s task will be shared w1th the Legal Section. Environ-
mental tasks are 1ntimate1y 1ntertw1ned with legal research. The Legal
Section has defined the significant variables for study and articulated
the structure-under which siuch findings become part of the decision-making
process. The Legal Section:also plans to work closely with social scien-
tists to develop innovative local funding and management techniques.

- Resource Utilization not only outlines a net energy analysis of the -
resource, but also develops various utilization alternatives. These
proposals -for use raise antitrust and monopoly issues in the case of an '
electric utility which would produce its own geothermal resources for - -
consumption in a generating facility dedicated to-that site. Such utili-=
zation options are also subject to both a taxation and an env1ronmenta1
analysis. e e e : v .




INTRODUCTION

-'Seldom, 1f ever, has . . . [the] law had the opportunity to
develop principles governing an important resource at precisely
the same time that modern technology is beginning to make the
ut111zat1on of those resources a reality.

" Unitéd States v. Union 011 of Calif.,
et al.

No. 74-1574, U.S. Court:of Appeals,

Ninth C1rcu1t, at 3,

Brief of State of California by and
- through the State Lands Commission

of the State of California as ‘

Amicus Curiae - January 1974

r The role of,leQa] analysis in a resource assessment and management
planning project is to identify important planning and policy constraints
and goals. Technology is a tool used to achieve public and privately
selected objects. It operates within the total environment of a particu-
lar society. This social environment derives many of its features from
the structure and content of the legal system which places limits on the
relationships of individuals to other persons, things, and institutions.
Both technology and law are subject to policy decisions of government, and
both reflect these decisions. |

The policy which forms the backbone for the Geopressured-Geothermal
Resource Management Project at the Center for Energy Studies at The Uni-
versity of Texas is the rapid and efficient development of this resource.
The technological portions of this project have concerned themselves with
an analysis of the nature and distribution of geopressured-geothermal de-
posits in Texas and Louisiana, with defining a drilling and testing pro-
gram, and with development of models of resource utilization. The legal
component was specifically charged with defining the resource; examining
ownership, taxation questions, and problems with multistate reservoirs;
and summarizing relevant law from federal, state, and international juris-
dictions. In addition, the legal component was‘charged with analyzing the
permitting requirements and acquisition problems associated with the test
site.




These components were designed in the first instance to interact, in
recognition of the real world interrelationships of technology and law.
What became more appérent as the project developed was the unrecognized
richness and diversity of interaction. The original charges were ex-
panded and modified, and the new charges were presented to the project
sponsor, ERDA, in An Interim‘Repoﬁt: Phase 0 Legal Research, United States

Gulf Coast Geopressured-Geothermal Resource Management Program submitted
during a site visit. These new charges were later incorporated in a sub-
mission to ERDA for an extension to Phase 0. They included continuations
of explicit tasks and definition of many legal support tasks related to
specific technical functions to be executed during the development of the
test site and regional laboratory.
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LEGAL SCHQLARSHIP

Legal scholarship is distinguished from legal support in this
project by virtue of its concern for conceptual problems of legal struc-
ture as contrasted with the practical problems of assisting particular
technical understanding of the resource in the development of principles
that will fulfill the poli&y goal of the project.

This section is explicitly philosophical. It raises important
policy issues, not only concerning this resource, but also concerning
the legal/policy process whereby technical or physical understanding
passes into law. It examines resource definition, ownership, problems
with multistate reservoirs, and taxation.
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Resource Definition.

.- SUMMARY

This part of the section on Legal Scholarshlp explores the 1nter-. B
relationships between physical‘and’ lega] mode1s of geothermal’ resources
The physical model 1ncludes geo1og1c systems which feature abnorma]ly
high rates of heat flow from the. earth's interior into regions of the
surface or immediate subsurface where present or imminent techno]ogy ‘can
gain economical access to it. The heat is’ brought to the surface by means
of heat transfer mediums, such as water, steam, or gas. These med1ums ‘
may be present: naturally or may be art1ficia11y 1ntroduced The ‘mediums
may also carry solute minerals and gases. = '~ ' e e

- 'The statutory legal models, contained in definitions in the acts of
some fifteen states and the federal government, are largeiy based on the :
provisions of the Geothermal SteamAct of 1970 or' the Geothermal
Resources Act of 1967 [1]. The Steam Act" legal model ‘includes the heat o
and "associated energy in cértain formations. "It also includes ‘both” |
natural and artificially introduced heat transfer mediums; and contam1n4‘:'
ants thereof under some circumstances [2]. 'The Steam Act fails to con-
nect these elements into a coherent systemic whole that would comprehend
all similar resources. '

‘ The California Code (Geothermal Resources Act of 1967) includes the
heat of the earth, with no reference to extraordinary rates of heat flow.
It also includes contaminants of heat transfer mediums, but apparently
fails to include the mediums themselves [3].

- Two states, Oregon and Washington, do not follow either the federal
Steam Act or the California Code [4]. These states each emphasize the
availability of the energy to do work. Oregon provides that geothermal
resources must be hotter than 250°F. bottom hole temperature (bht) It
further delimits the notion of "heat" by reciting that the heat must be
available ". . . for the production of heat energy . . . ." Washington
provides that the only heat resources that will be considered as part of
the geothermal resource will be those from which ". . . it is technologi-
cally practical to produce electricity commercially . . . ." Washington
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~goes on to exclude from the resource those lTower-temperature depos1ts use-
ful chiefly for process heating of various sorts [5]. ,

None of the statutory legal models considered articulates a: clear
comprehen51ve statement of the resource. Each such definition excludes
one or more types of present]y recognized geothermal resource. No con-
s1stency exists concerning the degree of availability of the heat to do
work that will make a particular geologic system a geothermal system.

~ Case law also expresses a legal model. Three recent cases involved.
property and tax disputes which centered on The Geysers geothermal steam
field in California. Geothermal resources were treated as water, for - -
purposes of disputing a federal claim under a mineral reservation; as a
~gas, for purposes of a percentage depletion allowance on federal taxes;
and as water, for purposes of disputing a State of California claim under
a minefél reservation. Each such definition is restricted to the narrow
~ scope of the fact situation. But each does express some sort of model of
the physical nature of the resource. : L

This section concludes with two suggested legal models su1tab1e for
statutory enactment.

U
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INTRODUCTION

The fundamental legal and policy problems associated w1th geo-
‘thermal resources .arise primarily because of our inability to
. identify exact]y what geothermal resources are. Geothermal
" energy as a resource is not a familiar commodity which readily -
. fits existing resource categories. ' It has been described at
. various times as water, gas, and a hard mineral [6]

The United States Gulf Coast. Geopressured -Geothermal Resources }
Management Project, AT-(40- 1)-4900, specifically charges the legal section
of - the project with the task of analyzingfdefinitions‘offgeothermal
resources which:are contained .in statutes .and case law. - Both statutory
definitions iand characterizations are reviewed for ‘the thirteen western
states and Texas and Louisiana, as well as for the federal jurisdiction.
Discussion of various options for categorizing the resource is contained
in the following section on ownership. :Case .law administrative proceed-
ings are. closely-eXamined forfthose definitions .that form a necessary part
~of the decision. S EEETRE

- These legal models are compared to a: phys1ca1 model der1ved from
technical literature. The-differing perspectives and scope of definitions
in. the two different disciplines are discussed-and analyzed. - The section
concludes with a look: forward to the related subject of ownership and -
offers some recommendations for -statutory legal models. -
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ANALYSIS: THE INTERRELATIONSHIP OF THE PHYSICAL AND LEGAL - o
MODELS ’ '
- .Science concerns itself with accurate descriptions of'feality.' This
~goal .involves labeling of the many sorts of entities and processes that
we are aware .of, or can predict on the basis of theories. The interests
of science are all-encompassing. They range from the macrocosm and sub-
jects such as pulsars, quasars, X-ray stars,'énd radio galaxies, to
distances on the order of 10'0 light years and times measured in billions
of years [7]. 5Science’incorporates'the microtosm,fbcusing on the struc-
ture of DNA and RNA in the genetic material of cells, and on the inter- .
action of atomic particles at various energies-and flux densities [8].
" Law, in contrast, concerns itself with the relationship of persons
to other persons, institutions, and things. The potential scope of law
is, .consequently, considerably more limited than the scope of science.
Furthermore, the perspectives are very different. The law is concerned -
with actions of persons and institutions within the social, political, and
ethical structure of a particular culture at a particular time and place.

This difference in scope and perspective has a decided impact on the
way in which definitioﬁs are used by the two disciplines. Science defines,
or describes, phenomena with the observer firmly incorporated in the de-
scription, by virtue of Heisenberg's Law and the special and general theo-
ries of relativity. Such definitions are usually treated as hypotheses,
though the history of science makes it clear that such hypotheses are not
lightly abandoned. They are, at any rate, subject to a continuing process
of comparison to and verification by perceived reality.

Legal definitions are not of the same sort at all. They constitute
declarations that this thing, or event, or the like, will be regarded as a
member of this class of entities to which persons may lawfully (i.e.,
legitimately) have certain sorts of relationships of use and control, and
so forth. Legal definitions, in other words, describe the place in the
overall juridical system that certain juridically important things, insti-
tutions, persons, or events may have. The law and legal definitions also
evolve, in response to changes in economics, political structure, and so-
cial conditions.
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As“a result of this-difference in scope and perspective, law uses
scientific?definitions‘in ways that may seem strange to scientists, tech--
nicians;'and*engineers}’ What is good physics may be bad law. ~“*[A] -tech-"

‘nical or scientific definition may not be'satisfactory for a legal classi-
“fication. "The'most productive resolution of the problem [of classifying
Ageothermal resources] would 'be to class1fy geotherma1 energy only after
con51dering the consequences of such c1assificat1on“ [e1.

‘It s precisely ‘this concern for the consequences that ‘causes legal
c1assifications.and definitions to be carefully limited to certain spe-
cific contexts.’ For example, Reich v. Commissioner of Internal Revenue .
concludes that "steam is a 'gas' as that term is used in sections 611(a)
and 613(b)(1)" (eémphasis added throughout Resource Definition section) -
[10]. (Reich is a federal tax dispute over depletion allowances for
geothermal’ steam wells in operation at The Geysers, a’ geotherma] field
north of San Francisco. ) “Ahd in United’ States'v. Union 0il Co. the dis-
trict court clearly places the definition in context. "[T]he Government
must: press- the: contention that the main.constituent of geothermal energy,
name]y superheated water (or steam) was a 'mineral’ within- the contempla-
tion of Congress and ‘the mean1ng of the mineral reservation in [sec.] 9"
. (Union 0i1 is an ownership dispute involving federa] 1and grants
and the rights of patentees of such lands and their successors to produce
geotherma1 resourtes in spite of a mineral reservation on the grant.)

The property involved is being used’ for geothermal steam production at -
The Geysers. ‘The court there goes on to say that "the word 'mineral’ is
’necessarily subject ‘to ﬁnterpretation by reason of 1ts context and:
‘particular usage" [123. do R I ST TR

“ The admin1strat1ve tax court in 'Reich makes a definitive statement
on the Tole of the Jud1ciary 1n articu]ation of 1ega1 mode]s and classi- '
ficat1on 'of physical resources: P ELE NS Ll AR

“The question presented js a different case fora Jud1cia1 body.
= +.It:involves the. resolution: of geological and engineering dis-
_putes. It must be remembered that we are not sitting as a
“scientific forum.  We are s1tt1ng as-a court.  We must - -

accordingly decide the question for one party or the other [lﬂ
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The role of statutes passed by the legislatures of the.various
states and the federal government is, of course, quite d1fferent., These
statutes, in general, do not purport to sett]e disputes [14]. They lay
down rules of genera] application. However, even statutes have a elear
context. The 1975 amendments to the Internal Revenue Code are a good
example [15]. These amendments provide, at sec. 501(a) (modifying sec.
613A(b)(1)(C)) that “[tlhe allowance for depletion under section 611 shall
be computed in accordance with section 613 with respect to‘(c) any geo-
thermal deposit . . . which is determined to be a gas well within the
meaning of section 613(b)(1)(A)" [16]. This definition corresponds to
the one articulated in Reich, but that is not as important here as the
fact that it is an example of the highly specific nature of statutory
definitions. . e/' _

Another relevant example of the spec1f1c1ty of statutes is the.
Geothermal Steam Act of 1970 (cited herein at footnote 1) which applies
only to

. lands administered by [the Secretary of the Interior],
including public, withdrawn, and acquired lands, . . . in any
national forest or other lands administered by the Department
of Agriculture . . . and in lands conveyed by the United States
subject to a reservation . . . of the geothermal steam . . .
therein [17]. .

In other words, a statute does not define or classify a given entity for
all purposes, in all contexts. A statute states what the entity will be
taken to be for purposes of this particular piece of legislation.

Courts will on occasion extend the applicability of statutory def1n1t1ons

to areas which are related but which were not included in the statute [18].

It is because the law defines and characterizes in order to settle
disputes and to establish the place of a thing, institution, or process
in an overall juridical scheme that scientifie;and technical accuracy is -
not strictly adhered to. In Texas, ammonia gas is classified as a hydro-
carbon gas for purposes of Ra11road Commission administration of the
articles on pipeline common carriers. In the Reich case the tax court
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reached the scientifically questionable conclusion that what was being
consumed in the case of The Geysers was-the steam [19]. The court
reached this conclusion because of the policy analysis that argued that -
the reservoirs constituted a wasting asset perfectly similar in type to
0il:and gaS'for'purpOSes of the depletion allowance. This is bad physics
but it may be good policy, espec1a11y in terms of allowing additional
f1nancia1 incentive for deve]opment for development of this new-resource.
'This last example, taken from the subject of discussion, raises many
important questions. The issues of the'relationship‘Of scientific fact
and characterization to legal classification for purposes of the depletion
allowance are carefully addressed ‘in the section on taxation. It is clear,
to this pownt,\that the law ‘has occa51ona11y reiterated quite correct and
complex scientifi¢ definitions.  Tt'is also clear that the statutes of the
various states, the federal statutes, and the pronouncements of courts =
have not produced definitions that cons1stent1y agree w1th the best phys1-
cal understand1ng of geothermal resources. :

" The structure that this physical understanding describes is set out
in detail later in"the physical model section. ' ‘For - purposes of discussion
here a geothermal  energy system can be taken to consist in a crustal thin-
ning'or'an‘?gneouS“intrUSion“frOm‘the’interior”into'the region of the sur-
face or near subsurface causing abhormally high rates of heat flow [20].
Heat transfer mediums’ may be present natural]y or: may be ‘introduced into
the system in order to gain access to the heat energy of the 1ntrus1on.
The heat exchange ‘mediums may express additional energy ‘as pressure, and
may contain in solution variods sorts of minerals or gases. ‘The value
of such systems lies in’ the potential for- work or heating of the ava11ab]e
heat energy, though contam1nants may add to the economic value [21]
tion. The detailed discussion of the act, set out in ‘the ‘section on legal
models, indicates that ‘some heat transfer mediums, possibly some contamin-
ants of thése"mediums,*and:heat or other energy in certain’formations
constitute geothermal energy systems. ‘The act 1ists only some, but not‘
all, of the: characterist1cs of some types of geothermal energy systems.:
The source of the heat, the igneous intrus1ons, are omltted, and conse-
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quently so are hot rock massifs. Geopressured reservoirs and the solute
natural gas therein are omitted. Most importantly, the sc1ent1f1ca11y
described structure is not there in ‘the act. _ o .

. The statutes of various states also articulate legal mode]s. - For
example, both Texas and Louisiana statutes share with the Steam Act a.
format which does not define the structure of the resource, but only .
lists some attributes. Arizona and Colorado also share this format since

- their statutes are modeled on the Steam Act. o
The California statutory provisions--and the statutes of New Mexico,
Montana, Hawaii, Idaho, and Alaska, inasmuch as they reiterate the Cali-
fornia Code--are more inclusive than the Steam Act.  They involve the
heat of the earth, but fail to distinguish the overall normal thermal
gradient from the extraordinary heat flows associated with geothermal
deposits. They include the contaminants of various heat transfer mediums ,
but may fail to include the mediums.themselves. As a result of broader
language these acts appear to include hot rock massifs and geopressured
reservoirs, though they reiterate the language of exclusion concerning
0il and natural gas. These statutes, therefore, suffer from the same
lack of articulated structure that is inherent in the California Code.
Oregon comes closest to stating explicitly the physical‘structure ,
of geothermal energy resources. It recognizes the anomalous nature of
the heat sources, the igneous intrusions, by labeling them as "under-
ground reservoirs of heat." The Oregon statute goes on to reinforce the
notion of extraordinary heat flows and the necessary notion of avail-
ability of the energy when it speaks of "hot waters of less than 250
degrees Fahrenheit bottom hole temperature" [22] as being excluded from

the resource. The act, however, omits heat transfer mediums, although it

includes some contaminants thereof. -
Wash1ngton carries the notion of ava11ab111ty one step further than

does Oregon. The Washington statute provides that the ‘heat energy of the

earth is part of the geothermal resource if and only if it is both tech-
nologically and economically ava11ab1e to. produce electricity [23]. The
same statute provides that wells which can no longer provide enough heat
for electricity and supply minerals can be converted to water wells [24].
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Low-temperature uses, as for greenhouses and fish ponds, are not regulated
by the geothermal law at all, but rather fall under state water law [25].
~ MWashington‘s legal model still fails to distinguish the normal .

thermal gradient from those geologic structures which posses large enthalpy
by comparison to normal gradient. The statutory definition does include,
houever,fboth_heat;transfer mediums and nonhydrocarbon solute and- -
associated minerals. In every other resoect,~the act articu]ates a
fairly broad. systemic definition of the resource. e .

Nevada has opted for an extremely simple legal model Geothermal»;
resources means the heat or other assoc1ated geothermal _energy found
beneath the surface of the earth [26] . This def1n1t1on ‘articulates no
structure at all. It omits any mention of heat transfer mediums and con-
taminants The statute does, at a later point, mention and define by-
products for royalty purposes but does not include such by-products in
the -definition of -the resource [27]. In-addition, the heat transfer
mediums are declared part of water resources and.subject to water law
[28] . . Utah, at this time, does not define geothermal resources by statute.

The definitions offered in litigation include that proposed in the
amicusvbrief by the State of California in Union 0il and in Pariani, et al.
v. The State of California [29]. - (Pariani involves a similar dispute con-
cerning state land grants and mineral reservations in the same-area.) This
definition does articulate a structure. In fact it describes the resource
so as to include the igneous intrusion and the .natural heat transfer medi-
ums as well. as their contaminants..: The only important structural feature
omitted is.the concept of.availability‘of the resource in .terms not only
of drilling capabilities, but also of sufficient temperature differential:
to do work. The court itself, in the Union 01 case, was satisfied to re-
iterate the extremely simple definition. of the Resources.Agency-of the.
State of California, that geothermal -energy .is ‘"the natural heat of the
earth which-can be extracted in_the :form of hot water and/or water vapor -.
(steam)® [ 30] *eThis;definition does not articulate a structure as did the
amicus brief. - T b il s ,

The administrative :tax court in Relch 1nc1uded a deta11ed structural
definition of the geothermal resource at The Geysers in-the fact state-
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ment. This definition does include the concept of availability of the
energy, the notion of igneous 1ntru51ons, the role and ‘internal processes "
of heat transfer mediums, but leaves out contaminants- except for silica
and calcium carbonate. The court went on to rule that steam is more than
heat and water, but also includes pressure. Unfortunately, the court
then determined that the commercial product of The Geysers is steam rather
than energy. This conclusion of law is bad physics, as earlier discussed;
and reflects a failure to understand the phys1ca1 system SO carefu]ly de-
scribed in the findings of fact. :

To characterize geothermal resources as s1mp1y "superheated

- water, or steam" totally ignores the very technical and com-
plicated “geotherma] processes" and "geothermal formations"
referred to in [the Steam Act] . . . These geochemical and

- geophysical distinctions prov1de a basis -in fact which demands -
that similar distinctions be made at law [31].

The amicus brief argues that the law must foilow the scientific definition.
Is the amicus correct? What consequences follow if ‘the law ignores the
best physical understanding of the resource in the formulat1on of statutes
and in the judicial process?

One of the most important consequences of sc1ent1f1ca11y incomplete
or invalid definitions arises in the area of leases, especially those under
the statutes, for the exploitation of geothermal resources. If the defin-
itions exclude hot rock massifs or geopressured resources, as the Steam
Act appears to do, then no legal rights to exploit this resource can be
acquired from the only authority with the right to make such leases.

Examples from the environment of geopressured resources can be
drawn from the statutes of both Texas and Louisiana. In Texas confusion
in the drafting of the definition of by-products leads, in the case of
a total flow installation, to the bizarre situation where that part of the
methane which is removed before the fluids are passed through the turbine
is part of.the resource, and that portion which exsolutes after passing
through the turbine is not. The methane which does not qualify under the
statute as part of the geothermal resource will become costly indeed.

Under Texas law the geothermal lease Operaton will have to account to
the mineral lessors for the full value of the excluded methane, without
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any deduct1on for operating and production costs [32]

‘The Louisiana statute’covering 1easing, SB 420, has expl1c1t
language in sec. (c) which 1ncorporates dissolved natura1 ‘gas into the |
resource. This seems to signal the inclusion of the geopressured-geo-
thermal resources which do include solute methane. However, unlike the
Texas statute, the Louisiana Act does not specifically provide in sec.
(a) for geopressured resources. If the analysis previously explained
is correct, then the Louisiana statute does not comprehend geopressured
reservoirs and fluids at all [33]. This would have the result that geo-
thermal leases for exploitation of the geopressured systems could not be
~ obtained under this act.

There are important federal tax consequences. The availability of
cost depletion for the geopressured resource depends a great deal on a
convincing demonstration that such systems are, as in the ggjgg_case,'
wasting assets. This subject will be discussed at great length in the
section on taxation. It is important to indicate at this point the
potential impact of scientific definition on this field.

Another area of great potential importance will arise during
disputes between mineral leaseholders and geothermal leaseholders or
Tessors. A point of particular danger for both Texas and Louisiana is
the solute methane. It is commercially feasible to exploit geopressured
reservoirs for their solute methane content alone [34]. Unless there are
~good and justifiable scientific and policy arguments for including solute
methane as part of the geothermal lease, the mineral leaseholders will
demand compensation for the produced methane. The geothefma] leaseholder
will probably have to account for the value of the produced gas without
any deductions for the cost of production [35].

It should be noted that statutory definitions are much less impor-
tant in the case of leases between private parties. Here, or in any other
dispute concernihg awnership, the law turns to a different standard.
Definitions are used only to support arguments concerning the characteri-
zation of the resource. The important question is "To which category
-does the entity belong?" rather than "What is it?" The two questions are
frequently confused in such a fashion that an answer to what it is has
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reference to the category it belongs in. .These issues are intimételyf_

related to questions of ounership. . They will be addressed at greater
length in that section.

C ‘
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PHYSICAL MODEL .. - .

-Geopressured-Geothermal Resources.

The physical characteristics of geopressured-geothermal systems
have been discussed elsewhere in these volumes, and in other publications
and papers. It is useful to reiterate the basic definition here in order
to compare 1t with the legal defin1t1ons of geotherma1 power that are
available." aE ' . - ' o
- Bebout, in the Proceedings of the First Geopressured -Geothermal

,Enﬁggy Conference, stated that "[a] geopressured zone is common]y ‘defined

as one in which the subsurface fluid preSSure s1gn1f1cant1y exceeds that
of ‘normal: hydrostatic pressire. . An 1ncrease in the temperature and
reduction of the salinityaofithe water in the sand reservoirs in the geo-
pressured zone accompany this”increase’in'pressure‘" Such reservoirs oc-

.cur'at.great:depths; in the case:of the geothermal- zone ‘contained within

the Frio Formation, ". « . it defines an irregular surface that varies in
depth .from 8, 000‘t0'12 000 ‘feet below sea level" [36] " "Reservoir depths
generally. vary from 5,000 to 20;000° feet, ‘with- correspond1ng temperatureS"
from below 200°.F. to-above 300° F." S o -

" There is another critically 1 portant‘éharacteristic of'gedpreSSUr-"
ed-geothermal ‘reservoirs. "Natural{gas is presumed ‘to ex1st at saturation
levels -in-the ‘reservoirs". [37]. Th quant1t1es of dissolved natural gas
are economically significant; rangihg- from a low value of approximately 7
standard-cubic feet per barrel of P oduced f1u1ds up to approximately 40
scf/bbl [38]." R

In summary, a geotherma] water reservoir may be defined as a- shale
and 'sand 'structure at great depth in which the® ‘Fluid pore pressure exceeds
hydrostatic: pressure reaching to several® “thousand pounds per square inch,
which. ranges in temperature from: approx1mate1y 150° F to ‘above 350° F and
which is ‘saturated with methane gas in s1gn1f1cant quant1t1es [39] The -
waters in ‘the ‘reservoir are of Tow sa11n1ty, ‘but may have 1arge amounts of‘
dissolved solids [40]. ‘ e '

- Geopressured-geothermal syStemsVdiffer*SUBstantia11y frbm"vapdr-
dominated;hydrotherma1¥system§;fsuch as The Geysers, and from other sys-

.tems such as impermeable hot rock massifs, volcanic and magmatic deposits,
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and'hypersaline brines such as the Imperial Valley and Cerro Prieto,
Mexico [41]. The common factor that makes all such conf1gurat1ons geo-
thermal deposits is their enthalpy or heat content

Geothermal Resources Generally. - ,

It is important to.place geopressured-geothermal resources in con-
text with the other major types of geotherma1 resources.' A11 presently
designated geothermal systems--i.e., dry steam, wet steam, hot water, geo-
pressured fluids, and hot rock massifs--shareiqne common feature: enthalpy.
Enthalpy or heat content is é'measure of mo]enn]ar kinetic energy in matter,
and is expressed on an arbitrary but fixed scale. But it is not heat alone
which makes geothermal systems valuable. The energy must be available for
use on the surface, to do work or to provide heat.  Availability necessar-
ily includes technological. and economic factors.

Each of the denominated geothermal systems represents particular types
of geologic formation that produce extraordinary heat flows from the inter-
ior of the earth's core into the lithosphere. They represent a special
subcategory of geothermal processes in general. The overall category of
geothermal processes includes subduction of the 1ithosphere, continental
drift, exduction of magma at mid-ocean ridges, convection currents in the
asthenosphere and the associated earthquakes, vulcanism, and other macro-
scopic activities [42]. On the microscopic level geothermal processes in-
clude thermochemical reactions which convert fossil organic matter present
in sedimentary strata into coal or into oil and natural gas, and which
cause diagenesis of clay strata at depths leading to hydrothermal tecton-
ism [43]. ’

On the macroscopic level, geothermal formations include continental .
land masses, oceanic basins, island arcs, oceanic trenches, and mountain’
chains [44]. In the microscopic category are found the resources that con-
cern this project and other energy projects. This category, however, also
includes coal deposits, oil and gas reservoirs, and mineral deposits of -
many other sorts [45]. . ‘

A1l the thé enumerated geothermal processes and geothermal formations
are the products of the movement of the earth's internal heat. This heat-
is produced in several ways, including radioactive decay of uranium, thorium,

\~7;
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and potassium; mechanically derived heat from stress induced by compression,
tension, torsion, friction, and so forth; physiochemical heat due to phase
changes in materials; and the latent heat of formation of the globe [46].

* Within_ the subcategory of denominated geothermal resources, geopres-
sured geotherma] ‘resources are somewhat anomalous. Jones ‘has argued that
igneous 1ntrus1ons are necessary to explain pa1eotherm1c evidence [47],
but the ro]e of magma as a carrier of interior heat is not as obvious here
as it is in. other geotherma] systems [48] Furthermore, the geopressured-
geothermal .systems have two other’ sorts of available energy: kinetic
energy" from the: pressvre different1a1 and potential chemical energy in the
natural gas. 'u*

A broad physical model of geotherma1 systems that are s1gn1f1cant for
their energy potent1a1 at th1s time would include the feature of abnorma]]y
high rates of heat f]ow from the earth s “interior into reg1ons of the sur-
face or 1mmediate subsurface where present technology can ga1n econom1ca1 '
access to th1s energy. Mass transfer is 1nvo1ved 1n some systems--1 e., .
dry and wet steam systems--and may be invoked in others-—hot water, hot (f
brines. geopressured flu1ds, and hot rock massifs. The heat transfer med-
jums may a1so contain k1net1c energy present as pressure d1fferent1a1 from
atmospher1c pressure The exchange mediums may a]so conta1n so]ute minera]s
or gases [49] P o




LEGAL'MODEL"

Introduction.

[G]eochem1ca1 and geophys1ca1 dlst1nct1ons prov1de a basis
in fact which demands that s1m11ar d1st1nct1ons be made at
Taw. '

‘United States v. Union 0il1 Company
B of California, et al.

No. 74-1574, U.S. Court of Appeals
Ninth Circuit, at 12.

Brief of State of California by and
through the State Lands Commissionas
Amicus Curiae

. January 1974

This section sets out the definitions containéd,inithe statutes of
the thirteen western states, Texas and Louisfana, and the United States, .
as well as those contained in case law. These legal definitions and
descriptions articulate a particular physical structure. They are, in a |
real sense, models of the physical system. (Table 1.1 summarizes . the .
statutory material.) v

The legal models articulated by the ]1sted statutes and cases. range
in complexity from very simple to very detailed. Some cases equate geo-
thermal resources and water, while others state a complete description:of
the physical system. A1l such definitions are strictly limited to the
scope of the statute or the case in question; different definitions may
serve different purposes.
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‘1hb1é 1.1

- OVERVIEW |

STATE LANS' AND REGULATIONS
»;-eEoTHERMAL RESOURCES .. -

Definitions

'? 'Characterizat1on
RS Scope :
.State Law

- Leasing Regulations:

Drilling Regulat1ons

procedure -(Ch. .82).:

California Code and Steam Act.
Unc]ean byproducts, probably mineral.
State lands 38.05.181 (c)(1 & 2).
38.05.181 (1971).

11 AAC 84.700 to 84.720 (1974).

11 AAC 94. 730 (1974)

Geothermal regu]ations refer to genera] m1nera1 1eas1ng -
* A1l regulations. and -law compiled in

"Regulations and Statutes Pertaining to Coal and Other

Definitions:
.J11Characterization

’l;iwiéScope.““'
0. State law:. . -

| Leasing Regulatfons:

Drilling Regulations:

- .‘Leasable Minerals on Alaska Lands as Contained in the
Alaska Administrative Code and the Alaska Statutes,"
..+ Division of Lands, Department of Natural Resources, State
;”xof Alaska, September 1974.

Steam Act
Unciear.
A1l lands in state, sec. 27-659.

Art. 4, sec. 27-651 to 27-666
(Ch, 152, Laws 1972).

‘Land ' Department Regulations, Ch.5,

Art. 21 (R12-5-801 to 811).

"General Rules and Regulations
Governing the Conservation of
Geothermal Resources," 0il and:Gas
Conservation Commission (Title 27, -

Ch, ‘4, ‘Art. 21}, 1972.
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California:

Colorado:

Hawaii:

Table 1.1 (cont'd)

Definitions:
Characterization:
Scope:

State Law &
Leasing Regulations:

Drilling Regulations:

Leases and Permits:

Definitions:
Characterization:
Scope:

State Law:

Leasing Regulations:

- Drilling Regulations:

Definitiohs:

Characterization:

Scope:

State Law:

.California Code.

Not water, unclear as to mineral.

“State Lands, sec. 6904 and all land
-in state sec. 3715.

“Geothermal Resources Act of 1967"

Public Resources Code, Div. 6, Part
2, Ch. 3, Art. 5.5 (Statutes of

1967, Ch. 1398) ‘also Ch. 4, secs. .

3714.5, 3723,5, and 3728.5 (1974).
PRC, Div. 3, Ch. 4. California Laws
for Conservation of Geothermal
Resouces. (0il1 and Gas Publication
#PRCO2). EREE

2 Cal. ‘Admin. Code 2250 et seq.

Steam Act.

Not watef‘or mineral.

AT1 land. Sec. 100-10-109.

gt Sother oo et

Colorado Revised Statutes--1963 as
amended.

State Board of Land Commissioners

a) "Special Rules and Regulations
Relating to Geothermal Resources
Leases" (Form #248-1) 1972.

b) "Lease Form" (Form #248-2) 1972.

(pending) Department of Natural
Resources, 0i1 and Gas Conservation
Commission.

California Code.

Mineral.

A11 lands, sec. 182-1, (3 & 4).

Ch. 182 (Government Mineral Rights)
as amended (H.B. 2197-74).




1daho:

Louisiana:

T *:f’Dri‘u'ingfneg;n;mns;,:

Montana:

. Defiﬁifions?,ff7

"Deflnltions

;:Table 1.1 ((cont'd)

Leasing . Regulations &
. Drilling Regu]ationsA

Characterization:

Scope:

"Staté_Law:"”'
Leasing Regulations:

Drilling Regulations:

Definitions:

Characterization:

Scope:

State Law:

'JVLéagjhg‘Régulafiéﬁsf

' *T‘Characterization.]fi

. Scope:

State Law:

33.

“Regulat1on of Geothermal Mining on
State Lands and Reserved Lands in
Hawaii" (DRAFT).

. California Code.

Sui generis.

A1l wells in state sec. 42-4003, =
42-4012 and state lands 47-1601.

"Idaho Geothermal Resources Act"
(1972) sec. 42-4001- (amended 1974)
42-4015 and 47-1601 through 1611
(1972).

"Rules and ﬁégUlafidns Governing the
Issuance of Geothermal Resources
Leases," Board of Land Commissioners,
1974.

"Dr1111ng for Geotherma1 Resources:
Rules and Regulations and Minimum

Well Construction Standards,"”

Department of Water Resources, 1975.

Steam Act.
Not mineréir‘n: 

State Lands sec 802 A1l lands

sec. 807.

Title 30, Ch. 7 (Act 735; 1975),
Ch. 8 (Act 784; 1975).

(pending) State Mineral Board.

(pending) Department of Conservation.

' Idaho modification of California Code.

Sui generis.
State lands sec. 81-2601.

81-2601 to 2613 (Ch. 111, L. 1974);
HB 581 (1975); amends sec. 70-820;
SB 79 (1975) amends sec. 60.
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Nevada:

New Mexico:

Table 1.1 (cont'd)

* Leasing Regulations:

Drilling Regulations:

- Definitions:

Characterization:

Scope:

State Law:

Leasing Regulations:

Drilling Regulations:

Definitions:
Characterization:

Scope:

State Law:

“Geothermal Rules and Regulations,"
Ch. 6, Title 81, Montana Administra-
tive Code, 1975.

nGeothermal Investigation Reports,"

36-2.8(14), Montana Administrative
Code. .

Only heat/energy.’
Not water, not mineral.

State lands AB 158. A1l lands
SB 158.

Title 48, secs. 2 to 5, Nevada
revised Statutes (S.B. 158; 1975);
NRS 322.030 to .060 (A.B. 158;
1975).

(1easing moratorium on state lands
since 1967).

(geothermal regulations pending)
State Water Law and well drilling
regulations.

California Code.
Not water.

A1l lands sec. 65-11-6. State lands
7-15-3.

"Geothermal Resources Act," 7-15-

1 to 28 (Laws of 1967, Ch. 158);
"Geothermal Resources Conservation
Act" (Laws of 1975; Ch. 272); 72-20-
5(D) (Laws of 1975; Ch. 289).

Energy Resources Act (Laws of 1975;
Ch. 289) 65-13-1 to 16 sec. 65-13-1
to 16. Sec. 63-18, Laws of 1967,
Ch. 143 and Energy Research Develop-
ment Act 65-12-1 to 8.




Oregon: -

Texas:
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‘' Table 1.1 (cont'd) -

+ Leasing Regulations:
DrilIingAReguietieﬁs:

MDefinltions

. ,%HCharacter1zat1on

Scope:

©State Lawi

" Leasing Regulations:

*‘Dri111ng“§egu1atiohs:

:Definitions

B Characterization

Scope.

© State Law:
"Leasing Regulations:

“'Dri11ing Regulations:

"Rules and Regulations Relating to
Geothermal Resources Leases," State
Land Office, 1971 Also sec. 7-15- -
1 Laws 1973. : .

"Geothermal Resources: Rules and

Regulations," 0i1 Conservation
Commission, 1974. Do

Uniqee:

. Not minera] not water

~ State lands Ch 51 Sp. Sess. 1974,

al] lands 522 050(2)

Geotherma] Resources Act 1971 secs.
522.010 through 522.990. H.B. 2040;
1975 (amending 1971 “Geothermal
Resources Act"); H.B. 3185; 1975
(geothermal heating d1str1cts)

 “Geothermal Lease Regulations," 75-

010 to 75-605, Division of State
Lands (Revised 1975).

"Geothermal Regulations," Ch.632,
Div. 2 (200-005 through 20-170),
Oregon Adm1nistrat1ve Rules Compila-

tion, 1972. -(Department -of Geology
and M1nera1 Industr1es)

Steam Act

None.

A1l lands SB 685 sec. (4)(a), State
lands 1b1d at sec. (5)(a).

| ”Geotherma] Resources Act of 1975"
(S.B. 6855 1975).

‘(pending) State Land Office, School

Land Board.

. "Ryles and Regulations Governing

Drilling and Producing on Permanent
Free School Lands," School Land
Board, 1974.

"Rules Having Statewide General
Application to 0il, Gas, and




Utah:

Washington:

Table 1.1 (cont'd)

Definitions:
Characterization:
Scope:

State Law:

Leasing Regulations:

Drilling Regulations:

Definitions:
Characterization:
Scope:

State Law:

Leasing Regulations:

Drilling Regulations:

Geothermal Resource Operations
within the State of Texas," (051.02.
02.000 to 051.02.02.080), Texas
Railroad Commission, 0i1 and Gas
Division, 1976.

None.
Water.
A1l land in state 73-1-20 (1).

Sec. 73-1-20 (Ch. 189; Laws of
1973). :

"Rules and Regulations Governing
the Issuance of Mineral Leases,"
State Land Board, 1973.
"Geothermal Steam Lease and Agree-
ment" (1973) (The lease form con-
tains the regulations).

"Rules and Regulations of the
Division of Water Rights for Wells
Used for the Discovery and Produc-
tion of Geothermal Energy in the
State of Utah" (DRAFT, 1975).

Unique.
Sui generis.

A11 lands 79.76.060 and 070.

nGeothermal Resources Act" (Sub.
H.B. 135; 1974).

"Geothermal Leasing Policy," Depart-
ment of State Lands (DRAFT, 1975).

"Geothermal Rules and Regulations,"
Department of Natural Resources
(DRAFT, 1975).

The Board of Natural Resources -must approve all regulations.




Wyoming:

Federal -

Statutes:

- Scope:”

n¢ State Lay; :
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Table 1.1 (cont'd)

Definitions:

Characterization:

, Leasfné Regu]atfonsﬁih

As water.

Water resource.

AN lands in state sec 41 121(b)

 Sec. 41-121 (1973) Geothermal steam;
. and hot water a water reSOurce. :

."Ru]es and Regu]at1ons Govern1ng

the Issuance of Geothermal Resource
Permits and Leases," State Board of

g ;Land Commiss1oners, 1975

- Drilling Regulations: -
. A , Commiss1on
| ; Definitibnszgz,:tm"é
' Characterization: .:
Seope:”

o FederaTILaw5 f;zy:i',,
“ I “""“1970 30 usc, secs. 1001 to 1025

AR I

(pending) 0i1 and Gas Conservation

:eStean'AEt,
‘May be mineral.

'Federal lands ‘sec. 1002

Ch. 23 Geothermal Steam Act of

; ,Based on "State Laws and Regu]at1ons Regard1ng Geotherma] :
'Resources“ comp11ed by the . - ‘

" Renewable Energy Resources PrOJect
National Conference of State Leg1s1atures
1405 Curtis’ Street, Suite 2300

e Denver, Colorado 80202 . el
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Alaska.

A. Definition: Exposition. The definition section of the Alaska
Geothermal Resources Act of 1971, sec. 38.05.18] (q),(1) and (6) (A-D),
caféfu11y tracks at part (6) therlanguage'set out in the California
Geothefma] Steam Act of 1967 at sec. 6903. The act goes on, in part (6)
(A-D), to set out the definition as contained in the Steam Act at sec. 1001,
(c). Finally, in part (q) (1) the definition of byproducts as set out in
the Steam Act in sec. 1001 (d) is included.

-B. Definition: Analysis. The hybridizatioh of the models contained
in the Steam Act and the California Code gives Alaska a Tegal model which
includes the heat source, heat transfer mediums, and contaminants. The
heat source is not distinguishéd from the ordinary heat flow regime of the
lithosphere. The heat transfer mediums do include artificially injected
substances. And the contaminants do not include natural gas.

The situation with regard to "byproducts" is very confused. "Byprod-
ucts" are explicitly defined in sec. 38.05.181, (q),(1) in the exact fashion
as they are in the Steam Act. The inclusion of the provisions of the
California Code also provides for at least part of the listing from the
Steam Act, but with a significant difference. Those minerals which are in
solution (not including those only in association with) with the heat
transfer mediums, without regard for value or producibility, are part of
the resource under (q)(6). But the definition of "byproducts" includes
such minerals in solution only if they meet tests of value and producibility.
Further, such minerals, if they are to be byproducts, are in solution or in
association with "geothermal resources," which already includes the same
minerals. The confusion persists in other provisions of the act such as
part (1)(1) which equates geothermal steam with other byproducts.

C. Characterization. The confusion which exists with regard to the
definition of the term "byproducts" exists also with regard to the charac-
terization of the resource. Part (e)(2) provides that if a byproduct is
present in valuable amounts, the director or others may order its produc-
tion. However, "the production or use of those byproducts is subject to
the rights of holders of preexisting leases, claims, or permits covering
the same land for the same minerals. This removes "byproducts" which
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would be part of the resource--assum1ng they pass the test set out in (q)
(1)=-and produc1b1e ‘Under a geotherma] lease from the scope of the geotherm-
al resource. " Subord1nat10n to m1nera1 1eases may s1mp1y be equ1ty, or 1t '
‘may s1gna1 that ‘these va]uable byproducts are part of the minera] estate

- Part (1)(5) prov1des that in cases where a geotherma] lease is no
Tonger produc1ng paying amounts of geotherma1 resources—-1nc1ud1ng byprod—
ucts--but can produce va1uab1e amounts of byproduct m1nera1s, it may be
converted into a ‘mineral lease. This section may 1mply a different intent
than {q) (1) discussed above ‘since it c1ear1y 1nd1cates that product1on
of these: m1nera15 under ‘a geotherma] lease requ1res no additional mineral
lease. However, it again recognizes equity or ranks the byproducts chiefly
as m1nerals and’ part of ‘that estate. S

" More ‘direct’ sections, such as (e)(]), 1nc1ude geotherma1 resources
w1th “"other minera1s." Section (c)(3)(F-G) treat a geotherma] lTease in
the same manner as a nﬁnera1 Tease by prov1d1ng surface easements ‘and other
similar requ1rements. Part (j)(5) reiterates ‘this pos1t1on However, part
(k)(1)(A-B) d1st1ngu1shes ‘steam, bi-ines W1th m1nerals and assoc1ated
gases from mlnerals and ‘chemicals for purposes of royalty payments This
would seem to imp]y a cIear d1stinction between geotherma] resources and ‘
the mineral estate '[50]." ' T
oD, Summary. "The Tegal mode] app11es to state lands and not to
pr1vate lands.”’ Geothermal resources in ‘Alaska, ‘under the prov1s1ons of
this ‘act, “include thé heat source with no d1st1nct1on from norma1 thermal -
gradients; the heat transfer‘med1ums, ‘and ‘some of ‘the contam1nants of sa1d
mediums under some c1rcumstances. The geothermal resource seems to p1ace
byproducts squarely 1nto the m1nera1 estate w1thout clear]y 1dent1fy1ng the
character of the whole resource.; ‘ R
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Arizona.

A. Definition: Exposition. The Ar1zona Geotherma] Resources statute,
Art1c1e 4 Sectlons 27-651 to 27- 666(1972) fo1]ows the language of the
Steam Act. It departs from this language 1n the title--Geothermal Resources
--which is more inclusive than the federal title. It adds to part (5)(c)
of -651, the phrase, "including any artificial stimulation or induction
thereof." And the Arizona statute eliminates the "byproducts" section and
substitutes part (5)(d) which includes as part of the resource "[a]lny
minefal or minerals, exclusive of fossil fueTs and helium gas, which may be
preseht in solution or in association with geothermal steam, watefs, or
brines." _ , , U
B. Def1n1t1on Analysis. The Arizona'act, in part (5)(c), clearly
means something other than fluid injection when it speaks of "stimulation
or 1nduct1on thereof.” What is meant becomes clear by reference to sec.
27-651 (10) and 27-655; part (10) provides that the definition of wells
includes wells "drilled for the purpose of stimulating the heat of a form-
ation or for the creation of heat in a format1on by nuclear or any other
form of energy." Sec. 27-655 provides that the commission "sha]l have
jurisdiction over any stimulation, induction or creation of a geotherma1.
resource." Thus, the Arizona act adds to the model expressed by the Steam
Act the notion that the heat for such a resource may be added to the system
by artificial means. This is a unique provision and raises questions about
the meaning of geothermal energy systems for this state. Such a provision
means that a geothermal resource is not restricted solely to magmatic heat
for its energy. ’ ,

The Arizona act also eliminates the economically and technically ‘
complex definition of byproduct that is found in the Steam Act. It sub-
stitutes for this a simple inclusion of heat transfer medium contaminants,
as long as they are minerals. This would seem to include natural gas,
except for the provision for the exclusion of fossil fuels. The act would
therefore not include the solute natural gas of the geopressured resources.

The act suffers further from the criticisms previously leveled at the
Steam Act's failure to define geothermal formations. These formations are
defined by reference to the named products of geothermal processes, none of
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wh1ch said products is character1st1c of geopressured reservoirs. Hot rock
massifs are also apparently left out. o
" 'C. Characterization. The only section of the act which seems - to bear
on theé character of geotherma] resources 15 sec. 27-652. This sect1on, in
parts (A-D), d1st1nguishes geothermal f1u1ds “from water, both surface and
subsurface. Part A provides that "contamination of any waters of the state
by waste from underground geothermaT reservo1rs" is to be prevented.
Part B provides that. "3 we11 for geotherma] resources under1y1ng a usable
groundwater aqu1fer sha11 be constructed~so as to avoid contamination of
‘such. aquifer.”. Part C provides that “[D]1sposa1 of water of brines from a
geothermal well: .'.;. 'shall not damage v under1y1ng groundwater ..
‘or C surface water “‘ Part D prov1des that “malntenance of the . . .
geotherma] resource, . . . ma1ntenance of the qua11ty of surface and other
ground waters may requ1re comm1sswon aCtTOH _ ) R
Summary . The 1ega1 model applies to alT Tands in the state In as
much as the Ar1zona statute fo]lows the Steam Act it conveys the same type
of Tegal model, 1 €y heat (1nc1ud1ng exogenously supplied heat), heat
transfer med1ums and some but not all contamlnants There is no clear ,
descript1on of the system or systems wh1ch are in fact 1nv01ved 1n geotherm-
al energy resources. The act falls to supp]y any cTear-cut characterizatlon.
Parts of the section sett1ng out powers of the comm1551on seem to 1mp1y that
geothermal resources are not water.
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California.’ ,
A. Definition: Expos1t10n. California enacted 1ts geotherma] statutes
in 1967 predating the Steam Act. It.chose to express a,someuhat,different

Iegal model in its code prov151ons. These provisions are set out in full
for ana]y51s. '

Sec. 6903 "For purposes of this chapter, .'Geothermal
Resources' shall mean the natural heat of the earth, the
energy, in whatever form, below the surface of the earth
present in, resulting from, or created by, or which may be
extracted from, such natural heat, and all minerals in solu-
“tion or other products obtained from naturally heated fluids, -
brines, associated gases and steam, in whatever form, found
below the surface of the earth, but excluding 011, hydrocar-
~ bon gas or other hydrocarbon substance "[5]

B. Definition: Ana1y51s Th1S 1ega1 mode] begins w1th the centra]
feature of geothermal systems, heat. It prov1des that the energy i
resulting from, or created by, or which may be extracted from,“ heat is
also part of the resource. This clearly covers pressure as well as heat,

SO pressure is part of the resource. This broad-based definition also
clearly includes hot rock massifs and geopressured fluids because of the
phrases "in whatever form" and "present in" and "resulting from." The
energy or enthalpy of impermeable hot rock massifs is "present'in" the
massifs [52]. And geopressured fluids are those "resulting from" paleo-
thermic reactions [53].

Solute minerals and other substances are part of the resource, but
interestingly enough the heat exchange mediums themselves--i.e., the steam,
brines, fluids, and gases--appear to be excluded. The statute reads
"'geothermal resources' shall mean . . . heat of the earth, the energy . . .
and all minerals . . . or other products obtained from . . . fluids, brines,
. . . gases and steam." Note that the statute does not put an "and" in
front of "fluids, brines, . . . gases and steam." This limits the resource
to energy--heat and pressure--and to the contaminants of the heat transfer

medium only, unless "other products" is interpreted to mean and include the

heat transfer medium.

It should also be noted that the exclusion of hydrocarbon gas appears
to leave the solute methane of the geopressured systems out of the resource
model. In addition, the phrase "naturally heated fluids" may include heat
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transfer mediums whose source of heat is the ordinary thermal gradfent
rather than any near-surface intrUSives. The phrases "natural heat of the
‘earth" ‘and “such natural -heat" also fail to mention such 1ntrus1ons and
could be taken to refer to the same normal thermal grad1ent

C. ‘Characterization. Provisions coveringhleas1ng on all lands in
" the state appear to make a strong distinction between water resources and
geothermal resources [54). 'Sec. 3742.2 provides for certificates of pri-
mary purpose which create a rebuttablé presumption of absolute title to
geothermal resources from wells which are primarily for the purpose of -
producing .said geotherma1 resources and "not for the -purpose of producing
water usable for domest1c or 1rr1gat1on purposes“ [55] "Secs. 3714, 3716,
3718, 3740 3741, and 3746 all make similar. d1st1nct1ons. Furthermore,
Division 7 of the California Water Code, at sec. ]3710(1967) clearly
- declares that water wells.do not: 1nc1ude\"o11 and qas we]ls, or geothermal
we1ls."' This seems to'settle the matter that under Callfornia law geo-
"thermal resources are not water resources. »p’ ’
‘ . The case W1th regard to ‘the mineral classif1cation 1s not so clear.
The acts do not’ appear to make any aff1rmative dec]arat1ons concerning the
'character of the geotherma] ‘resources as minerals. Severa] articles juxta-
pose m1nera1s and geotherma] resources, though not always cons1stent1y
Sec., 6906 of the Public Resources Code recites‘that conf11cts as between
. geothermal leases and "1eases of the same 1ands for . . . other minerals"
will be resolved on the basis of multiple use. This 1mpl1es that geothermal
_ resources are m1nerals. However, Sec. 6913, dea11ng w1th roya]ty rates,
distinguishes_roya}ties_onvsteam,,mjneralé]aden.brjne,pand associated ‘gases
from royalties on minerals and chemical compounds [56]. '

Summarz. The lega] model conveyed by the Ca]iforn1a Code provi--

‘ s1ons applies to both state and pr1vate lands. It includes the heat of the

'”fearth,~though it fails to distinguish this from the’ extraord1nary enthalpy

of ‘geothermal deposits; ‘it includes the contaminants of the heat exchange
mediums, but it appears“tO'omit'the heat transfer mediums .themselves. ~ The
resource ‘is ‘characterized as not water, but it is not c]ear from the code
prov1sions whether it is regarded as a m1nera1 ' - o




44

Co]orado.

A. Definition: Exposition. The definition section of the Colorado
Geothermal Resources Act (1974)[57] follows the general format of the Steam
Act. Sec. 100-10-103 defines "Geothermal resources" and "Geothermal
byproducts" in parts (6)(a and b), and (4) respect1ve1y. Part (10) of th1s
section also defines "Pool" and part (7) defines "Geothermal Resoqrce Zone.'

"Geothermal Resources" (rather than "geothermal steam and associated
geothermal resources" as in the Steam Act) means "geothermal heat and
associated geothermal resources including but not limited to [58]

100-10- - (I) Indigenous steam, other gases, hot water, hot brine, and all
103(6)(a) other products of geothermal processes;
~ (II) Steam, other gases, hot water, hot brine, and a11 other ,
products of aeothermal processes resulting from water, brine,
steam, air, gas, or other substances artificially introd duced into
subsurface formations; and
(III) Natural heat, steam energy, and other similar thermal energy
in _whatever form found in subsurface formations.

& (6)(b) For purposes of this article, such term shall not 1nc1ude therma]
energy contained in mineral deposits (including deposits of coal,
0il shale, crude 0il, natural gas, and other hydrocarbon sub-

- stances, and 1nc1ud1ng other substances and materials associated
and produced in connection with such minerals) which are explored
for, developed, and produced primarily for the mineral value
thereof and not pr1mar11y for the thermal energy contained
therein.

& (4) "Geothermal By-product" means any substance which remains after
thermal energy has been removed from geothermal resources, includ-
but not limited to cooled waters, solution minerals, chemical
compounds, extractable salts, rare earths, and other m1nera1

substances.

& (10) -~ "Pool" means an underground reservo1r containing an accumulation
of geothermal resources. . .

& (7) "Geothermal resource zone" means the geologically 1dent1f1ab1e

portion of the earth from which a geothermal resource is obtained.

B. Definition: Analysis. The legal model articulated by this statute
is similar to that of the Steam Act, because of the borrowed language and
structure. This statute emphasizes the enthalpy of the resource.in many
different ways. Sec. (6)(a) opens with a change from geothermal steam to
geothermal heat. Part (III) explicitly describes "natural heat" and
"similar thermal energy." Sec. (6)(b) distinguishes the geothermal resource
from other geologic deposits which, though they contain thermal engrgz, are
produced for their value as commodities. Sec. (4) defines byproducts as
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‘those things left after the "thermal energy_has been removed " Sec (12)

'vdeflnes "waste“ in terms of d1m1nut1on of totaT recoverab]e thermal energy

v There is some question whether ‘the energy contained in geotherma]
resources as pressure woqu be part of the resource under th1s def1n1t1on
Pressure 1s not enumerated 1n Sec. (6)(a)(III) where1n the var1ous forms of
energy ‘are Tisted. “The term "steam energy" may include pressure. Theu '
adm1n1strat1ve tax court 1n Reich [59] argued that ", . steam is . . .

:heat and water comb1ned in a ‘way which resu]ts in tremendous pressure“ [60].

Such’ a read1ng of 'steam energy“ might 1nc1ude pressure, 1n sp1te of the
1mproper1y drawn conclus1on that steam always expresses energy as pressure
Sec (6)(a) probabTy 1nc1udes pressure by v1rtue of the saving phrase "but
not 11mited to.“
The statute recap1tu1ates in Sec (6)(a)(I) the heat transfer med1ums
11sted in the Steam Act “but. corrects an omiss10n there of gases as pos-
sible med1ums. Sec.,(G)(a)(II) adds further to the T1st "other substances”

~and "air,

The Colorado statute substant1a11y changes the 11st1ng of contam1nants
of heat transfer mediums. The byproducts sect1on in the Steam Act 1dent1-
fied sa1d contam1nants. Th1s sect1on of the Co]orado statute adds to the
list of th1ngs thCh may be found in ‘the heat transfer med1ums one of the

‘med1ums itself. Sec (4) includes ”cooled waters,“ thus changing byproduct

from a s1mp1e list of contam1nants to a list of a11 those th1ngs left over
after the “thermal energy" has been extracted [61] ‘Would soTute natural
gas be incTuded as a "byproduct“? The sav1ng phrase,:"but not Tlmtted to"
seems to include solute methane.{,'

k Interest1ng]y enough, the section wh1ch def1nes byproducts is not
unambiguous]y 1nc1uded 1n “Geothermal resources" by reference. This is, of
course, a very 1mportant 1ssue.; The Steam Act unamb1guousTy includes by-:
products by 11st1ng them under "geotherma] steam" and so forth as sec.leOl
(c)(iv) and (d) ‘The: CoTorado statute does not 1nc1ude "byproducts" in the
similar section (6)(a) and (b) Carefu] read1ng of the remainder of the
statute 1dent1f1es much internal contradict1on. Sec 100 10-103 (8) def1nes

‘"Owner“ as a person with r1ghts over the “Geotherma] resource L Teaves

out any ment1on of “by product " Sec 112 3-13 on “Leases“ ment1ons on]y

_“GEOTHERMAL RESOURCES“ and om1ts "by products.“ Sec. 12- 3 15 does the |
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same, as do secs. 112-3- 16, 112- 3- 26, and 112 3- 48 However, sec. 112-3-48,
in part 2(b) provides for royaIties on both the resource and its byproducts
Sec. 100- 10 106,(1) also includes geotherma1 byproducts It is therefore
quite unclear whether "by-products" are exp11c1t1y included, though ‘the v
saving phrase, "but not 11m1ted to" may have the effect of so 1nc1ud1ng |
them. ’

Geopressured geotherma] resources and hot rock massifs appear to be
" included in the 1ega1 model, by virtue of the saving phrase "but not 1imited
to." However, part G(b) appears to prov1de that geopressured reservoirs
which can ‘be deve10ped commerc1a11y for their so]ute natural gas content
alone wou]d not be part of the listed geotherma] resources. This read1ng,
if correct, would make it 1mposs1b1e for a prospective geotherma] operator
to perfect a lTease for geopressured geothermal resources in such a case,
unless the operator also secured the m1nera1 lease as well.

C. Characterization. The Colorado statute seems to character1ze
geothermal resources as something other than water or mineral. Sec. 100-10
-106 extends the same powers of the commission to geothermal resources
that it has over oil and gas. This seems to imply differing characters.
Sec. 100-10-107 provides that existing water law requirements'are not
altered (see parts 1, 2, and 3). Part 4 of this section prov1des, however,
that such required water law permits app]y _glx_where the geothermal oper-
ation would appropriate or use "ground waters" of the state. This may
imply, depending on the exact meaning of "ground water," that most types
of geothermal resource wells will not be considered water wells and that
the resource itself is not considered water.

Sec. 112-3- 13 on leases, prov1ded for a clear distinction between
geothermal resources and mineral resources. "If GEOTHERMAL RESOURCES OR
stone, coal, oil, gas, or other . . .MINERALS" seems to convey the log1ca1
propos1t1on that "geothermal resources"‘or minerals are the subject of the
clause. An inclusion of geothermal resources with minerals would have
read, "geothermal resources and minerals."” _ _ ‘ v

- Sec. 112-3-15 prov1des that the state may join in deve]opment of “oil,
gas, or geothermal resources. " This seems to have the effect of distin-
guishing geothermal resources from oil and gas, traditionally regarded and
leased as minerals. Sec. 112-3- 26(1) reads to the same effect, and distin-

ﬁi-f

c
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guishes geothermal from "coal, asphaltum, oil, gas, and other 1like:sub-
stances."“ Sec. 118 6-21 exp11c1t1y recwtes that with regard to ]eases
predat1ng the. act "1t shal] be presumed that reference to minerals.or
mineral r1ghts does not 1nc1ude geothermal resources unless geothermal ,
resources are spec1f1cally mentloned " And for leases antedating the act,
' reference to mlnerals or m1nera1 rights sha]] not 1nc1ude geothermal
resources un]ess spec1f1ca11y ment1oned " Th1s expresses a clear. pol1cy
wh1ch dec1ares that geothermal resources are not m1nerals [62] :

. Summarz The 1ega1 mode] app]ies to all lands 1n the state The
Co]orado Geotherma] Resources Act of 1974 re1terates the genera1 1ega] o
model ‘of the Steam Act.r It prov1des that heat transfer med1ums contam1- |
nants of those med1ums (w1th _some modif1cat1ons), and heat energy are_
parts of the resource._ The act appears. to 1nc1ude natura] gas, but to
exclude some types of geopressured reservo1rs wh1ch are valuable for the '
gas alone. The geothermal resource 1s character1zed as not water and not
m1nera1
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~ Hawaii.

A. Definition:’ Exposition The Hawa11 statute, Act 241(1974) amend-
ing Section 2, Part 182-1 Hawaii Revised Statutes, at Subsection (8),
exact]y reiterates the definition contained in the Ca11forn1a Code at sec.
6903. It supplements this definition with a declarat1on, in subsec. (1),
that "'Minerals' . . . means . . . a11 other mineral substanees . e in-
c]ud1ng al] geothermal resources." - -

B. Definition: Ana]ys1s. The legal model includes the natura] heat
of the earth, without reference to extraordinary heat flow; ‘and the contam-
inants of the heat transfer mediums excepting oil, gas, and other hydro-
carbons. It‘bmits the heat tranSfer med1ums themselves The definition"bf
geotherma] resources as ‘mineral is more germane to the quest1on of charac-
terization of the resource than it is to any legal mode], as can be seen by
consider1ng the long list of substances conta1ned in subsec. (1). It
begins with hydrocarbons, technica11y not minerals, and goes on to include
gaseous and liquid mineral deposits, as well as the geothermal resource.

C. Characterization. The Hawaii statute is quite clear on the point
of characterization. Geothermal resources under subsec. (10) are minerals.
Subsecs. (7-8) reinforce this definition by reference to mining opera-
tions and mining leases which place geothermal resources with mineral dep-
osits. They are also the property of the state until severed [63].

D. Summary. The legal model applies to all lands in the state. It

includes the heat and contaminants but leaves.out the heat transfer mediums.
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Idaho.

A Def1n1t1on Expos1tion The Idaho Geothermal Resources Act of
1972, in sec. 42- 4002(c) and (e) def1nes geotherma] resources in a manner
that is’ clear]y based on the Ca11forn1a Code, W1th severa1 1mportant d1f-'
“ferences. ' In part (c) Idaho dup1icates the Ca11forn1a Code down to the ‘
words "'all’ m1nerals in"s6lution or other products obta1ned from the : l“
material” medium of any geotherma1 ‘resource." - "Material med1um" 1s def1ned
by (e) in terms taken from the California Code. “'Mater1a1 Med1um means
'any substance 1nc1ud1ng, but not Timited to natura11y heated f1u1ds br1nes,
associated gases, “and ‘steam, in whatever form" [64] “This sect1on goes on
to ‘ddentify’ the ‘function ‘of a material med1um as someth1ng ”wh1ch conta1ns
or transmits the ratural heat energy 'of ‘the earth." It then goes on to
exclude petroleum, 0il, hydrocarbon gas, or other hydrocarbon[s] ‘from this
category.

B. Definition: Analysis. This is one of two statutes that explicitly
recognize the function of heat transfer mediums [65]. In spite of this
excellent definition of heat transfer mediums, it is clear that geothermal
resources do not include such material mediums [661. Part (c) reads
“1Geothermal resource' means the natural heat energy . . . and all minerals
in solution or other products" of material mediums; but it does not say
"and" material mediums. The legal model is therefore precisely the same as
California's, except that the impact of moVing the exclusion of 0il, gas,
and so forth from minerals in solution to the definition of material mediums
is to allow such substances into the resource as other products. The act
only provides that they can not be "material mediums."

C. Characterization. Part (c) contains, in addition to the California
Code provisions, a section that explicitly characterizes geothermal re-
sources. “"Geothermal resources are . . . sui generis, being neither a
mineral resource nor a water resource, but they are . . . closely related
to and possibly affecting and affected by water and mineral resources in
many instances." This characterization is followed in later sections of
the act. Sec. 42-4003(b) distinguishes geothermal waters from %aters to
be used for beneficial purposes other than as a material medium, mineral
source, or energy source. See also secs. 4004(b)(2 and 5) and 4005(b and:
e) for similar provisions. The resource is also distinguished from minerals
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by the reservation clause of sec. 47-1602
- Confusion in one section may arise from an attempt to do equ1ty in a
grandfather c1ause. Sec. 42 4003(e)(1 and 2) prov1des that users of geo-
thermal waters for 1ow-grade heat who. had a va11d water perm1t before -
January 1, 1972 and who are not 1nv01ved w1th other nonheat1ng uses do not
. need a geotherma] 1ease. Th1s 1mp11es that low-grade heat uses move geo-
thermal fluids from sui _generis to water resources. There is no elabora-
tion on this point. ‘ 7 - , T
Summarx. The legal mode1 app]ies to private lands and state lands.

It 1nc1udes ‘the natural heat of the earth without distinction from normal.
therma] gradlents, and 1t 1nc]udes m1nera15 and other substances carried
or assoc1ated with heat transfer mediums. . Natural gas appears to be in-
cluded by th1s prov1s1on
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~Louisiana.

" A, Definition: Exposition. The close resemblance of the definition
in HB 700 and SB 420 to that of ‘the Steam Act again permits an identifica-
tion of differences. Secs '681. 2 of HB 700 (1)(a-b), and 801 of - ’

- SB 420, (1)(a and b), are 1dent1ca1 to (c)(1) andi(ii) of the Steam Act.
Subsec.'(l)(c) ‘of both statutes contains a 51gn1f1cant difference: “heat,
‘dissolved natural gas, . . . ™ This has ‘the effect of lumping the comp]ex
potentia] chemical energy of methane in w1th the therma] and kinet1c energy
'ofheatand pressure ‘ S e \

“HB 700 simp]y omits sec (d) of the Steam Act ‘after repeating () (iv);
thus, “byproducts" receives no definition here. For purposes of HB 700"
there 1s a positive inc]usion of methane through sec (1)(c) and no exclu-
sion of it in any byproducts section o ‘ ‘

'SB 420 great]y complicates the legai mode] by the structure of sec
7801(2), which reads ' - R

“Byproduct" means any ‘mineral or minerals exc]uding 0i1 and’ natural
-'gas, which-are found in-solution or in associat1on with a geothermal
..resource and which have a value of less than seventy-five per centum
“of the value of the total geothermal resource if utilizele ] or [are]
‘not, because of quantity; quality; or technical difficuities in ex--
traction and production, of sufficient value to warrant extraction
and production by themselves or whosegproduction would waste or not
'fuliy utilize: the geotherma] resource. BEEEIT Lo e

, Definition Ana1y51s The model set out by SB 420 is extreme]y

' difficult to clarify Methane 1s a part of ‘the geothermal resource under
?fsec. (1)(c) yet it is not 1nc1uded as'a byproduct derived ‘from the resource
bey virtue of sec. (2). The restriction of sec. (1) of both'acts to "Geo-
therma1 ‘resources” rather than "geotherma1 steam and assoc1ated ‘resources”
under the Steam Act may ‘be significant here. Vet S$B 420 includes byprod-
ucts’ as part of the geotherma] resource, by virtue of (1)(d): This means
‘that methane. a part of the resource, can not be a "byproduct“ (1 e., a8
'Apart of the resource) by explicit exciusion.' There are further textual
’difficulties with this statute [67]. i TR DA,

‘ ‘Far more important, in Tight of ‘the’ presence of geopressured geotherma]
systems in Loui51ana and in view of the imp]icit ‘intention to inc]ude such
:’systems 51gna1ed by listing natural gas in sec (c), 1s the fa11ure to




52

explicitly name such systems under the category of products of geothermal
processes. If the reasoning applied to the Steam Act istva1jd,,then."geo_
thermal formations" as found in sec. (c) are defined by looking to the
named types of geotherma] processes in sec. (a). ‘Since sec A(e) faiTs to
mention geopressure, this type of format1on is not included in sec. (c).
Therefore, neither heat, nor methane, nor assoc1ated energy from geopres-
sured resources comes under the act. In add1t1on, hot rock mass1fs appear
. to be omitted. ﬁ

The rule that courts W111 construe a statute to support 1ts 1ntent1on
may not be of much help here. Act 784, SB 420, fa11s to ment1on geopres-
sure anywhere though sec. 801(c) does hint at it. Act 735, HB 700 does
explicitly mention geopressure, not only in the title, The Louisiana Geo-
thermal and Geopressure Energy Research and Development Act but also in
the findings clause. Unfortunately this act a]so in sec. 681.1(9) exp11c-
itly declares that its intention is to "prov1de the framework and gu1de- ‘
lines for the state, through the State Department of Conservation, to begin
concerted efforts.“ And sec. 681.3, which describes the powers and duties
of the department, nowhere specifies leasing, though many different sorts
of research and evaluation tasks are enumerated.

The inclusion of a reference in Act 784, the leasing act, sec. 807, to
a grant of full regulatory authority "over all drilling and producing oper-
ations under a geothermal lease . . . [to] the state department of conser-
vation" does not alleviate the problem since the new geopressure-geothermal
research and development act, though part of the conservation statute, does
not cover leasing. Thus the act that provides for leasing does not include
geopressured deposits, while the act that does include such deposits does
not cover leasing. Furthermore, sec. 808 of 784 provides that,geotherma]
leases are subordinate to and may not interfere with oil, gas, or minerel
leases. This section would have the impact of allowing gas leases for
development of the geopressured reservoirs for only the solute natural gas.
This production would take place under a gas lease and no geothermal lease
- could {nterfere with it. Clearly geopressured reservairs with.paying quan-
tities of natural gas are not part of the geotherma] resource. .

C. Character1zat1on. The Lou1s1ana statutes do not exp11c1t1y rec1te
any positive characterization of the geothermal resource. However, in

C
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Act 784, at sec. 808, the act provides that geothermal Teases are subordi-
nate to and may not 1nterfere w1th oil, . gas, or m1nera1 1eases. This
c]early 1ndicates that geotherma] resources are not m1nera] resources. ,

Summarx. Louisiana, then, presents two d1st1nct 1ega1 models,,.
HB 700 and SB 420, wh1ch apply to state and private lands., HB 700 reiter-
ates the model of the Steam Act w1th the exception that it omits -any def-
inltion of “byproducts" and adds to the class of energ1es potent1a1 chem1-
cal’ energy in the methane. SB 420 carries out this same mode], except
that it re1terates fr@n the Steam Act the def1n1t1on of contam1nants
which will be considered part of the resource. The om1ss1on of exp]ic1t _
reference to geopressured f1u1ds 1n sec. l(a) appears to render inconsequen-
tial the 1nc1usion of methane in sec l(c), sinoe methane is, found only in
such geopressured reservoirs. But 1n any case geopressured systems seem
to drop out of the model expressed by both acts [68] '
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Montana.

A, Definition::‘Exposition.‘ Montana has two statutes . .bearina on
geotherma1 resources’[69] The leasing statute, sec. 8] 2601 to-2613,
def1nes the geothermal resource in terms 1ndent1ca1 to those used by Idaho
at Section 47-1602. This is the Ca11forn1a Code verbat1m, down to F' or
other products obta1ned from' . . . the mater1a1 ‘medium," and so forth.
Unfortunately the act does not go on to def1ne "mater1a1 medium" as did
Idaho at sec. 42-4002(e). « . v

“Definition: Analysis. Th1s def1n1t1on 1nc]udes the heat energy,
w1thout regard for extraord1nary therma] grad1ents and the contaminants
of the heat transfer mediums. If "mater1a1 med1um" can be interpreted by
reference to the Idaho source, the legal model describes the ro]e of the
heat transfer mediums without including them.

C. Characterization. Montana characterizes the geotherma1 resource
as "sui_generis, being neither a mineral resource nor a water resource."
This section exp]icit]y repeals a provision of the Montana Water Use Act
at sec. (3) which had included geothermal waters within the meaning of
water. In addition, the act reserves, post facto and prospectively, all
geothermal resources under any lease of state or school lands [70].

D. Summary. The legal model covers state lands. It includes the
heat source and unspecified contaminants of the heat transfer mediums, but
omits the mediums themselves. The resource is characterized as sui generis.
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Nevada.

A Def1n1tion"’Expos1tion Nevada has two statutes app1y1ng to geo-
-thermal resources- [71] ‘The statutes share a common definition:’ "'Geo-
thermal resource' means heat or other associated geothermal energy found
béneath the surface of the earth" [72]. AB 'is's ch. 366, which discusses
royalties, 1nc1udes a royalty on "byproducts.”™ This provision is followed
’1mmed1ate1y by a definition of "byproduct" as “any tang1b1e substance pro-
“duced or extracted in the utilization of a geotherma1 resource.""'f'

B. Definition: Ana1ys1s. The -1egal mode] conveyed by the basic
“definition includes o _nly_the heat or energy content of geothermal systems
AB 158, ch. 366 for purposes ‘of royalty payments on geotherma1 leases on
state lands, introduces’a not1on of byproducts substantially more inclusive
than any found in other statutes: Byproducts, as ‘defined here1n, would
include any produced heat transfer mediums as well as contaminants of any
sort. However, it is unclear that "byproducts" are part of the geothermal
resource. Sec. 5 of SB 158, ch 416, provides that any water and steam
ehcounteréd‘during geotherhal“expioration are-subject to tbé"appropriation
procedures of the water acts [73]. Thus, water is not part of the geotherm-
al resource, but it can be a byproduct.  Therefore byproducts are not part
of the resource, at least with respect to state lands.” - '

C. Characterization. ' Neither act characterizes the'geotnermai re--
source explicitly. The above cited water 1aw’provision'inddcates'that” '
geothermal resources are not water, especia11y since the definition excludes
water and other heat transfer mediums. Sec. 322.040 of AB 158, ch. 366, -
distinguishes geothermal resources from coal, oil, and‘gas. This section’
?nay‘%mply“that;the“resource”is'not mineral, especially when read with the
~above - cited roya1ty prov1s1on for byproducts that comprehends a11 squte
minerals, R S R S

"D, Summary. Nevada defines Qeothermal're50urces so as to include
only heat or energy. ' The resource is characterxzed as not water, and pos-
sibly asfnot?ﬁinera1 The provisions cover ‘both state and pr1vate lands
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‘iif

New Mexico.

A. Definition: Exposition. New Mexico has at least five statutes
which mention geothermal resources [74]. Of thesé,,thkee define gedtherma]
resources. The most complete definition is found in the Geothermal Re-
sources Conservation Act (1975). This act provides in sec. 65-11-3(A) for
reiteration of the California Codé model. It further provides in part (F)
for the definition of a "'low temperature thermal reservoir,' [which] means
a geothermal reservior containing low temperature thermal water, . . . less
than boiling atb[that] altitude. .. [with]. .. value by virtue of the heat.
The Geothermal Resources Act (1967), at sec. 7-15-12,(A), also reiterates the
CaTifornia Code, but omits any mention of low temperature reservoirs [75].
The 1967 statute whiéh requires reports defihes the geothermal resource
slightly differently. This act, at sec. 63-1-8(B)(1), is identical to the
California Code only up to the phrase, "or which may be extracted from, -
this natural heat." It omits any mention of minerals or associated sub-
stances. | , |
B. Definition: Analysis. The legal model differs slight]y for each
of these statutes. The Geothermal Resources Conservation Act, like the
California Code, includes the normal heat of the earth (without distinction
of extraordinary thermal gradients) and some of the contaminants of the
heat transfer mediums. It omits the mediums themselves. The act adds to
this a classification that divides said resources into two types, hot and
warm. The Geothermal Resources Act includes only the California model;
while the reporting act includes only the energy and heat content of the
heat transfer mediums. N o

C. Characterization. None of the cited New Mexico statutes explicitly
characterizes the geothermal resource. However, some of the provisions are
indicative of characterization. Sec. 7-15-7 of the Geothermal Resources
Act provides for different royalties for the brines with minerals intact,
the steam; and associated gases as compared to minerals or chemical com-
pounds [76]. In Part (A)(8) of the same section is a provision a]]owiﬁg..
renegotiation ofhroyalties, except for minerals on lands under a mineral
reservation. This section seems to say that minerals, which are contami- (~_j
nants:of the heat transfer mediums in a geothermal system, are really part
of the mineral estate and are controlled by reservations of the mineral
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estate. Yet, if such minerals are part of the geothermal resource, the
imp11cation would be that the entire resource falls under the mineral
estate. The Resource Conservation Act provides further hints that geother-
mal resources are m1nerals in New Mex1co. The ent1re structure of the act
s based on 011 and gas 1aw, even to corre1at1ve r1ghts prorat1on to market
demand. and ratable tak1ng [77] ' '
D""Summarx. -The- 1ega1 mode] app11es to both state and pr1vate lands
The resource is not character1zed exp11c1t1y, but appears to be regarded as
a mlneral by the acts.' The legal mode] 1nc1udes the natural heat and con-

' tam1nants of the heat transfer med1ums, but excludes the medlums themselves.
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Oregon.

‘A. Definition: Exp051tion Oregon has at least four statutes
wh1ch speak to geotherma] resources [78] Two of these acts. make v1rtu-
a]]y 1dent1ca1 def1n1t1ons of the goethermal resource [79]. Oregon, in
sec. 522. 010(4) defines "Geothermal resources" to mean “the natural

of heat energy, 1nc1ud1ng but not limited to all ‘minerals obta1ned from

natura1ly or artifically i n;ected fluid, brine or associated gas end steam'

in any form whatSoever,wbut excluding 0i1, hydrocarbon gas and othef
hydrocarbon substances and hot waters of less than 250 degrees Fahrenheit
bottom hole temperature.” Ch. 51 (HB 3324 sp. sess. 1974, sec. (3)(2)
amending ORS 273.551 alters this definition by adding to "reservoirs of
heat" the phrase "steam or hot water."

B. Definition: Analysis. The definition recited in both statutes
focuses on the heat available for the production of heat energy. This

idea goes directly to the notion of availability of energy for use or work.

The idea is embodied not only in the provision that the reservoir must
be so situated as to be exploitable for the production of heat energy,
but also in the limitation to hot waters of greater than 250°F.

The Tegal model includes the "reservoirs" of heat, steam, and hot
water. This model expresses the notion that geothermal energy systems
are based on extraordinary heat flows beyond normal thermal gradient for
that area. Contaminants of heat transfer mediums are also part of the
model, but the mediums themselves are not. Furthermore, there is a
strange restriction of these mediums to injected mediums.

C. Characterization. Sec. (3)(1) of Ch. 51 characterizes the
resource as nonmineral. HB 2040 excludes geothermal resources from the
Ground Water Act of 1965 and provides for certificates which establish a
rebuttable presumption that the geothermal lease is not appropriating
water. This act goes on to declare that the resource is the property of

the surface owner, unless severed or reserved. The impact of this pro-
vision on characterization of the resource is not clear.

D. Summary. The legal model applies to state and private lands.
It includes reservoirs of heat, steam, or hot water, and some contaminants
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_ water and not mineral.
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of the heat transfer mediums. The acts characterize the resource as not
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Texas. . S L T T S ‘EﬁV}

A. Definition: Exposition. The definition in the Texas statute, the
Geothermal Resources Act of 1975, is so closely modeled on the Steam Act
that it will suffice to point out the differences. SB 685 Ch. 243 in
sec. (3) part (a)(1) mentions "and hot brines, and geopressured waters."
This inclusion clearly recognizes the limitations of the corresponding
sec. (c)(i) of the Steam Act.

Sec. (3)(b) defines byproduct quite differently from the Steam Act,
and from the Louisiana statutes. It provides that "[tlhe term 'by-product’
means_any element in a geothermal formation which when brought to the
surface is not used in geothermal heat or pressure induc[ed] energy gener-

B. Definition: Analysis. This definition ties the nature of byprod-
ucts, not to economic values, but rather to physical processes of use of
the heat transfer medium and its contaminants at the surface. The intent
of the act, based on the history of its drafting and on the language as
written, is to include as a "by-product" any contaminant which could be
withdrawn from the heat transfer medium before the medium gave up its
thermal and pressure energy in energy generation. To be more specific,

"by-products" may include the solute natural gas mentioned in the section
on the physical model of geopressured-geothermal resources if such natural
gas "is.not used in heat or pressure induc[ed] energy generation".

The mcdel conveyed by the Texas statute describes heat in specific
formations, now including geopressured reservoirs; and heat transfer
medivms as enumerated in the Steam Act. It greatly changes the nature of
contaminants admitted to status as part of the geothermal resource, allow-
ing natural gas--or any other entity--to come in if it is not used in
energy generation. Thus, substances, including natural gas, which were
- specifically excluded from the Steam Act are now potentially included in
the resource.

The impact of the model's provisions on "by-products" is understand-
able in 1ight of the widespread opinion that the newly defined geopres--
sured-geothermal reservoirs will not be worth exploiting solely for their
heat or pressure energy, but will require the added economic value of (~—j
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natural gas (at intrastate unregulated prices) [80]. This opinion?may
y1e1d to later 1nformation, 1nc1ud1ng work presented dur1ng the First
Geopressured-Geotherma] Energy Conference by invest1gators from Lawrence
L1vermore Labs (House et a1 ) wh1ch _may show that the sale of methane is
inot absolutely necessary to exp]oitat1on of the resource s

Nevertheless, the’ defﬁnit1on of "by-products“ introduces unnecessary
compl1cat1ons.v Several d1fferent systems for producing electrical energy
from geopressured flu1ds have been expTored by the Resource Utitization
section of the Phase 0 proaect, and by 1nvest1gators at Lawrence L1vermore
Labs. In at 1east one system of _power generat1on, the total flow system
favored by the staff at L1vermore, the exsolut1on of methane would contr1-
;bute to the k1net1c energy 1nput to the generator [81] This process ,
wou]d lead to the rather b1zarre result under the mode] inherent in the
statute, that natura] gas is a byproduct in b1nary work1ng fluid and ,
other systems, but is not a byproduct 1n a tota] flow system (at least
with respect to the methane that exsqutes 1n the turb1ne) " In addition,
nonelectr1c generat1on uses of the geopressured f1u1ds for d1str1ct
heating, "and so forth would class methane as a byproduct. _

fc;' Character1zat1on The Texas statute does not characterlze the
resource exp11c1t1y No 1mp11cat1ons can be drawn from any of the provi-
‘s1ons of the act
‘ ‘ y. The 1ega1 model covers both pub11c and private lands.,
It corresponds to the Steam Act, except for byproducts. It includes heat
in specific format1ons (adding geopressured aqu1fers) heat transfer
mediums, and any contaminant not used in heat or pressure induced energy
generation. = |
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‘Utah.

A; Definition: Exposition ’ In sec. 73 1-20 of the Utah Code Anno-
tated, 1973 Supplement “Utah places “a]] we11s for the d1scovery and ,
product1on of water to be used for geotherma] energy product1on“ under the
D1v1$1on of Nater R1ghts. The statute does not define the resource in any
way. "

‘ "WB. Definition" Analysis. Utah enacted prov1s1ons which do not
defwne but on]y character1ze the resource for purposes of regu]atory
contro] There is no’ v1s1b1e 1mpact on ownersh1p or 1easing w1th1n these
prov1s1ons. However, the State Land Board has adopted a rule, Rule 30 of
Rules Govern1ng Issuance of Minera] Leases a110w1ng 1eas1ng of geotherma]
resources in state 1ands Such 1eases, pursuant to Ru]e 30, w111 1ssue |
only for' Tands in which the state reta1ns a comp1ete fee s1mp1e 1nterest,
owning both surface and mineral r1ghts

C. Character1zat10n. The statute c1early places geotherma1 re- o
sources whatever they are, under water law for purposes of regu]at1on
The rule, however, places the resource under mineral leaSIng law. ’

Summary. The State of Utah has chosen not to define geothermal
resources.' Regulat1on of the development of dr1111ng programs for the
entire state will proceed under the authority of the Water R1ghts Dlv151on.
Leasing regu]at1ons for State lands have been issued which ~appear to
characterize the resource as a mineral. The legal 1mpact of th1s 7
character1zat1on embodied in a rule is not clear.
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Washington.

‘A, ‘Definition: Exposition..  The: Washington statute, the Geothermal
Resources Act of:1974, -cited as:ch, 79.76. 010-900, in sec. 030 defines L
 geothermal :-resources in a unique fashion:. - ..

""uGeothermal ‘résources" means only that natural heat eneray of
;- the earth from’ which it 1s technoiogicai]y practical to produce - -

s extracted from the earth, "in¢luding liquids or" gases, as well
as any minerals contained in any natural or injected fluids,. . .

.. brines and associated gas, but ¢ xcluding oi] hydrocarbon gas

"and other hydrocarbon substances . S

B. Definition‘ Ana1y51s Th1S definition obv1ously ties the nature
of. the resource to one particu]ar type of usage Furthermore, 1t t1es .
this usage to situations that are technically and economically fea51b1e
This p051t10n s reiterated in sec 79 76 100, which provides that "(1)
[when] [1]t 1s not technoiogica]iy pract1ca1 to . produce e]ectric1ty
v . and, (2) [when] [u]sable minerals ‘cannot be derived juris-
diction over the well may be transferred [and] the wei] shali no ﬁ
Tonger be subJect to the. provi51ons of this chapter but sha]] be SUbJECt
to,,_. laws. - reiating to . ground water " Low temperature
uses for greenhouses and 51m11ar s1tuat10ns are covered by water 1aw
according to sec. 79 76. 060 The 1ega1 model a]so 1nc]udes the heat
transfer mediums and contaminants of same excepting 011, natura1 gas, and
other hydrocarbon substances.

C. Characterization. The act at sec. 79 76 040 exp]ic1t1y charac-
terizes the resource as sui generis, being neither mineral nor water.

D. Summary. The legal model applies to public and private lands.
The resource is restricted to use for electricity and incident mineral
production. It includes the heat transfer medium and some contaminants.

The resource is characterized as sui generis.
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Wyoming.
‘A Definition"'Exposition. ~Wyoming, in sec. 41f121(b).of~the 1973

Supplement, enacted a statute placing geothermal resources under the:. . .-
Nyoming Ground Water Act, Article 9v-'Undergr0und Water. This section now

and geothermal steam, under the surface of the 1and" (empha51s in original).
This section defines ‘the resource for purposes of obtaining rights to use
and exploit such hot water and steam. = Shy

B. Definition: Ana1y51s. This definition firmiy piaces geotherma1
resources, Tow and high temperature, within the scope of Wyoming water
law. The definition fails to describe any structure for the geothermal
energy resource itself, except perhaps by default. It would appear that
in Wyoming geothermal resources are only the heat transfer fluids. No
mention is made of byproducts, or of the heat or other energy“itseif.

C. Characterization The geothermal resource is C1ear1y‘character-
ized as water for purposes of ownership in wyoming The state owns all of
the waters surface and subsurface, under the constitution. This owner-
sh1p 1s codified at section 41-2 (1957) of the Wyoming Statutes.

Summarx Geothermal resources are defined as water only. This
definition therefore includes the heat transfer mediums and no other
feature of the physical systems. The resource can be appropriated pur-
suant to Wyoming water law for private use, though 1t is the property of
the state in the first instance.
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‘Federal Statutes. ...

" A._Definition: Exposition. The full text of the definitfon section
of the Geotherma] Steam Act of 1970 15 set out to faci]1tate d1scuss1on of
1ts model of geothermal systems.

Sec. 1001 Definitions : _ ' ' - '
.. ,(c) "geothermal steam and assoc1ated geothermal resources“ means
- - (§) all products of geothermal processes, embrac1ng 1nd1g-
.“-enous steam; hot water and hot brines; - :
(i1) steam and other gases, hot water and hot br1nes
77 resulting from water, gas, or other fluids artifi-
... .cially .introduced-into -geothermal format1ons,: , .
(iii) heat or other assoc1ated energy found 1n geotherma1
~ formation; and - - :
(1v) any -byproduct der1ved from them,.s,;a :

- {(d) ."byproduct".means any mineral or minerals (exclus1ve of
oil, hydrocarbon gas, and he11um) which are found in solu-
”'t1on or in-association with'geothermal steam and which
. have.a value of less .than 75 per centum of the .value ..
of the geotherma] steam or are not, because of quantity,
“‘quality, or - technical difficulities in extraction'and - -
production, of sufficient-value to warrant extraction. .
o rand product1on by themse]ves, [82] o
B. Definition: Ana]ys1s.; On its. face, sec . (C)(l) is. far too J
inclusive since all products of "geotherma1 processes" come in as members
of the class "geothermal steam and associated resources Th1s class
would 1nc1ude coa] 011 and natural gas, most m1nerals, and other ent1t1es
which are the. results of the geothermal processes enumerated in. the
section on the physica1 mode1 This read1ng 15 not only too 1nc1usive,
but it would 1ead to . 1nterna1 contrad1ct1ons as compared to sec (d) where -
"byproducts" are defined to exclude 011 and natura1 gas 9
' The Taw has its own pecu11ar rules for 1nterpreting ambiguous and
even sometlmes perfect]y clear 1anguage.: The 1ntent of the statute is
control]ing, and courts w111 rewrite or. interpret the 1anguage so as to
give effect to the intention [83] The;c1ear;1egis1at1ye,Jntent of the .
Steam Act was to comprehend the known types of geothermal systems in 1970.
These are enumerated in sec, (c)(1) as steam, hot water, and hot brine .
systems probably roughly correspond1ng to The Geysers in Ca]1forn1a. to.
Cerro Prieto in Mexico, and to the Imperia] Valley in California. Since
the class denom1nated by sec. (c)(i) has thus been limited to these three
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types of systems, it is apparent that geopressured-geotherma1 systems are
not included. Indeed, Barnea's testimony [84] makes it clear that this
particular system was not understood until roughly two years after the
'Steam Act was passed e

It is 1mportant to note that thus far the 1egal mode1 has d1scussed
only the heat transfer mediums, and has limited this d1scu551on to the
class of fluids, ignoring the potential role of gases as heat exchange
mediums. Sec. (c)(ii) expands this d1scuss1on to include those heat
exchange med1ums drt1f1c1a11y introduced 1nto the system.

_ Sect1on (d) of the acttd1scusses contam1nants of the heat exchanger
transfer mediums., It does so in a fashion that is analogous to the concept
of available energy that is part ef the notiqn'of entropy. A byproduct of
a geothermal resource is part of that resource only if it is not worth more
than three fourths of the value of the geotherma1 steam, or if it is not
worth extract1ng for itself without regard to the heat content of the fluid
which contains it. This part of the legal mode1 is avowedly economic in
nature, but this is not troublesome s1nce def1n1t1ons of mineral deposits
of all sorts are also economic [85].

What is troublesome are the prov1s1ons of a later section of the

Steam Act, 'sec. 1008, which provides that:

If the production, use, or conversion of geothermal steam is suscep-
tible of producing a valuable byproduct or byproducts, 1nc1ud1ng
“commercially demineralized water[,] for beneficial uses in accordance
with applicable State water Taws, the Secretary shall requ1re
substantial beneficial production or use thereof unless, in indi-
vidual circumstances he modifies or waives this requirement in the
interest of conservation of natural resources or for other reasons
satisfactory to him. However, the production or use of such-
byproducts shall be subject to the rights of the holders of pre-
existing leases, claims, or permits covering the same land or

“the 'same minerals, if any,

The impact of this section is to make "Bybroducts" were, uhder:sec |
subject to preex1st1ng mineral 1eases "Byproducts" were, under sec
1001(d) part of the geothermal resource and subject to development under
geothermal leases issued pursuant to this act. (Sec. 1022(b) provides
that "[r]ights to develop and utilize geothermal steam and associated
geothermal resources underlying lands owned by the United States may be
acqu1red so]ely in accordance with the prov1s1ons of this chapter " See
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also.secs. 1002, 1014(c), and 1020(b). This provision would seem to have
the effect of making "byproducts" subjeét to two different legal:classifi-
cations. This confusion is not helped by the provisions which recite
that the byproducts covered herein must be "valuable," an adjective left

undefined in spite of the values carefully laid out in the definition of
"pyproducts” in sec. 1001(d).

Only in sec. (c)(1i1) does the Steam Act speak directly to the
feature of geothermal systems that makes them valuable as sources of
energy, namely their enthalpy or heat content. This section also includes
pressure under the heading "associated energy." The troublesome part of
this section is that it 1imits the energy covered by the act to "geo-
thermal formations," without defining what these formations are. The
courts would very possibly interpret the meaning of "geothefma1 formation"
by reference to those geothermal systems that product steam, hot water, or
hot brines. This circularity of referrent from sec. (iii) to sec. (i)
leads to the exclusion of hot rock massifs as well as geopressured-
geothermal reservoirs since neither was comprehended by the legislative
intent expressed in sec. (i).

C. Characterization. The Steam Act does not explicitly characterize
the resource. However, sec. 1020(b) provides for the attorney general to
institute a judicial proceeding to quiet title of the United States to
mineral reservation lands for purposes of geothermal leasing and owner-
ship [86]. (A quiet title proceeding resolves two conflicting claims to

'ownership rights in property.) This section clearly implies that the
resource is a mineral, '

D. Summary. The legal model applies to federal lands. It describes
heat and other energy in specific formations, i.e., steam, hot water,
hot brine; and heat transfer mediums as enumerated above. These entities,
and possibly the contaminahts of the heat transfer mediums under certain
economic conditions, are geothermal resources for purposes of the Steam
Act. Apparently omitted are those other geothermal systems, the hot rock
massifs and the geopressured reservoirs [87]. The act fails to character-

jze the resource but it implies that the resources are minerals. In sum,
the act fails to state exactly what a geothermal energy system is. It
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only lists some, but not all, of the attributes of such systems as rec-

ognized in 1970.

o
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Case Law: aunmu'on.

The State of Ca]iforn1a actlng by and through the State Lands Comm1s-
sion subm1tted an amicus curlae br1ef 1n the case of Unfted States v.k o
Union, 01 Co.,.et al. No 74 1574lJS Ct of App for the 9th C1rcu1t|88]
The state def1ned geotherma1 resources as

“compound - resources, necessarily cons1st1ng of magma (molten rock).

frozen rock to conduct the heat from the magma upward, and often

including silica, calcium carbonate, or other 1mpermeab1e mineral:

'deposits, and sometimes (but not always) occurring with heated,

. toxic, noxious water or steam of high mineral content under great

* pressure, existing be1ow the surface of ‘the earth in unique =
;- configurations" [89]. o - .

vThiS*declaration'conveys an‘interesting‘lega1 model. It reaches
deeper, 1n mater1a1 terms, than any ‘of the statutory definitions, because
it begins the defin1t1on with the geologic ‘source of geothermal processes
and formatfons--the interior heat of the globe. It even discusses the
mechanisms of mass "transfer of igneous material from the interior to the
near subsurface when ‘it speaks ‘of frozen rock (i.e., ignéous material).
It identifies certain associated mineral deposits. The model concludes by
clearly indicating that the heat transfer mediums and associated contam- -
1nants1a§e not afhecessary7oart{of the'resourée‘though they may70ccur with
S This def1n1tion 1ntroduces the not1on ‘of a two part hedt and mass -
ftransfer The f1rst stage ‘involves the movément of 1gneous matter ‘from
ithe 1nterior to the near subsurface, and’ the second stage involves (on]y
\somet1mes) the additfona1 movement of heat transfer fluids from this ‘mass
of 1gneous matter to the surface “The definition’ clearly comprehends  the
possib111ty of 1nJectfng “work1ng" fluids by not ty1ng ‘the resource in :
any necessary‘way to natura11y occurring heat transfer fluids. 'It'also
c]ear]y comprehends both hot rock massifs and geopressured fluids. The
definition 1dent1fies certain subsurface mineral ‘deposits as often associ- -
ated with the geotherma] resource “These heat transfer fluids and their
contamwnants, i. e., tox1c and noxious compounds and m1nerals are a]so r

part of the resource.
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This definition is only offered in a brief by a partv whose interests
are a11gned w1th one of the parties to the 11t1gat1on It is not part of

the opinion of the United States Court of Appea]s in th1s case wh1ch
opinion still had,not been 1ssued by December of 1975. The memorandum of
decision of the district court in this case before appea] [90] does rec1te
a definition of the resource, at least of a part thereof. R

The district court first establishes that the resource will be
defined for purposes of the quiet title action under the mineral reserva-
tion seCtion of the Stock Act [91]. This procedure means that the "defi-
nition" will consist in the ruling that geotherma1 resources are, or are
not, minerals., The court begins by arguing that the United States must
mean that "the main constituent of geothermaj energy, namely the super-
heated water (or steam) was a 'mineral' within the contemplation of
Congress and the meaning of the mineral reservation in sec. 9" [92]. ;The
court then argues that tests based on usage [93] and case law [94] and
the expressed opinions of the Solicitor's Office of the Department of
Interior [95] all indicate that water.is not a mineral. The court finds
on these bases that geothermal resources are not minerals under the Stock
Act mineral reservation.

It is important to note that this "definition" states only that the
resource, for purposes of the act in question, is not a mineral. The
court in passing, does quote the definition from the Steam Act and a more
succinct definition issuing from the State of California Resources Agency.
Geothermal energy is "the natural heat of the earth which can be extracted
in the form of hot water and/or water vapor (steam)" [96] The court,
however, in accepting the opinion of the solicitor's office as to the
nature of the geothermal steam must, as a matter of logic, accept the »
definition of the resource upon which this opinion bases the classifica-
tion. The solicitor recites that "Geothermal steam is essentially just
subterranean water heated to a high temperature" [97] This is, of
course, an extremely simple model. It is, however, a logically necessary
part of the opinion, unlike the reference to the Steam Act which appears
earlier in the recitation. The court may therefore be taken as adopting
this definition. ‘ |

-
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i

Case Law REICH

Arthur E Re1ch, a case before the tax court (an admin1strat1ve body),
argued for applicat1on of the deplet1on al]owance for geothermal steam
production in The Geysers fields [98] The tax court ruled in petition-
er's favor on deplet1on and on. the issue of 1ntangib1e dr1111ng costs [99].
This ru11ng was later uphe]d by the u.s. Court of Appeals for the 9th
Circuit [100] The case sets out a Tengthy explanation and definition of
geothermal resources [101] e S

The center of the earth consists of a 5011d iron core surrounded

vby a molten iron outer core with approxlmate temperatures of 7000

- degrees Fahrenheit.. From this molten iron core located thousands of
miles below the surface of the earth, the temperature. decreases
rather regularly toward the surface of the earth where at a depth
of .some 120 miles the temperatures approximate 3000 degrees Fahren-
heit. While the earth thus contains an enormous supply of heat at
depth this’ suppTy is 1naccessib1e and cannot be ut111zed from the -

~: surface, ;« -

s 72 Most of the earth S mantle at a depth below 120 m11es is at
_,1ts melting temperature. From time to time small parts of the
“‘mantle melt, or ‘bodies of melt accumulate, and move upward towards '

the surface. :This molten rrock, or magma, -moving up. from depth

_ can pour out of the earth's surface as lava flow or volcanic
‘“*act}vity or can freeze off in the crust of the earth near the
-, surface B - : :

c i In order ito have a geotherma1 system it is- necessary not. . .

o only to have a - penetrat1on of magma near. ‘the surface of the earth
‘but also to ‘have above this heat source a’'Zone of fractured rock
containing a supply of water. Heat from the freezing magma is =
transmitted upward through a zone of essentially solid rock to the
-zone of: fractured rock-by :conduction, -an extremely slow process.

~* "The heat source’at The Geysers “consists of such a body ‘of magma
" which: penetrated close-to the surface of the earth-and then commenced
" “to freeze. Heat over a period ‘of many years was transmitted upward
_, by conduction through a solid layer of rock to heat the fractured
‘ f;frock containing the supply of water. e

o - The water contained in the zone of fractured rock is meteor1c
1n orig1n The steam zones at the Geysers-are physically separated
from the magma below, from the surrounding areas containing ground

" ‘water ‘under normal’ hydrostatic pressure, and from the surface of
sithe ‘earth by ‘impermeable zones. : The 1mpermeab1e ‘boundaries were
caused by the filling of fractures and fissures in the following
manner: The heat from the magma was conducted upward to the zone
- of fractured rock bearing meteoric water, and as the water became
“heated, a convective system was generated. In this convect1ve
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system, the hot water and steam flowed upward and outward while &"'
cold water moved into the now heated fractured rock, and in turn,
became heated and flowed upward and outward. The hot water and
steam caused dissolution of silica from the rocks and the silica
‘was borne upward and outward by the hot water and steam until colder
‘regions were reached where the silica was deposited.. The cold
water moving into the area of heated rock carried ca1c1um carbonate
which was deposited as the'water heated. This convective system
gradually built a tight impermeable seal around the area of heated -
fractured rock by virtue of the deposition of silica and calcium
- carbonate in, and thus sealing, the fractures in the rocks '
surrounding the central area.

The isolation of the central area by a zone of impermeable
rock has resulted in formation of a sealed off, isolated, irregu-
larly shaped reservoir of steam with relatively uniform internal
pressures differing significantly from the hydrostatic pressures
of the normal ground water environment outs1de the reservo1r

It must be understood that all of the quoted material cons1sts ina
statement of fact and not a ruling on the definition of geothermal
resources. The administrative tax court is here merely reiterating the
physical facts as it is aoquainted with them by virtue of the declarations
of fact as found in the arguments of the opposing parties, or by virtue of
its own research or knowledge. The administrative tax court in this
case does explicitly rule, at a later point; on the nature of the geo-
thermal resources in question here, namely steam. But the ruling does
not "define" the entire System,"it only categorizes steam itself [102].
The court in Re1ch refuses to accept an argument by the Internal
Revenue Serv1ce that

the commercial ‘product of the wells is the internal heat of the
earth . . . [Respondent] begins with the premise that steam is
nothing more than . . . heat and water . . . [Respondent] points
out that at the The Geysers -electrical generat1ng plants the water
in the steam is discarded after the steam is used to turn the
turbines . . . [Respondent] concludes that of the two elements in
steam, only the heat is commercially useful because the water is
-thrown away. Thus . . . the water serves only as a conductor to
carry the earth heat to the turbines.

[The court does] not agree . . . For purposes of the commer-
cial enterpr1se at The Geysers, steam is much mare than heat and
water. It 'is heat and water combined in a way that results in
. tremendous pressure. And it is the pressure of the steam which
‘drives thie turbines. Heat alone would not drive them. It follows (_')
that the commercial product of the wells at The Geysers is steam,
not heat [103].
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The court follows this ruling with a ruling that "steam is'a 'gas’ as-that
term is used in sec. 611(a) and 613(b)(1)" [104]. The statutes referred
to are the Allowance of Deduction for Depletion and Percentage Depletion
sections’ of the Internal Revenue Codes. The definition argues bad physics.
Certainly it is the pressure drop across the turbine that is transformed -
into usable mechanical rotational energy.  But this pressure itself is
the result of the heat content’ or enthalpy of ‘the steam or water vapor

in the particular environment of sealed subterranean reservo1rs The heat’
content of the steam could be extracted by running it through a heat o
‘exchanger with a Tighter weight working fluid to absorb the heat.  This
system, a binary working system, transfers the heat of the primary fluid
toa secondary working flufd, creating resultant pressure in the secondary
fluid This ‘secondary fluid would then expand through a turbine, pro- -~
ducing a ‘drop “in -pressure and resultant mechanical work [105]. " The heat
content of the steam could also be extracted by means of thermoelectric -
converters, or by physio-thermo-chemical means. A1l of these processes
indicate that the energy which the geothermal system expresses 1n the -
steam is heat energy. ' ° SRR R R

' The overall Tegal model 4n Reich can be ‘taken ‘to“consist in the-
description contained ‘in the statement of facts ‘and the conclusions of

Taw that for geothermal steam wells in The Geysers, ‘geothermal steam is -

a gas for purposes 'of the Internal Revenue Code. ‘This definition is
legally complex, since part of ‘it ‘consists of "dicta", though these -
dicta ‘are necessary ‘for ‘interpretation of the opinion, and ‘part consists -
of “conclusions of ‘Taw" upon which the decision in the case turns. "It '~
‘describes the magmatic heat source, the mass transfers of ighébUs"material“
to the near ‘subsurface, the associated minerals, the occasional heat -
transfer fluids and ‘their contaminants, and the - legal status of the avail-
able steam, in these dry steam reservoirs, as gas for ‘certain’ purposes.
It applies to The Geysers or very similar fact situations.
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Case Law: PARIANI.

Pariani, et al. v. State of.California, et al.is a summary judgment -
}action to quiet title in lands which plaintiff's predecessors had received
under patents from the state and which were subject to a mineral reserva- -
tion [106]. Plaintiffs had a lease agreement with various companies
producing geothermal steam and hot water from thé said leases, which
companies also had lease agreements with the state under the mineral
reservation [107]. ,

- Plaintiffs claim that- geothermal resources are heat and water, and
not minerals. They do not advance a detailed definition of the resource,
but rather distinguish the resource from mineral deposits [108]. . Defend-

ants here reiterate the definition emp]oyéd by the state in Union 0il [1093.

Since the -argument in the case concerns a mineral reservation, the state
concentrates -on demonstrating that geothermal resources are part of the
mineral estate. A

The court, in a ruling in May 1974, rejects both parties' motions for
summary judgment. This ruling recognizes that there are matters of
disputed fact which need to be resolved in a full-fledged trial. Even
though this case carries no definitive court ruling on the nature of the
resource, it is still instructive with regard to the legal model.

The influence of the legal setting is decisive. This is no scientific
advancement of hypothesis and experimentation to prove or disprove the
model. It is an action to determine whether or not the resource is a
"mineral" for purposes of a mineral reservation in a land patent. Pariani
argues that the geothermal resources are water, because the water rights
are part of the surface estate. . . Because the state retains the mineral
estate on the lands, the state argues that the resources are minerals, or
at least attributes of minerals.
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RECOMMENDATIONS

[A] correct definition or character1zation of geotherma]
resources is. .. complicated. . o ;

Am1cus at pg. 17

A legal. def1n1t10n is suggested herein that corresponds to physical
characterlzations of ‘the various sorts of recognized geotherma] systems.
This definition would be suitable, in the first instance, for incorpora-
tion‘into'a statutory format. . It would a]so'be suitable for judicial use
in resolution of disputes arisang out of the character of the geothermal
systems : U
Geothermal Energy Resources

f';l.‘,Shall inc]ude dry. and wet steam systems. hot water and hot brine
- gystems, geopressured systems, hot rock massif systems, magma
systems, and other unspecified natural systems displaying rates
. of magmatic heat flow greater than normal. thermal gradient for
“that area, and which are due to crustal thinning, igneous intru-
sion, distortion of the 1ithosphere, or other natural heat-pro-
B 4ducing mechan1sms, and - T ‘
2. The enumerated geotherma1 energy resource systems are character-
.. 1zed as follows [110]: . e

A) (1) ‘Dry and wet steam systems consist in magmatic heat,
., abnormally large rates of heat flow, zones:of heat
““conduction, boiling water, dry and wet steam, geologic
strata to conduct water into the system, relatively
_...impermeable overlying. geologic.strata which confine the
1 system, hydrothermal cconvection; and.

. (2) Such systems may include -unspecified- amounts of associ-
- ' -ated gases, unspecified amounts of. so1ute minerals in
the 1iquid phase, if any; and

.+ {3). The.energy expressed in such systems con51sts -in both
‘ 7ﬁv,§heat and pressure, and .- Lo

(4) The dry and wet steam serves | as the secondary heat
... transfer mediums.. e e

B) (1) Hot water and hot br1ne systems consist in magmatic
-- 7" " heat, abnormally large rates of heat flow, zones of
" heat conduction, boiling and overpressured waters,
geologic strata to conduct water into the system, hydro-
.1therma1 convection; and, o
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(2)
(3)

(4)

€) (1)

(2)

(3)
(4)
D) (1)
(2)
(3)

(4)
E) (1)

(2)

(3)

(4)

Such systems may include unspecified amounts of associ-
ated gases and solute minerals in various concentrations,
while concentrations and types of minerals chiefly
distinguish water from brine systems; and

The energy expressed in such Systems consists in both
heat and pressure; and :

The water and brines serve as the secondany heat trans-

fer med1ums.

Geopressured systems consist in magmatic heat, high

heat content of fluids within the reservoir, geopres-
sured aquifers, water, relatively impermeable geologic
strata which confine the system, growth faults, and -

Such systems may include unspec1f1ed amounts of associ-

‘ated gases, and unspecified amounts of solute minerals;

and

The energy expressed by the system consists in both
heat and pressure; and

The water and gases serve as the heat transfer mediums.
Hot rock massifs consist in magmatic heat, high heat
content of low porosity rock in the near subsurface; and

Such systems require artificial introduction of heat
transfer mediums; and

The energy expressed by the system consists in heat and
pressure, if any, induced in the working fluid; and

Water, or light-molecule working fluids, or gas can
serve as heat transfer mediums.

AMagma systems consist in magmatic heat, liquid or near

1iquid rock at temperatures ranging from 600 to 1500
degrees Centigrade; and

Such systems require artificial introduction of heat
transfer mediums; and

The energy expressed by the system con§1sts in heat, and
resultant pressure, if any, induced in the working
med1um, and

Heat transfer med1ums are as yet unspecified.
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The detailed def1n1t1on of geothermal energy resources set out herein
may by substant1a11y condensed and still preserve the structural validity
derived from the sc1entif1c character1zat1on.

 GEOTHERMAL ENERGY RESOURCES ARE AND INCLUDE ANY AND ALL GEOLOGIC N

 STRUCTURES, 'SYSTEMS, OR CONFIGURATIONS WHICH POSSESS LARGE AMOUNTS
OF HEAT ENERGY AT TEMPERATURES SIGNIFICANTLY HIGHER THAN ORDINARY
THERMAL GRADIENT IN SURROUNDING GEOLOGIC STRUCTURES; AND ARE SO
SITUATED THAT THE ENERGY OF THE SYSTEM IS AVAILABLE TO DO WORK

OR PROVIDE HEAT; AND WHICH MAY INVOLVE COMPLEX THERMAL CONDUCTION/
CONVECTION SYSTEMS WHICH CONTAIN NATURAL OR ARTIFICIALLY INTRO-
DUCED HEAT TRANSFER MEDIUMS; AND WHICH MEDIUMS MAY CONTAIN ASSOCI-
'ATED GASES AND SOLUTE MINERALS; AND WHICH EXPRESS ENERGY AS HEAT
'AND/OR PRESSURE.,

The highly compressed character of this definition raises the dis-
tinct possibility that judicial readings of the statue could construe the
definition in a fashion contrary to the policy intentions of the enacting
legislature. This possibility strongly suggests that the definition
should be supplemented by a clear policy statement that the definition
means to comprehend all presently recognized geothermal systems and any

newly recognized ones which share the same characteristics.
A The policy statement should go on to indicate that the definition
means to encompass only those sysfems that represent available heat energy
‘at higher levels than surrounding thermal gradients [111]. The definition
is also meant to include all of the fluids, vapors, gases, or solids which
function as heat transfer mediums, and any minerals or gases wh1ch are in
solution or are associated with these mediums.

These statutes do not make any recommendations with regard to the
classification of the resource. They do make it clear that the entire
system must be considered and that various commodi ties play different
roles within these geothermal systems than they do elsewhere, Such a
systemic definition will have the laudable effect of making it difficult
blindly to place the geothermal resource into a traditional category by
reference to only one part of the actual physical system.
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The policy issues of classification for purpose of ownership will be
taken up in the next section. It should be noted that the classification
of the resource might vary according to the field of law:orrpo1ity‘1n-
volved. What makes fine policy sense for a taxation problem like Reich
probably will not make the same sense as a regulatory principle by an
environmental agency. | :




LEGAL SCHOLARSHIP

OWNERSHIP
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Ownership.

SUMMARY

i

The geotherma] statutes of. Texas and Louisiana apply only to leasing
of,state lands and: regulation of private development. - They do not apply
to. private ownership. Even if the courts were to use the definition
contained. in the statutes for ‘the question of;0wnersh1p,'itvdoes not
appear ‘that solute natura1~gas would always be part of -the resource in
Texas, or that it would ever be part of the: resource in Louisiana..

Ownership analysis of :the geothermal resource based on . the systemic
description contained in the recommended legal models places -these
resources in the surface estate. Analysis based on the component parts
of the resource system places the fluids in the surface estate and the
natural ‘gas -in the mineral estate. . The lack of any clear characterization
or declaration on ownership can 'lead to dual ownership. This situation
can be resolved'by‘means ofsansaccounting~asrbetween‘the*cotenants in the
resource. Dot D i RTINS PR :

It is recommended that the states 1ncorporate into the statutes a
dec1aration -of :both :the character: ‘and -ownership .of ‘geothermal .resources.

It is recommended that:in the alternative the .state provide a certificate"
of primary purpose to establish-a rebuttable présumptidnfoffabsolute owner-
ship of the resource in the producer of same. It s also recommended that.
logical 1n¢on$istenc1esfin?the'statutory'definitfons~wh1ch'wou1d have the
effect of-excluding solute natural gas be corrected. | . - v
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INTRODUCTION | o

4 Legal theories of ownership in America derive from ancient Norman

and English jurisprudence, with its roots deep in feudal systems of com-
plex social obligations and:-relationships. - The basic concept of ownership
is the fee simple absolute, the characteristics of which were expressed in
Latin as "cujus est solum, ejust est usque ad coelum et ad inferos.” ' The
fee simple owner owns from the sky to the depths, without Timit [112]. -
Modern casé»]aw:has'somewhat abridged the rights of ownership in the air
space -above ‘the -property, but has done ‘1ittle to modify the rule with
regard to ownership of the subsurface [113], at least. concern1ng station- -
ary entities such as ore deposits. : o RGN

This absolute ownership of the land from the surface down to the
center of the earth can be separated into two legal entities called the
surface and mineral estates. The fee owner can sell to another person the
Tegal right to use certain features of the subsurface, thus creating two
estates in that piece of land, surface and mineral. These legal rights
constitute a more or less limited form of ownership that-allows mineral
estate owners to explore, develop, produce, and sell certain commodities -
found underground. - The relationships possible between these two estates
in 1and are extremely complex and arcane and are more properly the sub-
ject of legal treatises or texts. SR

The net effect of these legal categories is that often it is more
important to know whose it is, than to know what it is. Indeed the answer
to the former question is often proposed as the answer to the latter.

Such issues are, however, critically important to potential investors in
geothermal leases or sales. This classification process is especially
important for newly recognized and largely uncategorized resources such
as geopressured aquifers.

Ownership questions are further complicated by the noncommodity
nature of geothermal power. The migratory nature of oil and gas has
caused legal dilemmas and straining after gnats for many years, but at
least these substances can be separated from the earth and sold [114].

In the case of geothermal deposits, energy itself is the salient feature &.')
of such resources. Gases, minerals, and heat transfer mediums are pro- '
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duced during the process of gaining access to this energy, but they are
incidental to the real va1ue [115] Trad1tiona1 1ega1 doctr1nes such

as the,Ru1e of Capture and the Theory of Ownersh1p in Place, all become
complicated 1n the extreme when applied without careful ana]ys1s to this
new resource [116] TR

Some author1t1es argue that theor1es of ownership will prove irrele-

Of what usefulness then are the theories of‘ownersh1p of oil
=~ and -gas which have been ‘adopted in the various states? . . .
[TJheories, such as qualified ownership of the common
source of supply and ownership of the exclusive right to
drill and produce, have not helped in the case of oil and
' rgas-in analyz1ng legal problems and determining legal
rconsequences. ‘We:can expect even less from theories of
ownership in the case of geothermal resources [117].
Indications that this pessimistic position may not be warranted can be
found in Titigation.which has-developed since the article was written.
The parties and the court in Union 011 spend much effort in attempts to .
show that geothermal: steam belongs in or does.not belong in the mineral
estate. Pariani, a related action in state court, argues precisely the
same issues with.regard to a reservation of the mineral estate under state
land grants. * The animal-vegetable-mineral distinction made in these .
court cases is close]y para]leled by the foIlowing passage . from

A]ice in Wonderland

st Wepy: true,! said. the Duchess.« "flamingoes and mustard both
., bite, And the moral of that is--'Birds of a feather flock together

t i"0n1y~mustardw1snft a. birds"'zAliCe ”emarkEd'”“‘ AR

“““Right, as isual," said the Duchess. ““what a clear way you
-+ have of ‘putting things'"( R siEiron Smeec R enlonioaip

"It's a minera] I think.'l said Alice:

"0f course 1t is," said the Duchess, who seemed ready to agree
to everything that Alice said; "there's a large mustard-mine near
here. And the moral of that 1s--'The more there is of mine, the
less there is of yours,'"

"Oh, I know!" exclaimed Alice, who had not attended to this
last remark "It's a vegetable. It doesn't look like one, but
it is."” '
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"I quite agree with you," said the Duchess; "and the moral of
that is--'Be what you would seem to be'--or, if you'd like it put
- more simply--'Never imagine yourself not to be otherwise -than what
it m1ght appear to others that what you were or might have been

" was not otherwise than what you had been would have appeared to
them to be otherwise.'"

"I think I should understand that better," Alice said very

politely, "if I had it written down: but I can't quite follow
it as you say it.”

"That's noth1ng to what 1 cou]d say 1f I chose," the Duchess
replied, in a pleased tone. - o

vLewde.Cafr011,'Aliee in“WOhderland
-~ (Steadman edition, 1973) ch.9, at 79.

In both the cases mentioned, the moral of the arguments seems. to
be, "The more there is of mine, the less there is of yours." Perhaps
“this environment is a necessary one for cases disputing ownership and

attempting to fit the resource into one or the other of the recognized
estates. ' ’ I

Statutes as well as case law may articulate a characterization of
the resource and on occasion may simply declare to the real issue by
defining ownership [118].

By and large, both case law and statutes adhere to traditional
analysis based on characterization and consequent ownership under the
different estates in land. This section of the report addresses the’
threshold iseue of characterization. - The resource is examined under the
definitions contained in the Geothermal Resources Act of 1975 and in
terms of its constituent parts, according to case law and statutes
applicable to the different entities. Characterization'and-oWnership are
submitted to a policy analysis.
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- STATUTORY PROVISIONS

" Neither Texas nor Louisiana makes any explicit declarations concern-
ing characterization of the resource or ownership in”the’geothermal ;
statutes passed during the summer of 1975 [l19] Indications ‘that the
two states’ may feel qu1te differently ‘about the resource can be found in
the structure of the Texas act’ as compared to provi51ons found in the h
‘Louisiana act which subordinate geothermal leases to- leases for oil, gas, _
or minerals [l20] The 1mpact of this subordination 1s the clear indica-
tion that Louisiana does not regard geothermal resources as minerals.
Texas, however, chooses to place regulation of the resource in the hands
of the traditional state agenc1es for regulation of oil and gas and
lea51ng of same on state lands, the Railroad Commission and the Land
Commissioner. ThlS choice may reflect the belief that geothermal resources
are closely related to and part of the class of minerals Texas offers
no explic1t hint’ beyond this [lZl] R ‘

" There is a further problem beyond ‘the lack of ‘characterization. Both
the Texas and Louisiana statutes are designed to empower the state to
lease state lands for geothermal development and to___gulate drilling on
public and 0n private lands The definition of the resource in terms of
ownership is directly applicable to leases of the state lands but not
directly applicable to Teases of private land [122] .

However, even if the definitions contained in the acts are held to
apply to private transactions, a serious question would exist’ about the
potential retroactive impact of such a ruling. In Texas, case law holds
that retroactive laws are not considered constitutional [123] when they
operate to impair vested rights. Rights under a lease are just such
vested rights. Texas has also held that a retroactive law is unconstitu-
tional if 1t takes away vested rights, creates new obligations, imposes
new duties, or adopts new liabilities in respect to past transactions [124].
Such a ruling would also be open to attack under the constitutional prohi-.
bition against impairment of contracts [125]. |

"The net effect of these considerations is that the question of
whether or not existing oil and gas leases have vested any rights is open
to dispute and litigation. The Texas and Louisiana statutes, even if held
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to apply to private transactions for purposes of defining the resource and
determ1n1ng ownersh1p. could not apply to leases or sales already executed
at the time of enactment

There remains the questlon of. the 1mpact of the def1n1t1on on or1vate
transact1ons through the mechanism of the statewide regulat1on of the

resource under the Railroad Comm1ss1on Such regulatory authority has
been used by other regulatory agencies to affect ownership interests [126].
A recent Texas case has held that the Ra1lroad Commission spec1f1cally
does not have author1ty tc determ1ne ownersh1p of 0il and gas in the
process of regulat1ng these resources [127] This same pr1nc1ple wouldv_,
surely be appl1ed to the geothermal resource. It seems reasonable to
believe that the Railroad Commission will not be able to 1mpose the
definition conta1ned in the statute on pr1vate property transact1ons

_ concernlng leases for geothermal resources. '

Some of the states with geothermal leg1slat1on have chosen to
characterize the resource explicitly. Idaho and.others have declared the
resource to be sui generis [128]. This characterization means that it is
not a mineral, nor is it water. Hawaii has declared the resource to be a
mineral [129]. The remaining states have implied a position on the ‘char-
acterization of the resource by virtue of various passages w1th1n the
legislation that lump the resource with minerals or water, often both in
the same statute [130]. In addition, some states, Wyoming among them,
have statutory provisions vesting ownership of the resource in,the,state.
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ANALYSIS

; Introduct1on.

** The velationship of the characterization in legislation and case law
to the question of ownership of the resource by private parties is
extremely complex. Characterization of an entity as’a mineral may: place-
it in the mineral estate, assuming that no valid reservations of the = -
uﬁneral'entity took place in the chain of title. Characterization of an
ent1ty as water will not automatically move the resource into’the control
of the surface estate, the traditional owner of surface and subsurface"
waters.  The mineral estate owner has 'the right to use the attributes of -
the surfacé estate in a reasonablé fashion.for ‘the development of the
mineral ‘estate [131]. This use may amount to ownership in point of fact.

In both Texas and LoGisiana the statutescovering geothermal resources
are silent with regard to characterization and with regard to ownership in
private 1ands. Case law will' serve as the ‘source of authority in the
absence of statutes and will be applied by judicial bodies in resolving .

“disputes over’ ownership - Several-basic approaches can'be:used to analyze

the ownership complex.  The courts can deal with the resource as a systemic
whole, according to a legal'model more or less similar to that proposed

in the Recommendations section of Resource Definition; . or the courts: can -
deal with the varibuS'bomponéﬁt parts of the resource. - In the former case
they will be’ mark1ng new territory and will be required: to undertake a
serious pol1cy inqu1ry more properIy germane %o the 1eg1slature 1132].

I1f the courts proceed with ‘the latter approach, they can ‘choose from “:
among’ the many components of the resource and subsume the whole resource*

Neither ‘technique "revealsﬁ ‘the 1aw, -as Blackstone believed [133] rTEe
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Systemic.

If the courts were to approach an ownership’ana1ysis from“the point
of view of a systemically defined resource, they would notibe,reStricted
to the definition found in the Texas act, nor to any legal definition as
such. Rather, they would be concerned with the technical character of the
resource. The administrative tax court in Egjgg;offers an excellent
examp]e of this latitude. T :

In the case of Texas and Louisiana the courts would have to select
the definition most germane to geopressured-geothermal resources. (These
resources are discussed in detail in the first part of the Physical Model

- section of ‘Resource Definition.) Geopressured-geothermal resources are

composed of overpressured aquifers at moderate to great depth whose waters
possess abnormally high temperatures. These waters are presumed. to be

‘saturated with natural gas in solution and may have moderately high

mineral content. In terms of geologic structure, such aquifers are
overlain by relatively impermeable strata and can only be made available
for use by means of a well or wells [134]. S .

This description makes it clear that geopressured-geothermal resources
are not commodities in the same sense that oil and gas are. The hydro-
carbons can be severed from the soil and shipped great distances to be
used not only as fuels, but also as chemical feedstocks for manufacturing.
The hot geopressured fluids are brought to the surface in order to
extract the heat and pressure content, as well as the solute gas content
[135]. The fluids themselves will be reinjected or disposed of on the
surface according to the judgment of the environmental agencies of the
respective states. v _ ,

The resource consists in a particular configuration of geologic
structure which contains heat and pressure energy as well as solute
chemicals of various sorts in waters of antique origin. It is the energy
contained in these systems that makes the resource so difficult to classify
[136]. The proper line of inquiry into ownership should ask which estate
in land should own the resource, and why. It should eschew the categori-
zation of the resource under traditional labels [137].

What attributes distinguish the surface and mineral estates, beyond
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their 51mp1e physical situs?

[Sever1ng] the ent1re m1neral estate from the surface :
estate .., . leav[es] the owner of each with definite incidents
- of ownersh1p enaoyab]e in d1stinct1y different manners. The -
~_manner of enjoyment of the mineral éstate is through extract1on
"rof 'valuable substances, and the enjoyment of the surface is
" through retention of such substances as are necessary for the .
use of the surface, and these respective modes of enjoyment must
be considered in arriving at the proper sub ect matter for each
.estate . . . . . : : :

App1y1ng th1s 1ntention, the severance should be construed,
to sever from the surface all substances presently valuable in
-+ themselves, apart from-the soil, whether their presence 15 known
.or not, and all substances which become valuable through develop-
“ment of the arts and sciences, and that nothing presently or
= prospectively valuable as extracted ‘substances wou]d be intended:
..to be. excluded from the. mineral estate. .

“ o v v [Since its [1.e., 0i1 and'gas] retention is not
_necessary to the enjoyment of the surface estate, i.e. its removal
“does not deplete the soil for surface purposes, nor does 1ts

extraction destroy the surface nor- 3§E25§_§EEJEE§E%_§!EEQEE: 0il
-and gas ... . should . . . be .considered to be within a general
‘mineral grant . . . The only interference with the surface
Engg%ment is in the exers1ze of the right of access (emphas1s added)
This lengthy quotation was used by the State of Ca]ifornia in Par1ani
not only to lay out the differences betwéen the two estates, but also to
provide the basis for an analogy to geotherma1 resources. * The state cites
numerous cases to demonstrate the - re11ance courts have placed on this -
article’ [139]. ' : Gt : : : ;
, The distinct1on drawn between ‘the ‘estates is based-on an 1mp11c1t H
market economy ‘environment.. The mineral estate is an exploitive-estate
whose sole purpose for existence is-to provide parties with property -
rights in substances which aré valuable in a market economy. Thus, the
mineral estate is enjoyed by extracting and- se111ng more or:less discrete
entities ‘which can be taken from the ‘earth; COELA R T
By contrast, ‘the surface owner is’ restr1cted to agrarian uses, or
other uses which are chiefly domestic.  This restriction is chiefly visible
in the reservation-to the surface estate of subterranean waters usab]e for

1rr1gat1on or domestic consumption [140]
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Does this analysis prove useful when applied to geopressured-geo-
thermal resources? The threshold problem under the assumption that the
resource will be considered as a systemic whole is that it is not a sub-
stance. Geopressured-geotherma1 resources involve substances (i.e., water
and natural gas, as well as mineral salts)” and geo]ogic strata in peculiar
conf1gurat1ons. The resource;"S'a'SZStem, represents potent1a1 energy
available to do work or prov1de heat ‘ :

Assum1ng, for the sake of argument that this hurdle can be passed
the next inquiry shou]d focus on the notion of severance. Can ‘the
resource system be severed from the soil in the same fashion that 011 and
gas can be? It does not appear so. 0i1l and gas can both be w1thdrawn
and sent great d1stances, and there be used in all of the same ways that
it can be at the point of severance from the soil. Geothermal resources
cannot be removed from the wellhead any substantial distance before the
heat content of the fluids decreases to a p01nt where no useful work can
be extracted from the thermal different1a1

The 1nqu1ry into severance hlgh11ghts a critical distinction in the
notion of value. what is the value of oil, gas, coal, si1Ver,,gold, and
other common mineral substances? It consists in the physical/chemical
characteristics of the substances. The complex hydrocarbon molecules of -
0il, gas, and coal make these substances valuable. The hydrocarbons
readily oxidize and give up great amounts of heat in doing so. They also
will accept various ions and can be easily made into polymers, or other-
wise manipulated as a feedstock for the manufacture of different compounds.
Silver and gold and other metallic minerals are valuable because the
properties of their atomic structure, such as ductility, resistance to
corrosion, conductivity, and so forth are useful in commerce. \

Geothermal fluids are valuable for quite different reasons. These .
fluids are rather ordinary substances, largely water, which are ina
certain condition because they are part of a geothermal system which moves
or traps large amounts of magmatic heat as compared to neighboring geolog-
ic ‘'structures. The value, for purposes of commerce, 1ies in the work
which may be extracted from the condition of the fluids, rather than in
the fluids themselves. ' : :

An analogy to the value of geothermal f1u1ds exists in the surface
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structures--such as high valleys and. escarpments--which when combined
with available water as .a working fluid, can. take. adyantage of grav1ty toh“
generate electricity in a hydroelectric facility such as a dam, Here the
potential energy of the fluids is the vertical distance through which
specific volumes.of fluid per unit time.can be. moved The hydrological
head which supplies the motive force to turn the turbines and generators.
is: potential energy . 1n the same sense that. the thermal “head“ in geopres-
sured flu1ds is the potential energy of those systems.¢_uc _
Assuming further that_geopressured- geothermal resources can be
severed and have the same sort of commercial.value as minerals generally, |
there still remains the 51gnificant question of the impact on the surface
estate of exp101tation of thlS resource. One of the. criteria previously
articulated is that mineral estate enJoyment does not unduly interfere
with surface enjoyment.. 01l and -gas.can be readily severed from the soil
without greatly. encumbering the surface. The. mineral estate has an ,
easement or right to use the surface in a reasonable fashion.. However,,
no mineral estate would comprehend complex processing plants on. the sur-
face as part of the. implied easement. of reasonable use. :
Geothermal resources. require precisely such complex processing plants:
on the surface. usually electrical generators, to convert the latent heat
of the fluids into commercial commodities such as electricity Even .
direct uses, such as system heating, will require surface facilities abovev
and bevond the wellhead and gathering equipment These requirements
than any 011 and gas easement could . ﬁ', : S
It appears that geopressured-geothermal resources are highly dissim- ,
ilar to minerals which.are ordinarily part, of the mineral estate., They
can not be. severed and transported 1n the same ways minerals ‘can. They -
are not valued for. the same reason. And the required use. of the. surface
estate is significantly greater than any, jmplied use available to oil
and gas, and other mineral leaseholders [l4l] . P
Geopressured -geothermal resources. do not fit the criteria proposed
as attributes of«the,mineral,estate..,Nonetheless, the State of California
in Pariani argued that-"a natural,and unavoidable attribute of all minerals
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~ at great depth . . . is . . . heat energy . . . . Said heat, in whatever
form, is part and parcel of the minerals of which it is an attribute and '
therefore belongs to the owner of the mineral estate" [142]. '

The state is correct in asserting that heat energy is characteristic
of all materials at depth [143]. The argument confuses materials with
minerals. A mineral lease does not convey the soil itself, only those

substances within the soil that are valuable in themselves [144]. Not all
" things under the surface are minerals. The heat inherent in materials at
depth is an attribute of the soils and geologic structure. Geothermal

heat is c]early an-attribute of part of the surface estate (1 €., the soi])
and 1s therefore jtself part of this same estate. '

Th1s last distinction is a hybrid which begins to cross over into the
traditional discussion based on the classification system of animal, |
vegetable, mineral. This road leads direct1y to Alice In Wonderland
situations since the categories are largely manufactured post facto accord-
ing to the result desired. The real purpose of inquiring into the distinc-
tion between the surface and mineral estates is to discover policy purposes
for so distinguishing. The available legal criteria express a policy
choice for free alienability of commodities and land in a market economy.
They do not tell us why‘this should be so. Such an inquiry is probably"
beyond the scope of this work. ' ' -

Nevertheless, application of the ordinary legal distinctions between
the estates clearly demonstrates that geopressured-geothermal resources,
and probably geothermal resources in general, are properly part of the
surface estate. Are there other good and significant reasons why this
conclusion should be supported? Perhaps the freely exersized right to
sever the mineral estate is the chief argument in support of this conclu-
sion. 'Many hundreds of thousands of mineral leases have been executed on
property throughout the Gulf Coast area. These leases, by and large, did
not contemplate any additional compensation to surface owners for rights
to "extract" geothermal resources. If the resource were held to'be‘pdrt
of the mineral estate under ordinary o0il and gas leases, the present lease-
holders would receive an enormous windfall benefit. The state would lose
‘an opportunity to impose any sort of severance tax on the leases and con-
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sequently wou]d Tose potentia] revenue. : -~

More 1mportant1y. the state wou]d have lost the opportunity to make
a poiicy decision concerning the dispOSition of the resource. Ownership
of the resource by mineral owners is not a foregone conclusion. Nor is
private ownership of the geopressured resources the only alternative.
The state could claim the resources underlying all lands in the state,
with the possible exception of the ancient land grants areas. Regardless
of the merits of state ownership of the resource, that option would be
effectively eliminated by any holding that the resource was part of the
mineral estate.

There may be some good policy reasons not to place the geothermal
resource within the surface estate. Texas has retained title to all or
part of the minerals in nearly 8 million acres, of which 7.4 million acres
are Relinquishment Act lands [145]. The Relinquishment Acts released
some interest in the state's mineral rights to surface holders [146]. It
might therefore be in the interests of the state for geothermal resources
of all kinds to be within the mineral estate. - They would be leasable and
therefore a source of income [147].

This income, however is required by law and constitutional provision
to be expended for the benefit of education [148]. On the other hand,
the income from a severance tax.on leases of surface rights in geothermal
resources would yield funds which could be expended on other pressing
matters. The decision is one which ought to be subject to definitive
poiicy'judgment by the legislatures of the respective states.

In addition, a close resemblance exists between exploration and

“exploitation technology for oil and gas, and that proposed for geothermal
development in Texas and Louisiana. Gas wells have been routinely com-
pleted in and near the geopressured zones for some years. The techniques
proposed for well drilling for'geopressured-geothermal resources are .
standard practice, and the states have recognized this resemblance in
their placement of regulatory authority with the agencies that regulate
oil and gas. o

However, resemblance in terms of deve10pment is not 1dent1ty of
resource. Good arguments for regulation are not necessarily good argu-
ments for deciding questions of ownership. These matters are uniquely
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within the province of legislative authority and duty and ought to be
decided on the basis of detailed pohcy ana]yses S
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- Component.

» Ihe;courts‘can,;as,mentionedtearlier,,choosesto,analyze;geothermal
resources .in terus"Of'their‘component parts. In Union 041 and Pariani
disputants and adjudicators both spent much time on characterizing the
'resource as one of its constituent parts. The .court in Union 0i1 for
instance, ruled that geothermal resources were water.i This section ana- ..
lyzes the geopressured-geotherma1 resources according to the constituent
parts, The geopressured resource. is broken down, for this purpose, into
water, heat, pressure, and solute minerals/and ana]y;ed without,regardﬂii,
for the geothermal statutes [149] | ,mv,', A ‘,, o

water Surface and Subsurface., In Texas, surface and ground waters
are treated according to different sets of rules.. Surface waters .are
reserved to the state and held in trust for the people generai]y [150]
Their use. is subject to two different sets of legal prinCipies, riparian.

rightsiand appropriation,under,regu]ation.[151],.;Surface.water users of
flowing water‘must:appiyzto;the,Texas,Water,RightsvCommission for
a permit granting the right to specific quantities of water from a defi-
nite source,[]SZ].,,Riparian;rights;simply,entit]e,landowners contiguous
to a body of water to make reasonable use thereof [153]. Both of these -
sets of Iega],principlesngoyern,use'on]y;; the ownership remains,invther
state. DU e > , _ . ;4 -
~In contrast, the surface _owner..owns - ground water as part of the -
surface estate [154]. . In fact, this Jincident of surface ownership can be
severed and sold [155], .and the owner of . this right in 1and can. produce
v1rtua]1y unlimited amounts of water for -commercial as well as domestic -
uses {156]. e T g it et e e
.1t seems clear that under Texas .law, geotherma] resources which were
regarded simply as.water:(as thezcourt}in;UnionLOi] so -regarded them) -
could be used by the surface owner. Louisiana held a similar judicial
standard of unlimited production of ground water by the surface,estate,.
until the enactment of LRS. 38:3091-3094. . Thisfstatute,now,regu]ates’“,
production of ground waters .in excess of 50,000 gallons per day.. It also
provides that no orders pursuant.to-the act will issue with respect to .
waters .from strata, producing oil or gas. ~Although the statute introduces
uncertainty, it -appears that if. geothermal resources were regarded simply
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as water they could be used by the surface owner in Louisiana as we11

quest1onvof the ownership of salt water in Texas [157]. The owner of the
surface estate owns the subsurface salt water. This ruling would supp]e-
ment the previous ' ‘holdings on ownership of water and is applicable to
geothermal fluids which would otherwise have been d1st1ngu1shab1e from
water by virtue of the solute minerals [158]. - e ‘

‘Heat and Pressure. Heat and pressure have proved to be highly elusive
1ega1 entities. Careful research has revealed numerous tort and contract
cases which discuss heat and/or pressure as ‘an fncidental matter to the
decision[159]. The on1y case law really focusing on the issue of heat
and pressure is Reich, ‘discussed in the Resource Definition section herein.

Under Reich the steam is ‘characterized for tax purposes and not w1th
regard to ownersh1p, so that this ruling is little help. There does not
appear to be-any analysis of the incidents of ownership in these two forms
of energy, in spite of the ‘conténtions of California in Pariani.

It appears that in Texas the surface owner would own the heat con-
tent of geopressured or geothermal fluids. The head inheres in an entity

which is clearly part of the surface estate and is a characteristic of it.
The right, which is part of the mineral estate, to use and dispose of such
fluids is only the right to use the fluids to assist in production of

the minerals, not the right to waste any valuable characteristic therof.

Solute Minerals. The ownership of solute minerals is a particularly
knotty problem in the case of geopressured reservoirs. The waters of this
resource are likely to contain significant amounts of solute natural gas
and perhaps some economically significant minerals of other sorts. - The = -
natural gas, in the absence of any statute or case law defining ownership
within the geopressured-geothermal system, is the property of the mineral
estate owner in Texas. In Louisiana, where the rule is that no one owns
minerals in place, leaseholders obtain only a right to produce the
minerals, rather than an estate in land [160]. '

These interests give the mineral estate holder a claim to the solute
natural gas contained in geopressured reservoirs. Gas wells produce
natural gas from geopressured strata today in great quantities. The
ownership interest of the mineral estate in the gas is in clear conflict
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|

with the ownership interest of the surface owner in the subsurface waters.
This situation will be resolved, most probab1y, on the basis of‘accounting
[1617. i e it oer o S e

' -Mineral-estate holders are, or course, entitled to a reasonable use '
of the surface in order to produce 0il and gas [162]. Thus, the mineral
éstate‘owners,cou]dfproducefthe geotherma1‘quids»incident to producing
the natural gas. The unresolved question concerns the measure to be used
in accounting for -the value of the geothermal fluids. This value can be
computed with and without the worth of the fluids' heat energy for electri-
cal production or process heat. A valuation that does not refléétfthe
nature of the fluids as geothermal will probably deprive the surface owner
of property without compensation. Texas law ordinarily does not require
compensation for use of water by the mineral-estate. However, it is

clear ‘that heat energy wasted by such production is an inherent and valu-
able feature of the water and is therefore an incident of ‘the surface
estate. e e e o
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- PROBLEM AREAS

The problem area of first importance is the lack of statutory ,
guidance with regard to ownership of the resource. ‘Both statutes speak to
the resource only for purposes of leasing from state lands, and for pur-
poses of regulation. This lack of statutory authority must be set in the.
context of geopressured reservoirs which contain natural gas in commercial
quantities. This gas, in the absence of legislative declaration or judi- -
cial interpretation, is presently the property of the mineral estate owner,
usually ho]ders-of oil and gas leases. . . .

The-lack of statutory declaration of ownership is further complicated
by the fact that the definition employed in the statutes is also not .
binding on private parties. The courts may look to the statutory defini-
tion for guidance, but they are in no wise bound to it for purposes of.
adjudicating ownership disputes. There is likewise no legislative declar-
ation on the character of the resource.

Systemic analysis of the resource may lead to the conclusion that the
geothermal resources of the Gulf Coast properly belong to the surface
estate. This decision, even though probably correct, produces accounting
problems as between the surface and mineral holders. If the statutory
definition is applied, the mineral estate holder has no claim to solute
natural gas so long as it falls under the geothermal definition. In
Texas, solute natural gas may or may not be part of the geothermal resource
according to use made of the fluids at the surface. In Louisiana, solute
natural gas does not appear to be part of the geothermal resource, largely
because of the subordination of geothermal leases to mineral leases. The
net effect of these complications is that it is extremely difficult to
ascertain whether solute natural gas is or is not accountable to the
mineral estate.

In the absence of a statutory declaration the courts are likely to
find that the fluids are in the surface estate and the solute natural gas
is in the mineral estate. Such a ruling, though highly 1ikely, does not
alleviate the accountability problem. The mineral owner must now account
to the surface owner for the heat energy of the produced fluids, since \,,f
such energy is an incident of the surface ownership of the fluids. What
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value should be placed on this energy is highly speculative and would be
completely dependent on type of use, proximity to likely users, and so
forth. -
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RECOMMENDATIONS

The following suggestions are options for meeting some of the prdb]em:
areas which have been identified.

1.

The legislatures of the respective states should make a clear
declaration of the character and ownership of geothermal fluids,
after conducting careful public analysis of the policy reasons
for so assigning the resource.

. The legislatures should provide by statute for a procedure for

a certificate of primary purpose [163]. This certificate
establishes a rebuttable presumption that the operator of a
geothermal lease has absolute title to the geothermal resources
which are produced. The impact of such a certificate is to
allow the state to set some standards of resource definition and
ownership with regard to lease transactions in the private
sphere. It encourages statewide uniformity in these matters
while avoiding the problems attendant on legislating private
contractual rights.

Defects #n drafting which tend to leave out part of the resource,
such as solute natural gas, should be corrected. Louisiana
should clarify its position with regard to geopressured resources
in general, and Texas should clarify its position on byproducts.

Use of labels to settle disputes should be avoided. "Surface"

and "mineral" are too often used as terms to preclude discussion of
decisions already reached. However, if such labeling is deemed
necessary, the states should label the resource as sui generis.
This action would permit the necessary policy review.




LEGAL SCHOLARSHIP

MULTISTATE AND INTERNATIONAL RESERVOIRS
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Multistate and International Reservoirs.

SUMMARY

This section identifies areas where potential geothermal resources
of several types - overlap ‘the state boundaries of Texas, Lou1siana. and
New Mexico.A 1In additfion. it identif1es over1app1ng among the state off-
shore areas, the federal Outer Cont1nenta1 Shelf, and the offshore of
Mexico. Jurisd1ctional d1fferences are examined, with attention given
to differences in def1nit1on, character1zat1on, and scope of legislation.

The need for federal action is based on constitutional requirements
with regard to interstate compacts and agreements, treaty powers, and
provisions.of the National Environmental Policy-Act. Problems arise with.
nonuniform statutory provisions, differences in ownership under law, and
burdens .on. interstate. commerce, - - T : .

The section recommends estab11shment of a study conm1551on with
representatives from al] parties involved., The study commission should
be followed by creation of a-permanent Interstate Compact Commission on
Geopressured and Other Geothermal Resources .and by passage of uniform and
reciprocal legislation. The federa]‘goyernments;of,the;United;Statesﬁand
Mexico shou]d,be«included;on;the commission. . Intermediate steps should
be taken by the states to:.provide:for:equitable resolution of potential
conflicts. ' '




104

INTRODUCTION

The growing interdependence of regional interests calling
for regional adjustments, has brought extensive use of
compacts. A compact is more than a simple device for
dealing with interests confined within a region. . . . [I]t
is also a means of safeguarding the national 1nterest. :

Mr. Justice Frankfurter

Speak1ng in West Vir g1nia ex rel.
. Dyer v.. .

341 U S. 22 (19517

This section examines 1egal and administrative problems arising out
of shared geothermal resources. It does not restrict itself solely to
consideration of geopreSsured’reservoirs,"but”éonsiders as well the
" Trans-Pecos hot rock systems and hot water systems that Texas shares with -
New Mexico. (Figures 1.1 to 1.6 illustrate the areas discussed in this
section.) ' ‘ :

A careful summary of the chief statutory differences among the
various jurisdictions §s included. It discusses the potent1a1 problems
arising out of these and related areas.

. The section concludes with a proposal of several policy options
which would enable a state to deal effectively with such problems.
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PHYSICAL DISPOSITION

Texas and Louisiana

Figure 1.3 1ndicates that potentia] geopressured geothermal fairways
overlap the state boundaries of Texas and Louisiana inland of the Gulf.

The caption identifies this deposit as Cenozoic.

Texas and New Mexico.

F1gure l 6 indicates that there are areas of high heat flow along the
Rio Grande Val]ey from New Mexico 1nto Texas In his test1mony before the
House Energy Crisis Comm1ttee, Dorfman jdentifies the area as_the
Rio Grande Rift System This system is not a geopressured system, but 1t ‘
does raise similar Jur1sd1ct1ona1 question. ‘In the same report,. Dorfman
d1scusses ‘the Trans-Pecos Hot' Rocks which are being tested in the Jemez
Mountains of New Mexico He indicates that "certain areas of west Texas .
north of the Big Bend Nationa] Park contain similar rocks " Th1s type of

,geothermal resource may also be shared w1th New Mex1co.

Texas and Mexico

F1gure 1.1 1nd1cates that the geopressured geotherma1 fa1rway of

'southeastern H1dalgo, western w111acy, and western Cameron count1es

extends 1nto Mexico.

Texas Offshore and Federal Outer Continental Shelf (0CS).

Texas has retained ownership of the waters, bed, and shore of the
Gulf of Mexico out to the 3-league, or 12-mile, limit [164]. The federal
government claims ownership and control of lands in the area of the Outer
Continental Shelf [165]. Both Figures 1.1 and 1.2 indicate potential
geopressured-geothermal fairways offshore of Kenedy and Matagorda counties.
These deposits may extend into the federal 0CS.

Louisiana Offshore and Federal 0CS.

Figure 1.4 demonstrates that geopressured-geothermal deposits extend

.from Louisiana offshore into the federal 0CS. In the case of United States

_State of Louisiana, it was determined that the state owns and controls -
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Figure 1.1

Potential Geothermal Fairways
\ - Frio Formation -
South Texas -

Three major Frio sand depocenters are delineated:

- 1. Southeastern. Hidalgo, western Willacy, and western Cameron
Counties. The highest sand ratios.occur in the lower Frio in thick sand
bodies (100 to 600 feet thick) that are primarily dip oriented. These
sand bodies were deposited as high=destructive deltas.

: 2. Eastern Kenedy and Kleberg Counties. A high-sand occurs in the
-upper Frio, where sand bodies 10 to 100 feet thick are separated by thin
shale intervals. These sand bodies are oriented in strike direction and
accumulated mainly as strandplain deposits.
: ‘3. North-central Nueces County. In the middle Frio a high ratio of
sand occurs- at the northern part of the study area. Preliminary work far-
ther north indicates that these sand bodies thicken considerably in that
direction. 0
' Temperatures of 250°F and greater occur at depths of 10,000 feet or
deeper. For. the Frio formation, this includes parts of the 1ower th
corselat1on units. In order to delineate prospective areas, the 250 F and
00"F isotherms have been added to their respective sand-percentage maps
for the above tree units. This combination has resulted in the recognition
of several prospective areas in Hidalgo, Cameron, Willacy, and Kenedy
Counties for which more detailed, local studies must be made. Not taken
into consideration at this stage are other critical factors such as areal
distribution and thickness of individual sand bodies, porosity, and
permeability.
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Figure 1.2 | ‘ &i’i

Potential Geothermal Fairways
Middle Texas Gulf Coast

: From this study of the Frio of the Middle Texas Gulf Coast, three
areas (gulfward of the main sand depocenter) ‘have been 1dentif1ed as
potential geothermal prospects. : :

Area 1. The vicinity of the intersection of Aransas, San Patricio,
and Nueces Counties, including most of Corpus Christi Bay. The sand bodies
considered here occur between -10,000 and -16,000 feet, are more than
500 feet thick, and are known to occur over an area of at least 200 square
- miles. Recorded fluid bottom-hole temperatures are between 300 and 320°F.

Area 2. South-central Matagorda County. This sand body is known to
extend over.-an area of 100 square miles at 515,700 feet, is 200 feet thick,
and has fluid temperatures greater than 300°F. Although this sand body
-appears not to meet the minimum requirement of 200 square miles, the
- actual boundaries of the prospective reservoir have not yet been delineated
by well control.

Area 3. Northeast Matagorda County. This sand body is recognized
in only one well where it occurs at -13,7000feet, is 150 feet thick, and
has. fluid temperatures of approximately 300°F. The lateral extent of this
sand is umknown because of lack of control.
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Figure 1.3 Geopressured zone in Eocene deposits, northern Gulf of
Mexico basin.

F1gure 1.4 Geopressured zone in-Neogene deposits .northern Gulf of
Mexico basin.

The hydrodynamic regime of Cenozoic deposits in the northern Gulf of
Mexico basin 1s a coupled function of two regional hydrodynamic systems: an
‘underlying system in which fluid pressure reflects part of all of the
weight of the rock overburden and an everlying system fn which fluid
- pressure refleets only the weight of the superincumbent water column and
the back pressure of outflow1ng water. Dimensionally, the underlying
system (the ‘geopressure zone) is by far the largest; it underlies an area
of at least 375,000 km* (150,000 mi2) and extends downward some 15 km
(50,000 ft) to the base of Cenozoic deposits in the Gulf Coast geosync11ne.
‘Leakage from the geopressure zone dominates all but the uppermost part of -
the hydropressure zone because the head of water in the geopressure zone
is commonly an order of magnitude. greater, and all water that escapes from
the geopressure zone must pass through the hydropressure zone to reach the
‘1and surface or open water bodies.
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~ the area offshore out to three miles [166].

Texas Offshore, Federal 0CS, and Mexico Offshore.

Figure 1.4 indicates that the geopressured-geothermal deposits in the
Willacy and Cameron county areas may extend into both the Texas and Mexico
,offshore.«-If‘theseideposits,also extend into the federal 0CS at the right
position, they could underlie all three jurisdictions. |
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JURISDICTIONS

‘Téxas.

Texas provides for regulation of drilling on all lands and for
leasing of state lands [167]. It defines geothermal resources so as to

include: geopressured reservoirs and bases the definition on the model in .
the federal Steam Act. It does not characterize the resource.

Louisiana.

Louisiana provides for regulation of drilling on all lands and for
leasing of state lands [168]. It defines geothermal resources so that it
is unclear if geopressured reservoirs are included. The definition is
based on the federal Steam Act. The statute does not explicitly charac- .

terize the resource, but it does imply that geothermal resources are not
minerals.

New Mexico.

New Mexico provides for regulation of drilling on all lands and for
leasing of state lands [169]. It defines geothermal resources so as to
exclude geopressured resources, but so as to include hot rock systems. It
bases its definition on the California Code. The statute implies that
geothermal resources are not water, though the byproducts may be part of
the mineral estate.

United States.

The United States provides for leasing and regulation of drilling on
federal lands [170]. It defines geothermal resources so as to exclude
geopressured reservoirs. The statute does not explicitly characterize the
resource, but it does strongly imply that it is part of the mineral
estate,

Mexico.

Mexico provides for development of geothermal resources through the 1
agency of the Comision Federal de Electricidad and the Department of K..f
Geothermal Resources of the Division of General Management of Planning
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and Program [171]. These agencies are divisions of the federal government

of Mexico and operate pursuant to federal grants of authority. This

- project has no information on the defimtion, characterization, or owner-
ship status of the resource in Mexico ‘ ’ ’
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- FEDERAL ACTION

... Several different sorts of federal action are implied by the existence
of geothermal resources which cross jurisdictional boundaries. . Agree- .
ments between states, such as Texas and Louisiana, are governed by both
constitutional and statutory provisions. Article 1, Section 10, of the
United States Constitution provides that "[n]o State shall, without the
Consent of Congress, . . . enter into any Agreement or Compact with
another State, or with foreign Powers"

Agreements between the United States and a foreign nation, such as
Mexico, are subject to the federal constitutional treaty power [172].
Texas is prevented from entéring directly into treaties with Mexico by
art. 1 sec. 10 and by the Supremacy Clause, which makes the laws of the
United States the supreme law of the land [173].

Agreements among the various states and the federal government will
proceed under constitutional and statutory authority similar to that
already outlined. Therefore, any agreement involving Texas and Louisiana
offshore and federal OCS must be made pursuant to these authorities.

Since development of geothermal resources will have an impact on the
environment, agreements permitting large-scale leasing in such multi-
jurisdictional areas may therefore have significant environmental impacts
[174]. Recent rulings in the case of Natural Resources Defense Council
v. Morton [175] have required an Environmental Impact Statement on the
Bureau of Land Management's leasing operations. This and similar rulings
‘may require an Environmental Impact Statement for any of the agreements
or treaties requiring federal action [176].
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PROBLEM AREAS

"The problem remains as to who W1ll be responSible for management
of 51ngle geothermal resources which lie under lands controlled by
separate Jurisdictions " [l77] Conflicting statutory prOV1sions w1th
respect to resource definition and 1mpl1cit characterization will be a
source of potential problems for development of geopressured-geothermal
reservoirs shared by Texas and Louisiana. For lands which may not be
subject ‘to the lea51ng prov151ons of the statutes, but which 1nvolve
such reservoirs, there will be the differences 1ntroduced by both case
law and common law. = ST ' '

A good example of such potential conflicts l1es in the area of

“‘wbyproducts" in the case of unit operators of a reservoir underlying

both Texas and Louisiana 11“Byproducts," under Texas law, may or may not
include natural gas according to the use of the geopressured fluids at
the surface. In Louisiana, natural gas may not be included in the
resource at all because geopressured resources themselves are omitted.
Moreover, in Louisiana geothermal Teases are subordinate to mineral
leases. Thus, operators of such units ‘could face three different problems
with obtaining clear and absolute title to the solute natural gas. The
differences in water law will raise potential problems of ownership and
accountability similar to the problems with natural ‘gas.

" Differences’ 1n ‘commercial- regulation ‘and taxation exist with regard
to the two states the federal jurisdiction, and Mexico. Application of
state ‘tax statutes to resources shared with the federal jurisdiction may
raise significant problems with regard to the Commerce Clause, which gives
the federal government the sole right to regulate interstate commerce [17§].

Substantial confusion may arise with regard not only to regulatory
authority, but also to the content of said regulations. The rules under
the Steam Act and other federal statutes which affect reservoirs in both
the states offshore and the federal OCS will differ substantially from
the rules of the states. For example, neither Texas nor Louisiana has a
feature similar to sec. 1008 of the Steam Act which gives the Secretary
of the Interior the right to order production of valuable byproducts.
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RECOMMENDATIONS

Consideration of issues raised in th1s sect1on leads to severa]
p011cy opt1ons 1nc1uded as recommendat1ons

‘].

The leg1s1atures of. all of the involved states and countr1es
should part1c1pate in a joint study project to examine issues
and structural techniques for resolv1ng such issues.

. .. The states 1nd1v1dua11y and collectively should estab11sh an
escrow account_and an escrow program so that,unlt drilling in

overlapping areas may progress promptly, while preserving the

“equitable rights of the parties pending resolution.

The states should create and 301n an Interstate Compact Comm1ss1on
on Geopressured and Other Geotherma] Resources. The federal .
government of the United States and that of Mexico should be
full partners in such an organization [179]. This commission
will require a supplementary treaty agreement. . o
The states and nations involved in the commission should enact
uniform and réciprocal legislation.

This organization, or any other similar such entlty, shou]d
strive to generate uniform definitions, characterizations, and
regulations of the shared resources.

States should enact provisions permitting geothermal. regulatony
agencies to cooperate with the geothermal regulating agencies
of other states [180]. (Some states already have such provi-

~ sions.)
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Taxation. : .

SUMMARY

‘State ad valorem taxes wil} be applicable £o>geo£herna1"resource devel-
opment. There are serious prob]ems with valuation and timing of applica-
tion. The value of geotherma] resources lies chiefly in the energy which
is available from such systems This report recommends that the legisla-
ture undertake a thorough policy examination of ad valorem taxation as it
applies to: geothermal resources and implement its findings in new statutes
which articulate valuation- princip]es and timing principles for the appl1-
cation of ‘the tax. Deperene e no iy e aTe s

State ‘severance taxation 1aws on natural .gas - w111, if app1ied separ-
ately, have the effect of treating aocomponent part of- the,geopressured-
geothermal systems as :a separable entity.  .The state should undertake a
similar policy analysis on the nature of severance taxes as applied to
this new resource.. -The legislature should implement its findings in ~
statutes which carefully defineithe resource in ‘terms which correspond -to
physical reality and which. clearly delineate both the basis and percentage
of taxation. - ) : R I S B Doy e

~The federal taxation code and regulations do not .now contain any
exp11cit provisions which are app]icableftoogeopressured resources. -

Present provisions foroa-percentage~depletion,a]lowance for geothermal
steam wells which qualify as:gas~wellsaare‘derived,from3theaggjgh;case,i o
‘which applies only.to the geothermal deposits at The Geysers in California.
Presentvpercentage,depletionaallowances,for;naturalggasswould;have the -
same 1mpact‘on:geopressured5resource5xthatVState;gasteveranCegtax provi-
sions do. : Tos i s oo

Case law provides the opportunity- for bringing geopressured-geothermal
resources. under the cost depletion.provnsions -.~Shurbet, a case allowing a
cost depletion allowance for farmers drawing irrigation water from the . -
Ogallala aquifer, may be applicable to geopressured reservoirs.

This report recommends that‘Congress, after proper deliberation, enact
statutes explicitly recognizing the application of cost or percentage
depletion allowances and intangible expensing to geopressured-geothermal
resources.. Such provisions should apply to injection wells and other
necessary equipment, such as surface disposal equipment or installations.
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Taxation.

INTRODUCTION

We admit . . . the acknowledged power of a State to tax its own
c1tngns 0P the1r property with1n its terr1tony . . to be
sacred. )

Just1ce Marshal] in
" Brown v. Maerand 12 Wheat 419
(1827) ~

The COngress whall have- Power To lay and collect Taxes o o
““Article I, Section 8 of the’
SR . United States Constitution

The development of geopressured-geothermal resources in the Gulf
Coast ‘area of Texas and Louisiana will, in part, be a function of tax
policy and application. This section explores the present taxation picture
for producers of geopressured reservoirs under state law and under federal"
law. » , : IR
State taxation is concerned primarily'with°ad valorem taxes on pro-
perty and severance/oceupation taxes on production of minerals (See
Figures 1.7 and 1.8). Federal tax is important chiefly in the areas of
intangible drilling costs and depletion allowance. The importance of this
area of federal law in underlined by:the litigation arising out of geother-
mal development in California at The Geysers.

The litigation referred to, the Reich case, has had an impact on the
Tegislation. New amendments to the Internal Revenue Code issued in 1975
depend on that case for the operative determination of the nature of the
resource. These ‘amendments, and two proposed amendments, must be carefully
examined in order to determine their projected impact on geopressured
resource development. :

" This section concludes with recommendations which would have the
effect of providing badly needed incentives for investment in the develop-
ment of this un1que resource.’ e




AD VALOREM
| i 1 |
State
Decentralized - | Political School Special
levied by counties Subdivisions Districts Districts
Property value Yalue rendered to {—] Percentage|— Property,
assessed assessor/collector ratio set taxed

Real Property
]

Surface |
estate |
L1

| Mineral
estate’

Royalties . Ro alties

Figure 1.7.A

~ SEVERANCE

-

0i1 - 4.6% | |

Su]furv

Gas - 7.5%

|

$1.40 per

L long . T

= =
i No severance tax
Lon_coal or_uraniu

— e e - o quta s w—

' j'}-; ' I'No severance ta

Volume prodiced |
at mouth of well

Taxed - % of market value
at production point

Report to

Report to
Comptroller

Railroad Commission

Figure 1.7.8

UTILITY TAX

125

—
X4

4

Does not apply to municipally
owned utilities

I

Privately owned utilities % gross receipts
varies with populaiton of area served

Figure 1.7.C




126

CENTS PER STATE TAX DOLLAR

TYPE OF TAX
Ad Valorem 1.54
Crude oil production tax 4.81
Natural gas production tax 2.85
Sulfur production tax 0.12
0.56

Gross receipts tax on utilities

Figure 1.8 Sources of Texas State Funds from Taxation,
Year 1971-1972, from 1974-1975 Texas Almanac.

(Note: The fair market value of natural gas and oil has
risen considerably since 1971-72, ergo the percentage of
state tax dollar that the tax on gas and oil represents

has also risen).




127

- STATE TAX -

The geothermal statutes of Texas and Louisiana do not mention taxation
No taxation statute in these states explicitly includes the resource

Ad Valorem

Historically, Texas has depended upon a property or ad valorem tax to
provide funds for the operation of the government (see Figure:1.7. A) For
this purpose. all. property, whether real or. persona], tangible or intangible,
is to be assessed and taxed at some ratio of its value. For’ many years the
state's ad valorem rate was 35¢ per every $100 valuation for thelééneral
revenue fund (abolished in 1951), 35¢/$100 for the Confederate pension:
fund. Throughout th1S century. however, state dependence on the ad valorem
tax has decreased steadiiy ‘This’ s1tuation has resulted promari]y from the
discovery of major oil fieids in Texas and the ever-increasing industriali-
zation of the state, events which have provided large amounts of taxable
income.In the years 1971-72, 'state ad valorem taxes represented only -
1.54¢ of every:dollar: (or $1.54 of-every $100.00) of state taxes collected
(Figure 1.8). As of January 1, 1976, only-12¢/$100 valuation will go to
the state, composed of 10¢ for;thefcoilege'Buiiding Fund ‘and .2¢ for the :
cdnfederate*pensiOn. i‘Eventuai‘ly, onlyithe 10¢ COilege Bui]ding Fund tax.
will survive. R S SRR S -

Although the importance of ad valorem taxes to the state: ‘has dwindled,
these same taxes are the financial basis of many political subdivisions of
the state, including counties, cities, towns, hospital districts, school: -
districts, drainage and irrigation districts, and countless other special
districts. The 254 counties are the decentralized collectors for the state -
ad valoremétax;swhichJEach county assessor pays to the state comptrolier.
Texas has-approximately 3000 taxing districts, and over 1500 assessment
offices. No one knows how many special. districts exist in Texas because -
those that are organized under general  law.provisions need never report.
their existence to the ‘state.. One source estimates that there are 1001
special districts in Texas [181]. -Not all districts have the power to levy
ad valorem taxes, ane the tax rates among districts having this power vary

widely [182].
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Assessment of property in Texas has traditionally been unpredictable.
There .is -no specif1ed statewide formula for this assessment. The state is

currently try1ng to develop a single system for its 1100 school d]str1CtS,A
but all other taxing districts will remain free to set ;he1r own procedures.

This means that the valuations will continue to differ from district to
district, along with the percentage of the value which is taxed, and the
amount of tax 1mposed per $100 valuation. I

Texas Const., art. 8 sec. 20

-No property of any kind in this State shall ever be assessed for

ad]valorem taxes at a greater value than its fair cash market -
value

Texas Const., art 8 sec. 1 - ‘

Taxation shall be equal and uniform. All: property in th1s State,
whether owned by natural persons or corporations, other than
municipal, shall be taxed in proportion to its value, which

~ shall be ascertained as may be provided by law.

The term "fair cash market value" in the constitutional mandate has
created problems in regard to assessment of property’value. Tax assessors
are rarely experts at evaluation of all forms of taxable property. To
assess oil or gas property, leaseholds, or we11$'requires some expertise
in the field of petroleum engineering which county assessors rarely have.
In some instances, assessment engineers are called in to value the well
for ad valorem taxation purposes. However, there is no uniform procedure,
and each assessor dévises unique methods.

Many wells are simply taxed at a given rate, such as $4,000. This
procedure circumvents the "uniformity" called for in the constitution, and
also makes it possible to tax a well for a value greater than the fair cash
market value. But neither the legislature nor the petroleum industry has
sought reforms for the inequity. The assessment procedures vary from
district to district, and any specific oil or gas well would have to be
examined through the existing practices in that locale.

In addition, there are variances as to what percentage of the "fair
cash market value" will be used for the property valuation base. If all
property in ‘the district is valued at 80 percent of its true value, a
type of uniformity will be obtained. However, this is not usually the
case, and some property (such as houses) will be valued at its fair cash
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market - value; while other property. {personal property) may not be rendered
at all.. Although the ad valorem taxation processes in use in Texas are.

. obv1ous]y products of a ninteenth. centuny ideology, they are not likely to
be changed in .the near future. C o g ea L |

The requirement for valuation at “fair cash market value“ introduces |
substantial complications. The "fair cash market value" of a geothermal
resource will depend entirely on the type of use, the statutoty character
- of the user, the transportation burden, and other imponderables. If heat
is the real value of a geothermal resource, should value be measured with
regard to -the worth of comparable Btu? This scheme is employed for the
setting of rates in The Geysers by Pacific Gas and Electric [184].

The Resource Utilization section of the Phase 0O Project has calculated
that the probable cash flow from a geopressure-operatedyelectrical genera-
. ting system will be split between electricity and natural gas in the ratio
of 1 to 2. With due regard for the thermal inefficiency of converting Btu
to kilowatts of electrical power, and for the extraordinary intrastate
prices for natural gas, it is still clear that some large portion of the
value of the resource lies in the byproducts. Will these byproducts:be
valued with or without setoffs or cost-sharing of the production facilities
with electrical generation? '

Valuatfon of a complex resource must itself be complex. Geopressured-
geothermal resources will be expressed at the surface in the form of fluids
with a certain heat content, pressure content, and dissolved mineral and
gas content.  A1l of these items have value, including the fluid and the
pressure. They may not have a discoverable "fair cash market value."

The timing for valuation is also critical. Geothermal production is
- characteristically a-long-lead-time endeavor. There may be a period of

from three to -five years before a given reservoir has passed through from
' exp1orat10nvand development to full production. The valuation should wait
“until -the utilization system has also developed and engaged with produc-
tion. Only at this point can the "fair'castharket value" of the resource
be ascertatned. | | , _
Who should pay‘the ad valorem tax, the lessor or the lessee? In oil
and gas tax practice, the lessee renders the value of the well at the time
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of production and pays the taxes. Geothermal lessees will register the
wells with the Railroad Commission during expolration and development.
The value of the well or reservoir may reach the assessor at this time.

If the assessor follows 0il and .gas practice, the lessee, who owns the
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Severance and Occupation. . . . . . -

0i1 and ‘gas production (severance) taxes, which are levied pursuant ' -
to Statutory provisions [184], are not easily applicable in theory to
~goethermal resources (Figure 1.7.B). ’Thgse occupation taxes are set on
the fair cash value of the product &s it emerges from the mouth of the
well. In the case of natural gas, the tax is 7.5 percent of this value.
0i1 is taxed at 4.6 percent of its fair cash value before any refining.
These fuels can be appraised and assigned values and volumes in terms of
barrels or cubic feet. The actual energy of these commodities will not be
utilized until the respective fuels are burned. Their actual byproduct
value will not be realized .until after refinement. However, geothermal
energy will emerge at the mouth of the well, for the most part, in the form
of pressure and heat carried by water and gas in solution.

It is hypothesized that the major worth of the Gulf Coast geothermal
fluids will be the initial burst of power into the turbines as soon as
they reach the ground level. Consequently, a unique taxation theory may
be necessitated by the unique nature of the resource. It would be difficult
to tax the fluids strictly by volume produced, as the heat and pressure of
each reservoir will differ. The theory of severance taxes as applied to
0il and gas would obviously be difficult to apply to geothermal resources.

The presence of methane gas in the geothermal fluids is presumed by
most reports. The amount of gas suspended in the geopressured fluids has
not been determined, although 40 cubic feet per barrel is the standard
estimate. Extraction of this gas from the fluids during the several
processes before and during power generation will result in taxable gas
being produced. Geothermal leaseholders will be liable for a gas tax if
_the resource is held to include the gas. Removal of additional minerals
from the fluids will necessarily raise similar questions of state and
federal taxation. | | '

One policy function of'séverance and occupation taxes is to obtain
some economic benefit for the state from commodities destined to be sold
outside the state. An argument against imposing this same severance and
occupation}Qtax structure on geothermal production is that such production
is not exportable. This argument does not take into account the displaced
~ energy use which makes available for consumption elsewhere every Btu of
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geothermal energy consumed. It also overlooks the solute natural gas :
which will be available for sale to either the intrastate or interstate
markets. '
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FEDERAL TAX

*<1Intan9ibles‘7 S

”Under one section of the existing federal tax law regarding oil and
gas, I.R.C. sec. 263(c) the taxpayer s capital expenditures for explora-
tion and intangible drilling and development costs of o011 and gas wells may
be either deducted as expenses or capitalized and- depreciated over a long
period of time If these costs are expensed, the 1mmed1ate deduction can
help the developer, who has large expenditures 1in the early stages of
development, but very little, 1f any,vincome The practical effect is
51milar to an accelerated depreciation and is worth twice the value of nor-
mal deprec1ation of capital assets [185] 0nce ‘the choice is made, the
taxpayer is bound ‘to continue using the chosen deduction not only for that
well, but for ensuing proaects If no choice is 1ndicated, the IRS pre-
sumes that the taxpayer has chosen to capitalize. If 1. R C. sec 263(c) is
applied to geothermal development, the developer will be able to expense
or capitalize the early capital expenditures However, at present, sec.
263(c) is not automatically applicable to geothermal resources. It has
" been allowed in some 1nstances to apply to the intangible drilling and
development costs of geothermal exploration, yet the tax comm1551on
continues to challenge taxpayers u51ng this deduction [186].

.D_ep_l_et_lp_& 3 o Lantanal L
"There areatWo“sortS’of“depletion“allowanCes;under,the'Internal Revenue

Code. 'Sec. 611 provides for cost depletion, and sec. 613 provides for
percentage depletion. ' The provisions 'of sec. 613 were'modifiedlby;the%Tax,
Reduction ‘Act of 1975 so as 'to reduce thé allowance for oil and gas from .
27% percent ‘to 22 percent. = {Both sections are set out in:full. in appendix).
" Percentage depletion allows a greater write-off than cost, and.is.not tied.
to the:basis:in”property The ‘percentage depletion can return the value of
the original basis’ many ‘times over [187]. . gt

“Two- important cases have ‘construed  these prov1sions and/or those on .
intangibles: Reich and Shurbet, ‘:They -are :taken up in'a following section.




134

Statutory Provisions.

Tax Reduction Act of 1975. This legislation inserts the word "geother-
mal into the Internal Revenue Code.for the'first time. ‘In amendlng sect1on
613A, one of the gas well exempt1ons is: expanded as follows:

3§fL5613A LIMITATIONS ON PERCENTAGE DEPLETION IN CASE OF OIL AND GAS
(b) EXEMPTION FOR .CERTAIN DOMESTIC GAS WELLS --
y (1) - IN GENERAL.--The allowance for depletion under section
‘611 shall be computed in accordance with section 613
with respect to-- . .
(C) any geothermal depos1t in the Un1ted States or in
‘a possession of the United States which is deter-
- mined to be a gas well within the meaning of
. section 613(b)?1)(A), and 22 percent shall be
"~ deemed to be specified in ‘subsection (b) of
-+ section 613 for purposes of subsection (a) of that
- section.

Th1s demonstratlon of congress1ona] concern for g1v1ng a tax 1ncent1ve
to the geotherma] 1ndustry is patterned after the dec1s1on 1n Reich. 0n1y
the I.R.C. section regarding ‘the depletion allowance is a]tered not the
section on deductions for 1ntang1b1e dr1111ng and development costs which
is of equal importance In Re1ch the court S ma1n discussion was on the
depletion allowance, and the issue of 1ntang1ble dr1111ng deductions was
thought to be decided by the former: Second]y, the Re1ch definition of
which geothermal wells will qualify for the depletion allowance is employed:
any geothermal well which "is determined to be a gas well."

Why the definition of geothermal resources from the Geothermal Steam
Act of 1970 was not utilized is not apparent. The result of this amend-
ment is only short-term and limited relief for the geothermal industry as
a whole. First, it will allow the tax commissioner to continue challenging
on a case-by-case basis the characteristics of each geothermal well, to
determine if each is a "gas" well. Second, this amendment will allow for
preferred tax treatment of dry steam -geothermal resoUrce developments,
while the geothermal fluid resources will have even more problems to
grapple with. They are now as much as ‘excluded from the Internal Revenue
Code since a geothermal well of steam and fluids w1ll not quallfy as a
"gas" well, and because of the everpresent problem of 1.R.C. sec. 613 (b)
(7)(R), which specifically excludes water from the percentage depletion
provisions.
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‘Because I.R.C. sec. 263 (c) is not amended, it is at:least possible
that deductions for intangible drilling costs will- not be allowed gVen if
the depletion allowance is permitted. In.Punnigan Enterprises, Inc.,
Docket number 657-74, the Internal Revenue Service is challenging a New -
Mexico taxpayer's deduction for intangible drilling and development costs
in geothermal exp]oration,[lssl..~Becausé,many such cases are settled out
of court, it is difficult to know how frequently the Internal Revenue. .
Service is challenging these previously mentioned deductions. However,

.one thing is. clear: the Tax Reduction Act of 1975 amendments to the code -

will have 1ittle impact upon geothermal wells that are primarily fluid in
nature:rathervthan;dny steam. - The problem is that of statutory wording,
since "gas" can apply to dry steam geothermal resources, yet cannot be used,
to describe geopressured-goethermal deposits.. It is difficult to imagine
why Congress would desire dny_steamﬂgeothermaI;resourcesrto enjoy é,tax
preference that geopressured-geothermal fluid resources were piohibited'
- H.R. 6238 (Proposed). H.R. 6238 was introduced into the House on
April 22, 1975, less .than.one month after the Tax Reduction Act of 19Z5
went into effect. This bill was referred to the House Ways and Means
Committee, where it~remainsgfer,laCk-of,support.._This.Bill wdu]d;¢1gab up
some of the previously.outlined problems created by the-éarlier legisla-
tion.  The depletion;a110wahce‘§ec.]613A(b)(1)(C) would be amended to read,
“(C) any‘geothermalﬂdeposit«inlthe UnitedfStates;or,in:aupossg$$1onjof;tth
United States which is determined to.be broducing-geothermalfstegm and
associated Fesources as defined in the Geotherma) Steam Act of 1970."} In
addition subsec..(c) of sec. 263 would read as follows: . . .. . .
() /INTANGIBLE -DRILLING :AND DEVELOPMENT COSTS IN THE CASE OF OIL AND

. GAS WELLS, OR GEOTHERMAL DEPOSITS. -- Notwithstanding subsection
"7 (a), regulations shall be prescribed by the Secretary or his -
" wr .delegate under:this:subtitle corresponding to the regulations

. which granted the option to deduct as expenses intangible drili-
" ing and development costs in-the case of o1l and gas wells'. . .
.-“and. such regulations .shall be extended so:as .to apply in the case

-of wells drilled for geothermal steam and associated resources
as defined in the Geothermal Steam Act of 1970.
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If this bil1l is passed, it will define the tax status of geothermal
developments with the definition used in the Geothermal Steam Act of 1970.
Although this move will make the federal geothermal statutes in toto more
uniform, how it will affect the Gulf Coast geopressured-geothermal fluids
~is sti11 in question. As previously pointed out, none of the existing
statutes or litigation has touched upon geopressured fluids per se,'
dealing instead almost solely with dry steam deposits. In fact, careful
analysis of the definition contained in the Steam Act, found herein in
Resource Definition, indicates that the Steam Act does not include
geopressufed-geothermal resources. Until these legal mechanisms deal -
specifically with the Gulf Coast geothermal deposits, the potential devel-
opers of these fluid resources must continue to employ arguments from and
conclusions based upon both Reich and Shurbet ‘in trying to obtain the tax -
benefits that have been received in those cases.

S. 2608 (Proposed). This bill, submitted by Fannin to the Senate
Finance Committee in November, 1975, would modify depletion and intangible
provisions of the code. It would allow a 25 percent depletion allowance
on resources defined according to the Geothermal Steam Act, as in H.R.6238
(Proposed). . This proposed bill also allows the option to deduct intangible
drilling and development costs on geothermal wells ‘in the same fashion as
for oil and gas wells (see Appendix for full text).

The fact that S. 2608 adheres to the Steam Act definition is an unfor-
tunate limitation because it operates to exclude not only geopressured
resources but also hot rocks. If it were not for the limitations inherent
in the definition, geopressure might otherwise qualify for the 25 percent
depletion allowance.

Another shortcoming of this proposed bill, as remedial legislation,
is that it does not provide intangible expensing for the entire geothermal
system. Intangibles are included, .in sec,'189(c)(1), but only for wells
drilled for geothermal steam and associated resources. This omission
léaves out production wells for geopressured resources and injection wells.
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Case Law, 77

Arthur E. Reich 52 T C 700 (1959), aff d 454 F Zd 1157 (9th Cir
1972) is one of the very few litigated cases having to do with the federal
income taxation of geothermal resources and their development

: This is.one of . the very few litigated cases having to do Wlth the

federal income taxation of . geothermal resources. and their development
The commissioner challenged the California taxpayers contention that they
be allowed (l) to treat intangible drilling and development costs of a geo-
thermal well as if they were incurred drilling an oil or.gas well there-
fore enabling the taxpayers to expense these costs, and (2) to claim a A_'
27% percent depletion allowance deduction, since the geothermal well pro- '
duced steam and steam is a gas, for the purpose of qualifying for favorable
tax. treatment o

The administrative tax court decided in favor of the taxpayer who had
taken both the deduction for intangible drilling and development and the
depletion allowance -This ruling was appealed by the commissioner and was
affirmed by the Ninth Circuit Court of. Appeals in 1972 The tax court made
“these findings: (l) Steam, not heat, is the product of the wells, (2)
Steam is held to be a gas, since in the common commercial usage of the geo-
thermal. industry, it is regarded as such, (3) The Geysers is a. natural re-
source that is capable of depletion, and is, in fact being depleted
Accordingly, the depletion allowance was permitted The commissioner in
his brief. had stipulated that if the depletion allowance was applicable in
this case, the issue of intangible drilling costs also would be decided in
favor of the taxpayers.. Consequently, the intangible drilling deduction
was allowed with little discussion The companion case, George D. Rowan,
was decided in. reliance on Reich, and Rowan was allowed deductions for f
intangible drilling and development costs [189] In both of these cases»i
the geothermal wells were producing steam, “which™ qualified them as “gas -
wells" for the purpose of the statutory. language of the I.R.C. The com-
missioner. admitted that "gas wells" could apply to nonhydrocarbonaceous .
gases. (i €4y not methane gas), however, the government is not necessarily !
bound by this statement and could now assert the opposite '

Reich really turned on a long production history and clear evidence of
decreasing steam pressure [190] This feature of long-term evidence is
common to Shurbet [191]. Reich is effectively limited in application to




138

other wells at The Geysers. Its applicability to geopressured development
is extremely marginal. Geopressured resources are not steam. Furthermore,
there 1s no long productive history to show a decline in any parameter of

the resource ' o

In the case of United States V. Shurbet, the United States Court of
Appeals for the Fifth Circuit affirmed the ruling the the Ogallala water
reservoir of the Southern ‘High Plains was a "natural dep051t“ for purposes
of the cost depletion allowance in I.R. C sec 611. The U. S. District
Court, where the case orig1nated compiled an 1mpressive findlng of - fact
upon which the ruling in Shurbet is largely based. The appeals court and
the I.R.C. Regulations both limit the f1nd1ng to facts 51milar to those 1n
Shurbet [l92]

" The decision turns on several main points of decided interestito
taxation analysis for geopressured reservoirs. Total recoverable water in
the reservoir was diminished from 1938 to 1962 by 40 million acre feet
[193]. Average 24-year recharge and discharge are roughly balanced at
3/20ths of an inch per year [194]. Both the water table and the saturated
thickness of the reservoir have declined [195]. The reservoir is being
mined and once drained "will require more than 4000 years to refill and will
be lost insofar as Plaintiffs and immediate succeeding generations are con-
cerned" [196]. The ground water is being exhausted, and the reservoir w1ll
be pred1ctably exhausted {197].

" The court goes on to conclude that ground water in the Ogallala:"is a
mineral and alnatural deposit within the meaning of the federal tax stat-
utes and regulations governing deductions for cost depletion" [198].

~ Some subtle differences in reasoning exist between the court of
appeals and the district court. The appeals court opens by stating‘that
it agrees with the district court that "Ground water in the Ogallala . . -
is a mineral and a natural dep051t w1th1n the meaning of . . . cost deple-
tion" [199]. '

The appeals court then begins to distinguish "natural deposit" from
"mineral.” It indicates that the term “natural deposit" must be measured
by the policy purposes of Congress in allow1ng depletion. The court re-
c1tes legislative history and concludes, in sec. 4, that

"the legislative history <. means no more than that Congress

o
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intended depletion as a means of allowing an annual deduction to rep-
resent the capital exhausted in the taxpayer's business operations

= . The language of the . . . provisions . ... do[es] not convey any

, such meaning [i.e., that natura1 deposits are mlnerals,] and it seems
tgogs incon51stent with the purpose and rationa]e of cost depletion“

- [200).

The court then. points out that “water" is exc]uded only from the sec-
tions defining and setting out percentage depletion. The court cites a -
prior case involving another excluded element, sod, in which the exclusion
of sod from percentage depletion was held not to impact cost depletion
[201). = SR . RN ' :

‘Finally, the court: points out that the treasury regulations strongly
imply that "some minerals may be subject to cost depletion which are not -
subject to percentage depletion" [202]. . . .'Minerals' , . . includes
but is not limited to.all:. . . minerals and other natural deposits sub--
ject to depletion based upon a:percentage of gross income" [203].  The
court holds, therefore, that substances excluded from percentage depletion
by I.R.C. sec. 613(b)(6): *"(s)oil, sod, dirt, turf, water, or mosses,"
are ”naturaIAdeposits“'opensto;costtdepletion; i
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Analysis.

Geotherma] resources are not now taxed by‘the state as separate enti-
ties under severance or occupation taxes. ‘The venerable ad valorem tax is
applicable by its terms to any type of property, real or persona1 ‘which
has value. Geopressured-geothermal resource development will certainly be
subject to these ad valorem taxes.

The constitutional requirement of fair cash market value w111 be the
chief stumbling block. Assuming for the sake of argument that county tax
assessors are equipped to conduct and understand a complicated scientific
fnvestigation of the particular installation, it is not clear which infor-
mation will be relevant and what criteria ought to be applied. A geother-
mal reservoir will be evaluated by poteﬁtia] userS<With a specific use in
mind.- The value of the reservoir to that user is' precisely its ability to
meet certain needs. Thus, a reservoir may be rejected by electrical-
generation users because of insufficient heat content, but may be accept- -
able to process-heat users. |

Geothermal reservoirs could conceivably be claSSIfied accord1ng to
the type of use to which each reservoir would most likely be put. Each
class of users presently pays a certain price for that resource for which
geothermal resources would substitute. It seems at least conceptually
feasible to specify by statute or regulation an ad valorem classification
system based on use and reservoir capability over 1lifespan.

Geopressured-geothermal resources are clearly not covered by any
federal statutory provisions presently in force, nor by any under consider-
ation in Congress. The Tax Reduction Act of 1975 is limited by its terms
to geothermal steam wells which can qualify as gas wells under the test
in Reich. The Reich case itself appears strictly limited in direct applica-
tion to The Geysers steam field in California.

Case law may provide a precedent for a depletion allowance for geopres-
sured resources. Though geopressured reservoirs do not resemble The
Geysers, they do resemble the_ground water aquifers of the Ogallala which
were the subject of Shurbet. The Ogallala structure developed during the
Pliocene, a more recent epoch than that which saw the sand and shale
bodies of the geopressured reservoirs develop. Both systems are permeable,
and waters can move through the materials. The Ogallala is extremely
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shallow, at 50 to 250 feet below the surface.. The geopressured reservoirs
generally: occur at depths'greater than 7000 feet below the surface, The -
Ogallala is under normal hydrostatic pressure, while geopressured reservoirs
are under. hydrostatic overpressure. Both systems are reservoirs whose main
component ' is water. Geopressured reservoirs contain enthalpic water which
is.under pressure and contains natural gas,: | SRR S . §
~Resemblance is not enough to bring geopressured reservoirs under the
rule in Shurbet, especially in light of the court's statement that the
“case 'is not meant to furnish a precedent as to the allowance of cost de-
pletion for ground water, except under the peculiar conditions of the
Southern High.Plains" [204]. , . .

What are the peculiar conditions of the Ogallala? The court 1nd1cates
that the most important such condition 1s- the depletability of the:reser-
voir. . The fact situation, as developed in the district court, depends
heavily on the accumulation of .data showing a decline in the water table
- for the period 1938 t011961.‘:These,data,ﬁere supplied by the United States
Geological. Survey. No similar data exist for geopressured reservoirs since
no controlled and monitored. production for geothermal energy purposes has
yet taken place. It will take: sign1f1cant product1on h1story to begin to
approach: the data base used in Shurbet. ; e .

' - At present, the Phase 0 Project has only theoret1ca1 considerations
-upon which to base an argument for depletion. Waters present in geopres-
sured reservoirs are fossil waters and not of recent meteoric origin. The
reservoirs-are sealed off by impermeable zones and are under an extraor-. -
dinary -hydraulic -head. - Both of these factors el1m1nate inflow from other
-:strata as possible:maaor;sources«of-recharge. “The waters present are both
the product of thermal metamorphosis 'of -the clays and the interstitial. .
waters of deposition. The impact of productionvbnrthe‘reservoirsswill,be
to extract these .fluids without introducing replacement fluids. . This
situation seems to make ‘the geopressured reservoir more depletable than
the'OgalTalagrwhich,fgivengan.annua]«average precipitation -in excess of
3/20ths of an inch,.willreventua11y recharge after production ceases.--
There are no. such expectations for the geopressured reSeryoirs.',However,:
proof of the depletion will be a major hurdle.

Unfortunately, depletion of the water in.the Ogallala aquifer is not
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precisely parallel to depletion of a geopressured reservoir. The waters -
of such reservoirs are not being produced as a commodity, as are those in
Shurbet.  Nor do they form the value of the resource in the same sense that
water does in that case [205].- Water is only a heat transfer medium in
these reservoirs. Its presence, however, is the limiting factor on avail-
ability of the magmatic heat. Geopressured-geothermal resources are unique
among geothermal resources generally. in that there is no recharge of fluids.
It is not economically feasible to reinject fluids into these aquifers in
order to recover more heat or pressure. . The enthalpy is a measure of the
heat content of the fluids. Therefore the geopressured resource will be
exhausted as an energy resource, when the heat transfer fluids are ex-
hausted. ‘ Lo

" However, it is conceptually possible that such reservoirs will suffer
other sorts of depletion first. The temperature and pressure content of -
the waters could easily decrease long before the fluid output dropped -
significantly. In this contingency, the analogy to Shurbet and its reliance
on decrease in total commodity production seems inappropriate.. Reich seems
more to the point with its concern for the decrease in the pressure of the
available steam, rather than for total steam production.

Even if depletability can be established, geopressured reservoirs must
still face the Shurbet rulings which hold that water is a mineral and a
natural deposit. This study has argued that geopressured resources in par-
ticular and geothermal resources generally are not simple commodities.

They have, in contrast, been defined and described as complex geologic
systems. It is important, therefore, to determine whether the ruling of
the court can be read in such a fashion as to include geopressured resources
under the heading of "natural deposit" without having to include such re-
sources under the heading of "water." '

The appeals court in Shurbet affirms the district court hold1ng that
"[glroundwater . . . is a mineral and a natural deposit within the meaning
of the federal tax statutes." The government argues that water is not a -
natural deposit because it is not a mineral. The court states that the
term "natural deposit" explicitly includes entities which are not minerals.
The court does not argue that water is a mineral.

This distinction in argument within the opinion of the court is

.
Li
’
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significant for geopressured resources. It does not appearfnecessary:to
contravene the best scientific understanding and argue that geopressured
resourceS'aré‘only'mater.’ It also does not seem necessary to attempt to’
show that water is a mineral. It will suffice to show that the term "natu-
ral.deposit,! as used in the Internal Revenue Code, will comprehend -
geopressured-geothermal ‘resources. iy TR

The court in United States v. Shurbet,- convincingly demonstrates that
neither legislative history nor present regulation 1imits the provision
within cost depletion sections -of the law.: The various limitations and
exclusions are in fact:.parts of percentage depletion. The court's analysis
in Shurbet can: be supplemented by reference to I.R.C. secs. 611(a). and
613(a), reproduced .in full. in. the appendix.. .- - . - : N
7 See. 611(a) provides that "f{iln the case of mines, oil and gas wells.
other natural deposits, and timber, there shall be allowed . . . a deduc-
tion." But:sec. 613(a) provides that "[iln the case of the mines, wells, .
and other natural deposits listed in subsection (b),;the allowance for
depletion . .- . shall. be the percentage . . . specified." This is clear
support- for the court's: conclusion that the exceptions apply only to .
percentage depletion.: S P PRI P S RE R .
i " Are geopressured resources such natural dep051ts? It seems that they
may be.: They are at least: "deposits," -defined by the Oxford English
Dictionary as a layer of precipitated matter or a natural accumulation
The geopressured reservoirs are identifiable underground structures of
natural origin that can be “mined“ for the heat .and pressure content of
the. contained fluids. This is true of all geothermal systems so long as
they :are defined in terms of extraordinary heat content or heat flow The
natural.and diffuse normal ‘thermal gradient would not so qualify.}f’ -

Therefore, Af. geopressured reserv01rs can be shown to be depletable,%
it appears that they may come under the rule .in §hurggt, as least with V";
regard ‘to-the heat . transfer medium This route to a depletion allowance '
is fraught with uncertainty and needs a degree of analysis beyond the ‘
scope of this paper.. o
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 PROBLEM AREAS L | | —

TWo broad categortds of prob]ems are dea]t with in th1s sect1on
problems w1th1n state taxation.and problems with1n federa].taxetjoq.r

State Taxation. - ,

With regard to: state taxation it is clear that substantial clarifica-
tion is needed in order to provide the ad valorem tax structure with
criteria on valuation and timing. The impacts of inadequate decision
making, or of no decision making, may be to restrain somewhat.the develop-
ment of geothermal resources in Texas and Louisiana.

‘Severance and occupation taxes on.the production of geothermal :

- resources should also be examined by the states. The precise subjeet of -

these state taxes needs to be carefully defined. :
" Present potential conflicts between taxes on natural gas from ordinary
gas wells and on the solute natural gas present in geopressured fluids need

resolution. The geopressured resource must not be treated in terms of its

components and subjected to multiple rules of law.

Potential conflicts arising out of the large subsurface area of the
reservoirs also need a forum for reso]ution,.other than the judiciary.
Reservoirs cross the jurisdictional lines of various sorts of governmental

~entities, such as school districts, water districts, cities, counties, and

underground water conservation districts. . The opportunities for confusion
and multiple tax burdens are rife.

Federal Taxation. ,

~ The chief problem area with regard to federal taxation is the lack of

any clear statutory basis for rational tax planning in the development of
the resource No present fédera] tax statute comprehends geopressured -
resources. (Case law which 1ed to the depletion provisions contained in -
the Tax Reduct1on Act of- 1975 1s limited to geothermal steam’ product1on in
The Geysers 1n Cal1forn1a.. D ‘

There is ‘some persuasive precedent, the Shurbet case, for arguing
that geopressured reservoirs should qualify for cost depletion -under the
provisions covering natural. deposits. However, the establishment of any-

definitive judicial decision represents a costly burden on development and (55,;

an uncertainty which hinders 1nvestment.
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Major problems will exist in attempting to qualify.geopressure under
the Shurbet rule.: That case.depends on & long production history which
shows a decline in the water table. In the case of geopressure, there is
no such production histery. " Furthermore, it is not clear that the water
flow will decrease as dramatlcally as the -heat content. of the liquids or
their pressure content. : A » . .

A further problem arises out of unresolved taxation rules on- the |
solute natural.gas. Present I.R.C. ,regulationsapermlt;different taxation .
rules. to apply to different.parts of a resource. Under this rule:the
solute natural gas would presently be eligible for a 22 percent. depletion
allowance. While this might envourage investment, in the absence of
rational pollcy planning and amendment of the regulations and code, it has
the deleterious impact of treating a common resource as 1f it were not a
system. but rather, only a collection of discrete entities ‘ |
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RECOMMENDATIONS :

This report makes the following spec1f1c recommendat1ons in the area -
of ‘taxation: ' , o '

1. Legislatures for the respective states should formulate rules
and statutes directly applicable to ad valorem and severance taxes on
"geothermal resources. Such rules should specify the general principles
for valuation and timing of application of ad valorem taxes. The laws
should also specify the nature of the severance tax and the exact character
of the application of the tax to the various dlfferent kinds of geotherma]
energy resources. ‘ '

2. State legislatures must a1so resolve jur1sdict1ona1 prob]ems that
ar1se out of the very large geotherma] reservoirs. Such reservoirs will ‘
underly many different sorts of. taxing entities. Rational development
policy would clarify such difficulties and establish a single taxation
entity for geothermal resources. Such an entity could then distribute pro
rated shares of the taxes to the other taxing entities.

3. The federal government should establish one clear uniform and
comprehensive provision to cover all types of geothermal resources. This
provision should allow intangible expensing for production and injection
wells, as well as other types of surface disposal equipment.

4. The federal government should allow either a cost or a depletion
allowance to encourage development of the resource. Such depletion allow-
ances should be tied to reinvestment in the further development of geother-
mal .or renewable energy resources. The provision should also resolve
~potential conflicts with present taxation rules on natural gas and other
entities by providing that such elements in geopressured systems should be
taxed as part of the geothermal resource and not as a separate entity.
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LEGAL SUPPORT

Summ. arx dnTo e L , S : e v
- This section summarizes the results of ‘a “cursory examination of the

'techn1ca1 ‘tasks proposed under Phases 0 and 1. - It details some areas where
such technical:tasks ‘generate avrequirementsfor:legal analysis either -
because ‘they create potential conflicts with regulations or rules, or .,
because they require legal ‘assistance for completion of the outlined work.
Four areas;ofitechnicalCworké-Resource’Uti]ization, Advanced Research and
Technolegy, Institutfonal and -Environmental, and Resource Utilization--all
require 'such -analysis by the Legal Section. :Such an=analysiszwas~not_under-
taken in Phase 0. 0 opiol Touoaoweloan oot , .
This section recommends that a- deta11ed funded study be undertaken to
identify and plan for: such legal work as is: required by the ‘technical
tasks,1mplementedﬁduring;PhasesiO;.lshand,zt,; e BTN P PE o

Introduction

“The' Lega] Support section of this’ report 'is distinguished from Legal
Scholarship by virtue of its close and dependent association with the:
technical tasks within Phase 0 of the project This is-not the same sort
of dichotomy as that between abstract and’ practical” because all- of the work
done in the sectlon on’ 1ega1 schoTarsh1p is highly practical in' the context
of policy p]anning fbr resource utilization The- scholarsh1p section will:
not, however, answer questions about the legal impact of various tasks
»which the technica1 p1anners wish to 1mp1ement during this project. It is
also distingu1$hed by the fact thatnoneof these things have been done ‘at
_this t1me but are p1anned for execut1on dur1ng the next phases of. the R
project A B S e T SRS 1
o The Lega1 Support sect1on s divided into four sections that exactly -
correspond’to the division of Yabor among the technical tasks. - They are
Resource Utilization, Advanced. Research and Technology, Institutional and
Environmental, and Resource Utilization. Each section includes legal tasks
‘that will examine potential obstacles to completion of that task, or
potential involvements of that task with governmental regulatory structure
(see Figure'1.9). The Legal Section will, in the future, make recommenda-
tions and 1mp1ement procedures designed to assist in the rapid and orderly
development of the resource.
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PERT CHART: DISCUSSION

The attached PERT Chart (Program Evaluation Review Techniques) is an
abbreviated graphic representation of the comp]ex of legal -tasks which must
be undertaken in order to carry out the policy purposes of the Geopressured-
Geothermal Project. . It displays twoe sorts of information: time-dependent :
Tinear progression of tasks and:interconnection of legal and technical
tasks.. ‘The analysis which serves as the substrata for the PERT Chart and
the chart itself have revealed important but heretofore ignored tasks.

- An example of an unidentified task is the apparent necessity for the
development -of -an Environmental Impact Assessment and the possibility that
this assessment will lead to an Environmental Impact Statement for both the
Well Drilling and Regional Laboratory Tasks in Phases 1 and 2. This
requirement will impact allocation of resources within the various phases.
It will also substantially alter the schedules. It is likely to impose a
public hearing situation on the project.

The PERT Chart also expresses the implied 1nterconnect10ns wh1ch were
not fully articulated in the Phase 0 proposal. Indeed, many of these
interconnections had to wait until 1mp]ementat10n had begun in order to
become visible. An example of this is the 1dent1f1cat1on of legal,

- economic, and environmental constraints on the Resource Utilization Task
and its development of scenarios. o

The PERT Chart carries the display of implied tasks into Phases 1 and
2. An example of this is the impact of the legal environmental analysis
on the design of both the test well and the regional 1lab. Thélstate -
permitting requirements and the problems of site acquisition are clearly
. implied by the technical projects. The general legal environmental
research can run parallel to the well design and reg1ona1 1ab des1gn, but '
the specific analysis must wait on the output of the technical tasks.
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Resource Assesment.

The work of the Resource Assessment team in identifying potential geo-
thermal fairWayé will culminate in selection of one or more sites for the
test well. This site selection will raise potential legal problems. Each
such site will be firmly enmeshed in a network of local, state, and federal
governmental entities and ob]jgations'imposed by these entities. This net-
work must be outlined and defined. Strategies must be devised for comply-
ing with the rules and regulations of these governments.

Each test site is also potentially subject to a complex of ownership
and royalty interests. The project must be able to acquire an interest in
land sufficient in area and scope to permit the operation of the test well
as planned. This ownership and royalty complex must be identified and de-
lineated, and appropriate strategies outlined and executed to acquire said
interest in the land. This task will be greatly simplified if the test
site can be placed on state lands.

Advanced Research and Technology.

The work of this section entails, among other tasks, the design of a
monitoring program to satisfy the needs of the technical planners for ih—
formation on the resource. The Legal Section should undertake a careful
examination of environmental regulations applicable to the test well and
present to this section for integration into their monitoring design a
Tist of those parameters which must be monitored to satisfy the demands of
regulation.
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Institutional and Environmental.

The institutional ‘tasks undertaken during Phase 0 and those planned
for Phase 1 present an opportunity for innovative legal work An example
of this may be found in social and institutional analysis which argues for
a greater degree of local control of development of the resource ‘than would
normally occur in a situation’ with outside investors. The Legal Section
can prov1de information on the possibility of municipal operation of a
geothermal site to produce fluids for district heating. The Legal Section

- can uncover other valid mechanisms for implementing the policy articulated

by social and institutional research. Local financing of an 1ndustrial o
park centered on a geothermal site is a possibility under Texas law, in

spite of constitutional provisions against the lending of credit

The Institutional Section also proposes to undertake a detailed inves-
tigation of regulations which may impact both the test well and the proposed
regional laboratory. This task is naturally one in which the Legal Section
will participate. Examination of the statutes will not be sufficient to
outline the final scope of such regulations. A careful examination of case
Taw and precedent will be necessary. : e

- The Environmental Section has undertaken preliminary establishment of
base line 1nformation for the geothermal fairways and plans -a detailed
analysis of the proposed test sites. These technical analyses must be .-
based on the pattern of requirements imposed by state and federal environ-
mental regulations. The information must be arrayed in a fashion that fits
the regulations and statutes DeciSions must be reached at certain stages
in the planning based on this information ,

A typical pattern for a federally sponsored project would entail a.

| detailed site inspection ‘and the generation of an Environmental “Impact -

Assessment. This assessment would be followed either by a Negative Declar-

~ation or by the generation of an Environmental Impact Statement. Extra-

ordinary ‘impacts of such a process on project planning and implementation
are always a possibility, and the Legal:Section has a clear role in plan-
ning for and anticipating such results. |
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Resource Utilization.

Resource Utilization deve]oped options for ut111zat1on of the geopres-
sured fluids. These options range from electr1ca1 generation to d1str1ct
heat1ng and process heat applications. _Each such option has unique 1ega1
consequences. o -

Examples of the differing 1mpacts of these opt1ons may be found in
taxation. This report suggested earlier that ad valorem taxation may be
based on a valuation system that is tied to ‘the use ‘made of the _particular.
reservoir. Each use option will also have different consequences under
both state and federa] antitrust provisions. An electr1c utility wh1ch
plans to produce its own fluids from a geopressured reservow may come
under the provisions of the antitrust statutes. A city which plans to
utilize the fluids for district heating and which produces its own fluids,
may not. -

Recommendations.

This report recommends that a careful study of the pr0pésed‘work plan
for Phase 1 of the Resource Management Project be funded and undertaken.

This study would examine the work plan in order to identify those technical

tasks that will require legal assistance for their completion, or those
tasks which present potential problems under law. This study should cul-
minate in a work plan to complement the technical tasks and support their
proposed approaches to their goals. There is a clear need for continuing
legal analysis and planning in order to achieve rapid and eff1c1ent deve]—
opment of the resource.
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NOTES

. TGeothermal Steam Act of 1970;f30'U.S£C;J§ec;ﬁ1001<et~seg;‘(1970);

eeothermal Resources Act of 1967, CAL. PUB. -RESOURCES CODE sec. 6902
et seq. (Supp. 1975). See Table 1. 1, .infra, State Laws and Regula-

ﬁ,tions Regarding Geothermal Resources (as adapted from a compilation

" of the samé name by Renewable Energy Resources Project, National

‘Conference of State” Legislatures 1975):[hereinafter-cited‘as State

0 Laws - Summary]. -

. ;See d1scussion 1nfra of Geothermal Steam Act of 1970

See discussvon infra of CAL PUB RESOURCES CODE sec. 6902 t seq.
(Supp. 1975).

See ORE. REV. STAT. sec. 522.010 et seg (1971), as amended [1975]

“Ch. 552 H B 2040 D1gest of Oregon Laws 1975 See NASH REV CODESV

”fsec 79. 76(no 'tseg (1978).

10.

11.

2.

13.

4.

. WASH. REV. CODE secs. 79.76.060, 79.76.100 (1974)

6. Allen, Legal and Policy A;pects of Geothermal Resource Development,

-8 WATER. RESOURCES BULL. 250, 252 (1972)

See generally 78 TECH. REV. 2 at 26-69 (Dec. 1975)
1d.; also §§§_SC13?AMI'4,atﬁ44f57;‘80-95 (April 1975).

Bjorge, The Development of Geothermal ‘Resources and the 1970 Geother-'.
mal Steam Act--Law in Search-of a Definition, 46 U.-COLO.-L. REV. 1, -

- 23 (1974).

Arthur E. Reichy 52 T.C. 700, 7]1 (1969), aff d Re1ch v. Comm r. 454 ,

 F.2d 1157 (9th Cir 1972)

United States v. Union 0i1 Co., 369 F. Supp. 1289 (N D. Calif. 1973),
appeal docketed No. 74-1574, 9th Cir » dan. 11, 1974.

1d?

SEArthur E: R61Ch, ugra note 10, at 711 12

Specia] statutes focusing on prlvate disputes are- d1scouraged, occa-
sionally by constitutional provisions against special legislation,
but they are far from rare. :
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15.

16.
17.
18.

19.
20.

21.

22.
23.
24.
25.
26.
27.
28.
29.

Tax Reduction Act of 1975, Pub. L. No. 94-12, 89 Stat. 26 (codified \~vj
in scattered sections of 26 U.S.C.), at sec. 501, which modifies
26 U.S.C. sec 613a Limltatlons on Percentage Depletion in Case of

0i1 and Gas Wells (c).
‘See Arthur E. Reich, supra -note 10.
30 U.S.C. sec. 1002, see also secs. 1014(c), 1020(b), 1022(b) (1970).

There-are occasionally holdings that extend definitions -into-cases
that were never covered by the Acts. See, e.g., OP. ATT'Y GEN. OF TEX.
M-175 (1967), which classifies ammonia as‘a_hydrocarbon gas for{pur—
poses of Railroad CommiSsion regulation bursuant to the pipeline

‘safety act, TEX. REV. CIV. STAT. ANN. art. 6023 (1962)

Arthur E. Reich, ugra note 10.

"The heat transfer mechanism may 1nc1ude crustal. th1nn1ng See PRO-

CEEDINGS OF THE FIRST GEOPRESSURED GEOTHERMAL ENERGY CONFERENCE 151-
52 (R. Deller and M. Dorfman eds. 1975) [hereinafter cited as 1975
PROCEEDINGS]. o I

“The release of geothermal energy is more an event or occurrence than

a thing." 0lpin, The Law of Geothermal Resources, 14 ROCKY MT. MIN.
L. INST. 123, 131 (1968). | L

See ORE. REV. STAT. sec. 522.010 et seq. (1971)..

- WASH. REV. CODE sec. 79.76.030 (1974).

WASH. REV. CODE sec. 79.76.100 (1974).

WASH. REV. CODE sec. 79.76.060 (1974).

NEV. REV. STAT. secs. 322.030 -.060 (Supp. 1975),Q
1d.

Id.

Brief for State of Cal. as Amicus Curiae at 12, United Stetes v. Union

011 Co., 369 F. Supp. 1289 (N.D. Ca],-]973),.§ppea1 docketed Noiv74-,

1574, 9th Cir., Jan. 11, 1974; Pariani v. California, No. 657-291 ,
(Super.-Ct., City and County of San Francisco, filed-May 1974). " - - Q,,J




30.

31.
32.
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The Resources Agency had entered this ruling previous to the passage

tof the Geothermal Resources ‘Act of 1967 1n order to bring such wells

under the authorlty of the State Water Board
Br1ef for State of Cal. as Amicus Curiae, ugra note 29

/.This wou]d fall under the Texas cases concernlng dr1111ng by a wrong-
- ful cla1mant See Rtght of Nay 011 Co. v. Gladys City 0i1, Gas &

‘ ::Mfg Co » 157 S.M. 737 (Tex. 1913), wh1ch provides for Tiab111ty for

3.
34.

35.

36.

37,

',gross value 1f the trespass is 1ntent10nal--and for net value--1f it

is not intentional But the burden of proof is on the trespasser
But see Gulf 011 Corp. v. Marathon 0il1 Co., 152 S.W.2d 711 (Tex. 1941),

" which holds that’if the 1and {s already under lease the lessor is only

entitled to his royalty interest under the lease. -And see Keeton &
Jones, Tort Liability and the 011 and Gas Industry, II, 39 TEXAS L.
REV. 253 (1961).

See Table T 1. 1nfra. Louisiana

See Jones, Open Discussion of Sess1on I 1n 1975 PROCEEDINGS 96
Eight thousand gas wells were already in the geopressured zone in

1/Lou1siana in 1972

Guffey v. Stroud, 16 S w 2d 527 (Tex Comm n App 1929 Einio
adopted). . SR o -
Agagu, Bebout, Dorfman, Regional Sand Distribution of the Frio Forma-
tion, South Texas--A Preliminary Step in Prospectlng for Geothermal "

Energy, in 1975 PROCEEDINGS 114, < °

House; Johnson, Towse, Potential Power Generation and Gas Production '

o i"ﬂl’rom Gulf Coast Geopressured Reservo1rs, in 1975 PPROCEEDINES 283

3.

39,

40.

See Cu1berson and McKetta, Phase Equilibria 1n Hydrocarbon-water
Systems III--The Solubility of Methane in water at Pressures to
10,000 psia, 3 J. PETR. TECH. 223 (1951) ' : L

M. Dorfman. G. Underhi]] Resource Utilization wOrking Papers. 1975
(unpublished papers ‘delivered at meeting 1975).

Jones, Open Discussion of Session I, in 1975 PROCEEDINGS 96; and see
FUTURES GROUP, A TECHNOLOGICAL.ASSESSMENT OF GEOTHERMAL RESOURCE DE--
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41.

42,

43.
44.
45.

46.

47.
48.

49.
50.

51.
52.

53.

54.

- VELOPMENT, NSF-RA-X-75-011, 38-41 (Aprl] 1975), see also HOUSE COMM. ON
- SCIENCE AND ASTRONAUTICS, 93d Cong., 2d Sess » REPORT FOR SUBCOMMITTEE

ON ENERGY 15-16 (Comm. Rrintr,May>1974) [here1nafter c1ted as 1974 SUB-
COMM. REPORT]

P. Kruger (ERDA) Development of the Nation's GeothermaT Energy Re-

" sources, May 12, 1975 (address at Second Energy Technology Conference,

Wash1ngton, D.C.). See genera]]y Hear1ngs on H.R. 8628 and H.R. 9658
Before the Subcomm. on Energy of the House Comm. on Science and Astro-
nautics, 93d Cong » Ist Sess > No 21 at 46-47 (1973) [herelnafter

7c1ted as 1973 Hearings]

See Toksoz, The Subductlon of the L1thosphere, 233 SCI AM No..5 at
89 (Nov 1975).

Jones, supra note 40 at 37, -59, 63, 68, 77-80, :85.

Toksoz, supra note 42.

Jones, supra note 40; STATE OF CAL., FOURTH PROGRESS REPORT, seoe I, at
11-25, pursuant to S. Res. 301, SENATE FACT-FINDING COMMITTEE ON
NATURAL RESOURCES (1967). ' o L ‘

Toksoz, supra note 42 at 89-91; Jones, supra note 40 ét 21-40, 9-94,
149-54. ‘

Jones, supra note 40 at 91-94, 149-54.
Supra, note 4] |
1974 SUBCOMM. REPORT, supra note 40, at 3, 12, 14-18.

Note the consistent tendency to regard minerals which are byproducts -but
which become severed. from the'heat transfer mediums as part of the min-
eral estate. See ALASKA STAT 38.05. 181 (1971), secs. (e)(5),'(J)(l),
(K)(1)(A & B), herein. : R

See CAL. PUB. RESOURCES CODE sec. 3701 (1972)

Dorfman, Potential Geothermal Resources in Texas, Tech. Mem. ESL-TM-3,
College of Engineering, U. of Tex. at Austin (Dec. 1974).

Kruger, supra note 41.
CAL. PUB. RESOURCES CODE sec. 3700 76 (1972)
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- Note the omission of waters for commercial or industrial use. Perhaps

this distinction arises out of:surface estate rights under California

‘water law.

56.
57.

58.
of 1970, 30 U.S.C. sec. lOOT(c) (d) is under]ined w1th a solid line.

59,
60.

61.

- See Alaska ‘statute, supra note 50, for similar provisions.

Colorado Geothermal Resources Act, COLO REV STAT ‘ANN. sec. 100-10-
101 (1963) as’ amended (Supp. 1974)

ATT new or changed material w1th reference to the Geotherma] Steam Act

;See Reich, supra note 10

See Reich, s supra-note 10 at- 709 .. This reading of "steam energy" is
given more plausibility by reference to (6)(a)(I) which says ". . .
steam, other gases." This is a fairly clear reference to the Reich

~case, which holds: that geothermal:steam, in The Geysers, is a gas for

the purposes of the depletion sections of the Internal Revenue Code
of 1954. ‘ ‘ : :

Note that pressure is not included here, so that the listed commodi-

'i'ties,would not be byproducts in the case where the heat content of a - =

62.
3"Tumps geothermal resources with other minerals.’

- 63.

64..

geopressured reservoir'waslnotvused‘but the hydraulic. head was.

But see see COLO. REV. STAT “ ANN. sec 112—3-16, royalty provision which

See HAWAIT REV. LAWS sec. 182-1(3) as amended, Act 241, H.8. No.
2197-74, 7th Legislative Session (1974); U..OF HAWAII, HAWAII GEO-
THERMAL PROJECT PRELIMINARY: REPORT: 20 n.24, 21 n.28 (1974).

- Bracketed material 15 taken directly from CAL. PUB. ‘RESOURCES CODE

sec. 6903 (1972).

Montana uses:the phrase "material medium" in,dtsastatutefwherefit;

.. repeats all of (c). . See MONT. REV. :CODES ANN.: sec.: 81-2602 (Supp.

66.

1974). It fails to go on to define "material medium" in the manner

of Idaho. R N S LA BRI o E o
See also IDAHO CODE sec. 47-1602 (1972), as it defines geothermal
resources for purposes of leases of state land. . This section does




162

67.

68.

69.

70.
71.

72.

73.

74.

not define "material mediums" and corresponds to 4002(c) w1th the addi-

tion of a mineral reservation.clause.

", . . if utilized" has two clear potential referents--geothermal re-
source or byproduct--but the byproducts are part of the resource by
virtue of (1)(d). contradiction. ". . . or whose production etc.

. ." has one clear referent-Fmethane--butlthis is specifically ex-
cluded by language earlier in (2). However, see‘Johes in 1975 PRO-
CEEDINGS 96. There are more ‘than 8, 000 natura] gas we]]s 1n the geo-
pressured zone in Lou1s1ana

Both statutes should include explicit references to geopressured:sys4

“tems. and hot rock masses. - Remedial amendments for S.B. 420 could

strike "dissolved natural gas" in sec. 801(1)(c) or strike "and
natural gas" in sec. 801(2) in order to perfect the statute.  "If
utilized" needs a clearer referent, and lack of legislative history

“or evidence of legislative intent prevents second-guessing the Louisi-

ana Legislature. H.B. 700 should give clear referents for sec.
681.2(1)(d), "byproducts."

a) MONT. REV. CODES ANN. secs. 60-127, 60-144, 145, 148 (Supp. 1975).

b) MONT. REV. CODES ANN. sec. 81-2601-2613 (1974).

c) Montana Water Act, ch. 452, Mont. Sess. Laws of 1973, apparently
repealed at sec. (3) by MONT. REV. CODES,ANN. sec.,81>2602 (1974).

MONT. REV. CODES ANN. sec. 81-2602(1) (1974).

a) NEV. REV. STAT. secs. 322.030 - .060 (1975).
b) NEV. REV. STAT. Title 48, secs. 2-5 (1975).

NEV. REV. STAT. Title 48, sec. 2 pt. 1 (1975); Nev. Ass. B. 158 sec. 4,

ch. 266 [1975] amending NEV. REV. STAT. sec. 322.0300.060 (1973).

See NEV. REV. STAT. sec. 533.025, surface and ground waters belong to .
state. NEV. REV. STAT. sec. 534.030, ground waters are public prop-
erty. = : : ' o

a) N.M. STAT. ANN. secs. 65-12-1 to 8 (1975).
b) N.M. STAT. ANN. secs. 65-11-1 to 24 (1975).
c) N.M. STAT. ANN. secs. 7-15-1 to 28 (1967).
d) N.M. STAT. ANN. sec. 63-1-8 (1967).

e) N.M. STAT. ANN. secs. 65-13-1 to 16 (1975).

&isf




75.

76.
77.

'78.

79.

80.
81.
82.
83.

84.
85.

86.
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See Royalties section. N M. STAT ANN. sec. 7-15-13 (1967), for provi-.
sfon allowing reinjecting of geothermal resources. The intent seems
to be to cover fluids by this provision, but fluids are not included
as part of the resource. ‘ S :

‘See N. M. STAT. ANN.- sec. 7-15-7(A)(T & 2) (1967)..
- see N. M. STAT. ‘ANN. secs. 65-11- -3(c), 65-11-5(C & D) (1975).  See also

secs. 65-11-10 & 13, which even retain the phrase "divided mineral

”ownership e

_ a) ORE REV STAT secs 522 010 to 090 (1971)

b)” H.B. 2040 (1975)
c) H.B. 3185 (1975).

d) H.B. 3324 (Sp Sess. 1974) o |
VORE REV. STAT sec. 522. 010(4) (1975), H.B. 3324 sec. 3(2), Ore. Sp.

Sess 1974 5

Wi]son, House, in 1975 PROCEEDINGS 267, 283, 299.°
House,” in 1975 ‘PROCEEDINGS 288, fig. 5.

30 U.S.C. sec. ‘1001 (1970):

See, Moor v. County of Alameda, 411 U.S. 693, 709 (1973); United

States v. Stewart, 311 U.S. 60:(1940) for this following principle

from Tidewater

~ Words are inexact tooTs at best t . and here it is essen- 4
 tial that ‘we place the words:of a statute in their’ proper
- -context -by resort to. Tegisiative history ~ e

Tidewater 0i1 Co. v. United States, 409 u.s. 151, 157 (1972)

1973 Hearings, supra note 41, at 30-31. - - 1,,'a¢.

lCook The Depletion of Geologic Resources, 17 TECH REV. No. 7 .at
- 5-27, esp. 25-27 (June 1975); see also FUTURES GRrOUP, upra note 40,7‘
“at 75-76, for discussion of byproducts

United States v. Union 0il Co . supra note TT is a case where such .

Ta try titie action 1s taking place:
87.

These are omitted because of the inherent circularity of referent
involved in interpreting the statute--both are omitted from f(c)(4).
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88.
89.

90.
a.

92.
93.
9.
95.
9.
97.

98.
99.
100.
101.
102.

United States V. Un1on 011 CO s sugra note 11

‘Un1ted States v. Union 0i1 Co s sugra note 11, record at 18

United States v. Union 0il1 Co., supra note 11.

This was a trespass to try title or quiet title action undertaken by

~the United States pursuant to sec. 21(b) of the Geothermal Steam Act

of 1970, 30 U.S.C. sec. 1020(b) (1970), which directs the United
States Attorney General "to institute an appropriate proceeding in
the U.S. District Court . . . to quiet title of the United States
in such resources." The title claimed that the mineral reservation
clause (sec. 9) of the Stock Raising Homesteadect,w43 U;S;C} Se?-
299 (1916), includes "geothermal resources." The total amount of
land affected exceeds 35 million acres; see Bjorge; The Development
of Geothermal Resources and the 1970 Geothermal Steam Act--Law in

Search of Definition, 46 U. COLO. L. REV. 1, 8-24, for a thorough
d1scuss1on of the case.

United States’'v. Union 0i1 Co., supra note 11, record at 16.

United States v. Union 0il Co., supra note 11, record at ]7,

United States v. Union 011 Co., supra note 11, record at 18-19.
United States v. Union 0i1 Co., supra note 11, record at 20-21.
STATE OF CAL. RESOURCES AGENCY, ENERGY IN CALIFORNIA 38 (Jan. 1973).

Letter to Gilmore, 3'CODE CONG. & ADM. NEWS 5126' 91st Cong., 2d
Sess. (1970); letter to Capaccioli, sugra at 5128; letter to Rep
Aspinall, supra at 5121. : T

52 T.C. 700 (1969).

Arthur E. Reich 52 T C 700 715 (1969)

Re1ch v. Comn’ r, 454 F. 2d 1157 (9th C1r 1972)

,Arthur E. Re1ch upra note 99 at 704

It should be c]ear that the def1n1tion that the state of Ca11forn1a
urges in Union 011 1s der1ved quite properIy from Re1ch as the 1atest

, ru11ng at that ‘time.

o




103.

104.
'tWilson, 1n 1975 PROCEEDINGS 271, 273

Pariani 'R California, No 657 291 (Super Ct s City and County of
'San Francisco, filed May l974) o

105.

106.

107.

108.

109.

110..

111
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’ Arthur E. Reich, 52.T.C. 700, 709 (1969)

1d. at 1. INT REV CODE OF 1954 secs. Gll(a), 6l3(b)(l)

Brief for Plaintiff at 2-4 Brief for Defendant at 3 5 ugra note

“106.

Brief for Plaintiff at 10, supra note 106
United States v. Union Oil Co . sugra note ll. record at 18

,See 1974 SUBCOMM REPORT, uEra note 40, at l4-l8

‘However, see 208 POP.:SCI. No. 1:at 55 (Jan. 1976), for an. example
of the use of low-grade heat ("geothermal heat") of the normal thermal

. gradient used to. de-ice highways. Does this qualify as a. geothermal

... energy resource?. It probably should not since it is a feature of all
; _soils in areas outside of the polar regions.

na.

"BLACK'S LAW DICTIONARY 453 (4th ed. l951) See;Pyramid Coal Corp. v.

- Pratt, 229-Ind, 648, 652, 99 N.E.2d 427, 429 (195l) citing Keiper V.

,’ll3;

114.

Klien, 51 Ind. 316, 323 (1875).
See generally Thornburg v. Port of Portland 233 Or 178, 376 P.2d

'*lOO (1962)

See Westmoreland & Cambria Natural Gas Co v Dewitt, 130 Pa 235,
18 A. 724 (1889); Townsend V. State, l47 Ind 624 47 N.E. 19 (l897),

“‘where 'the courts applied rules derived from feudal law on w1ld birds

'l'_and animals--ferriae anima.

5.
116.

See, however, economic analysis in other volumes of this: report.

- See Prairie 0i1'& Gas Co. v. State, 231 S.W. 1088 (Tex. Comm'n App.
1929), defining the Rule of Capture as.meaning the owner of a piece

" of land owns all:011 and gas produced from wells ‘on .that land re-

“gardless of the origin of said oi1 or gas: And see Stephens County

v. Mid-Kansas 0il & Gas Co., 254 S.W. 290 (Tex. 1923), which defines
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17.

8.

119.

120.

121.

122.

123.

the concept of ownership in place, which gives the surface owner title
to all underlylng oil and gas, the same as for other m1nera1s

01p1n, The Law of Geotherma] Resources, 14 ROCKY MT. MIN. L. INST 123
131 (1968), c1t1ng NILLIAMS & MEYERS OIL & GAS LAW sec. 204 9 (1964)

See IDAHO CODE sec. 42- 4001 (Supp 1974) MONT REV CODES ANN sec.

81-2601 (1974) WASH. REV. CODE sec. 79.76. 010 et seg (1974).

TEX. REV “CIv. STAT ANN art 54215 LA. REV STAT. secs. 30 681.1- 5,
30.800-08 (1975).

LA. REV. STAT. sec. 30. 808

Another hint is the fact that the proposed new statew1de rules for the
Railroad Commission on oil/gas/geothermal simply insert the phrase
"geothermal" into the former statewide rules without any other substan-
tial change.

"It cannot be contended . . . that when a legislature has defined by
statute an otherwise ambiguous term as it relates to 'matters affect-

ing state lands that the statutory definition will likewise apply to

contracts and conveyances between private parties who use the same

‘words." Holland, Is Helium Covered by 0il and Gas Leases?, 41 TEXAS

L. REV. 408, 412-13 (1963).

TEX. CONST. art. I sec. 16, e.g. Turberville v. Gowdy, 272 S.W. 559
(Tex. Civ. App.--Fort Worth 1925, no writ); McCain v. Yost, 155 Tex.

- 174, 284 S.M.2d 898 (1955); McGinley v. McGinley, 295 S.W.2d 913

- (Tex. Civ. App.--Galveston 1956, no writ).

124.

125.
126.

“.International Security Life Insurance Co. v. Maas, 458 S.W.2d 484

(Tex. Civ. App.--Houston [1st Dist.] 1970, writ ref'd n.r.e.).
U.S. CONST. art. I, sec. 10.

~'See Boyd, Legal Aspects of State Owned 0il and Gas Energy Resources,
L/R 5, Texas Governor's Energy Advisory ouncil, pt. II, at 42-44
-(1974), which describes the large role the Land Commissioner plays

- .:in management of Relinquishment Act lands, ‘including the right to
- forfeit the lease and agency. '

O
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127. - Railroad Comm'n v. Austin, 524 S.W.2d 262, 267-68-(Tex. 1975)..

lZS:’iSee IDAHO CODE sec "42-4001 (Supp. 1974); MONT. REV. CODES ANN.
" sec. 81-2601 (1974) WASH REV CODE sec 79 76.010 et seq. (1974)

129. See HAWAII REV. LAWS sec. 182 1 as amended Act 24l H B. No 2l97 74
Seventh State LegislatiVe Session (1974). o :

- 130. ORE.-REV. STAT. sec 215.213 (1973) as amended [1975] Ch 552, H.B.
2040, Digest of Oregon Laws (1975) R

131. Sun 011 v. Whitaker, 483 S.W.2d 808 (Tex. 1972); Stradléy v.’ Mag-
" nolia Petroleum, l55 S. w 2d 649 (Tex ClV App --Amarillo l949, writ
ref'd). o S - STt

132. At least according to the dominant political structural myths, the
legislature makes “policy“ decisions and ‘the courts simply implement
“the law.  This attitude is probably ‘unrealistic and simplistic, but
it is firmly embeddéd .in doctrines of legislative intent.

133. See Olpin, supra note 21 ‘at 128-30. See also Levy, Realistic Juris-
' prudence and Prospective QOverruling, 109 U. PA L..-REV. .1 (1960).

,l34.‘fSee Dorfman, Oral Presentation 1n App

l35.r‘See Underhill, Model Resource in App See also Olpin, upra note 21
at l30 3l

136.'/See Bjorge, upra note 9 at Zl 24,

l37.1,“It must_be realized that in . . . law s the easy path is to copy_

,g;Zthe conceptualism and dec151ons of others w1thout much probing," o

4Q3Cohen. Property Theories Affecting the Landowner in a New 011 and Gas
State, 10 U. ALA. L REV. 323 (1958) '

138. Kuntz, The Law Relating to Oil and Gas in Wyoming, 3 WYO L REV 107,
112-13 (l949) '

139. EPariani v. California, Vugra note l06 record at l8

l40.7uSee Fleming Foundation v. Texaco, Inc , 337 S w 2d 846, 85l 52 (Tex
Civ App --Amarillo 1960, writ ref d n.r.e. )
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141.

142.
143.

144.

145.
146.

147.

148.

149.

150.
151.
152.

153.

Texas has consistently held that coal does not pass under an oil and

gas lease precisely because the use of the surface estate is so vast]y

«different from that recognized by 1essor/lessee in 011 and gas. leases
,VSee Acker v. Gu1nn, 464 S.W.2d 348, 352 (Tex. 1971)

Brief for Defendant at 28 Pariani v. Ca11forn1a ugra note 106

They fail to distinguish the extraordinary enthalpy of geothermal sys-
tems that make such systems available to do work.

See Banbauer v. Menjoulet, 214 Cal. App. 2d 871, 873 (1963) as c1ted

r,in Brief for Defendant at 13, Pariani v. Ca11forn1a, supra note 106.

See also State ex rel. State Highway Comm' nv. Trujillo, 82 N. M. 694,
487 P.2d 122 (197])

See general]y Texas General Lapd 0ff1ce, HISTORY AND DISPOSITION OF
THE TEXAS PUBLIC DOMAIN (1942); STORY OF TEXAS PUBLIC LANDS (1973)

See TEX. REV. CIV. STAT. ANN. arts. 5367-5379 (1962) for the 1919
Act; TEX. REV. CIV. STAT. ANN. art. 5368a (1962) for the 1931 Act.

Most Relinquishment Act lands are in West Texas and would not in-
volve areas with geopressured resources. See Walker, The Texas Re-
linquishment Act, SW. LEGAL FOUNDATION 1st INST. ON OIL & GAS LAW

& TAX 245, 247 n.117 (1949).

See TEX. CONST. art. VII secs. 2, 11, TEX. REV. CIV. STAT ANN art.
5367-79 (1962). ’

See Edwards Impact of State and Federal Law on the Development of
Geothermal Resources in Texas, L/R 9, Texas Governor's Energy Advis-

ory Council, 307 (1974), which th1s section c105e1y tracks [hereln-
after cited as L/R 9].

See TEX. WATER CODE ANN. sec. 5.021 (1972)
See Motl v. Boyd, 116 Tex. 82 286 S. N 458 (1926)

See L/R 9, supra note 149; TEX. WATER CODE AN, secs. 5. 023 025,

.026, .030 (1972). | .
See L/R 9, supra note 149; W. HUTCHINS, THE TEXAS LAW OF WATER

RIGHTS (1961).

o
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TEX. WATER CODE ANN.. secs. 5.339, 21.004, 52.002-3 (1972). . -
]550

Texas: Co. ;V"Burkett; 117 Tex. 16, 296  S.W.. 273 (1927); Evans v.
Ropte, 128 Tex: 75,796 S.W.2d 973 (Tex. Comm'n App. 1936, opinion

:iadopted)
186. -

See Corpus Christi v.: Pleasanton, 154 Tex 289, 276 S.W.2d 798 (1955)

-:The Texas Supreme Court held that the permitting article, TEX. REV.

2 CIV.: STAT. ANN. art. 7602*(1962)h1aterrTEX.'NATER’CODEeANN. sec. 5.205

(1972), limited only unlawful production. -See L/R 9, supra note 149.

.- waee also Acton v. Blundell, 112 M & W 324, 152 Eng. Rep. 1223 (Ex. -

157.
158.

159.

1843); Houston & T C. Ry. Co. v. East, 98 Tex. 146, 81 S.W. 279 (1904).
501 S.W.2d 865 (Tex. 1973).

. Note, Robinson v. Robbins, 42 TEXAS L.: REV. 781 (1974) Hudson, Salt
Water Is a. M1nera1 Ownership of a Natural Resource,. 50 TEXAS L. REV
488 (1972) Hudson must be unhappy with this ru11ng

See a) wllliams V. P1pe Traders Indus. Prop. of Ar1z » 409 P 2d 720
(Ariz. 1966), heat is a transfer medium. R S
b) Bristol v. Municipal ‘Light, 200 N.E. 260 :(Mass. 1964); Seaton °

~ Mt. Electric, Light, Heat, Power v. Idaho Sprlngs Co., 111 P. 834

(Colo. 1910), technical descr1ptions of steam heat ‘
¢) Detroit Edison Co. v. State, 298 Mich. 259 298 N W 525 (1941),
plaintiff contends sale of steam heat 'is sale of heat, ;but,court dis-

“agrees, says sale is of steam. And see State ex rel. Mash. Univ. v.

i FPub Serv. Comm' n, 272 S.M. 9N (Mo. 1925) to the same effect

T )) Reynolds v. Nash Real Estate (s. ct. R.I. 1901), discusses re-

;.iiglat1onship of pressure of steam to contract for "power." And see
' "Reiss v. N.Y. Steam, 128 N.Y. 103, 28 N.E. 24 (1891); Roddy v. U.S.

160,
161.

Fidelity, 288 F. Supp. 315 (1968) Beunk v. Valley City Desk Co.,
128 ‘Mich. ‘562, 87 N. . 7931(1901); Muller v.:-A. B.: Kirschbaum Co., 148
A. ~851 (Pa. 1930) 2V A.LL R. 664 (1920) 5 26 ‘A.L.R. 2d 129 (1950)

:See COhen, ugra note 137 at 336 37 for an example of such analys1s

.See Burnham v. Hardy Oi] Co s 147 S w. 330 (Tex Civ App --1912),
" Murphy v. ‘Benson, 245 $.W. 249 (Tex Civ. App. --1922) Jenk1ns V. Pure
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162.

163.

164.

165

166.
167.
168.
169.
170.
171.
172.
173.

174.

175.

0i1 Co., 53 S.W.2d 497 (Tex. Civ. App.--1932); Greer v. Stanolind 0il =
& Gas Co., 200 F.2d 920 (10th Cir. 1952). And see Guffey v. Stroud,

16 S.W.2d 527 (Tex. Comm'n App.--1929, opinion adopted).

See Sun 0i1 v. Whitaker, 483 S.W.2d 808 (Tex. 1972); also Stradley v.

~ Magnolia Petroleum, 155 S.W.2d 649 (Tex. Civ. App.--Amarillo 1944, -

writ ref'd). See Guffey v. Stroud, supra note 161, for discussion of

~ accounting. See also L/R 9, vsupra,note 151 at 16-17, for discussion

drawing opposite conclusion.-

See CAL. PUB. RESOURCES CODE sec. 3742 2 (1967), and 51milar passages

“in statutes of other states.
See TEX. REV. CIV. STAT. ANN. arts. 5415, 5415a (1962).
.~ See Outer Continental Shelf Lands Act, 43 U.S.C. sec. 1331 et seq.

(1970); Submerged Lands Act, 43 U.S.C. sec. 1301 et seq. (1970).
363 U.S. 1 (1960). ' ’

See TEX. REV. CIV. STAT. ANN. art. 5421s secs. 4, 5 (1975).

LA. REV. STAT. secs. 30.802, 803, 807 (1975).

"N.M. STAT. ANN. secs. 65-11-2 (1975), 7-15-5 (1967).

30 U.S.C. secs. 1002, 1023 (1970).
See 1973 Hearings, supra note 41, at 175.

U.S. CONST. art VI, cl. 2.

7 "Th1s Constitution, and the Laws of the Un1ted States wh1ch shall be
made in Pursuance thereof, and a]l Treat1es made, or wh1ch sha]] be '
~made, under ‘the Authorlty of the United States shall be the -Supreme

Law of the Land" (U S. CONST art. VI) A 7
See Coastal Zone Management Act, 16 U.S. C 'SECSs. 1451 64 (1973)

See National Environmental Policy Act of 1969, 42 U.S.C. sec.
,4332(2)(c) (1970), "significant]y affecting . . . the environment."
See Comment, 87 HARV. L. REV 1050 (1974) S

‘See Natura] Resources Defense Counc11, Inc v. Morton 458 F 2d 827'; (_;}

(D C. Cir. 1972).
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171

See also Scientists' Institute for Public Information v. AEC, 481 F.2d

. -1079.(D.C. Cir, 1973); Comment, 87 HARV. L. REV. 1050 (1974).

179.

| fAl]en, ‘Legal and Policy’ Aspects of Geothermal ‘Resource: Deve]opment,
‘”f 8 WATER RESOURCES BULL. 250, 254 (1972) ‘

178::{U S CONST art I,,sec 8

See Grad Federal State Compact A New Experiment in Co-Operative

‘;Federaiism, 63 COLUM L REV 825 (1963), which discusses the Dela-

(L;;“a”e River Basin Compact in which the United States 1s a fu11 par-

181.

182.

183.

184.
185.

187.

L”ticipant

180.
' ":(1972) See also. 43 U. S c. sec 1334(a)(1) which directs the Secre-
7 ‘tary of the Inter1or to cooperate w1th state conservation agenc1es

See N.M. STAT. ANN. sec. 65-13-8 (1975); IDAHO CODE sec. 42-4010(h)

;“TAX FOUNDATION INC ’ Facts and Figures on Government Finance 14

(1971).

Yudof, The Property Tax in Texas, 51 TEXAS L. REV. 885, 888 n.22
(1973). C ,,

The state utility commission has allowed the company to charge on' -
the books as if it were buying fuel oil or natural gas of equiva- -
lent Btu va]ue T

TEX. TAX. —-GEN ANN arts 3 01, 4 02

See McDonald, Distinctive Tax Treatment of Income from 011 and Gas o

** Production, 10 NAT. 'RESQURCES L.J. 100 (1970).

186. S
- Treatment of Egploringvand Developing Geothermal Resources 22 OIL

See Arthur E Reich, ugra note 10 at 715 See Eisenstat, Tax

& GAS TAX Q.- 76, 80 (Sept 1973). ,
Calculations indicate that*the’ZZ%‘deduCtion isfreally equal to 15%

~ depreciation. See 0lpin, supra note: 21, for an excellent though
- dated discussion of tax problems.q ) .

188...

See Eisenstat, Reducing the Risks in Geotherma] Exp]oration A Tax
Update, 3 GEOTH. ENERGY MAG. No. 5 at 93 (May 1975).
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189.
190.

191.

192.

193.
194.

195.

196.
197.
198.
199.

200.
201.

202;
203.
204.
205.

28 T.C. 797 (1969).

"Thus, the pressure decline in the 32-year period from 1926 through
1957, the date when commercial operations began, was at least 20 o
pounds per square inch." ". . [D]ur1ng th1s 11-year period [1957-
1967] there was a (further) dec11ne in static pressure . . . of 50
pounds per square inch." Arthur E. Reich, '_gggg_noté 10, at'7d4."

United States v. Shurbet, 347 F.2d 103 (5th cir. 1965) aff'g
Shurbet v. United States, 242 F. Supp. 736 (N. D. Tex. 1961).  Also,

§gg_01p1n supra note 21,7for discussion. And see Don C. Day, 54

T.C. 1417 (1970). .

United States v. Shurbet, supra note 191, at 109. "And see 26 C.F.R.
1.611.2; Rev. Rul. 65-206, 1965-2 CUM. BULL. 181.

Shurbet v. Un1ted States, 242 F. Supp 736, 742 sec. 5. 13(d) (]96])
Id. at 743 secs. 5. 15(d), 5.16(d). ‘

Id. at 744 sec. 5.18(a-d).
Id. at 744 sec. 5.20(a), (b).
1d. at 744 sec. 5.20(c).

I1d. at 744 sec. VI, 6.01.

United States v. Shurbet, supra note 191, at 107[2].

lg,_at 108[4].

; Flona Corp. v. United States, 218 F. Supp. 354, 356 (S.D. Fla.
1963), appeal docketed No. 20981, appeal d1sm1ssed per cur1am (Apr1l
14, 1964).

United States v. Shurbet, supra note 191, at 108[5].
Treas. Reg. sec. 1.611-1(d)(5) (1973).
United States v. Shurbet, supra note 191, at 104.

Shurbet v. United States, suEra'nOte 193, at 738 secs. 11, 111, for
argument that water--for -irrigation--was the value of the reservoir.’
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POTENT[AL GEOTHERMAL RESOURCES IN TEXAS
(Oral Presentation)* L
:varqn,Dorfman:.

The Gulf Coast Geothermal Sands

Uﬁlfke:the-bther two systems already discussed, which depend upon
high heat flow at shallow depth, the Gulf Coast geothermal sands develop
at moderate to great depth. Due to a unique combination of factors ,
- involving the accumulation and compaction of great quantities of sands and
muds in the Texas Gulf Coast area, overpressured aquifers, usually referred
to as geopressured zones, have been created. The waters in these zones
possess abnormally high temperatures. In Texas the principal geothermal
zones are long, 1inear, high-volume aquifers extending from Laredo to
Beaumont. They occur in successive parallel bands southward into the
Gulf of Mexico. The top of the zone begins at depths of about 8,000 feet
to 10,000.féet,‘and temperatures as high as 520°F. have been recorded in
Matagorda County, Texas. These abnormally pressurized geothermal zones
“have usually been. consfdered a nuisance while drilling for petroleum.
‘»However, future research may prove that they are more widespread than
petroleum and perhaps as valuable. The very high temperature waters are
essentially fresh water, with salinities as low as 1,000 ppm. This compares
favorably with city water in Austin, Texas. Upon reaching atmospheric
conditions a portion of the water will flash to steam which can be used to
generate electric power. Present technology is available to allow us to
drill for and produce this water by processes that are standard in the
'petroleum industry. In addition, observations have indicated that Gulf
€oast geothermal waters contain significant quantities of natural gas in
solution. This natural gas will also be released at surface conditions and
can be separated from the other fluids and added to our present supply of
this valuable fuel. Laboratory studies indicate that approximately
. 40 cubic feet of natural gas may be dissolved in each barrel of water.

*Federal Energy Administration, Houston, Texas, September 16-19, 1974.
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This means that production of every-50,000 bbl. of geothermal water will
release 2 MMcf of natural gas. In addition, after extraction of heat from
the geothermal fluids, the comparatively fresh water can be used for irri-
gation or consumption in the arid areas of ‘the Valley in South Texas.
Preliminary calculations indicate that the major Gulf Coast geothermal

sands have the capability.of producing at least 22,000 mw. of power for

50 years along coastal Texas.  Independent studies in progress by U.S..
Geological Survey scientists suggest that reserves for the generation of
electricity may be twice this figure. What is needed-now>i§ a rapid .
research program to demonstrate ‘the feasibility of this resource.

o




RESOURCE MODEL EMPLOYED BY GARY K. UNDERHILL
FOR THE RESOURCE UTILIZATION SECTION OF

. PHASE 0 STUDY .

Well Head Conditions:

Pressure -
Temperature

- Gas Content.

Plant Fence Conditions: = = -

Pressure
Temperature
Gas Content

L]

m

| Reinjection Conditions:

Pressure ..

40 SCF/BBL

2,000 psia

Flow
- 328%F .

300 psia Flow

320%F e

3 SCF/BBL Salinity
. 300 psia. . Flow

 Salinity . &

m

n

40,000 BBL/D

o (per well)
10,000 ppm TDS

40,000 BBL/D
(per well)

10,000 ppm

< 40,000 BBL/D
~ (per well)

(Préssure head required for other uses supplied by that user.)

Salinity Profile:

o

B 07

Silica

. o
Na 3,500
a . 5,00

K" | 50

+

1,000

~ 550 ppm (Saturated)
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EXCERPTS - FROM-

'FEDERAL INCOME TAX REGULATIONS
INTANGIBLE DRILLING AND" DEVELOPMENT

COSTS: SECTION 1.263(c)

SEO. 263. - OAPITAL EXPENDITURES.
" . (a) General Rule—No deduction shall be allowed for—

(1) Any amount paid out for new buildings or for perma.nent lm-
provements or betterments made to increase the value of any property
or estate. This paragraph shall not apply to—

(A) expenditures for the development of mines or deposits de-

duct!ble under section 616

(c) Intangible Drilling and Development Costs In the QCase of Oil and

Gas Wells.—Notwithstanding subsection (&), regulations shall be prescribed -

by the Secretary or his delegate under this subtitle corresponding to the
regulations which granted the option to deduct as expenses intangible drilling
and development costs in the case of oil and gas wells and which were
_recognized and approved by the Congress in House Concurrent Resolution
50, Seventy-ninth Congress.

O—y § 1.263(c)-1 (T.D. 6313, filed 9-16-58:
republished in T.D. 6500, filed 11-23-60.)
Intangible drilling and development costs
in the case of oil and gas wells,

- For rules relating to the option to de-
duct as expenses intangible drilling and de-
velopment costs in the case of ofl and gas
wells, see § 1.612-4.

g—, §1.612-4 (T.D. €838, filed 7-14-83.)
harges to capital and to expense In ease
of oil and gas wells.

(a) Option with respect to Outanylbk
drilling and development costs. In accord-
ance with the provisions of section 263 (o),
intangible - drilling and development costs
incurred hy an operator (one who holds a
working or operating interest in any traet
or parcel of land either as a fee owner or
under a lease or any other form of contract
granting working eor operating rights) in
the development of ofl and gas properties
may at his optlon be chargeable to capital

T to expense. This option applies to all




‘expenditures made by an operator for

wages, fuel, repairs, hauling, supplies, etc., '

incident to and necessary for the drilling of
wells and the preparation of wells for the
ﬁoducﬂon of oll or gas. Such expenditures

ve : for convenlence been termed intan.

gible drilling ‘and development costs. They'’
include the cost to operators of any drilling’

or development work (excluding amounts
payable only out of production or fross or
net proceeds -from  production, .if such
amounts are depletable income to the:re-

cipient, and amounts properly allocable to.
cost of depreciable property) done for. them -

by contractors under any form of contract,

fncluding turnkey. contracts. Examples of-

items to which ‘this option applies are, all
amounts paid for labor, fuel, repairs, haul-

ing, -and supplies, or any of th.em, which

are used— - RS
(1) In the drilling, shooting, and clean-

ing of ‘wells, | .- E S e

. (2) -In such clearing of ground, drain-

ing, road making, surveying, and geological:
works &s are necessary in Vprepa.gatlon for

the drilling of wells, and .

- (8) In the construction of such derricks,

tanks, pipelines, and other physical struc-
tures as are necessary for the drilling of
wells and the preparation of wells for the
production of oll or gas.. R

In general, this option applies only to e

enditures for those drilling and developing
tems which in themselves do not have a
salvage - value. . ‘For : the purpose of this
option, “labor, fuel, repairs,. hauling,  sup-
plies, . etc.,  are ‘not considered as having a
salvage -value, even though wused in con-
nection . with the installation -of - physical
pr:ge which has & salvage ue. Ine
cluded In this option are all costs of drill-
ing and development -undertaken: (directly
or through a contract) by an operator of

an oll and gas property whether incurred.

by him prior or subsequent to the formal
grant or assignment to him of operating
rights (e leasehold interest, or other form

of operating rights, or working interest);

except that in any case where any drilling
or development project is undertaken for
the grant or assignment of a fraction of the
operating rights, only that part of the costs

ereof which is attributable to such frac-
. tional interest is within this option.. In the
excepted cases, costs of the project under-

taken, Including depreciable equipment fur-.

nished, to the extent allocable to fractions
of the operating rights held by others, must
be caplitalized as the depletable capital cost
of the fractional interest thus acquired. . - .

“ (b) Recovery of optional dtems, if capi- *

talized. (1) Items returnable through de-

pletion: If the taxpayer charges such ex-:

penditures as fall within the option. to
capital account, the amounts so ca?ita.llzed
and not. deducted as a loss are re

represented by physical property. For the

;mrposes"ot this . gection the expenditures.
or €

learing ground, dra.inini. road making,
surveying, eological - work, ‘excavation,

grading, ~end the drilling, ' shooting, and

cleaning of wells, are considered not to be
represented by physical property, and when

capltal account are returnable

charged to
through depletio:

(2) Ttems returnable through deprecia~

tion: If the taxpayer charges such ex-
penditures as fall within the option to capl-

) urnable.
through depletion insofar as they are not’
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tal account, the amounts so mplﬁ&ed and"
not - deducted as a -loss are returnable

through depreciation - insofar as they are
represented by physical property. Such
expenditures -are .amounts pald for. wages,
fuel, repairs, hauling, supplies, ete., used

in the installation of casing and equipment’

and in the construction on the property of
derricks and other physical. structures.

"“(3) In the case of capitalized Intangible

drilling and development costs incurred un-’
der a contract, such costs ghall be allocated

between the foregoing classes of items
specified in subparagraphs ‘(1) and (2) for
the purpose of determining the depletion
and depreciation -allowances. .

(4 Option with respect to cost of non-

productive wells: If the operator has
elected to ecapitalize intangible drilling and
development costs, then an “additional op-
tion is accorded with respect to intangible
drilling and development costs Incurred in
drilling a nonproductive well. Such costs
incurred in drilling a nonproductive well

may be deducted by the taxpayer as an or-’

dinary .loss provided s proper election is

made in the return for the first taxable-year .

beginning after December 81, 1942, in which
such a nonproductive well is completed.
Such election with™ respect to intangible
drilling and development - costs of non-

productive wells is a new election, and,

when made, shall be binding for all subse-
quent years. Any taxpayer who incurs op-
tional 'drilling  and development costs in
drilling e nonproductive well must make a
clear statement of election under this op-

tion in the return for the first taxable year’

beginning after December 81, 1942, in which
such nonproductive well is completed. The
absence of & clear indication in such re-
turn of an election to deduct as ordinary
losses intangible drilling end development
costs of mnonproductive wells be
deemed to be an election to recover such
costs through depletion to the extent that
they are not represented by physical prop-
erty, and through depreciation to the extent
that they are represented by physical prop-

(¢c)* Nonoptional 4tems distinguished.
(1) Capital items: The option with respect
to intangible driling and development costs
does not apply to expenditures by which
the taxpayer acquires tangible property
ordinarily considered as having & salvage
value. Examples of such items are the
costs - of the actual materials in "those
structures which are constructed in  the
wells and on the property, and the cost of
drilling tools, pipe, casing, tublng, tanks,
engines, boilers, machines, etc. The option
does ‘not =zpply to any expenditure for
wages, fuel, repairs, hauling, supplies, etc.,
in connection with equipment, facilities, or
structures, not incident to or necessary for
the drilling of wells, such as structures for
storing or treating ocil or gas. These are
capital items and are returnable throug
depreciation. :

.(2) Expense items: Eiﬁendlturés which
must be charged off as expense, regardless
of the option provided by this section, are

" those for labor, fuel, repairs, hauling, sup-

plies, etc., in connection with the operation
of the wells and of other facilities on the
property for the production of -oil and gas.




- (@) Manner of making election. - The
option granted in paragraph (a) of this
section to charge intangible drilling and de-
velopment costs to .expense may be exer-
cised by claiming intangible drllling and
development costs as a deduction on the
taxpayer’s return for the first taxable year
in which the taxpayer pays or incurs such
costs; no formal statement is necessary. If
the taxpayer fails to deduct such costs as
expenses in such return, he shall be deemed
to have elected to recover such costs
through depletion to the extent that they
are not represented by physical property,
and through depreciation to the extent that
they are represented by physical property.

(e) Effect of option and election. This
section does not grant & new option under
paragragh (a) of this section or new elec-
tion under paragraph .(b) of .this section.
Bectlon 8 of ‘the ‘Act of October 23, 1962

_(Public Law 87-863, 76 Stat. 1142) granted
< eny ayer who had exercised ‘an option -
:  to capitalize intangible drilling and develop- .
ment costs under Regulation 111, § 29.23(m)-
'~ 16 (1939 ' Code) or ' Regulation 118, §89.23

(m)-16 (1939 Code) :e. new option for -the
first taxable year ending after October 22,

' 1962, to deduct such costs as expenses. Un-
777 less he has exercised the new option granted
. by such Aet, any taxpayer who exercised

" See section T807(b)(2). Aiﬂ taxpayer who
Arilling and devel-:

an option or made an election under the
regulations described in the grecedin sen-
tence is, by such opticn or e

with respect to all intungible arilling anad
development “costs - (whether made before

’

ection, bound --

January 1, 1954, or after December 81, 1953) ..
- ;..in connection "with oil and gas properties.

has not made intangible
opment expenditures in any taxable year

g:.sg!nning after December 81, 1942, prior to -

first taxable year beginning after De-

' cember' 81, 1953, and ‘ending after August :

16, 1954, must exercise the ?ﬂon granted

in paragraph (a) of this gection in the re-

.

; : turn for the first taxable year in which the..
taxpayer pays or incurs such expenditures.
It guch return is required by law (including

“(a) of this gection, or the election under
. paragraph (b) of this section, may be exer-
“‘cised or changed not later than November
-1, 1965, -The exercise of or change in such

option' or -election shall be - effective with
respect to the earliest taxable year to which

‘- extensions thereof) -to be filed before No- - '
- .vember 1, 1965, the option under paragraph

* the option or election is applicable in ‘re- "'
spect of which assessment of g defiiciency -

or credit or refund of an overpayment, as

- the case may be, resulting from such exer-. .
cise or.change is not prevented by any law
or rule of law on the date such-option is "

‘exercised .or :such election is ‘made. - Any-

©°" quent taxable years. |

such option or election shall be binding
upon the taxpayer for the first taxable year

for which it is effective and for all subse-

§
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INTERNAL REVENUE CODE OF 1954:
SECTIONS 611, 612, 613

DEPLETION ALLOWANCES

SEC. 611. ALLOWANCE OF DEDUCTION FOR DEPLETION.

(a) General Rule.—~In the case of mines, ofl and gas wells, other natural
deposits, and timber, there shall be allowed as a deduction in computing
taxable income a reasonable allowance for depletion and for depreciation
of improvements, according to the peculiar conditions in each case; such
reasonable allowance in all cases to be made under regulations prescribed
by the Secretary or his delegate. For purposes of this part, the term
“mines” includes deposits of waste or residue, the ‘extraction of ores or
minerals from which is treated as mining under section 613(c). In any
case in which it is ascertained as a result of operations or of development
work that the recoverable units are greater or less than the prior estimate
thereof, then such prior estimate (but not the basis for depletion) shall
be revised and the allowance under this section for subsequent taxable years
shall be based on such revised estima.te

(b) Speclal Rules.—

(1) Leases~In the case of a lease, the deduction under this section
_shall be equitably apportioned between the lessor and lessee.

(2) Life tenant and remainderman.—In the case of property held
by one person for life with remainder to another person, the deduction
under this section shall be computed as if the life tenant were the
absolute owner of the property and shall be allowed to the life tenant.

(8) Property held in trust—In the case of property held in trust,
the deduction under this section shall be apportioned between the income
beneficiaries and the trustee in accordance with the pertinent provisions
of the instrument creating the trust, or in the absence of such provisions,
on the basis of the trust income allocable to each.

(4) Property held by estate—In the case of an estate, the deduction
under this section shall be apportioned between the estate and the heirs,
legatees, and devisees on the basis of the income of the estate allocable
to each. . .

Last amendment.—Sec. 611(b)(4) ap- st 85-866. Sept. 2, 1958). Sec. 611(b)(4) as
pears above as amended by Sec. 35 of it read before this amendment is in P-H

Pubuc Law 835-866, Sept. 2, 1858 (qualiied Cumulative Changes.
effective date rule in Sec. 1(c) (1) of Public . ‘

_ (¢) Oross Reference.~—
For other rules applicable to depreciation of improvements, seo secﬂon 167.

SEC. 612. BASIS FOR COST DEPLETION.

Except as otherwise provided in this subchapter, the basis on which de-
pletion is to be allowed in respect of any property shall be the adjusted basis
provided in section 1011 for the purpose of determining the gain upon the
gale or other disposition of such property.




SEO. 618.° PERCENTAGE DEPLETION.

(a) Genera.l Ru!e.f—In the case of the mlnes, wells, and other natural )
deposits listed ln subsection (b), the allowance for depletion under section ’

611 shall be the percentage, specified in subsection (b), of the gross income

from the property:excluding from such gross income an amount equal

to any rents or royalties paid or incurred by the taxpayer in respect of

the property Such allowance shall not exceed 50 percent of the taxpayer’s

taxable income from the property - (computed without -allowance - for -

depletion) ‘For purposes ‘of the preceding sentence, the allowable deductions
taken int6 account with respect to expenses of mining in computing the tax-
able income from the property shall be decreased by an amount equal to so
much of any gain which (1) is treated under section 1245 (relating to gain
_ from disposition of certain depreciable property) as gain from the sale

or ‘exchange of property which is neither a capital asset nor property de- -

scribed in section 1281, and (2) is properly allocable to the . property. .In

no case shall the allowance for depletion under section 611 be less tha.n itv 2

would be if computed wlthout reference to this sectlon. '

Last amendment.—Sec. 613(a) a.ppears
above as amended by Sec..13(e) of Fublic,
Law 87-834, Oct. 16, 1062, effective (Sec.
13(3) of Public Law §7-834, Oct. . 16 1962)

for taxable years beginning after Dec. 81,
1962, Sec. 613(a) as it read before thls

’ a.mendment la ln P-H Cumulative Cha.nges

(b) Percentage Depletion Rates.—The mines wells and other na.tural de-
posits and the percentages, referred toin subsectlon (a.) are as follows:

(1) 22 Percent—

(A) sulphur and uranium. and o ,
~(B) - if from deposits in the United States—anorﬂmslte. clay, tater-

ite, and nephelite syenite (to the extent that alumina and aluminum
compounds are extracted therefrom), asbestos, bauxite, celestite, chrom-
ite, corundum, ﬂuorspar, graphite, ilmenite, kyanite, mica, olivine, quartz
crystals (radio grade), rutile, block steatite tale, and zircon, and ores of

. the following metals: antimony, beryllium, blsmuth ‘cadmium, cobalt,
" columbium, lead, lithium, manganese, mercury, molybdenum, nickel,
. platinum and plaﬂnum group metals tanta.lum, thorlum. tin titanium,

tungsten, vanadium, and ginc,

Last amendment.~—Sec, 613(b) (1) appears
above as amended by Sec. $01(b)(2)(A) of
Public Lew 94-12, . Mar, 29, 1975, effective

(Sec. 501(¢c) of Public Law 94-12. Mar. 29,
1975) - Jan. .1, 1975 and epplies to taxa.ble:

yea.rs ending after Dec 311 19?4. :

- 1969, -8ec.
» Cumulative Changes.

Prior unendment.—Sec 618(b)(1) was

. previously amended by Sec. $01(a) of Public
Law -91-172, Dec. - 30, 1969, -effective (Sec, - -

50%(b) - of Public Law 91172, Dec. 30, 1969)
to -taxabie .years beginning after Oct. 9,

@ 15 Perceitt —if from deposits in the United states—" o
. (A) . gold, silver, copper, and iron ore, and . .
(B) oil chale (except shale descrlbed in paragraph (5))

Last a.mendment.—-Sec 613(b) 2) appears
above as amended by Sec, 501(a) of Public

Law 91-172, Deec. 80, 1989, effective ' (8ec. -
501(b) of Public Law 91-172 Dec. 30, 1969) .-
to taxa.ble years beglnnlng a.fter Oct. 9,

Prior umendments.—Sec 613(b) @ was
previously amended by the tollowlng

Sec. m{a)(u of Public Law 89—809, Nov ‘

- »(8) 14 Percent—

.',13, 196‘6, Effectlve (Sec 2o7(b) of Public

Law_ 89-809, Nov. 1966) with respect to

‘-lt;,éable years beglnnlng after Nov. 18,

6(a) of Public Law 88-571, Sept. e, 1953,

«’e!fectlve (Sec. €(b) of Public Law 88-571,
« Sept, - 2,-1964) for -taxable yearl beglnning

after Dec 31, 1863.*
* Sec. m(b)(z) as. so0 a.mended !s ln P-H
‘hanges.

- Cumulative c

"(A) * metal mines (if pa.rag'raph (1) (B) or 2) (A) does not apply),f‘

' 'rocl-r asphalt, and vermiculite; and

© " (B) if paragraph (1)(B), (5), or (6)(B) does not apply, ball clay,
bentonite, china clay, sagger clay, and clay used or sold for use for. pur-
poses dependent on its refractory propertles

(b)(1) a8 so amended is in P-H : ._ ‘
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Last amendment.—Sec, 613(b)(8) appears
above as amended by Sec. 501(b)(2)(B) of

Public Law. 94-12, -Mar. 29, 1975, effective.

(Sec. 501(c) of Public Law-94-12, Mar. 29,

1975) Jan. 1,-1975 and applies to taxable
- years ending after Dec. 81,-1974. - .-

Prior ‘amendment.—Sec, 613(b)(3) was
previovsly amended by:

Sec. 501(a) of Public Law 91-172, Dec. 30,
1969, effective (Sec. 501(b) of Public Law
91-172, Dec. 80, 1969) to taxable years begin-
ning after Oct. §, 19

(4) 10 percent—asbestos (if paragraph (1) (B) does not apply). ln'u- :

« Bec.: 207(a)(%). and 209(a)(2) of Public
Law 89-809, Nov. 18, 1966, effective (Sec. 207
(b) and Sec. 209(c) of Public Law 89-808,

Nov. 13, 1966) with respect to taxable years .

beginning after Nov. 13, 1966.*

Sec. 302(a)(1) of Public Law 86-565, June

30, 1960 (qualified effective date rule in Sec.
4 of Public Law 86-781, Sept. 14, 1960, which

‘amended Sec, 302(c) of Public’ Law 86-564.,
“June 30, 1860).*

® Sec. 613(b)(3) as 8o amended ls ln P—E
’ Cumula.tlve Cha.nges

cite, coal, lignite, perlite, sodium chloride, and wollastonite

Last amendment.—Sec. 613(b) (4) e.ppears

above as amended by Sec. 501(b)(2)(B) of.
Public Law 94-12, Mar. 29, 1975, effective"

(Sec. 50l{c) of Public Law 94-12," Mar. 29,
1975) Jan. 1, 1975 and applies to taxable
years ending after Dec, 81, 1974,

" Prior amendment.—Sec 613(b)(4) wu'

previously amended by Sec. 510(a) of Public
Law 91-172, Dec. 30, 1969, effective (Sec.

501(b) of Public Law 9&-1"12 Dec. 80, 1969) -

to taxable years beginning' after Oct. 9,
1969, Sec. 613(b)(4) as so amended is in P-H
Cumulative Changes,

) 7% pez'cent—-clay and shale used or sold for use in the manufac-
ture of sewer pipe or brick, and clay, shale, and slate used or sold for
use &S sintered or burned lightweight a.ggregates.

Last asmendment.—Sec. 613(b)(5) ap-
pears above as amended by Sec. 501(a) of
Public Law 91-172, Dec. 1969, effective
(Sec. 501(b) of Public Law "91-173, Dec. 30,
1969) to taxable years beginning after Oct.

9, 1969, Sec. 613(b)(5) as it read before this

(6) b percent—

samendment is in P-X Cumulatlve Cha.nges

Addition~—Sec. 613(b)(5) was added by
See. 209(a) (1) of Public Law 89-809, Nov. 13,
1966, effective (Sec. 209(c) of Public Law
89-809, Nov. 13, 1966) with respect to taxable
years beglnning after Nov, 18, 1966.

‘(A) . gravel, peat, pumice, sand, scorla, shale ‘(except shale de-
geribed In paragraph (2)(B) or (5)), and stone (except stone described

in paragraph (7));

(B) . clay used, or sold for use, in the manufacture of draina.ge and
roofing tile, flower pots, and kindred products; and
(C) if from brine wells—bromine, caleium chloride, and magnesium

chloride. _

Last amendment.——Sec. 618(b) (6) - ep-
pears above as amended by Sec. 501(a) of
Public Law 91-172, Dec. 30, 1969, effective
(Sec. 501(b) of Public Law 91-172 Dec. 30,
;96:&)6 9to taxable years beginning a.tter Oct.

Prior amendments.—Sec, 613(b) (6) was
previously amended by the following:

Sec. 208(a)(1), 209(a)(1), (3) and (}) of
Public Law 89-859, Nov, 13, 1966, eﬁettlve

(Sec. 208(b) and Sec. 209(c) of Public Law

89-809, Nov. 13, 1966) with respect to tax-
able years beginning after Nov. 13, 1966.¢

Sec. 302(a)(2) of Public Law 86-564, June
30, 1960 (qualified effective date rule in Sec.:

4 of Public Law 86-781, Sept. 14, 1960) which
amended Sec. 302(c) of Public Law 86-564,
June 30, 1960).% -

*Sec. 613(b)(6) as so amended is in P-H
Cumulative Changes.

‘(7) 14 percent—all other minerals ‘(Including, but not Hmited to,
_ aplite, barite, borax, calcium carbonates, ‘diatomaceous earth, dolomite, °
feldspar, fullers earth, garnet, gilsonite, granite, limestone, magnesite,
magnesium carbonates, marble, mollusk shells (including clam shells and
oyster shells), phosphate rock, potash, quartzite, slate, soapstone, stone
- (used or sold for use by the mine owner or operator as dimension stone or
ornamental stone), thenardite, tripoli, trona, and (if paragraph (1) (B) does
not apply (bauxite, flake graphite, fluorspar, lepidolite, mica, spodumene,
and talc (including pyrophyllite), except that, unless sold on bid in direct
competition with a bona fide bid to sell a mineral listed in paragraph
(8), the percentage shall be 5 percent for any such other mineral (other
" than glate to which paragraph (5) applies) when used, or sold for use, by
the mine owner or operator as rip rap, ballast, road materlal, rubble,
concrete aggregates or for similar purposes. For purposes of this para-
graph the term “all other minerals” does not include—

C
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“ (A) - wol], sod, dirt, turf, water, or mosses; -
T B) m!nera.ls from sea wa.ter, the - a.ir or simila.r mexha.ust!ble

sources. or U
(C) ' oil and pas wells.

For purposes of this subsection, minera.‘ls (other tha:n sodium chlorlde) ex-
tracted from brines pumped from & saline perennial lake within the United
States shall not be considered minerals from an inexhaustible source.

Last lmendmcnt --Sec 613(b) (7) appea.rs
above as amended by Sec. 501(b)(2)(B), (C)
of Public Law 94-12 Mar. 29, 1975, effective

(Sec. B01(c) of Public Law 94-12, Mar. 29, :

taxa.ble

-7/ 89-809, Nov, 13, 1966) with respect to tax-
-able years beginning after Nov. 13, 1966.*

1975) Jan. 1, 1975 and applies to
Years ending after Dec. 31, 1974,
Prior amendments, -—Sec 613(b)(7) (for-

merly (b)(6) was previously amended by the
roiﬂozr!ng'

Bec. 501(a) of Public Law %1-172, Dec. 80, -

1969, effective (Sec. 501(b) of Public Law

Bec. 802(a)(8) of f’ubuc Law 86-565, June
$0, 1960 (qualified effectlve date rule in Sec.

4 of Public Law 86-751, Sept. 14, 1960, which

amended Sec. 302(¢) of Public La.w 86-564,

secﬁon—

91-172 ‘Dec. 30, 1969) 'to ta.xable yea.ns begin-

; ning after Oct. 9, 1969

Sec. 208(a)(2), Sec zos(a)(i), (5) of
Public Law 89-809, Nov. 13, 1966, effective
(Sec. 208(b) and Sec. 209(c) of Public Law

8ec. 6(a)(1) of Public Law 88-571, Sept.
2, 1965, effective (Sec. 6(b) of° Public Law
88-571, Sept. 2, 1964) for taxable years be-

ginning atter Dec. 31, 1963.

- June 80, 1960).*

S——

. ®Bec, GI3(b)(T) "omerxy (b)ts)) as 0
amended i3 in P-H Changea.

.- (c) - Definition of Gross Income From Property.—For purposes of this

). Gross lncome trom the property.—'l‘he term “gross fncome from

the property” means, in the case of a property other than an oil or gas
well, the gross income from mining, =
2) Mlning.—'rhe term “mining” includes not merely the extra.ction
of the ores or minerals from the ground but also the treatment processes
. considered as mining described in paragraph (4) (and the treatment proc-
.., esses necessary or incidental thereto), and so much of the transportation
. ©of ores or minerals (whether or not by common carrier) from the point

. “of extraction from the ground to the plants or mills in which such treat- .
. ment processes are applied thereto as is not in excess of 50 miles unless
the Becretary or his delegate finds that the physleal and other require-

_ments are such that the ore or mineral must be tra.nsported a greater

“distance to’ such plants or. mills, -

Last amendment. — Bec. 613(c)(2) -ap-
pears above as amended by 8ec, 802(b)(1)
of Public Law 86-564, June 80, 1960 (qual-

ifled effective date rule in Sec. & of Public - 7
Law 86-781, Sept. 14, 1960, which amended

- Sec. 802(c) of Public Law 86-564. June

60). .. Bec. 613(c)(2) as lt read bef
a.mendment is in Oumula.t

(8) - Extraction of the ores or minera.ls from the ground.-a.‘he term
- “extraction of the ores or minerals from the. ground” includes the .ex-
traction by mine owners or operators of ores or minerals from the waste
or residue of prior mining. The preceding sentence ghall not apply to

'a.ny such’ extraction of the mineral or ore by & purchaser of such waste, )

~or residue or- of the rights to a:tract ores or minerals there.from.

(4) Treatment processes consldered as mlning.—The tollowing treat-i' J

" “ment processes where applied 'by the mine owner or operator shall be
“considered as mining to the extent they are applied to the ore or miperal

in respect 'of ‘which he is entitled to a deduction for depleﬂon under

1. section 611: .

(A) In the case of coal—cleanlng. breaking sizing, dust allayxng

trea.ting to prevent freezing, and loading for shipment;

~(B)  in the case of sulfur recovered by the Frasch process——elea.n- i

ing, pumping to vats, cooling, breaking, and ‘loading for shipment;

(C) in the case of iron ore, bauxite, ball and sagger clay, rock "

asphalt, and ores or minerals which are customarily sold in the form
of & crude mineral product—sorting, concentrating, sintering, and sub-

. stantially equivalent processes to bring to shipping grade and form,
and loading for shipment'
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‘(D) in the case of lead, zinc, copper, gold, silver, uranium, or

" fluorspar ores, potash, and ores or minerals which are not customarily
sold in the form of the erude mineral product—crushing, grinding, and
beneficiation by concentration (gravity, fictation, amalgamation, elec~
trostatic, or magnetic), cyanidation, leaching, crystallization, precipi- -

" -tation (but not including electrolytic deposition, roasting, thermal or
electric smelting, or refining), or by substantially equivalent processes -
or combination of processes used in the separation or extraction of the
product or products from the ore or the mineral or minerals from other -
material from the mine or other natural deposit;

(E) the pulverization of talc, the burning of magnesite, the sinter-
ing and nodulizing of phosphate rock, the decarbona.ﬁon of trona, and
the furnacing of quicksilver ores;

(F) in the case of calclum carbonates and other minerals when

- used in making cement-—all processes (other than preheating of the
kiln feed) applied prior to the introduction of thé kiln feed into the
kiln, but not including any subsequent process; :

(@) fin the case of clay to which paragraph (5) or (6) (B) of -

" gubsection (b) applies—crushing, grinding, and separa.ting the mineral
Vfrom waste, but not including any subsequent process;

© - (H) in the case of oll shale—extraction from the ground, crushing,
loading into the retort, and retorting, but not hydrogenation, refining,
or any other process subsequent to retorting: and

(I) any other treatment process provided for by regulations pre-
seribed by the Secretary or his delegate which, with respect to the
particular ore or mineral, is not inconsistent ‘with the precedlng pro-
visions of this paragraph.

\

Last lmendment.—Sec. 613(c) (4) appears
above as .amended by Sec. 2(a) of Public
Law 93-499, Oct. 29, 1974, effective (Sec.
2(b) of Public Law 93-499, Oct. 29, 1974) for
taxable years beginning after Dec. 31, 1970.

Prior amendments.—Sec. 613(c)(4) was
previously amended by the following:

Sec. 502(a) of Public Law 91-172, Dec.

80, 1969, effective (Sec. 502(b) of Public Law
91-172, Dec. 80, 1969) with respect to taxable
years beginning after Dec. 30, 1969.*

Seo. 209(b) of Publlc Law 89-809, Nov.
13, 1966, effective (Sec. 209(c) of Public Law
89-809, Nov. 13, 1966) with respect to taxable
years beglnnlng after Nov. 13, 1968.¢

Beo. 302(b)(2) of Public Law 86-564, June
30, 1964 (qualified effective date rule in Sec.
4 of Public Law 88-781, Sept. 14, 1960) which
amended .Sec, 302(c) .of Public Law- 86-664
June 30, 1960).°

® Sec, 613(c)(4) as so amended is ln P-H
Cumulative Changes,

(5) Treatment processes not considered as mining.—Unless such proc-
esses are otherwise provided for in paragraph (4) (or are necessary or
incidental to processes so provided for), the following treatment processes
ghall not be considered as “mining”: electrolytic deposition, roasting,
calcining, thermal or electric smelting, refining, polishing, fine pulveriza-
tion, blending with other materials, treatment eﬁecting a chemicat cha.nge,
thermal action, and molding or shap!ng g

Addition.~—Sec. 813(c)(5) was added by - which amended Sec 302(c) of Public Law
Sec. 802(b)(2) of Public Law 86-564, June 86-546, June 30, 1960). Sec. 613(c)(5) as {t
30, 1960 (qualified effective date rule in read before this amendment is-in P-H
Sec. 4 of Pubhc Law 86-781, Sept. 14, 1960, Cumulative Changes.

(d) Denial of Percentage Depletion in Case of Oil a.nd Gas Wells.—-Ex-
cept as provided in gection 6134, in the case of any oil or gas well, the allow-
ance for depletion shall be computed without reference to this section.

Last amendment.—Sec. 613(d) appears
above as amended by Sec. 50u(b)(1) of
Public Law 94-12, Mar. 29, 1975, effective
(Sec. 80l(c) of Pub'Hc La.w 94-12, Mar, 29,
1975) Jan. 1, 1075 and applies to taxable
years ending after Dec. 31, 1974. Sec. 613(d)
as it read before this amendment is in P-H
Cumulative Changes.

Implied amendment of Sec. 613(d) was
made by Sec. 36(b) of Public Law 85-866,
Sept. 2, 1958

Addition.—Sec. 613(d) was added by
Sec. 36(a) of Public Law 86-866, Sept. 2,
1958, (qualified effective date rule in Sec.
39(b) of Publlc Law 85-866, Sept. 2, 1938).




" SEC. 618A." LIMITATIONS ON PERGLNTAGE DEPLETION IN OASE OoF
B OIL AND GAS WELLS., ‘

(a) General Rxne.--Exce'pt as othenwise pmvided in this section, the
allowance for depletion under section 611 with respect 'co any oil or gas
well shall be computed without regard to section 613.

(b) Exemption for Gertaln Domestic Gas Wells—

(1) In general—The allowa.nce tor depletton under section. 611 shall
be computed in accordance with section 618 with respect to—
(A) regulated natural gas,
(B) natural gas sold under a fixed contra.ct, and
(C) any geothennal deposit in. the United States or in a possession
of the United States which is'determined to be e gas well within the
meaning of section 613(b)(1)(A), ..
and 22 percent shall be deemed to be specified in subseetdon ®) of secﬂon

;’—613 for purposes of subsection (a) of that sectiom.

(2_)' Deﬁnltlons.—Fo;- purposes of this subsection— :

‘ (A) Natural gas sold under a fixed contract.—The term “natural
gas gold under a ﬁxed -contract” means domestic natural gas sold by the
producer under a contract, in effect on February 1, 1975, ‘and at all times

» o thereafter before such sale, under which the price for such gas cannot be
. adjusted to refiect to any extent the increase in liabilitles of the weller

~ for tax under this chapter by reason of the repeal of percentage depletion
for gas. Price increases after February 1, 1975, shan be presumed.to take

- _Increases in tax liabilities into account Anless the ‘taxpayer demonstrates

' -to the contrary by clear and convincing evidence.

(B) .Regulated natural gas.—The term ‘“regulated natural ga.s” means
"domestic natural gas produced and sold by the producer, before July 1,
'1976 subject to ‘the jurisdiction of .the Fedem.l Power Commission, the
price for which has not been adjusted to reflect to any extent the increase

in Hability of the seller for tax unde'r this chapter by reason of the repeal

of percentage depletion for gas. Price increases after February 1, 1975,
ghall be présumed to take increases in tax liadbilities into account unless
the t:axpa.yer demonstrates the contrary by clea:r and convincing evidence.

i (c) Exempﬁon for Independent Prodncers and Royalty Owners.—

. (1) In general.—Except as provided in eubsection (d), the mllowance
for depletion under section 611 shall be computed in accordanoe with sec-
tion 613 with respect to—— :

o (A) so much of the taxpayers everage da.ily producﬁon of

domestic crude on as does not exceed the taxpa.yer’s deplewble oil
‘quantity; and

natuml gas quanﬁty, _
and’ the epplicable  percentage (detex'mi.ned :I.n accorda.nce wlth -the table
contained In paragraph (5)) shall be deemed to be &pecified in subsecﬂon (b)'

ot section 613 for purposes of subsection (a) of tha)t seetiorn.

. (2) Average da.lly production.—For purposes of pa.rag‘raph (1)—
(A) the taxpayer's uverage daily production of domestic crude
oll or natural gas for any taxable year, shall be determined by dividing
his aggregate production of domestic crude oil or natural gas, as the
case may be, during the taxable year by the number .of days in such
taxable year, and
~:..... (B)in the case of & taxpa,yer holding a partlal lnterest in the
.produe'don from any property (including an interest held in partner-
ship) such taxpayer’s production shall be considered to be that emount
. of such production determined by multiplying the total production of
.-.such property by the .taxpayers percentage pa.rﬁcipation in the
revenues from such property.

(B) 50 much of t.he taxpayer's average da.ﬂy production of
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_ In applying this paragraph, there shall mot be taken into account any

production of crude oil or natural gas resulting from seeonda.ry or tertiary
processes (as deﬁned in regulations prescribed by the’ Secretary or his
delegat.e)
3) Depletable oll qnantltye— : :
(A) In general—For purposes of paragra.ph (1), the taxpayer's
depletable oil quantity shall be equal to—
(1) the tentative quantity determined under the table contained
in subparagraph (B), reduced (but not below zero) by
' (i) the taxpayer’s a.verage daily secondary of tertiary produc-
tion for the taxable year.
(B) Phase-out table.—For purposes of subparagraph (A)—
In the case of production,
Quring the calendar year:

The Tentative

) quantity n barrelsis

b - £+ J N . 2,000

S - (R Jiees 1,800
1978 ..veveercvrnronvescanan cesesseneesienscinnnsessseas 1,400

b 1 A S oo 1,200

1980 and thereafter ........... teeescscesseanssennanae ieeo 1,000

(4) Dally depletable natural gas quantity.—For purposes of para-
graph (1), the depletable natural gas quantity of any taxpayer for any
taxable year shall be equal to 6,000 cubic feet multiplied by the number of
barrels of the taxpeyer's depletable ol quantity to which the taxpayer

elects to have this paragraph apply. The taxpayer’s depletable oil quantity:

for any calendar year shall be reduced by the mumber of barrels with
respect to which an eltction under this paragraph appliés. Such election
shall be made at such time and in such manner as the Secretary or his
delegate shall by regulations prescribe.

(5) - Applicable percentage—For purposes of paragraph (1)—

" In the case of production : ‘The applicable
" during the ca.‘lenda.r year: ’ percentage is:
19T L. iiiieiecaraninnonaes cesesassesnnen cessces creeseenes 22
L Cresresssasnenn 22
b L S esseetsssntteseanas Ceeesstasnrssanins 22
1978 ..iiiiiennnn. S S 22
1879 Liiiiiiiiiiiiiiiiiiiesseas Cetettesettessesanennoranie 22
1980 ... iiiiiinnieniananes PN 22
1981 ... .iiinnnnnn PN crevains cesreasatresecsssanens 20
1982 L...iiivirritiicnannnans teesestetattssstesssaensrennes 18
B S ... 16
1984 and thereafter ........ce00uun0 etesescessas e ... 18

(6) Oil and natural gas resnlting from secondary or fertiary
processes.—
(A) In gewal —Except as provided in subsection (d), the allow-
- ance for depletion under section 611 shall be computed in accordance
with section 613 with respect to—

(i) so much of the taxpayer’s average daily seconda;ry ‘or terti-
ary production of domestic crude of! as does not eéxceed the tax-
payer’'s depletable- oil quantity (determined with regard to para-
graph (3)(A)(i); and

(i) so much of the taxpayer's average daily seconda.ry or
tertiary ‘production of domestic natural gas as does not exceed the

- taxpayer's depletable natural gas quantity (determined without
regard to paragraph (3)(A)(il)); and 22 percent shall be deemed
to be specified in subsection (b) of section' 613 for purposes of
subsection (a) of that section. -




(B) Average daily secondary or tertiary production.—For purposes
of this subsection—

, (1) the taxpayer’s a.verage daily scconda.ry or tettiary produc-
tion.of domeatic crude ol or natural gas for any taxable year shall
be determined by dividing his aggregate production of domestic
. crude oil or natural gas, as the case may be, resulting from secondary
or tertiary processes during the taxable year by the number of
days in such taxable year, and ,
v (if) .in the case of a ta.xpayer holdmg a partial !nterest in the
o production from any property (including any interest held in any
.- .. partnership) such taxpayer's production ghall be considered to be
;. that amount of such production determined by multiplying the total
production of such property by the taxpayer's percentage pa.rticipa-
tion in the revenues from such property.
() Termi.nation.—-‘l‘h!s pa.ragmph s.’nall not e,pply a.fter Deoember

< :381,-1988.

- "N Speeial rules.— .
(A) ' Production of crude oﬂ In excess of depleta’ole ot quanﬁftya—-
< If the taxpayer’s aeverage daily production of domestic crude ofl
;7_fexceeds his depletable ofl quantity,. the allowance under paragraph
- (1)(A) with respect to ofl. produced during . the taxable year from
. each property in the United States shall be that emount which bears
the same ratio to.the amount of depletion which could have been
aMowable under section 613(a) for all of the taxpayers ‘ofl produced

: .--from such property during the taxable year (computed as if section

- 613 applied to all of such production at the rate specified in paragraph
- (5) or (6), as the case may be s his depletable ofl quantity bears
.- to the egg'regate numbcr of ‘barrels ‘representing the average dally
) production of. domestic crude oil of the taxpayer for such year.
(B) Production of natural gas in excess of depleta.ble natural gas
. quantity.—If the -taxpayer's -average dally  production of domestic
natural gas exceeds his depletable natural gas. qua.ntity, the allow-
- . ance -under paragraph (1)(B) with respect -to natu.raJ gas produced
during the taxable year from each property in the United States ghall
be that amount which bears the same ratio to the amount of depletion
. which would have been allowable under section 613(a) for all ‘'of the
. . taxpayer's natural gas’ produced from such property during the tax-
"..."eble year (computed as - if section 613 applled to all of such production
| ‘at the rate specified in paragraph (5) or (8) as the case may be)
. as the amount of his depletable natural gas quantity in cubic feet
- 'bears to the aggregate number of cubic feet representing the average
., dally production of dormestlc natural gas of the” taxpayer tor such

) '-f, year, .

(C) '.l‘axable income from the property --I£ both oil and ga.s are
produced from the property during the taxable year, for purposes of
subparagraphs (A). and (B) the taxable i.ncome from . the property
in applying the B50-percent limitation. in section 613(a), shall be
¢+ afocated between the ofl production and the gas production in propor«

‘--f tion to the .gross fncome during the ‘taxa.ble year. from each. .

(D) -~ Partnerships.—In -the case -of & partnership,. the depletlom
a.llowa.nce in the case of oil and gas wells to which this subsection ap-
-t pHes shall’ be computed eepaa-ately by the partners and. not by the
" “partnerghip, : i

(E) Seconda.ry or tertcla.ry production —If the taxpayer ha.s pro-
duction from secondary or tertiary recovery processes during the
taxable year, this paragraph (under regulations prescribed by the
Secretary or his delegate) shall be applied separately with respect to
such production,
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(8) Business under comumon control; members of the same fam-

. (A) Component members of controlled group treated as one tax-
payer.—For purposes of this subsection, ‘persons who are members
of the same oorntrolled group of corpora.tlons shall be treated as one
taxpayer. i

. (B) Aggregation ot business entities under common control—
If 50 percent or more of the beneficial interest in two or more corpora-
tons, trusts, or estates is owned by the same or related persons
‘(taking into account only persons who own ‘at least 5 percent of such

. beneficial interest), the tentative quantity ‘determined under the table
in paragraph (3)(B) shall be allocated mamong all such “entities in

proportion to the respective production of domestic crude oil during

- the period in question by such entities.

(C) Allocation among members of the same family —In the case

-of individuals who are members of the same family, the tentative

quantity determined under the table in paragraph (3)(B) shall be
allocated emong such individuals in proportion to the respective
production of domestic crude oil during the period in question by such
individuals. -
(D) Definition and specla.l rules.—For purposes of this para.gra.ph——
(1) the term “controlled group of corporations” has the meaning
given to such term by section 1563(a), except that section 1563
(1) (2) ehall not epply and except that “more than 50 percent” shall
. be substituted for “at least 80 percent” each p‘lace it appeaxs in
section 1563(a),

(1) a person is a related person to another person ¥ such
persons are members of the same controlled group of corpora-
tions or i the relationship between such persons would result in a
disallowance of losses under section 267 or 707(b), except that for
this purpose the family of an lndundual includes only his spouse
and minor children,

(iii) the family of en individual includes only his spouse and :

minor children, and
(iv) each 6,000 cubic feet of domestic natural gas sha.ll be
treated as 1 barrel of domestic crude oil

' (9) Transfer of oll or gas property.—

(A) In the case of a transfer (including the subleasing of e lease)

efter December 31, 1974 of an interest (including an interest in &

partnership or trust) in any proven oil or gas property, paragraph (1)
shall not apply to the transferee (or sublessee) with respect to produc-
tion of crude oil or natural gas attributable to such interest, and such
production shall not be taken into account for any computation by
the transferee (or sublessee) under this subsection. A property shall
be treated as & proven oil or gas property if at the time of the transfer
the principal value of the property has been demonstra.ted by prospect-

. Ing or exploration ‘or discovery work.

(B) Subparagraph (A) shall not apply in the case or—
(1) & transfer of property at death, or
(i) the transfer in an exchange to which aection 351 epplies if
following the exchange the tentative quantity determined under the
table contained in paragraph (3)(B) is allocated under paragra.ph
{8) between the -transferor and transferee.
(10) Special rule for fiscal year taxpayers.—In applying this sub-

section to a taxable year which is not a calendar year, each portion of




such taxab!e year which occurs:during a single calendar year shall be
-+ treated as If it were e short taxable year, .

’ (11) .. Certain prodnction not taken into weounta—]'n apply!ng this
mbsectlon. there ghall not be taken into account the production of natural
gas with ‘respect to ‘which subsection (b) appnea :

(d) Limitations on Applica,tions of Subsection (€)— - -
(1) Limitation based on taxable income.—The déduction for the tax-
1 rable year attributable to the application of subsection (¢) shall not exceed

° 65 percent of the taxpayer‘s taxable income for the year computed without
regard to—

. --. (A) . depletion with respect to production of oil and gas lubject to

_the provisions of subsection (¢),

. {B) ‘any net operating loss carryback to the tmb!e year aunder

section 172, and

(C) any capital loss ca:rryback to the taxable year under section

- 1212,

If an emount ls disallowed as a deduction for the taxable year by reason
of epplication of the preceding sentence, the disallowed amount shall be
treated as en amount allowable &s & deduction under subsection (¢) for the
following taxable year, subject to the application of the preceding sentence
to such taxable year. For purposes of basis adjustments and determining
whether cost depletion exceeds percentage depletion with respect to the
production from e property, any amount disallowed as a deduction on the
application of this paragraph ehall be ellocated to the respective properties
from which the oil or gas was produced in proportion to the percentage
depletion otherwise allowable to such properties under subsection (c).

(2) Retallers excluded.—Subsection (¢) ehall not apply in the ease
of any taxpayer who directly, or through a related persom, sells ol or
natural gas, or eny product derived from ofl or natural gas—

(A) through any retail outlet operated by the taxpayer or e related
person, or
(B) to any person—

(1) obligated under an egreement or contract with the taxpayer
or e related person to use a trademark, trade mame, or service
mark or name owned by such taxpayer or a related person, in
marketing or distributing ofl or natural gas or eny product derived
from oil or natural gas, or

(i) given euthority, pursuant to an egreement or contract
with the taxpayer or a velated person, to occupy any retail outlet
owned, leased, or in any weay controlled by the taxpayer or &
related person.

"(8) Related person.—For purposes of this subsection, & person is
a related person with respect to the taxpayer if e significant ownership
interest in either the taxpayer or such person is held by the other, or ff &
third person has a significant ownership interest in both the taxpayer

_and such person. For purposes of the precedmg sentence, the term
“gignificant ownership interest” means—

(A) with respect to any corporation, § percent or more in wvalue
of the outstanding stock of such corporation,

(B) with respect to a partnership, § percent or more interest in the
profits or capital of such partnership, and

(C) - with respect to an estate or trust, § percent or more of the
beneficial interests in such estate or trust.

(4) Oertain refiners excluded—If the taxpayer or a related person
engages in the refining of crude oil, subsection (c) shall not apply to such
taxpayer i on any day during the taxable year the refinery runs of the
taxpayer end such person exceed $0,000 barvels.
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: "’(',,) PDefinitions.~For purposes of this section—
{1) Crude oil—The term. “crude ofl” includes a natural gas lquid
" recovered from a gas well in lease separators or field facilities,
(2) Natural gas.—The term “natural gas” means any product (other
than erude oil) of an oil or gas well if a deduction for depletion is allow-
sble under section 611 with respect to such product. '

' (8) Domestic—~The term  “domestic” refers to production from en
oll or gas well located in the United States or in a possession of the
United States. : ' . T :

- (4) Barrel~The term “barrel” means 42 United States gallons.

Additton~—Sec, 613A was added by Sec. Mar, 29, 1975 Jan. 1, 1975 and applies to
svea) of Public Law 9412, Mar. 29, 1975, taxable years ending after Dec. 31, 1974,
s&ective (Sec. 5§0i(c) of Public Law 94-12, ! ER




"PROPOSED BILL S 2608"

Introduced by Fannin
Nov. 4, 1975

B. 2608

Be it enacted by the Senate and House
©f Representatives of the United States of
America in Congress assembled, That (a) (1)
part VI of subchapter B of chapter 1 of the
Internal Revenue Code of 1954 (relating to
itemized deductions for individuals and cor-
porations) is amended by adding at the end
thereof the following new section:

“Skc. 180. EXHAUSTION OF = GEOTHIRMAL

STEAM AND OGEOTHERMAL RE-
* BOURCES.

“(a) IN GENERAL—There shall be allowed
as & deduction, under regulations prescribed
by the Secretary or his delegate, an amount
equal to 25% of the gross tncome from & geo-
thermal steam and geothermal! resources
property for the taxable year.

“(b) LmrratioN.—The deduction n.llowed
under subsection (&) may not exceed 50%
of the taxpayer's taxable income from the
geothermal steam and geothermal resources
property for the taxable year, computed
without regard to the deduction allowed by
this section. i

*“(C) Brecian RuLEs.—

“(1) Lrxases.—In the case of a lease, the
deduction allowed under subsection (a) shall
be equitably spportioned between t.he lessor
and lessee.

“(2) LIFE TENANT AND REMAINDERMAN-—IN
the case of property held by one person for
life with remainder to another person, the
deduction under this section shall be com-
puted as if the life tenant were the absolute
owner of the property and ghall be sllowed
to the life tenant.

“(8) PROPIRTY HELD IN TRUST~In the case
of property held in trust, the deduction al-
lowed under subsection (&) shall be appor-
tioned between the income beneficiaries and
the trustee in accordance with the pertinent
provisions of the instrument creating the
trust, or In the absence of such provisions,
on the basis of the trust income allocable
to each.

“(4) PROPERTY HELD BY ESTATI.—In the
case of an estate, the deduction under this
section shall be apportioned between the
estate and the helrs, legatees, and devisees
on the basis of the.income of the estate al-
locable to each.

“(da) Dmnmons.—-l"or purposes of -this
uctlon—- -

“(1) GROTHMERMAL BYTAM AND SEOTHIRMAL
RISOURCES PROPIRTY.~—~The term ‘geothermal
steam. and geothermal resources property’
means property from which the taxpayer ex-
tracts any product included in geothermal
steam and associated geothermal resources,
8s defined in subsection 2{c) of the Geo-
thermal Steam Act of 1970 (30 U.S.C. 1001).

“({2) GROSS INCOME FROM THE PROPERTY.—
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The term ‘gross income from the property' °

means the gross income from extracting geo-
thermal steam and associated geothermal re-
gources from the property.

“(3) ProPERTY.~The term ‘property’ has
the same definition it has under section 614.
For purposes of applying such section 614
with respect to this section, a well producing

. geothermal steam and assoclated geothermal

recources shall be considered to be a gas well.

“(e) APPLICATION WITH BUBCHAPTER I.—No
deduction shall be allowed under section 611
with respect to exhaustion of geothermal
steam and assoclated geothermal resources
if a deduction is allowable under this section
with respect to such exhaustion.”

(2) The table of parts for such part VI is
amended by adding at the end thereof the
following new item:

“SEC. 180. EXHAUSTION OF GEOTHERMAL STZAM
AND ASSOCIATED GEOTHIRMAL RE-
SOURCES.”

(3) Bection 57(a)(8) of such Code (relat-
ing to items of tax preference) is amended
by inserting immediately after *“‘section 811"
the following: “or the deduction for ex-
haustion allowable under section 189.”

(4) Section 62(8) of such Code (relating
to definition of adjusted gross income) is
amended by striking out “and the deduction
allowed by section 611.” and inserting in lieu
thereof a comma and “the deduction allowed
by section 189, and the deduction allowed by
section 611.".

(c) Bection 263(c) of such Code (relating
to deduction for intangible drilling and de-
velopment costs in the case of oil and gas
wells) is amended-—

(1) by adding at the end thereof the fol-
lowing new sentence; “Such regulations shall
also grant the option to deduct as expenses
intangible drilling and development costs in
the case of wells drilled for geothermal steam
and assoclated geothermal resources, as de-
fined In section 2(c) of the Geothermal
Steam Act of 1970 (30 US.C. 1001), to the
same extent and in the same manner as such
expenses are deductible in the case of oil and
gas wells.”, and .

(2) by amending the caption of such sec-

.. tion to read as follows:

¥

“(c) Intangible Drilling and Development
Costs in the Case of Oll and Gas Wells and
QGeothermal Wells.”,

{(d) Section alsA(b)(l) of such Code (re-
lating to limitations on percentage depletion
In case of oil and gas wells) is amended—

{1) by inserting tmmediately after the
corr:fm in subparagraph (A) the following:
“‘n »

(3) by striking out “and” in subparagraph
{B), and

(8) by s=striking out subparagraph (C).

(e) Section €617(a) (1) of such Code (re-

- lating to deduction and recapture of certain

mining exploration expenditures is amended
by striking out “is not allowable under sec-
tion €613.” and inserting in lleu thereof “is
not allowable under gection 613 or section
189.".

(f) The amendments made by this Act ap-
ply to taxable years beginning after Decem-
ber 81, 1976.
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" CHAPTER ' 1.

THE 'NATURE OF THE REGION.‘
BASELINE SOCIAL AND DEMOGRAPHIC DATA

, Sa1jy Cook‘Lopreato
Marian Meriwether
Paula Ramsey

INTRODUCTION

An 1mportant aspect of p1ann1ng for major techno]og1ca1 changes or
innovations, such as the development of geothermal energy, is consideration
of impacts on, and consequences for,tindjviduals in the areas and communi-
ties where changes occur._,Localfand regiona] factors determine, in large
measure, the success of technological developments, and absorb, too, many
of the direct and indirect costs of the‘develdpments Early attention to
the interrelationships among the technological requirements for, and possi-
ble uses of, an innovation or expansion with such variables as local skill
levels, wages, tax base, and social infrastructure (e.g., transportation,
schools, housing,‘hospitals) can help in a]]eViating some of the burdens
of development on local communities, and help insure optimal utilization of
a resource within a .given region. The Phase 0 Scope-of- -Work study on geo-
thermal development in the Gulf Coast attempts to 1dent1fy poss1b1e effects
of geothermal research, development, and utilization on the area and its
inhabitants. e o : :

Chapters I and II address key soc1oeconom1c and demographic var1ab1es
The present .chapter provides an overview of the area where the resource is
located. Major data are presented which can be used to estab11sh a base-
line description of .the region for compar1son over time and to de11neate
cruc1a1 .areas for future study with regard to geotherma] deve]opment
Several other more detailed- descr1pt10ns of the Gulf cOast are ava11ab1e ,
(e.g., Pan -American University, 1973; Governor s Office of Informat1on
Services, 1974). The present chapter merely high11ghts some of the varia-
bles which reflect the cultural nature of the Gu1f Coast, its soc1a1 char-
- acteristics, labor force, and services in an attempt to delineate possib]e
]




problems with and barriers to the deve]opmenp of geothermal energy in the
region.
The following chapter focuses on the local impacts of geothermal wells

. and power-generating facilities qsing data on such variables as size and

nature of construction and operating crews. Note is taken of changes which
have occurred in areas of California and New Mexico where geothermal-geo-
pressured resources have a]ready undergdne development. Tentative projec-
tions of Tlocal impacts applicable to the Coasta] Zone are set forth, and a
methodology is developed for future work '

At the conclusion of Part II data from the areas studied--baseline
descriptions and regional problems, local impacts of drilling and'brbduc-
tion -- are brought together and summarized in terms of identified problems
with geothermal resource development in the region. Included in that list
of research also are recommendations from Chapter III on political and
institutional considerations. A flow chart is utilized to describe
research which is needed in order to exploit the resource as quickly and
effectively as possible. Areas of interface among various parts of the
research are identified and described. These will include joint research
tasks and exchange of data between the social-cultural group and the insti-
tutional, legal, environmental, and resource utilization groups.

"Definition of the Study Region.

The geothermal zone along the Gulf Coast is embodied in a geographic
area with rather erratic boundaries. The study region has been delineated
invcounty units and includes most of the area within the zone. Figure I.1
shows the 36 county area described in this report overlaid on a map of the
geothermal configuration of the region. As can be seen from the map, the
geothermal resource stretches the entire length of the coastline. At the
present stage of study, no definite decision has been made as to test-well

sites, although several potential site areas are designated in Figure I.1.

The present volume, therefore, attempts to describe the entire Texas Gulf
Coast, noting special problems or characteristics in different areas.

The geothermal zones continue across the Louisiana coast, as can be
seen from the Phase 0 Resodrce‘Assessmeht report. The present volume
fbéUSes on the Texas Gulf Coast, however, for two major reasons. First,




Possible Drilling Sites

Figure 1.1 The Study Area.
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a decision was made to cover in detail at least a part of the Gulf Coast in
the scope-of-work project rather than to review the entireAcoast in a more
superficial manner. Second, by examining one state comprehensively a meth-
odology could be developed that would allow immediate movement into Phase 1
for both states. S | ' : '

A number of social, demographic, and economic variables on a cdunty- i
by-county basis suggest three 1arge_gfoups of counties along the Texas
coast which differ noticeably from each other in characteristics pertinent
to the present study. Figure I.2 shows the three areas and Tists the
counties included in each. Area I, the Eastern Coastal Zone, consists of
the e]even,éastern-most counties of the coastd]fregion, and includes three
census- designated metropolitan areas. Economic and social conditions, as
defined by the variables stud1ed are cons1stent1y better in Area I
counties than in other counties in the coastal region.

The eleven county Area II, the Middle Coastal Zone,,provides a transi-
tion betwéen’the economically active urban area to the east, and the rural,
economically depressed southern counties. The Corpus Christi Standard
Metropolitan Statistical Area is in Area II. :

Area III, the Southern Coastal Zone, at the other end of the scale
both geographically and ecOnomica11y,'is made up of 14 counties closest to
the Mexican border. A high percentage of population is Mexican American.

The area is largely rural, except for a few urban trade centers along the
border and coastline (see Appendix C for detail on area clusters).

Description of Variables.

Each of the three areas delineated for this study are described in
terms of five major categories: demographics, education, labor force, stan-
dard of living, and services (health and transportation). These categories
are a first approximation of the area and_must_be'examined in more detail
in Phase 1 work. Under the category of demographics are discussed popula-
tion size and density, percent urban versus rural residences, percent
Black and Mexican American in the population. "Black" in this report is
the same as the Census term "Negro" and refers to those who reported their
race as Negro or Black in the 1970 Census Survey. The terms "Spanish Heri-
tage" and "Mexican American" are used interchangeably in this report and

-
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consist of census counts of persons of Spanish language and/or Spanish sur-
name. Those counts no doubt under-report the numbers of Mexican Americans
for several reasons; for example, women who marry Anglo men and no longer
have a Spanish surname, and Mexican Ameri;ans“who brefer to "pass" as
Anglos. Population changes are examinedfiﬁ tefms’bf net migration.

Under the category of educational attainment are examined the average
educational level in terms of number of school years completed and the
present school enrolliment. The third category--labor force characteris-
tics--covers unemployment, seasonal employment, and worker distribufion
in terms of major occupational categories. The median earnings of workers
in those occupations leads into the fourth category of variables--stan-
dards of living. Per capita income and percent of families below the
poverty level, housing conditions and extent Of'crowding complete that
section. The available facilities of an area are indicated by hospita1‘
services and transportation. These two indiCétors do not give a full pic-
ture of regional services, and should be greatly expanded as a set of indi-
cators for Phase 1 research. Census definitibn of the variables used are
presented in Appendix A. The five categories of variables are overlapping;
for example, the type of health services available obvious]y_reflects stan-
dard of 1iving. The categories have been utilized for clarity, to simplify
the descriptionyfor‘the reader, and to help pinpoint problem areas. A1l
data are for 1970 unless otherwise indicated. '

These five broad categories allow a useful though rough picture to be
drawn of the Gulf Coast region and comparisons to be made among the various
sections. Tables I.1, 1.2, and I.3 present the 1970 census data for coun-
ties in the three areas delineated above. Figures for the state‘in 1970
‘are included for comparison. Due to differing ethnic and racia1 concentra-
tions, separate'information is presented on Blacks in Area‘I aanon'Mexi-
can Americans in Areas II and III.




AREA 1. THE EASTERN COASTAL ZONE

Demographics.

Three Standard Metropolitan Statistical Areas (SMSA) are located in-
Area I, as can be seen from Figure I. 3 The Houston SMSA covers Harris,
Liberty, Montgomery, Waller, Ft..Bend, and Brazor1a Counties. Galveston
County contains the Galveston-Texas City SMSA. Hardin,. Jefferson, and
Orange Counties constitute the Beaumont-Port Arthur-Orange SMSA. Of the
eleven counties iﬁ{Area.I; then; only Chambers. County has not yet been‘f
included officially in one of the major metropolitan areas. Chambers is,
however, 46.4% urban (Wa1ler,;by contrast,‘is only'28.l% urban despite its
inc]usion in the Houston SMSA). The entire Eastern Coastal Zone is a
highly deve]oped urban- industr1a1 center, and constitutes one of the 25
urban regions projected to hold 85% of the total American popu]at1on by the
year 2000 (Pickard, 1972: 143). The region is heavily populated and much
of it is densely settled, from a high in Harr1s County of 1,011 population
per square mile ‘to a Tow in Chambers with 20 people per square mile. Seven
of the eleven counties report populatlon densitres higher than the state
average. - ' L ,
The Eastern Coastal Zone attracts migrants because of the employment
opportunities generally associated with urban areas (F1g 1. 4) Only
Jefferson and L1berty Counties reported more peop]e mov1ng out than moving
in during the 1960 to 1970 per1od Montgomery County, by - contrast, showed
a positive net migration of nearly 76% over the decade. AdJo1n1ng Harris
County, Montgomery has experienced "spill-over" from the Houston suburban
growth, evidenced by number of new res1dent1a1 developments (Barnstone, et
al., 1974: 39). : '

The Mexican Amer1can popu]at1on is re1at1ve1y small in Area I, ranging
from 1. 3% of the population in Liberty County to 26.6% in Ft. Bend. Area I,
on the one hand, contains proportionately fewer Mexican Americans than does
the state as a whole. Blacks, on the other hand, represent a sizeable por-
tion of the population in Area I, making up nearly 20% of the total
compared to 12. 5% for the state population. Because it is the largest
minority in Area I (see F1gure 1.5), we have included separate figures on
the Black population in Table I.1.
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Education. o L L

In terms of the median number of school years completed, Area I falls
slightly behind state averages for both Blacks and the total population
(Fig. 1.6). Most counties in Area I, however, rank slightly higher than
the state average of 52.1% for total population age 3 - 34 enrolled in
school, ranging from 49% to 66.7%. The same is true for the Black popula-
tion, with a range of 47.5% to 76.6% enrolled, compared to the state aver-
age of 53% (Fig. 1.7). '

Labor Force.

Area I had, in 1970, unemployment rates for total population and Blacks
that were slightly higher than state averages. (Fig. I.8: in July, 1975,
however, seven of the eleven counties in Area I reported unemployment rates

~considerably lower than the state fignre of 6.5 [Texas Employment Commis-

sion, 19751). Employment in Area I abpears to be somewhat steadier than
in the state as a whole since the part-time labor force (those working

26 weeks or less in a year) is smaller. Blacks represent less than the1r
proportionate share of the labor market with approximately- 18% of the
total employed compared to,zoz of the total population.

The labor force struCtUre”in Area I closely approximates the over-
a11 -state distribution, with some slight upward shift toward the top three
categorles in Flgure I1.9. The urban industrial nature of Area I is
clearly demonstrated in the Iow ratescﬂ’agr1cu1tura1 emp1oyment Despite
the over-all trend, several counties in Area I are st111 heavily based on
agriculture. Conspicuous here are Brazoria and Ft. Bend Count1es which
have extens1ve rice cu1t1vat1on

Standard of L1ving

As m1ght be expected from the occupational distr1but1on, Area I has
higher median earntngs than the state average. This comparison does not
hold forzBlacks but that is primarily duekto the particularly low median
earnings reported for B]acks in Waller County. Waller is 52.6% Black, and
unlike the area as a whole, shows a h1gh degree of part-time Black employ-
ment. Agriculture claims many of these workers, with 6.7% of the Black
labor force in farm-related work compared to l.l%ifor Area I. Over
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twenty-three percent of Blacks employed in Waller County are in profes-
sional or technical jobs, in part due to the presence of Prairie View A & M
University, a predominantly Black college.

“Looking at income per person, we find Area I substantié11y'worse off
than the state, with per capita figures fd]]ing roughly $200 behind the .
state average (Fig. 1.10). This situation is due to the statistics for
counties (such as Waller) which contain concentrations of Tow-paid Blacks
w1th relatively ]arge fam111es. Waller County, for instanCe, reports an
average of 3.9 people per hous1ng un1t compared to the Texas figure of 3.2.
Other variables such as percent families below the poverty level (Fig. I.
11), 1iving density, and percent housing lacking plumbing substantiate the
description of Area I as having high standards of living with the impor-
tant exceptions of counties ¢ontaining pockets of the low-income racial
minorify. o

Services.

As would be expected for an urban-industrial area, services in Area 1
are well-developed, as indicated by hospital services and highway mileage.
Both variables have higher ratings in Area I than in Texas generally. The
intra-area range is great.with, for instance, no hospital beds reported in
Waller County and 10.1 beds per 1000 population in Galveston County.(s1te
of the University of Texas Medical School). This range is due to the fact,
once again, that although Area I can be described as a highly urbanized
area, it still contains low-income, rural districts which are not ‘as devel-
oped as the area as a whole. A closure between the extremes can be expec-
ted, however, as industrialization of the area continues. .

O
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Table I.1 (cont'd.)
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% of All Employed 7.8 8.0 4.8 5.7 5.5 6.3 5.6 8.7 6.9 5.4 6.6 6.5 4.4
¥ of Black Employed 1.9 2.3 S5 o2 2.5 2.2 S jas 2.0 .8 .3 1.7 .6
Clerical Workers & Kindred
% of A1l Employed 17.4 18.0 | 12.3 10.3 12.7 16.7 10.5 19.5 4.9 1.9 1136 12.7 13.5
% of Black Employed 8.8 10.1 2.4 2.2 4.8 8.0 3.8 N4 6.9 5.3 2.8 4, 12.7
Craftsmen, Foremen
% of Al Employed 4.3 15.8 21.5 17.8 16.9 174 22.3 14.6 17.5 17.9 |21 25.4 10.4
% of Black Employed 8.8 9.5 7.5 8.3 8.2 7.6 10.7 9.8 9.7 8.6 8.1 8.0 5.6
Operatives (excl. Transport) _
% of AV Employed na 10.5 13.4 1.4 4.8 10.4 16.7 9.6 12.7 13.0 [10.5 15.% |-7.0
% of 8lack Employed 14.3 12.0 | 10.8 | 11.2 13.4 9.4 16.5 12.3 12.4 9.6 9.9 1.6 6.4
Transport Equipment Operatives
% of A1l Employed 4.0 3.9 3.5 3.4 | 3.6 3.1 4.6 4.0 3.8 6.6 1 5.6 3 3.1
% of Black Employed 69 ] 84| 67:] 3.9 | 64 | 6.0:| 6.6 9.0 |69 9.5 (106 | 2.8 | 2.8
Laborers {excl. Fnr-)
% of A1l Employed 49 | 5.3 5.8 6.0 | 7.3 6.4 | 8.3 49 | 6.6 8.9 {6.2 5.9 | 6.2
% of Black Employed n.a 13.1 18.4 n.2 15.2 15.8 | 211 13.5 16.3 20.8 | 16.6 2.3 10.2
Farmers, Farm Managers .
% of A1l Employed 2.0 .5 1.3 5.1 ‘4.4 2 S 2 .3 2.3 .7 4 5.4
% of Black Employed 4 2 4 - 2.0 B - 2 B 1.0 .2 2 1.3
Farm Laborers, Foremen . .
% of A1l Employed 2.0 4 11 6.2 | 3.5 3 3 2 .4 3.4 1.6 .3 6.2
£ of Black Employed 2.3 .9 4.8 19.5 | 6.7 .8 .9 4 1.1 4.6 | 4.6 1.0 5.4
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BlE|E(E|E |3 |8 |2 |8 |5|E g
Service Workers . .
-$ of Al Elployéd "4 10.7 10.5 1.0 | N0 |28 (95 :]10.5 n.s IQ.G !70 9.4 13.4
] o.f Black Employed 23.8 | 23.5 | 22.6 | 21.9 | 18.9 31.5: 19.2: | 22.9 | 249 17.86 j22.0 28.0 | 18.9
Private Household ) . B .
% of A1l Employed 2.2 23 2.2 3.4 3.0 2.0 2.4 2.0 2.8 3.7 2.2 1.6 5.0
% of dlack Employed 121 10.0° | 18.5 | 15.7 15.8 | 8.7 15.0& 9.4 10.4 15.8 {17.8 15.0 | 9.9
Iv. Standard of Living
Median Earnings N
For A1) Males 6,824 8,853 | 7,550 0.57§ 8,024 | 7,567 | 7,981 | 7,860 |6,794 {7,738 8,311 {4,964
Black Males 4,518 4,708 3,490 | 4,08) | 4,765 } 4,887 ] 5,252 |5,009 ]4.610 |3,845 [4.860 (2,738
{
Earnings--Males in Selected Occupations
Professional, Managerial . ) . )
Total 10,106 1,364 9,402 |9,504 | 1,302 [s,8¢6 |1 +645 110,653 | 8,852 { 10,627 | 10,043 | 9,049
Black ‘ 881 6.0 I, 6,382 ... - | 7,28 | 6,750 . 3,556
Craftsmen, Foremen ) A A . .
Tota) 7,260 9,558 |8.601 [7,638 |s.650 [8l0s9 [8.192° [s.620 | 7,532 8,023 |9,185 |6.606
Black 5.3 6,141 ser  [5,917 18,300 5.7394 5,659 15,647 . §5,974 14,310 |5,758 |S,208
Operatives, Transport . . o - . .
Total 5,956 ; 8,631 |7,944 6.1}6_ 1,896 [7.591 - |6,788 [7,616 | 6.698 {6,940 }7,957 |S5,105
Black 4,950 4,946 4733 |a773: 15,585 |5,873 |5, 372 | 4,605 {3,877 {5,649 .|3,625
Laborers (excl. Farm) R — 1 - - :
Total ‘ 3,636 4,350 3,053 [4,205 |a,64¢ [a2n [a.302 |aasz | 3,926 [ 3,0 {s.0m |20m
Black 3,955 4,338 .. 4,391 14,703 3,793 4,620 [a,687 | 4,303 | 3,836 | 4,329 [1,047
Farmers, Managers
Total 4,705 5,367 16,167 {3,673 7,192 vee 5,235 {5,417 3,420 {6,600 ves 4,215
Black 1,198 ves .- s v .- 2,602 | ... s .. aee
Famm Laborers, Foremen
Total 2,607 3,024 3,008 [2,544 |2,40 PYes 2,832 12,542 | 3,485 {1,957 ves 3,313
Black 2,003 2,548 |2,821 {1,750 | ... e [2,385 R,2N o e 3,029
Median Earnings
For A1l Females 3,241 3,202 {2,433 (2,922 [3,239 {2,823 [3,637 ,885 2,594 13,066 |[s3,002 [1,7M1
Black Females P,182 1,226 11,493 1,809 (2,225 (1,834 DR,443 f,707 [1,342 {1,213 [1,526 | 988
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Earnings--Females in Selected Occupations
Clerical’
Total 3,879 4,022 | 3,667 | 4,003 | 3,761 | 3,681 4,324 3,597 | 3,539 | 3,722 | 3,632 | 2,429
Black 2,951 e 2,628 304 | 2,497 e - 122
Operatives, Transport
Total ) 3,142 2,736 3,76 | 2,847 | 3,054 | 3,162 {2,219 | 2,750 | 2,678 | 2,787 | 785
Black 3,026 . e 2,314 2,726 1,638
Per Capita Income -
Total Population 2,810 2,903 | 2,584 | 2,227 | 3,023 {2,365 |3,391 2,887 2,276 | 2,663 | 2,740 { 1,955
Black Population 1,561 1,243 | 1,158 | 1,144 [ 1,655 ]1,315 |1,785 |1,54% 1,190 | 1,315 | 1,339 {1,262
% Families Below Poverty
Total Population 14.6 10.2 2.8 21.3 14.0 18.7 12.2 15.4 22.6 17.4 12.3 29.5
Black Population 32.7 35.0 |46.4 |42 29.3 |{36.% %.6 {326 2.1 47.8 34.0 38.8
Housing
Persons Per Unit 3.2 5 3.1 a7 3.2 3.2 3.2 3.2 30 3.3 3.4 3.9
% with 1.01 + per Room n.t 10.9 10.5 1.7 9.6 n.s 9.6 9.1 1.8 10.5 n.3 12
Rooms Per Unit 4.8 4.9 4.9 4.9 4.7 4.9 4.9 5.0 4.7 4.8 4.9 4.8
% Lacking Plumbing 6.0 4.9 12.3 4.6 3.0 n.a 1.8 39 13.3 n.6 | 3.1 20.5
V. Services
Hospita) Beds per 1000 3.5 2.3 6.2 2.6 10.1 3.4 4.8 5.2 3.5 2.0 2.8 0.0
State Highway Mileage 256.5 393.1 ] 234.3 | 330.3 | 245.6 | 229.7 [ 558.1 |27.2 349.1 | 358.5 | 178.9

206.5
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AREA 11, THE MIDDLE COASTAL ZONE

As mentioned earlier, the Middle COasta] Zone is an area of transi-
tion between the eastern urban area and the economically depressed counties
to the south.

Demggraphics

The Middle Coastal Zone is neither particu]ar]y densely popu]ated
nor is it a highiy urbanized area. Only three counties surpass the state
average popu]ation density Nueces County, which.contains-the only major
metropo]itan center in Area II--Corpus Christi (estimated popu]ation
215,000 as of April, 1973)'--15 the most densely settied county in this
part of.the coasta] zone and is the only county more. urbanized than the
state average. Nueces and San Patr1c10 Counties constitute the Corpus
Christi SMSA. Neighboring Live Oak Jim Weils, and Aransas Counties are
1nf1uenced by the metropolitan activities of the cOrpus SMSA, but the
entire M1dd1e Coastal Zone, remains predominantly agricultural

In contrast to Area I, the Middle Coastal Zone has been characterized

by a significant. degree of out-migration 0n1y one county, Aransas,,‘
gained population through migration during the period 1960 to 1970 The
Midd]e Coastal Zone popu]ation 1s more than one-third Mexican American and
only 7 2 percent Black. . The B]ack population is concentrated in the -
_'eastern counties and becomes proportionate]y less in the southern counties
of this area. The Mexican American population, on the other ‘hand,
increases. .as one looks down the coast. These. minority distributions :
- reflect the transition from the Eastern Coastal Zone which supports a high:
percentage of Blacks to the Southern Coastal Zone with a majority of Mexi-
can Americans., Data in Area II are given for the popuiation as a who]e :
and for the. Mexican American minority. o

Education

The Middle Coastal Zone lags somewhat behind state averages of sch001'
years completed, both for the total popu]ation and the Mexican American i
sub-group. In terms of present population enrolled in school, however,
the figures for Area II are roughly the same as state figures.
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Labor Force.

Unemployment in the M1dd]e Coasta] Zone varies substant1a11y by county.

Total male unemployment in 1970 was less than two percent in Jackson and
Calhoun Counties, while it was nearly five percent in Goliad County. Mex-
ican American male unemployment is consistently higher, ranging.fnom 2.3
percent in Jackson to 9.1 percent in Goliad. Female unemployment for both
the total and the Spanish Herltage populations is higher than for males '
and considerably higher than state f1gures. July, 1975, unemp]oyment rates
ranged from 4. 2% “in Wharton cOunty to 10.1 in Calhoun County “The more
industrialized Corpus Christi area (Nueces and San Patr1c10 Counties) also
reported h1gher rates than the 6.5 state figure. Part time employment 1s ‘
less in Area II than for Texas as a whole. ‘

‘The occupational distribution in the Middle Coastal Zone is more
heavily skewed toward the lower end compared to the Eastern Coastal Zone,
and this trend is even more pronounced in Area III, as will be seen. Pro-
fessional, managerial, as well as skilled labor jobs grow fewer down the
coast, with semi-skilled and unskilled labor, and, in particular, farm-
related occupations increasing.

Almost a third of the employed in Area I1I are Mexican American, with
those workers being disproportionate]y represented in lower-level occupa-
tions. For example, approximately 22 percent of the Area II labor force
are in professional and managerial eccupations and 18 percent are in labor
and service jobs. Roughly 11 percent of all Mexican American workers are
employed in professional and managerial positions, while over one-fourth
are in service and labor occupations. Over five percent of the active
labor force are in farm-related work, compared to a state average of four
percent and an average of less than one percent in the neighboring Eastern
Coastal Zone. The incidence of farm employment among Mexican Americéns is
particularly notable, with a high of 27 percent in Goliad County. Only in
the two most urbanized counties, Nueces and Victoria, has Mexican American
farm Tabor declined significantly below the state average. (Aransas |
County has a substantial fish1ng bus1ness, and shows neg]1g1b1e emp]oyment
in agr1culture) o
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Standard of Living. -

The occupational distribution is reflected in median earnings.

Area II counties 1lie below state averages, both for the pbpuiation as a
whole (except Calhoun County) and for the Spanish Heritage population
(except Calhoun and Nueces Counties).. Even more interesting, perhaps, is
to note -the drop from the male median earnings figures ranging from $4,964
to $8,853 in Area I, to a range of $3,852 to $7,230 in Area II. Earnings
of the Mexican American population are consistently lower than for the
total population for both males and females.

Per capita income is substantially lower than state figures, with a
total population range from $1,997 to $2,585 and a Spanish Heritage range
from $872 to $1,473. As might be expected then the incidence of poverty
is high: from 20.3 to 37 percent of all families in Area II counties fall
below the census-defined poverty level, compared to the state average of
14.6 percent; from 32.2 to 58.8 percent of Spanish Heritage families are
so classified compared to the Texas figure of 31.4 percent.

The low incomes in the Middle Coastal Zone are reflected in housing
quality. Housing in this area is overcrowded when compared to state
averages. In Texas, slightly more than 11 percent of all units house more
than an average of one person per room; all Area II county percentages are
higher than this, up to 21 percent in San Patricio County. Moreover, a
significant portion of Area II housing is substandard, as indicated by
percent units lacking some or &11 plumbing: as high as 26.6 percent in
Goliad County, compared to the state figure of 6 percent.

Services.

From the rice-farming counties bordering Area I to the agricultural
1and which encircles Corpus Christi, Area Il has a farm-based economy.
011 and gas productibn significantly supplement agricultural production.
The industrial developments in Corpus Christi mark a turn, however, toward
a manufacturing-oriented base. - As the Middle Coastal Zone develops in
that direction, services in the area increase. In terms of state highway
mileage, for example, the area appears to be generally as well served as
the rest of the state. Personal services are also developing; medical
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care, measured in terms of the number of hospital beds for each 1000 popu-
lation, is on a par with the state, although some counties appear to be
individually lacking in hospital services. '
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"~ Table 1.2

*-AREA-II. .MIBDLE COASTAL ZONE

e
- (=
. ' -C —
— ¢ & <
= 1z E o |8 (B |, (2 |E |Z |5
i S 18 12 |8 |8 1= |8 |E
B2 |g |2 |8 (28 |E |8 |8 |35 |E
- 5 -
1. Demographic ) ;g § 1. 8 2 3 g b - S 2 8 S
. Population Total = |8 ©. 8 = - = 8 g - g g 8
Population per square mile 43 32 . 27 . k1) 6 15 24 282 12 69 60 34
% Urban 7.8 0. 587 (85| 0 |41 |555 ] 940|482 | 645 | 76.9 | 4.8
"% Net Migration (1960-1970) 1.5 174 ] -24.6] 18] 16.3] -17.9| 6.2 | 212.7] -26.6] -15.0| 2.8 | -15.2
Birth Rate 19.3 7.2 | 254 {206 | 4.8 | 144 [ 169 [ 233 [ 116 [ 225 | 108 [ 173
_ Death Rate 8.5 0.8 |79 |63 |133]9e9 [72 (20 [es |70 [82 |90
% Spanish Heritage 18.4 | 39.0f 2.6 [ 300 | 33.4 | 385 | 17.7 | 8.5 | 46.3 | 38.0 | 45.1 | 31.5 ] 18.8
% Black 2.5 | 72| 46 ) 27 [ 47 [ 20 | v2s | 196 | 47 |98 |24 |80 | 199
1. Educatfon .
% Population 3-34 enrolled ’
Total population 52.1. 56.7: {46.9 [52.3 | 51.8 | s2.3 | 53.9 |s2.6 | s5.2 | 5.7 | 52.3 | 537
Spanish Heritage 524 62.7 [saa [51y a5 | saz | 510 |33 | 53.2 | 547 [ 388 | 49.6
' Nedfan $chooi Years Ouiplcted ; i . . H .
ATY Males ny we .z (na {eo les Jwaihao Jee oo [N o
Spanish Heritage Males 7.6 s4.182 [23 |53 [ss s6 181 152 | a9 | 1.2 |52
A1} Females 1.6 ns s s Jeao {103 Jroe [ [z {00 [ Joo
Spanish Heritage Females 7.0 6.0 44 6.6 | 5.8 65 | 60|72 5.3 4.2 | 68 5.5
I11. Labor Force
% Civiltan Im:k force Unemployed 1970 | N Lo . Lo -
A Males 3.0 41|83 fre as |re )3 fas 6 [ 133 [2a
A1l Females a7 3.5 |67 |12 . |so |a3s jar lss 3.3 |50 &7 |56
Spanish Heritage Males - 47 57 a5 - Jes 9.1 [2.3 |32 |47 5.3 44 153 |26
Spanish Heritage Females 6.8 6.0 8.2 155 '[15.8 |99 {66 |1 37 163 187 |os
© % Unenployed, July 1975 . 6.5 fas sz cfea sz fas fer fea a7 [se [s9 |42
Male Workers, weeks worked in 1969 - : - -
! Bl 8] 2f | 8] &| %8| R{& {8 |® {8 |8
Total # Workers § g S <] <1 @ Ny « |2 - &
. . ; nl - ke - 4
Total # Spanish Heritage i - o o
: §| & &) g| 8| &) 8) § & (8 |8 (8 |§
¢ § 3 T e ~ T N -« - -
% Working 27-52 Weeks B
i A1 Workers 87.2 jes.7- 180.1° | 9.0 { 92.0 i78.9 f{ar.0 |[ss.9 | 90.2 Ja4.6 fe4.6 . [89.9 - [s6.6
" Spanish Heritage Workers 85.9 |es.0- |6s.2. | 0.0 | 93.0 Jes.3 a5 [81.2 [ %2 |11 [79.6- [e7.8 [s7.0
% Working 26 weeks or less
A1) Workers _ 128 1 131199 T fs.0 210 (%0 |15 fes 1.4 | 154 [ 100 |34
Spanish Heritage Workers W | 12,0 |rss ]lo.o 7.0 [147 |9 [18.8 o8 18.9 [ 204 [12.2 |13.0
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Table 1.2 (cont'd.)

e
< =
< |= |8 E |2 (5|8 s (8 |E|E |8
8 |E |8 |y |2 (2|2 |5 (8 ||z |E |2
3 << < . @ < b - = - v > .
Occupational Categories 5-'1 E. 'f:: g' ﬁ_ 3; ﬁ. E- “g"- E‘ 'g. ﬁ‘ E.
Total Employed s 8 “‘ e w - hd i ] ” = 2 2
-
3 :
Spanish Heritage Employed ;. §. § g % E ,§ § §. § E. %: §.4
@
Spanish Heritage as % of Total Employed .
14.5 a3 20.0 3.2 26.6 33.0 15.6 15.5 37.0 34.6 37.0 25.7 15.4
Professional, Technical .
% of A1l Employed 14.4 13.2 8.2 12.2 12.3 l'l."| ‘IO.BH 1.8 14.6 9.0 1.2 13.7 1.8
% of Spanish Heritage 7.6 6.2 3.7 3.2 3.9 3.1 1.6 5.4 7.5 A1 4.9 5.8 4.0
Managers, Administrators
% of A1) Employed 8.9 8.8 15.3 8.2 7.8 1.5 4.9 8.9 9.6 6.0 10.2 1.2 6.3
% of Spanish Heritage ‘5.. 4.7 9.5 5.0 3.1 0 3.5 8.4 5.1 a 4.4 3.4.4 2.8
Sales Workers and Kindred
% of All Employed 7.8 7.0 9.9 8.1 4.0 2.8 5.6 4.0 1.8 6.2 5.9 8.0 5.4
% of Spanish Heritage 5.7 4.7 5.3 4.4 1.4 2.7 5.3 1.0 5.2 6.1 2.7 5.4 5.8
Clerical Workers & Kindred
% of A1 Employed 17.4 1.8 13.5 14.7 10.9 9.7 9.0 1.4 16.8 12.2 13.0 13.8 13.1
% of Spanish Heritage 13.7 1n.o 6.9 8.4 3.7 5.1 3.8 7 13.4 5.8 6.9 n.a 6.4
Craftsmen, Foremen
% of A1l Employed 14.3 16.0 15.5 15.5 17.8 15.4 17.8 15.3 16.1 15.1 17.0 16.7 13.7
% of Spanish Heritage 15.0 16.1 13.5 18.4 11.5 18.6 16.3 n.6 17.0 9.4 4.7 16.7 14.4
Operatives (excl. Transport) )
% of A1l Employed 1. (0.0 8.7 _ 7.4 » 17.3 8.6 15.7 | 12.6 | 8.9 n.3 | 92 1.3 §{ 1n.o
—
Transport Equipment Operatives
% of All Employed 4.0 4.0 3.8 3.3 3.0 3 3.2 4.0 4.1 3.6 3.6 4.6 4.8
% of Spanish Heritage 5.3 6.4 8.3 5.6 6.1 6.7 5.8 6.7 6.6 5.8 6.0 6.9 4.1
Laborers (excl. Farm)
% of A1l Employed 4.9 6.8 2.2 5.5 8.3 8.5 6.5 7.7 5.7 8.4 8.0 5.3 5.5
% of Spanish Heritage 8.7 n.4 13.7 n.3 16.9 1.9 15.0 .5 10.2 18.1 15.2 10.0 9.4
Farmers, Farm Managers
% of A1l Employed 2.0 2.4 .8 4.) 2.5 13.0 | 1.9 4. .9 2.2 3.2 2.0 73
% of Spanish Heritage .7 K1 bt 1.2 1.0 1.8 “-- - .3 e 1.2 .6 1.7
Farm Laborers, Foremen
% of A1l Employed 2.0 2.9 .9 45 |26 |15 |64 4.5 |12 6.3 5.6 2.0 6.9
% of Spanish Heritage 5.8 6.2 hatd 8.1 6.7 5.2 |6.2 8.0 2.8 1.0 j12.8 129 15.7
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2
< =
= |8 22 (5|8 |s|2|E|E|&
ERE 3 5|8 |2 |8 |E |5 |E|E
£ |2 [H |5 |8 (5 | |2 |& |g |2 (g
Service Workers
% of ANl &p!oyid na ns n.s 12.7 n.s n.s 9.1 1.4 1.6 14.0 10.0 n.z 9.5
% of Spanish Heritage 13.8 {160 16.0 | 19.8 {167 jw.7 {110 [16.3 |16.2 {206 [14.6 |16.7 |12.7
Private Household ]
% of A1l Employed 2.2 3.3 3.7 ’ .3.8 1.8 5.4 1.7 {43 2.9 6.0 3.1 s 4.9
% of Spanish Heritage 2.5 4.8 19.2.1 7.6 s 7.2 6.5 4.4 35 12.0 |6.7 5.! 5.2
IV. Standard of Living
Median Earnings ) :
For A1l Males 6,824 5.893( 4,946 | 7,230 { 3,852 6.1@ 6,332 | 6,771 { 5,671 | 6,116 | 6,566 5.}97
Spanish Heritage Males 4,599 3,895 ] 3,283 | 5,127 | 2,726 | 4,544 | 4,551 | 4,885 | 3,437 | 3,870 | 4,167 | 4,152
Earnings--Males fn Selected Occupatfons
' Professional, ‘ihmgerh]
Total . 10,106 8,242 | 8,430 | 9,545 | 6,824 | 7,901 | 8,382 |10,209 | 8,551 | 8,625 | 9,443 | 8,250
" Spanish Heritage 7,698 e 4 N2) we B 6,213 o [ 6.250 | 7,67 | ..
Craftsmen, Foremen : } .
Total ) 7,260 6,639 | 5,926 | 8,837 | 4,364 7.|§o 7,350 | 7,232 | 7,307 | 7,270 | 6,924 | 6,053
Spanish Heritage §,466 oo | 3,831) 6,232 ] ... | 4,463 | 4,600 | 5,634 4,935 | 4,726 | 5,261
" Operatives, Transport
Total 5,956 5,883 5,007 7,568 | 3,652 | 6,831 | 6,585 | 5,884 | 6,807 | 6,054 | 6,320 | 5,272
Spanish Heritage $,466 wee § 3,40 5,8671 ... | 4,788 | 5,436 5,284 | 4,230 | 5,078 | 4,396 | 5,219
[aborers {excl. Far-)M h
Total 3,636 3,756 | 3,135 | 3,895 | 4,581 | 5,286 | 3,903 [ 3,455 | 3,576 | 3.541 | 3,343 | 3,622
Spanish Heritage 3,448 wee | 8,039 | 4,208 ... | 5,%45 | 3,731 | 3,392 | 3,479 | 3,529 | 3,496 | 3,456
Farmers, Managers
Total 4,705 .o 3,238 8,028 ... | 4,082 6,275 | 6,037 | ... | 6,94 ] 3,731 ] 3,754
Spanish Heritage 3,323 0 ves 2,92 0 0 2,667 0 . . .
Farm Laborers, Foremen
Total 2,600 oo f 2,0050 2,366 { ... | 2,967 2,877 | 2,454 | 2,870 | 2,008 | 2,581 | 2,768
Spanish Heritage 2,493 0 2,096 | ... j2,098 | ... | 3,947 |2319]2s52 |2, 2,305 [2,805
Median farnings
For A1l Females 3,241 3,034 | 2,306 [ 2,789 1,819 | 2,237 | 2,549 | 3,220 | 2,534 | 2,582 | 2,613 | 2,323
" Spanish Heritage Females 2,515 1,635 | 1,562 | 1,831 | 1,231 994 1 1,441 | 2,447 | 2,450 | 1,316 | 1,688 | 1,633

29
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Table 1.2 (cont'd.)

e
< 2 |«
2 |5 |8 52 |8 |8 g |8 |E|E|B
BERERPRERERERERERE: g |E
€ |2 |8 |3 |8 |8 | |E |2 | |z |8
Earnings--Females in Selected Occupations
Cierica'l
. Total 3,879 3,413 2.679 3.56‘ ..‘. 2,511 }3,467 |3,89) 3.‘29 3;278 3,34 ]3,320
Spanish Heritage 3,229 s 1,536 e e Sen v 3,068 . 2.;33, 3,127 .o
Operatives, Transport .
Total 342 U R AR i |2.308 [2.708 2100 {1,998 {1,957
Spanish Heritage 2,700 0 e 1:870 e e e 2.640 oes 7,440
Per Capita Income o : ) .
) Total Population 2,810 2,585 | 2,005 |2,302 1.99.1 2,207 2,260 |2,527 |2,284 |2,039 [2,332 |2,
Spanish Heritage 1,521 1,0 %7 1,26 872 11,468 [1,234 |1,473 (1,238 |1,068 [1,338 1,305
% Families Below Poverty
i Total Population 14.6 21.3 29.3 20.3 37.0 26.2 4.4 21.5 25.5 32.6 2.8 30.6
‘ Spanish Heritage 3?-.‘ 4.3 53.9 32.2 58.8 as.8 39.0 n.7 45.3 54.3 39.7 37.9
Housing
Persons Per Unit 3.2 3.0 3.5 3.6 3.3 3.2 3.2 3.5 3.3 3.7 3.4 3.3
. %.Mith 1.01 + per Room 11.1 12.0 14.0 n7.0 3.5 12.0 1.6 15.9 15.4 21.0 4.1 14.3
Rooms Per Unit 4.8 4.4 4.7 4.7 4.8 4.9 4.7 4.8 4.8 4.6 4.9 4.9
% Lacking Plumbing 6.0 3.5 12.9 5.6 26.6 10.8 n.e 4.8 n.a 18.1 7.5 16.2
V. Services
: Hospital Beds per 1000 3.5 0.0 3.2 4.0 7.0 3.8 0.0 5.4 4.2 .-{2.8 6.3 6.0
: State Highway Mileage 256.5 73 270.6 }170.3 §238.4 | 262.3 |300.4 |407.5 {184.3 }299.) [231.6 |369.5
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AREA 111, THE SOUTHERN"C_OAVSTAI..‘" ZONE

Long-standing social_andreconomiC'problems, such as the underdevelop-
ment of human resources in terms of levels of education and job training,
language and cultural differences stemming from close proximity to Mexico,
remoteness frem centers of economic activity, and scarcity of fresh water,
have been barriers to economiéideve1opment'in.South:?Texas. Due in large
measure to the lagging nature of South Texas development, numerous studies
are available describing the :area and its problems. The most pertinent of
those studies are referenced at the end of ‘the present volume. In.the
present chapter only an overview of the area 1is given, as was done for the
Eastern and Middle -Coastal Zones. - -

Demographics.

- -The fourteen-county Southern Coastal Zone is predominantly a rural,
farm and ranch area. Population densities are extremely low. Only two-
counties exceed’'the state average figure for population per square mile:
Cameron and Hidalgo. - Cameron County -contains the Brownsville-Harlingen-
San Benito SMSA, -and Hidalgo is the present extent of the McAllen-Pharr-
Edinburg SMSA. Both of these' SMSA counties rely heavily on agribusiness
and some food processing-industries; ~The Laredo SMSA encompasses Webb
County. While Area III as & whole appears’from census ‘statistics to be
somewhat heavily urbanized, this pattern 1s due to the tendency for the .
population to cluster in small villages and towns. That the area is not,
in fact, urbanized can be seen from the population densities, which reach
a Tow in McMullen County of one person per square mile.

The Southern Coastal Zone has a high degree of out-migration'among”f
~the‘popu1atith In the decade 1960 to 1970 the counties in the area exper-
ienced“populatioh loss through migration of from 8.6 to 42.2 percent. - As
would be expected of the border region, Area III counties consist largely
“of ‘Mexican Americans and have small percentages of Blacks. U.S. Census. .-
reborts'for*1970’showifrom 40 to 98% persons of Spanish Heritage for all
counties in the area except Kleberg. As a whole, the Southern Coastal
Zone population is nearly three-fourths Mexican American. Language and
‘cultural differences of this segment of the population add to the social
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and economic problems of the area, espec1a11y in the areas of labor and
education. The already predom1nant Mexican 1anguage and culture are con-
stantly reinforced by immigration, .both legal and illegal, across the.

border. Mexican immigration. to the U.S. from 1964 to 1973 numbered 475,409.

It is impossible to knoW«how,many:Mexicans,enter illegally each year, but
at least 78,981 were apprehended and deported in the same 10 year span
~ (Immigration -and Naturalization Service, :1973). Some estimates place the
number of detected and undetected i]]ega1~immigrants at one million annu-
ally (Portes, 1974). This influx of immigrants places an added strain on
the employment and educational situation. - o

-~ Heaviest out—m1grat1on occurs among Anglos, with nearly a f1fty per-
cent loss between 1960 and 1970 (Pan American University, Division of Bus--
iness and Economic Research, 1973). Significant population loss is wit-
nessed, too, in the younger age groups (20-29) among Mexican Americans. -
As the younger and better educated population leaves the area, the result
is an increasing concentration of older, unskilled or semi-skilled workers.
A "vicious cycle" is evident as productive growth industries experience
this population change as a deterrent to southern location, and the lack
of industrial development in turn spurs further out-migration.

The high birth rates and relatively low death rates (Fig. I.12) mean, .
however, that the area continues to grow in population due to natural
increase. State population projections show that even with continued popu-
lation loss through migration, the Southern Coastal Zone population will
increase by roughly 30 percent from 1970 to 1990 (Governor's Office of
Information Services, 1974). '

Education.

Educational attainment (median school years completed) in South Texas
js far below standard for the state. This pattern holds for the total
population as well as the Spanish Heritage population, for males and
females. Low educational attainment among Mexican Americans stems partially
from the fact that, historically, this group has not been able to place a .
great deal of emphasis on education, as poor economic conditions oftenrnf
forced students to drop out of school early to enter the job market and,
help support the family. The problem was further compounded by the 1anguage
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barrier, including the lack of basic English skills. Inability to under-
stand what is going on in a classroom causes students to lose interest
quickly and fall farther behind with each school grade.

Only recently have programs been'impTemented to counter these prob-
lems. . South Texas schools. 1n the past have often excluded or limited
programs des1gned to meet the needs of Mex1can American children. In many
cases, speak1ng in Span1sh was a punishab]e offense. Today, the emphasis
is switching to development of bilingual programs in the schools (see
Moore, 1970). In 1972, Texas HB 121 established a bilingual education
program to be phased in one year at a time, beginning with the first grade.

Problems in the schools are further compounded by the constant influx
of immigrants from Mexico. Facilities in border counties are crowded.
Most immigrant children require bilingual education, and dropout rates are
high. In most cases, immigration does not significantly increase the tax

base of a school district. Educational and language barriers contribute to"

the overall economic and employment problems in the area.

Interestingly, present school enrollments are substantially higher
than state figures. The Mexican American enrollment, in fact, slightly
exceeds total population enrollment. Obviously, educational standards in
the Southern Coastal Zone are being upgraded. This new trend means that a
potent1a1 labor pool with higher skills may be created. Unless the devel-
opment of the area proceeds at a rate which will provide occupational
opportunities for this labor force, however, the result is 1ikely to be
increased out-migration. The better educated population is the first to
leave the area in order to find suitable jobs. In another vein, it is this
better educated population which provides a source of possible leadership
for political organization. The development of education without the
development of a suitable market p]ace for skills learned has, then, sev-
eral unintended consequences, among which are populat1on dislocations and/
or a volatile political situation.

Labor Force.

A surplus of unskilled labor is one major factor in the lagging econo-
mic development of South Texas. The problem developed as agriculture,
historically the major industry of the region, became more mechnaized,
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leaving many workers unemployed and without salable skills needed in the
labor force. . Thousands of South Texans joined the migrant labor stream
with its low wages and poor working conditions.  Others remained unemp]oyed~
in the region. . L

The seasonal nature of agricultura1 work and the large numbers of
displaced farm workers, are contributors to the high percentages of part-
time employment. Texas data shows that 12.8 percent of all male workers
‘age 16 and over and 14.1 percent of Mexican American workers were employed
half the year or less during 1969. For Area III, however, the percentage
was 17.2 for-the total male work force, and 18. 9 for Mexican Americans.
Part-time employment rates are highest (32. 2%) in Starr County, which also
has the highest percentage of persons of Spanish Heritage (97.92).

Census data for 1970 showed male unemployment in Area I11 counties
substantially above the Texas rate‘of 3. 1%. Kenedy COunty, with 2. 7%, 1s;
the only county with a lower rate than the state; others range from 3.7%
(Kleberg) to 7.5% (Starr). Unemployment in, the Spanish‘Heritage popula-
tion is generally higher than that for the total population Tota1 unem-
ployment had increased sharply by July, 1975, reaching a high of nearly a
quarter of the labor force in Starr County (see F1gure 1. 8) J

Area III is heavily dependent on.farm employment, with over 12 per-
cent of the employed population 1in.farm occupations compared to a state
total of 4 percent. - Among Spanish Heritage workers, near]y 20 percent are
involved in agricu]tural work. As can be seen from Table I. 3, median
earnings for Mexican. Americans are exceedingly low in those occupations
At -1east part of: this low reported income is due to the sem1 feudal nature
‘of a large part of the Southern Coastal Zone. Many workers receive much
of their sustenance commodities in kind from the 1arge ranches and farms
which employ them, They live in ranch- furnished houses, receive food from
ranch-backed stores, and in-some cases are_entitiedvto‘ranch,based\medical
services. e Lo ' o
The area differs from the state 1ess substantially in other catego- '
ries. If we combine the top two. categories, Professionai and Technical.
and Managers and Administrators, we find that 20. 6% of Area 111 workers v
fall in this high category, compared with 23.3% of Texas workers. Mexican
- American workers, however, are better. represented in Area III (14. 3%) than
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in the state (12.6%) for these categories. Sales and clerical workers
comprise 21.6% of the total Area III working population and about 20% of
all Mexican American workers--agaim above state percentages. The Crafts-
men and Foreman category, indicating skilled labor, is under-represented

~in Area I1I, as-are Operative professions. Mexican Americans in the area

fall further behind the state average in these two categories than does
the tota] popu1at1on '

Standard of Living.

Median earnings for both males and females in both the total and
Mexican American popu]at1ons fall substant1a11y below state median. Median
earnings (1970) in Texas are $6,824 for the total population and $4,599 for
Mexican Americans. Area III counties range from $1,966 (Kenedy County) to
$5,731 (Jim Wells) for the entire population and from $1,938 (Kenedy) to
$4,593 (McMullen) for population of Spanish Heritage. Generally speaking,
median earnings in all occupational categories in Area I1I are lower than
the median for Texas, and . the median earnings for Mexican Americans are
below those for the total population.

A large influx of 1egal and illegal immigrants from Mexico constantly
reinforces theealkeady large surplus of unskilled labor, and commuters who
live in Mexico and work in Texas add to the competition in the job market.
This large scale immigration and border commuting contributes not only to
the displacement of Texas workers and the depression of wages in the area,
but also to the concentration of a large, unskilled Mexican American popu-
lation in South Texas. This group has the added problems of cultural and.
1anguage differences which are additional barriers to entrance to the
Iabor market. ' o

The main reason for the large number of immigrants and commuters is -
the economic d1screpancy between the U.S. and Mexico. Mexico has a high =
unemployment rate, a lower wage scale, and one of the highest population .
growth rates in'the world, which dre added incentives for taking advantage
of h1gher wages and better 11v1ng cond1t1ons in the U.S. through immigra-
tion. o S e . :
~ Some Mexjcan‘WOrkersientef the ‘country i1legally; ‘others obtain per-
mits to 1ive in Mexico and commute across the border to work, -thus taking .




advantage. of-higher wages in Texas. and lower 1iving expenses in Mexico.
Often. they work for lower wages than American workers. Before an employer.
is allowed to hire these "Greencarders", he is required to certify that a.
shortage of American workers in that particular occupation exists. Never-
theless, commuters still constitute. compet1tion for U.S. citizens in the .
job market. P : ' R

. The effects of immigration and commuting from Mex1co on the labor
,marketzand the economy of South Texas are- important. The major impacts are
in competition»for_jobs,ﬁespeéia]ly'10w—sk111edvjobs,?andwthe resultiﬁg
depression of -the wage scale.  On the one hand, immigrants pay-little or
no taxes, but add to the need for human services such as health, education
and welfare: ' Commuters and immigrants often send money earned in the area
back to-relatives in Mexico, creating a drain on the economy. On-‘the
other hand, immigrant workers usually fill only the lowest paying jobs,
Tive in the poorest conditions, and are often exploited in the U.S. market
in terms of wages and working conditions. - '

Special trade agreements between:the U.S. and Mex1co a1so have an.
effect on the South Texas economy. Products produced by U.S. firms can be
exported for assembly and re-enter the U.S. if the condition of the parts
“has not changed. Duty is assessed only on the value added, which is equal
only to the wages paid to workers. The result is a growing number of U.S.
manufacturing plants positioned just across the border in Mexico, where
wages are one-third of the U.S. minimum wage.: Again, the victims are
Mexican American and other semi-skilled workers in Texas. Also, the
plants-attract more Mexican workers to the border than'afe_needed,,with,the
result that many cross over to Texas: seeking work., T

The high birth rate discussed earlier, and the educat1ona1 and econo-
mic situation in South Texas, contribute to a very low per capita income.
A11 counties in Area I1I have 1970 per capita incomes well below the figure
for Texas ($2,810); the lowest being Starr County with $1,123, and the high-
est, Kleberg, with $2,149. In all counties, the per capita income for the
Spanish Heritage population is lower than for the total population. The
state figure for Spanish Heritage per capita income is $1,521, and
Area III counties range from $880 (Willacy County) to $1,768 (McMullen).
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Percentage of families below poverty level in Area III counties for
1970 are extremely high, especially for the Mexican American population.
Less than 15% of Texas families are below poverty level; the lowest figure
in this area is 24.1% in McMullen County, while the highest is 57.8% in
Zapata County. Percentages for Mexican American families range from 28.9%
in McMullen County to 72.6% in Willacy; the state figure is 31.4%.

Poverty is also evident when quality of housing is examined. In Texas,
the median number of rooms per housing unit is 4.8, and-only 6% of the
units lack some or all plumbing facilities. Area III counties-have from
4 to 4.6 rooms per.unit, and, in all but Kleberg County, more than 13% of -
the units lack at least some plumbing facilities. In Starr County, 46.4%
of all units have inadequate plumbing. Housing in Area III is also more
crowded than in the state as a.whole. In Texas, an average of 3.2 persons
live in each year-round housing unit, and 11.1% of the units are occupied -
by more than one person per room. A1l Area III counties are equal to or
above the state figure in average number of persons per unit, and substan-
tially higher than the state on percent of occupied units with 1.01 or more
persons per room, the highest again being Starr County with 36.5%.

Services.

Eight of the thirteen counties (1970) have O hospital beds per 1,000
population. Of the remaining counties, all except Jim Wells (3.5) and
Klebert (4.0) are below the state average, which is 3.5 per 1,000 persons.
State highway mileage is exceedingly low in this area, with eight counties
fa11ing far below the state average (Kenedy County is at the bottom with
46.7 miles of state highway compared to the state average of 256.5).
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IV.  Standard of Living -
Median Barnings o . . -
Por All Males 8020 3,50 | 4,007 | 3,907 [ 3,681 | 3,547 | 5,730 | 1,066 | 5,605 | 8,320 | 4,324 | 3,07 | 3,038 | 3,300 | 3,802
' Spanish Heritage Males| 4,599 3,085 [-3:472 | 3,545 | 3,234 | 9,536 | 4,255 | 1,938 |- 4,324 | 3,337 | 4,593 } 2,982 | 3,654 | 2,741 [ 3,609
Barnings--Males in : ) -
Selected Occupations : H
Professional,Managerial P | :
Total | ¢ 10,306 8,000 | 7,822 '6,915 T . 9,623 | 9,800 ... 6,549 | 8,032 1 8,054 | 4,879
Spanish Heritage ‘7,698 ves | 6i842 ] 6,378 « | &3} .. { ... ] s6.26af 7,388 | 6,300 [ 6,300
' Craftsmen, Foremen . Y 3 B
Total ' 7,260 4,045 | 4,474 [ 8,621 4,287 3,750 | s,668 | in. | 6,740 ] 6.759] ... 3,7% | 3,91} 4,401 | 3,700
. Spanish Heritage $,466 3.535 | 3,068 4,182} 3,792 { 3,400 | 4,466 toe s, 7138} 51| - 3,863 | 3,694 | 3,702 | 2,842
Operatives, Transport |~ - cyes
Total ] seese 4020 3,885 { 4,297 1 3,000 | 3,829 s, | i [aame] amse L. | seea) vasef 2m | g26e
Bpanish Heritage, 8,466 3,450 | 3,451 2963} 3,33 | 2366 ] 2am] ... e8] 1894 .. 3,454 | 3,307°] 2,578 | 4,048
4uboxoxlav ;(o-iel._ ‘Farm) L , i o
fotal - - 3,626 200 fziea1 2,00 [2.662 [2,00 [3,350 | - vee | een 20362 |2,m6 |2,028 ] ...
spanish Heritage 3,448 2,7% | 2,53 |2,9% |2,3%9 ]1,966 |3,327 - 067 | ... ces’ | 20467 | 2,613 {2,088 | ...
Farmers, Managers
Total 4,705 eee 4,224 2,97 4,452 | oo |7458 | ... [8.%00 [9,200 | ... 2,867 |'... |7.667 ] ...
Spanish Beritage 3,323 wee fases-l2,308 13030 | L. |30 | - - -
}
Farm Laborers,Foremen
rotal 2,607 2,037 | 2,038 |1,8a4 {1,848 | 2,673 {2,91¢ |1,708 | 2,087 2,820 | ... |1,800 [2,735 }2,308 | ...
‘Spanish Heritage 2,493 1,710 | 2,071 |3,799 {1,859 |2,396 {3,1: 1,623 J1,961 |2,358 | ... |1,409 |1,899 |2,202 | ...
Median Earnings
For All Females 3,241 2,448 2,383 | 1,000 | 2,024 2,478 J2,850 | ... {263 2,409 | ..o {20735 [2.647 (2,068 {1,955
gpanish Heritage P. 2,515 2,060 }2,002 1,557 |1,602 [1,828 |1,0a8 | ..o [20807 Jaa2 | L0 Jaom 2,666 |1,361 [1,70s
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Table 1.3 (cont'd.)
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Barnings--Females in
Selected Occupations .
Clerical )
Total 3,879 2,929 | 3,127 | 2,483 ] 2,686 | 1,700 | 3,299 | ... | 2,386 | 3,180 } ... 1,240 | 3,039 2,889 | ...
spanish Haritage 3,229 2,73 | 2,770 | 2,34 | 2,209 | 1,18 | 2,07 | ... {2084 | ... vee | 2,265°7 3,245 | 2,762 | ...
Operatives,Transport
Total - ¢ 3102 vee (o0 oo lajeee] oo |20 oo fasan| o] oo | o treer o)
Spanish Beritage 2,700 JUR [PV OO [EOrYTS RO R - - vee |2,6m | e ...
Per Capita Income . R
Total Population 2,810 1,508 | 1,577 | nase ] 1,482 | 1,366 | 1,960 | 1,995 | 2.009 | 2,038 § 2,203 | 2,223 | 1,547 | 1,404 | 1,276
Spanish Heritage 2,521 1,323 | 1,000 ] 1,258 | 3,006 | 1,290 | 2,311 | 2,4 1,208 { 932 { 1,468 | 1,202 | 1,352 880 | 1,121
¢ Panilies Below Poverty !
Total Population 4.6 2| 6.0 e9.0] e9.0] 98] ns| 439 20.4] 264} 201 ] 549 447} 57.2] 578
Spanish Heritage 3.4 50.9 | s46 | 5334 M6 f Bk 4751 52.2 ‘22.9) s6.90| 49.2] 728} 678
. ——— - - N
Bousing
Persons Per Unit 3.2 3.6 3.9 s 42 3.7 3.6 4.3 3.7 3.2 3.4 4.3 4.0 4.0 3.6
% With 1.01 4 per Room [11.1 28,8 [as.7 J22.5 |[33.0 |25.3 |22.3 {sl.0 |is.e 1s.1 f26.2 [36.5 [31.4 |30.9 [23.3
Rooms Per Unit 4.8 4.5 4“4 4“5 .4 " 4.6 4.0 4.6 4.5 4.5 4.3 4.3 4“4 4.1
% Lacking Plumbing 6.0 27.0 |a1.3 [|29.9 as.1 [26.0 |26.3 [l49 5.7 J13.4 |24.0 |46.4 16.7 j30.1 [37.0
V. Services
Hospital Beds par 1000 3.5 0.0 0.0 2.5 2.1 0.0 3.8 0.0 4.0 0.0 0.0 12. 3.4 0.0 0.0
State Highway Mileage 2%6.5 16.6 [510.2 [293.2 [649.1 [143.0 |256.3 | 46.7, |141.3 [325.2 [139.5 [217.0 {308.0 ‘[209.0 |1206.4
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AREA PROBLEMS RELEVANT TO GEOTHERMAL RESEARCH

Suggestions of broad regional differences in social and demographic
characteristics arise from the preceding area descriptions.. Comparisons
and contrasts of the areas in terms of some variables of possible relevance
to geothermal development and utilization will therefore help provide a
regional outline to direct more intensive investigations of the area in
which the test site is eventually located. '

~ The population of southern and coastal Texas exhibits greatest con-
centration in and around the major urban areas. of Houston and Galveston,
Beaumont, ‘Corpus Christi, and Brownsville. The.total land area is smaller
in relation to the size and spread of these urban areas in Areas I and II,
j.e., the Eastern Coastal Zone is:far more densely populated and less rural
than central and south Texas. These differences.are further heightened by.
the rapid migration out of South Texas, which is-extremely high in all of
Area III and in much of Area 1I. The evidence suggests that many residents
~ formerly dependent upon agricu1tura1 occupations have moved to urban areas

in search of employment. ' o B

~ One major population difference between the areas. is their ethnic com-
- position with the Mexican-American proportion high in Area III, the Black
percentage comparatively high in Area I, and Area:1I overlapping at each
end. Some counties in the‘middle of Area II have roughly equa1 proportlons
of Black and Mexican American residents.. : :

~ Educational attainment is Towest in Area 111 and h1ghest in Area I,
“where school completion approached the overall Texas level. .Current
enroliment figures in all three areas indicate educational upgrading for
the ‘total populations and for the ethnic minorities within them.
" Unemployment exceeds the state level in the majority of counties in
all three areas. -Again, the most widespread and severe unemployment is in
Area 111, decreasing somewhat ‘in Area II, and while still high, decreasing
more in Area 1.~ The ‘incidence of seasonal work bears out the -same trend.
butfto a more SUthefdeg?ée; and (with the exception of one county) .in
Area I full-time workers account for a larger share of the employed popu-
lation than:in Texas as a whole. (N : Lo

Examination of the distribution of the working popu]at1on among the
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occupational categories reveals basic conformity in all three areas with Q~_¢*
the state's occupational patterns. The major éxception is in farm occupa-

tions, however, where the three areas differ considerably. Texas workers

in these occupations account for 4% of all workers; half (2%) being farmers

and managers and half (2%) laborers..and' foremen. In contrast, 0.7% of

Area I workers and 5.7% of Area II workers are in farming. In Area III,

12.3% of all workers are in farming, and almost four-fifths of those are-

laborers and foremen. - . i _

It is not immediately obvious from an analysis of the crude data just
what the labor force situation means for geothermal development. For
instance, high unemployment and seasonal participation rates may be:viewed
either as an economic problem or as a premising manpower resource. Further
research and analysis is needed to pinpoint the specific relationships
and potentials implied, before decisions are made as to which types of
resource utilization should be encouraged. «

Whatever the nature of the contributing factors, the major part of the
Texas Coastal Zone is economically and socially depressed. Areas II and
II1 compare quite unfavorably with Texas figures in such key variables as
per capita income and percentage of families below the poverty level. On
both variables, 32 of the 36 counties in this study evidence poverty rela-
tive to the state as a whole; the four exceptions are Area I counties.
Other measures of the standard of Tiving in the region confirm these
patterns. Crowding in dwelling units and inadequate plumbing facilities
characterize most Area II and III counties. The percentage of crowded
dwellings in Area III is roughly 2 to 3 times the percentage for Texas,
and inadequate plumbing is 2 to 7 times as evident. Further, the most
recent Bureau of Economic Analysis (U.S. Dept. of Commerce, 1974) projec-
tions show the south Texas area continuing as a no-growth region--and as
the least prosperous part of Texas--to at least 1990. Interestingly
enough, the only contingency mentioned as possibly mitigating the projec-
tions would be the development -of new resources in the area.

As we have seen, the economic depression of South Texas is a circular

1phenomenon:» the surplus of unskilled labor, together with language and.
cultural barriers to education and employment, discourage investments, and (.5)’
~the lack of sufficient capital, in turn, depresses the occupational/wage
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(
structures. Several programs have been initiated to stimulate development
in the area. A number of labor training and vocational educationiprograms
in secondary schools -have been set up by the U.S. Office of Education,
Adult Continuing EducationvPrograms(of‘the Texas Education Agency provide
high school equivalency training, and Health and Ryral Manpower Train-
ing programs are financed by federal funds. A major industrial training
program is the Industrial Start-up Training Program, a cooperative effort
of the Texas Industrial Commission and the Texas Education Agency. This
latter program hopefully will attract new industry to the area at the same
time that it improves the skill level of :the South Texas labor base. The
program trains workers for specific jobs in industry entering or expanding
in the area. ' Area III is characterized by growing political awareness and
activity of the Mexican American population.. As this large segment of the
population gains access to the decision making processes, more programs and
more changes are apt to develop. Some of the major programs or studies
now underway are listed below o S

A. Governmental Coordination _Vev |

Greater South Texas Cultural Basin Commission
.- Established by the Legislature in 1973 and implemented by
.. Governor Dolph Briscoe in June,f1974,for the purpose of "stimu-
lating orderly economic and socially desirable development "
Decision-making commission composed of representatives of local
- citizenry, COGs, and state and federal agenc1es Authorized to
,j_gy»prepare legislative and other recommendations Wlth respect to
o long and short range programs ‘ '

. Interstate COmpact (House COncurrent Resolution 135) ‘
Signed by the Texas Governor in summer, 1975 this compact
. expresses state willingness to work with California, Arizona,
}/fivand New Mexico on joint efforts ‘to: overcome problems generated
- by their location on the Mex1can border '

HUD Progect v .
HUD funds awarded.to Greater South Texas Cultural Ba51n Commis-

~_sion (GSTCBC) through the Governor's. Office Division of Planning
‘Coordination to improve planning and coordination of government
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services in the basin area.

Regional Human Resource Development Project

HEW grant to GSTCBC to develop greater capacity at the state and
regional levels for planning and management of human service pro-
'grams : ' ‘

. ;Education and Job Training-

Texas Education Adgency Grant to GSTCB Commission

" Under provision of the Compréhensive'Employment and Training Act
(CETA) of 1973. To examine needs of adults qualifying for CETA
“assistance and to examine coordinatioh between CETA and other

adult education programs to determine: their effectlveness
Jan. 1 - June 30, 1975. ‘

B111ngua1 Education Program

Established in 1972 (Texas H.B. 121) to provide linguistic train-
ing to school aged children. Program being phased in one grade
each year, beginning with the first grade.

Vocational Education Program

Made up of 8 major categories set up by the U.S. Office of Educa-
tion to provide vocational education curriculum in secondary
schools. Texas Education Agency and Texas Advisory Commission

on Vocational Education.

Adult and Continuing Education Program

Texas Education Agency. Provides basic and high school equiva-
lency training. Funding by state (40%) and federal government.
Budget of $4.8 million in Texas in 1974, 26% ($1.3 million) of
which was allocated to South Texas.

National Comprehen51ve Emp]oyment and Train1ng,Act of 1973
Federal funds to help. develop health services and rural manpower
training. .23.7% of its $63.5 million budget in 1975 allocated
to South Texas

Industr1a1 Start-up Train1ng Program ; -
Cooperat1ve effort between Texas Industr1a1 Comm1ss1on and Texas
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Education Agency. Provides training to qualify citizens for jobs
created by new or expanding .industries in the area. Program
“.director from TIC works with industry to identify training needs;
local institutionsn(schools,«co]}eges,itechnical,1nstitutions)
*.provide facilities and instructors; special equipment and train-
:-ing wage provided by industry. : -

" Texas Department of Community Affairs Grant to GSTCB Commission
Granted Nov., 1974. Project to identify basic'problems and -
barriers to employment and economic growth and to recommend solu-
tions. Phase I to be comp]eted June 30 1975, and Phase II a

- year later..

Economic Development
“Rural Development Loan_Program

Administered by Texas Industria] Commission. Provides businesses
with estab11shment and operating loans at low interest rates.

Texas Water' Development Plan
‘ Research’of‘heceSSary attions to provide South Texas with supple-

a mentary water supplies Texas Water Deve]opment Board.

U S. Department of Commerce, Economic Deve]opment Adm1n1strat1on
Grant to GSTCB. Commission _

.. To.develop information useful to industr1a1 and econom1c devel-

- opers in South Texas. |

“ . Texas Economic Action. Program ‘ : : .
- Contract with Governor's Office, Division of Planning Coordina-

-+ tion, to provide technical assistance and to coordinate the -

South Texas portion of the State economic development plan.

’:';f EDA Deve{;pment’Grant

To GSTCB Comm1ss1on to deve]op a program “for the mitigation of

"U?unemp1oyment caused by plant closures and Tayoffs, base closings,
- ‘reduced federal expenditures, and border problems. < To be funded
. under'orovisions of Title IX of the Economic Adjustment Act.
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D. Health | | o o
Early and Periodic Screening, Diagnosis and Treatment
Amendment in. 1967 to Title XIX of the Social Security Act, an
addition to Medicaid. Effective 1972; administered in Texas by
department of Public Welfare through interagency contract with
State Department of Health. Screening, diagnosis, and treatment
of health problems of children in Tow income or medically indi-
- gent families. | |

E. Migrant Programs

National Migrant Worker Program
1971; to help workers make transition from migrant work to
stable non-agricultural employment. Dept. of Labor.

Texas Migrant Education ,
1962; to meet special education needs of migrants (for further
descriptions see Marshall et al., 1974).

A more detailed review of the above programs would be helpful in under-
standing the effects on South Texas relevant to geothermal development.
These comparisons suggest the need for further research along several lines,
depending on the site chosen for geothermal development. Additional tech-
nical information will be required regarding specific uses of the geother-
mal resource, and thus what type industries might be attracted to the area.
Possible effects of these industries on each area, especially on the labor
force, could then be studied. Several further research needs must be
given preliminary consideration. A closer analysis of the unemployed labor
force is needed to see what types and levels of skill characterize the
workers available for employment in new or expanding industries. More
research into migration patterns and their relationship to the labor force
is needed. Exploring the possibility that the high degree of out-migration
from Area I1I is related to high in-migration in Area I would be valuable,
as this would affect both the numbers.andrskill_levelé of available workers
in both areas. | |

A11 three areas include counties which are inconsistent with the
others on some variables. Kleberg County in Area III, for instance, has an (_',
extremely low percentage (12.2%) of Mexican Americans, in comparison to the

S
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rest of the area. Another example is Aransas County in Area II, in which
42.2% of the work force is:in non-farm labor occupations (the total area
percentage is 6.8%), but which does not differ significantly from the rest
of the area in other ways. This figure is due to the fishing-based economy
of Aransas County. The county, or counties, involved in the geothermal
site should be examined for their individual characteristics in more detail,
so that future developments can be planned within their part1cu1ar needs
and resources for growth Append1x C descr1bes one method wh1ch would be
he]pfu] in such work. Specific research tasks are d1scussed at the end of
the three chapters constituting th1s part of the volume
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CHAPTER ' II

LOCAL’IMPACTS OF DRILLING, -
DEVELOPMENT; AND PRODUCTION N

‘Sally COOk Lopreato
‘Kathlene Letlow

INTRODUCTION

The question of the impacts of technological change on social insti-
tutions and behavior has been addressed by numerous” students of societal
processes, including such scholars as William F. Ogburn (1950) and Leslie
A. White (1949). Unfortunately, however, the precise relationships
between different kinds of technological innovation and resultant social
change have yet to be systematically ‘investigated. The purpose of this
chapter is to consider possible effects of ‘the' development of geothermal
resources 'upon nearby communities - .

The first section of the chapter rev1ews two studies which address
similar questions for the coal and nuclear power ‘industries. Drawing !
from the methodology as well as the theoretical foundations of these
studies, an attempt is made to establish a perspective from which
community change can be viewed. The results of these studies are: used to
‘help suggest ways of estimating possible consequences of’ geothermal
development ’ ‘ o e ' .

| After the discussion of general factors determining development

consequences the methodology section describes an approach to the -

, analysis of technological impact and ensuing community changes. The ‘
analysis section utilizes a case study approach based on aggregate census
data and field-gathered materfial. ~Limitations of existing data sets are
noted, and, based on those limitations, a plan is developed for analysis
‘which could be used in planning for and developing additional geothermal
resources HENE R O :
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COMMUNITY IMPACT STUDIES: A REVIEW : o

Research reports relevant to the potential of geothermal resources
focus almost exclusively upon geological and technical factors. The major
shortcoming of such reports is that they fail to answer the persistent
question--What are the socioldgical cohéeduences’at'the conmmunity level
of specific.types of energy exploration and development? The first step
for our purposes is to determine how much of what we know about local
-impacts:of expansion or development in other energy-related fields can
be generalized to the area of geothermal .exploration. In that line we .
examine below two pioneer local-impact studies for the coal mining and
nuclear power industries.!? | ‘ |

Underground M1n1ng.

A recently completed Electric Power and Research Institute (EPRI
1975) report on underground coal mining attempted to assess the ab111ty
of local communities to absorb and manage 1arge4sca1e, unforeseen, erratic,
and perhaps temporary growth. The method of analysis involved éxtrapola-
ting from a case study of one "boom" town situation which arose following
expansion 'in an underground extraction industry to another area which
would be experiencing expanded coal mining.

The case study was carried out for Sweetwater County, Wyoming, which
contained 10,429 square miles with a population of 18,400 in 1970.
Historical mainstays of the county's economy were railroads and coal m1n1ng,
interdependent activities which had declined since World War II. The
county was sustained by activities such as the construction of a dam, o1l
and gas production, and the mining of trona (natural soda ash), which uses
~ processes very similar to those of underground coal extraction. By no
means, however, could it be said that the county was thr1v1ng, it had
realized, for example, an 8.5 percent popu]ation loss over the 1960-1970

decade  (EPRI, 1975:9).

'Several additional studies are discussed and summarized elsewhere
(see Univ. of Denver Research Institute, 1975). The methodologies,
problem areas pinpointed, and conceptual frameworks of community impact
works to date are extremely similar. ‘hﬁj
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The beginnings-of:a boom were experienced by Sweetwater County in .- -
1970 as. a result of business decisions' to invest large amounts of capital
in trona plant and mining operations and in construction of ‘a power plant..
As one might have predicted, the most notable changes generated by these
activities occurred in the labor force. From 1971 to 1974, mining

-employment increased,]3,percént,:from,1530 to. 2650 workers. An increase -

in construction employment resulted both from the opening of new mines and
constru;tion‘activity at the power plant, which in turn led to secondary
construction in the community.. Employment in the construction sector :

- spiraled from 400 to 4800 employees. Local and state government employees,

including school teachers, increased from 880 to 1300. Available
employment .for women did not increase proportiopately'to)total employment,
and wives and daughters of newcomers reportedly sought jobs and could not
find-them..<In-sum;5tota1 employment in the county from 1970-74 more than
doubled, from 7230 to 15,225 employees. (EPRI, 1975: 5-6).

Demographic -impacts were evidenced almost immediately with county
population doubling betwgen 1970 and 1974, a growth rate of 19 percent per
year. . This boom in population growth was exclusively attributed to in-
migration. of mine workers and their families. The population increase -
involved labor force groups specific .to mining and constrdctionfactivjty.
Most notable -growth occurred in young adult male and children categories,
resulting in a decrease in-overall median age. o ,

It is clear that the social infrastructure was. 1nadequate to support

‘the increased .population. - "The financial viability of municipalities and

school systems deteriorated through a lack of both capital and operating
funds" (EPRI, 1975: 5). Waste collection was unsatisfactory. Local
sewerage treatment could not meet modern standards, and the development of

"-new housing was encurbered with costs of additional treatment facilitfes.

Educational and recreational facilities also proved too limited to meet .
the ‘demands of a rapidly growing and- 1ncreasing1y younger'population. The
additiona] assessed tax- valuation from new, homes , - -even at_inflated prices,
did not cover the related demands made on municipal revenues (EPRI 1975

‘A]though(the'study;failed t0fsupplyfprecise measures-of,density,per

‘housing unit or density per room; it asserted that crowding was an obvious
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social problem. One of the most serious shortages the county experienced
occurred in the housing and land market. Not-only was the housing industry
unable to respond rapidly to sudden demand, but much of the county land

was ‘owned by the government and a few large owners and was not opened for
development. A "seller's market" ensued, and housing was subsequently
priced far too high for workers, who joined the grow1ng ranks of mobile
home dwellers (EPRI, 1975: 5). ' ‘ ' ‘

One effect of the rapid growth in the community was social disorgani-
zation, which eventually manifested itself even in the mining industry.
Productivity declined substantially from 1972 to 1973. Trona tonnage
obtained per work shift dropped 60 to 75 percent. Employee turnover
increased to 35 percent in some companies, and in others rose to 100
percent. Recruitment efforts failed to bring in new workers. In spite of
attractive competitive wages, labor supply could not catch up to demand.
(EPRI, 1975: 7). The report concluded that the industry whose expansion
had stimulated the process of community growth was in turn adversely
.affected by unplanned, unmanaged social change. ' ‘

Instead of general hypotheses regarding community change, the study .
pinpointed major problem areas: health and safety, environment, labor,
-transportation, competitive sources, and the need for coordinated planning.
Extrapolating from the analysis of Sweetwater County, possible impacts were
-then discussed for two West Virginia counties where rapid expansion of
underground coal mining might occur. Major directions of community
change in periods of rapid development are summarized in Figure II.1,
‘which has been adapted from the EPRI report.

Nuclear Plants.

A second investigation of local consequences of development in energy-
related industry is.the community impact study of nuclear plant sitings:
carried out by Frisbie and Letlow (1974). In their initial specification .
of the broad dimensions of social change which would be studied, the
authors differentiated between the short term effects of the construction
phase of siting and the more permanent impacts of long term operation of
the nuclear facility. For each time period four broad categories-of
variables were examined: demographic, socioeconomic, political/
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administrative, and social psychological. Any indicator of community
change under these dimensions would ideally be measured at three points

in time--prior to siting, during the peak of the construction phase,

and several years after operation of the facility was established. The
study tried to follow these data parameters by using both aggregate census
data where possible and an 1n-depth case study. '

- The major hypotheses regard1ng short term effects of nuclear p]ant |
'siting were related to choice of the site and construction of the nuclear
complex itself. Predictions for.the demographic dimension were limited to
population distribution. Counties were expected to experience substantial
waves of in-migration of construction workers and engineers; with the
project employing between 600 and 2,000 individuals. The age distribution
was predicted to become skewed in the direction of youth, since in many
instances workers would be accompanied by families.

- In the area of soc1oeconom1c impacts, unemployment was expected to
decrease, and the occupationa] distribution of the labor force was
expected to show concentration in the construction category. An increase
was anticipated in school enrollment. Commercial establishments were
expected to grow in response to demands from the increased population.
Wages, property values, and the county tax base were predicted to increase.

Since the administrative structure of local governments is often
relatively underdeveloped in more rural areas, precisely where siting is
Tikely to occur, a process of political reorganization was predicted. The
authors argued that although long term processes and consequences were at
best difficult to.predict, it was probable that less populous regions,
administered .by less centralized and complex political units, would
encounter greater difficulties in adapting to technological and organiza-
tional change. Construction of a plant near an urban center might have
less impact on a-community'since it would be adding impetus to an already-
existing growth process (Frisbie and Letlow, 1975: 17).

The construction bhase was expected to;]ast”from five to eight years
with activity peaking around the third or fourth year. Shortly thereafter,
a stream of out-migration'of.constrﬂctidﬁ employees was anticipated.
Incoming permanent operating staff would be limited to a group of 100 or
200, consisting primarily of technical and professional workers. The major
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lTong term demographic effect was predicted to result from new or expanded
industrial act1vity 1n the area, which would produce another wave of in-
migration. : R - : ’

Long term socioeconomic predictions included increased size of labor
force, upgraded occupational distribution, and higher employment rates,

‘wages, and disposable family income. The administrative infrastructure

would continue to expand. 4Ln the sOciaI psychological dimension, as

workers migrate into the community, a lack of shared values with the

present population can lead ‘to latent or open hostility. Change of any

-sort is always met with resentment“from some individuals. These attitudes

can be expressed in many forms, 1nc1ud1ng the development of special
interest groups C ‘

"An attempt was made to examine the extent to which the above predic-
tions could be supported by aggregate.data gathered from census publica-
tions. ‘Units of analysis were eighteen counties in which nuclear power
plants were in operation'by'1970 ‘Unfortunately, since the plants' start-

‘up dates ranged from 1957 ‘to 1970, and since census data are gathered at

ten-year interva1s it was not possible to measure -the variables for each
of the counties’ precisely at the three desired points in time, i.e., before
construction,.during construction, and after plant operation had begun.
Thus, census statistics for many of the counties did not show impacts of
the constructionﬁphase of growth as differentiated from more permanent
effects. What could be discerned from the data was a general picture of the
counties both before and after siting The- great variety in the geographic
location of the sites, and in the type and capacity of the reactors

installed, forced the researchers to be extremely tentatlve in their:

1nterpretation of results. o :
Briefly, the results of the aggregate data ana]ysis were as fol]ows

‘Given the national tendency for rural populations to decline between 1960

and'1970,fthe'siting of a nuclear power plant was felt to have converted
what might otherwise been population-loss counties to population-gain

- counties. For the four counties in which the construction phase could be

differentiated from other effects by an overlap with the 1960 census, an -
increase in populat1on was . observed This population growth rate, thought
to be in part due to in-m1grat1on of construct1on workers, was indeed
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temporary, as 1970 data then evidence a decrease in growth rates.  Positive
relationships were also discovered between siting of nuclear power plants
and both employment rates and personal and community affluence. |

A detailed case study.of one community in which nuclear factlwties had
been in operation for sixteen years was carried out. Results of this
ana]ys1s were similar to the findings in the aggregate analysis. The
county's population growth censisted .primarily of families of ch11d-bear1ng
age. Shortly after the plant began operation, the county gained several
additional industries, resulting in a substantial increase in percent of
the labor force employed in manufacturing.

Construction employment increased by 1800 workers during .the peak

years of 1957 and 1958. Permanent employees, while fewer in number, had |

grown to 400 by 1975. Nearly all of the employees became or already were
residents of the community or the neighboring community to the east.
Unemployment decreased, while the demand for skilled laborers increased.
Land values soared, resulting in a tax boost for the county. Since the
industrial and economic base of the county was practically stagnant before
construction of the power plant, it was concluded that in this case the
effects of nuclear plant siting were significant and positive.

Case study comparison.

Conclusions of the nuclear and coal studies are dissimilar. The
study of trona mining impacts on a relatively undeveloped area and subse-
quent generalizations to the coal industry explicated negative community
impacts of great magnitude. It was found that growth occurred so rapidly
that the community was unable to adjust its services to meet the demands
of the incoming population. Social disorganization occurred to such an
extent that mining activities almost came to a standstill. The nuclear
impacts study, on the other hand, indicated that large development
projects can help stimulate a dragging economy and impact local communities
in a positive way. The variable which appears most influential in
explaining the difference is the ability of the community to absorb

incoming workers.

. ‘Although’ neither of the stud1es dealt with the deve]opment of
geothermal resources per se, they are both dirgct]y relevant to th1sﬂ
research since the point of interest is identical to the purpose of this

&~_j
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chapter--to address the question of community impacts of development
in an energy industny.“,These case studies dembhstrate the nature of the
effects which can be expected when large-scale.construction projects are .
placed in relatively under-developed, rural regions. These analyses.can
be used to gain insights into analogous activities along Texas coasts. ,
Of course, that is not to say that people who now live in the latter areas
will react in the manner of persons who 1ive in other parts of the country
-where major mihing or nuclear construction projects have occurred.
" However, researchers can.use those previous studies as a point of reference
for collecting information which can be used to make wmore prec1$e estimates
for specific cases. : ; . 4

" In terms.of the methodology emp1oyed, the coal mining report is an .
example of a case study in which impacts of development in the trona
mining industry on one community were gemeralized to impacts on other
~communities in a different part of the country by expansion in the coal
mining industry. . Naturally, there are serious problems inherent in this
type of study. To begin with, the use of.a single case for analysis of a
complex issue is at best a risky procedure. The fact that the case of
Sweetwater County was-an extreme sample has both advantages and disadvan-
tages. By choosing a county in which change occurred at an unprecedented
pace and magnitude, the investigators guaranteed their ability,to actually
pinpoint specific kinds of community impacts. - Unfortunately, "boom" towns
are the exception rather than .the rule in times of expansion within a

particular industry, so the genera11zab11ity of the impacts which they

identified is in doubt.: : . : :

- Anoether shortcoming of. the coa] mining study is that impacts which }
-~resu1ted from expansion in one.industny,were assumed Tikely to result from
 expansion.iin-a different industry. It is true that trena mining and coal -
mining are-both extraction industries, and that similar technologies are
required for both processes. - On the other hand, the actual chemical ,
‘content of trona and coal is different, indicating that, at a min1mum, o
-health hazards and environmental impacts may not be similar. The .
generalizability .of impacts of one extraction industry to another is at .
best hypothetica1 and untested. ‘ Lt o

- A final-drawback of the coal study is: found in 1ts cross- regiona]
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assumptions. By extrapolating from one county in Wyoming to counties in
West Virginia, the investigators take gross liberties with their data.

The study pointed out the need to control for the size of the county
populations, for the rural concentration of the popu]ations;'and for
population density. Yet the three counties were not truly comparable on

‘these measures, not to mention a score of other variables which tend to

vary dramatically with region of the country.
The nuclear power report drew generalizations from available case

studies of community consequences of the siting of generating plants, but

there were at least two major drawbacks to that approach. First, much of
the Titerature appeared to be biased in perspective. The studies were
not, typically, the endeavor of a team of social scientists interested in

‘technology and social change. Naturally, each of the communities examined

had experienced a degree of conflict as to the pros and cons of locating -
a muclear plant in the vicinity. The resulting reports were often the .
product of an individual or group of individuals who already had taken a
stand either for or against the industry. A second problem encountered in
the analysis of case study reports was that even though several communities
had been investigated, each case study was singular in the impacts which
it deemed important. Thus, it was not possible to derive from the
available Titerature one conceptual framework or model within which to
measure community impacts. In general, however, some broad dimensions for
assessment of community impacts were uncovered.

In the nuclear impacts report, the analysis of aggregate statistics
for eighteen communities which had nuclear generators in operation was
perhaps the most valuable contribution. Unfortunately, an analysis based
on data of this type is limited to description. Even with a good concep-
tual framework and a vast amount of published data available at the county
level, the conclusions were extremely tentative because of a serious time-
Tag problem. Nuclear power plants were being constructed and put into
operation at various points in time from 1958 through 1970. Because census
data are collected every ten years, in one county the data were measured -
three years after the installation went into operation, and in another

- county: the measures were taken seven years after initial impact. The need

for data measured-before onset of development, during the development
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period, and after start-up of active production could not be exactly met.
In contrast the geothermal .project-has great potential for allowing more
precise measurements. Despite shortcomings, however, the two community
impact studies reviewed here ,s_u'g‘gest some basic hypotheses which will be
useful in predicting and gauging the impacts of "gedther'ma'f development.
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ESTIMATES OF COMMUNITY IMPACTS S o

The above review points out two major factors which, in comﬁinafibn,
can be usedAfof a first-cut estimatelof.community impacts‘of,é déVe]dpmént;
First are the size and requirements of the development, in terms of such
factors as number of workers required, transportation facilities used, land
taken, and so-on. A subcategory here should be the relative attractiveness
of the development for other industrial activities. This factor is
essential in determining the range and time span of community impacts.. A
coal mining operation, for example, may rate low in attracting other
industries to the same area, whereas & geothermal field could rate high
since some byproducts are useful only in close proximity to the wells
(e.g., process heat generated by high temperature water). For the coal
operation the short-term impacts on the community infrastructure would be
greater than long-térm impacts (leaving out of consideration at this point
environmental and occupational health issues). The geothermal field
would be associated with more long-term than short-term impacts.

The.second major factor is the social and economic overhead capacity
of the community; that is, the degree to which the area can absorb the
development and support growth. Variables of importance here would include
the nature of the local work force and levels of employment, the state of
housing, schools, hospitals, and other services, the nature of existing
- Tand use, and so on. Perhaps the key component of community adaptability,
however, is the attitude on the part of the population toward the develop-
ment; is the community willing to commit itself to expansion in services,
to adjustment of zoning laws, to some short-term crowding of facilities,
and to potential growth in general? It is frequently stated that the
smaller the conmunity--by which is meant the more rural--the greater
the impacts of any given development. That type of statement is over-
simplistic to the point of being wrong. Impacts, in the first place, can
be positive or negative, and they must be identified as short-term or
long-term. In the second place, it is essential to differentiate between
utility of the community and utility for the community.

Utility of the community refers to the degree to which the community
as a social organization benefits from something. Utility for the | <‘_¢’
community refers to the degree to which individuals or categories of

¥
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individuals in the community benefit (see Pareto, 1935). The two utilities
are related, but they are quite distinct and frequently are in conflict.
A given development (whether it be a geothermal field, a petrochemical
plant, a manufacturing plant, or whatever) may strengthen: the community as
a unit (through added tax revenues, for instance) and be detrimental to
parts of the c1t1zenhy (if, for example, sections of residential land drop
in value due-to air po]1ut1on) ” - : '

~ Rural areas can be more flexible than urban areas in terms of such
variables as available land, population density, pollution levels, labor
supply, ‘and type of‘econOMic“inVestment.T’The’inpacts’of initiating

‘automobile’ manufacturing in’ Phi]ade]ph1a would be greater, and more
‘negative, than 1ocating such manufactur1ng in Round Rock, Texas. Tradi-
:tional values which m1ght impede development are often associated with
vrural residents (we return to this point below), but the attitudes of urban

dwe)lers can be a greater barr1er as they f1ght what they see as "excessive"

growth of the1r city :
' From a planning perspective, too, it should be easier to align the

-utility of a small rural community and the utility for its inhabitants

than ‘those of a maJor urban center and for its diverse residents. At any .
rate. the particuIar ‘development and ‘its needs must be studied in-relation
£o the spec1f1c community and’ its capabilities before any exact estimation
of.wmpacts--positive or negative--can be made. : '
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METHODQLOGY,

Large-scale development projects induce or alter pfocesses of'change
in the demographic and socioeconomic structures of the proximate gommuni-
ties. The perspective from which this process of change‘will be approached
in the present study is that of systems analysis. A system in soéib]bgica]
work is thought of as a complex or network of interrelationships among“
social structures. A system is composed .of -identifiable parts wh1ch are
bound. together in mutually interdependent.relationships. The parts of a
system are assumed to be identifiable and the boundaries to it delimited
such that a system may be analyzed as separate or. "c1osed" for research
purposes. In reality, no system is closed, but’ is interdependent wlth _
other systems at the same level as well as being included in systems at a
higher Tevel. | ' '

One of the most important character1st1cs of this type of analys1s is
its emphasis upon the concept of equilibrium. The properties or dimensions
of a system are assumed to exist in a state of "balance" with each other.
As a modification to a system is imposed from the outside, d1sequ1]1br1um
results, and some degree of predictability is lost. Although a system may
undergo some modifications and alterations without visible effects, it is
assumed that abrupt and drastic changes produce observable social disorgan-
jzation, as the various parts are influenced and strive to regain an
equilibrium 1ine. The goal of a systems analysis is to develop a model in
which the important structures are identified and measured, and the hypo-
thesized interrelationships within the system empirically tested and tied
to larger systems.

Partial modeling, or a first approximation, is the most practical
approach to a system analysis when previous research is sparse. A partial
model can describe a system in several ways. It may be limited to a small
portion of the interrelationships which would ultimately be included in the
analysis, or it may be focused on only a single level of the system
(Pareto, 1935). It is important to note that where a partial model is
used, specific hypotheses or precise predictions of change in one variable
‘given change in another variable are premature and difficult to formulate.
Research based on a first approximation is essentially exploratory, and
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results of such a study must be fed back into the model to further refine

it. sl :

~The first step in investigating the community as-a social system is

to identify maJor structures or dimensions constituting its organization

or interdependencies. Various attempts. have been made to empiricaliy

determine the- dimensions along which communities vary. by USing a factor

analytic technique on a large number of community variab]e measures avail-

able in official statistical reports (Jonassen and Peres, '1960; Hadden

and Borgatta, 1965; Bonaean, Browning, and Carter, 1969). These studies

show that community change can be studied in terms of conceptually distinct

- . dimensions which can be labeled socioeconomic status residentia1 mobility,

urbanism, poverty status, family life cycle, manufacturing concentration,

- commercial center, educational center, and foreign born: concentration

While most community studies produce some commonality of dimensions,

~ by no_means can it be said ‘that the analyses produced identicai results.

The scheme. of community dimensions which was defined by Bonjean, Browning,
and Carter (1969) will be utilized in this analysis for several reasons.
First, Jonassen and Peres (1960) limited their study to counties in only

one state, ‘while the Bonjean, et al. article included a11 U.S. counties.
Hadden and Borgatta (1965) on the other hand, limited their work to cities.
Factor analyses are typical]y not generaiizable to different units of
analysis, such as from city to county--the unit to be used here. The

- Bonjean, et al. study also appears to encompass most of the variables

brought to light in our previous review of community impact studies. The

dimensions of community change, along with the names and computation

procedures of the highest loading variabies in each dimension, are as
follows: ' o e

Differentiating Dimensions of Community Impacts
| (Factors and Variables)

-1, “"'Socioeconomic Status.

Median family incomes*-

' *Unless otherwise specified, variable is direct from cOunty and City
Data Books.
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II.

ITI.

Iv.

Dwelling condition - % Of homes not dilapidated o

. % Housing units with te]ephone

Poverty - % Families with income < $3000

- Per capita income
. High school education - % Persons 25 years and o]der with

high: school education

“Well to-do - % Families with income > $10 000

School years completed.

~ ‘Home value - Median value, owner-occupied, single-family
~ % White collar workers

Median rent - Median gross rent, renter-occupied

Age Composition or,Fami]y Life Cycle

- % 21 and over**
Median age

% Under 5 years

% Population of school age
Kindergarten and elementary enro]lment
Population per unit -

- % 65 years and over

Crude birth rate
Mean family size - Total population/total number of families
% Non-white

Governmental Revenues and Expenditures

Local expenditures per Expenditures/Active population
21-65 years
Local revenues - Revenues/Active population 21-65 years
Local expenditures for education per Education Expenditures/
Active population 21-65 years

Local tax revenue per pupil - revenue x percent tax/

expenditures/number pupils
Residential Mobility

Dwelling newness - % Increase in units in last ten years
% Migrants from a different county

% Occupied units moved into in last 2 years before census
% Population increase

% Net migration

Urbanism

Heterogeneity - % Foreign-born plus three times % non-white

Population size
Population density - Persons per square mile

**For 1970, the item is 18% and over. &ﬁ’;
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T VI "\Manufacturing Concentrat1on B

% Emp]oyed in manufacturlng o
‘Per capita value added by manufactur1ng '
. Industrial Bureaucracy - % Manufactur1ng -establishments
.with < 100 emp]oyees ,

VII. Commercia]-Center- Coao

% Employed working outside county of residence
% Employed in wholesale and retail trade
Per capita retail sales - A1l retail sales/population

VIII. Unemployment

% Unemployed
% Employed in agriculture
% Population living on farms
% Active population employed - Total employed/active
_ population
The first part of the analysis utilizes an on-site case study. Data
are limited primarily to manpower and division of labor statistics which
were gathered from direct observations of geothermal operations by a member
of the research team. Interspersed with personal observations are statis-
tics gleaned from telephone interviews and second-hand verbal reports.
Although the data are crude and at best preliminary, they are included
because of the dearth of published information shedding 1ight on the issue.
The second part of the analysis utilizes as closely as possible the
cqnceptua] scheme previously designated. Da}a are computed from 1960 and
1970 County and City Data Book publications.§ Two counties which have
experienced geothermal exploration--lmperih County, California, and
Sandoval County, New Mexico--will be described at each of the two time
per1ods in an attempt to approximate a 10ng1tud1na1 analysis describing
changes in community dimensions over time. EIt should be noted that even
if dramatic change in some of the dlmensioné can be demonstrated, the
change cannot be directly attributed to geotherma] development since no
control group of similar counties without geotherma] deve]opment are
included in this limited study. % '
Speculation as to whether geothermal development has indeed fostered
consequences for the few communities in which it has occurred, as well as
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speculation as to the potential magnitude of the changes which might be b
expected for future areas of development, is premature without a systematic
investigation of the data which are now available. The Phase 0 project

attempts to outline how such an investjgétion could be carried out. The

descriptive approach utilized here is lacking in statistical analysis, but

it demonstrates a methodelogy and initiates the work that is needed to

determine community level impacts of geothermal development.
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ANALYSIS

One example of private-sector geothermal resource development is fbund
~ in an area known as the Geysers, located in Sonoma.County, California.
Since that. county has _undergone. substantial .geothermal research and
deve]opment (with 41 wells drilled between 1955 and 1965 alone), it would
be thought to be a prime target for the‘kjnd of secondary.data analysis
which this study undertakes. A brief glance at the 1960 and 1970 census
data for Sonoma County, however,. indicates that it is not a good candidate
for such an analysis. Located only 75 miles north of San Francisco, the
tremendous growth experienced in the last twenty years. is in large part an
effect of overflow from the bay area. Many workers commute to the San
Francisco area. .Since a.census description of the county,couId‘not
differentiate between effects of the urbanization process due to its
proximity to San Francisco and«effectsfofvgeothermal development, more
detailed information on. its geothermal faci]ities were gathered by on-site
observations of a member of the Phase 0 research team. y

- The actual production of electricity at the 25 000 acre Geysers s1te
is in.the hands of Pacific Gas and Electricity, a San Franc1sco power
company. - The on-site observer noticed that with eleven un1ts produc1ng a
total of 550 MW, there were surpr1sing]y few workers. For the day shift
there could be observed five or six 1nspectors, four mach1n15ts three
electricians, and two plant engineers. At night control was consolldated
to one centra] watch with only two or three add1t1ona1 staff The ent1re
operation appeared to require no more than nineteen men ‘

- The drilling .of new wells at the Geysers is contracted out to Un1on ,
Magma Thermal Drilling Company. Manpower requirements for this activxty
were small at the time of the on-site visit. New dri]1ing was est1mated .
to require three operators, five men on the r1g, one or two managers, and;
two to five truck drivers.  Drilling activ1ty, lasting up to s1x months,’:
utilized a maximum of .fifteen workers. .., | ‘ .

~Two kinds of construction activities occur at the Geysers First, as
new wells are drilled, constructors are h1red to bu11d new p1pe11nes The
observer -indicated that eight to ten employees wou]d be requ1red for a '
period of ‘three to four months to produce two miles of new p1pe11ne of
these workers, only two or three wou]d be unskilled. A more extensive




74

construction process has occurred at the site as new generating units have
been added to the facility. For a new unit and cooling tower, a maximum of
twenty-five'to thirty workers can be expected to be hired at one time.

Over a period of ‘thirteen to fifteen months, it would be reasonable to
expect thirty pipefitters, twelve electricians, four to six boilermakers, |
twenty carpenters and steelworkers, and two to three laborers working on
the site. Even with these limited data it can be observed that maximum
geothermal’aciivity in Sonoma County in -the areas of construction, drilling,
and electricity production requires less than one hundred workers. Given
the growth already underway in the region, it is unlikely that labor force
impacts of geothermal development can be shown to be at all significant.

Other ‘than ‘the jobs which geothermal activity creates directly, the
most obvious local impact is upon the tax structure. Since taxes are
levied on the estimated present value of the geothermal resource rather
than the amount of the resource which is recovered and used for generation
during any one year, the county has experienced a tremendous tax boost.

The approach specified in the methodology section may give more
information based on two less urbanized counties which have experienced
. geothermal resource devé]opment. Results of the data compilation appear
in Table II.1. Since the counties are quite disparate in population size,
region of the country, and type of geothermal resource, each county will
be described separately. Where change or difference is described, it
refers to change in one specific variable for one specific county over the
ten year period, 1960-1970.

Imperial County, California, is agricultural, isolated from major
.urban centers, and made up of small towns. The county has had a long
history of geothermal exploration with two wells drilled as early as 1927.
The county is now the location of at least two major test sites for
geothermal development. The East Mesa test site, under the jurisdiction
of the U.S. Bureau of Reclamation, consists of four or five experimental
wells and a desalination laboratory. It is not expected that the site
will ever be used to produce electricity for commercial purposes. The
Niland test site is owned by San Diego Gas and Electricity, and plans have
‘been made for generation of electricity in the near future (see E1-Ramly,
Peterson and Seo, 1974: 31-38 for well sites and drilling dates to 1973).

C
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.. On_the whole, the soeideconomic,status;of‘ihperial County showed
slight positive gains between 1960 and 1970, Median family income
increased from $5507 to $8256, and the proportion of families with less
than $3000 annual income decreased from 21% to 11.5%.2 The more affluent
group--families with'more than $10,000 annual income--increased from 15.4%
to 38.5%. As home values and monthly rent increased, dwelling condition
was upgraded to nearly 100% undilapidated. |

The population grew younger as the proportion of schoo] age 1ncreased
from 26.1% to 33.9%. The proportion of the population under five years of
age, however, decreased from 12.4% to 9.8%, consistent with a decrease
from 27.7 to 22.4 births per one thousand women. o :

Local governmental revenues per person in the act1ve popu]ation .
increased from $819 to $1242, and expenditures increased from $820 to
$1181." Not only do these figures indicate an increase in community
services, but they also demonstrate that the incoming funds more adequately
met necessary expenditures. Both‘educatiohalAexpenditures and local tax
revenue per pupil .also increased. S

-No consistent direction.of change occurred among the res1dent1a1
mobi]1ty\var1ab]es.,.Moyement within the county between ‘housing units
increased, but construction of,new:dwellings\310wed from 18% to 9.4%. The
county showed a net1nigration‘of-ll.&%.infl960, a trend which continued
through 1970 when there were 15% more migrants going out of the county than
there wehe moving into it. This net out-m1grat1on is also reflected in
the slowing of population growth from 14.5% to 3. 3%. Duhing the last
decade the :county showed little evidence of :urbanization, with re]ative1y
small changes in.population size and density, . : :

. Manufacturing concentration remained very 1ow in. the county, and the
proportion of the population employed - in manufactur1ng act1vities
increased only 1.1%.. Per capita value added by manufacturing decreased
-slightly by.1970 A]though manufactur1ng act1vities did not _increase, the

%
S
H

" 2Income figures are not given in constant dollars. The change in
terms of real purchasing power i$ not as ‘great as may first appear..
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county did meet more of its own commercial needs, evidenced by increases
in the proportion of those employed in wholesale and retail trade as well
as by per capita retail sales. The proportion of employees traveling
outside the county for work increased. As might be expected from an area
with a large net out-migratien, the proportion of the population actively
employed decreased from 77.4% to 62.2%. The size of the farm population
also declined sharply. o

One conclusion from the preceding analysis which can be stated _
unequivocably is that Imperial County can by no stretch of the imagination
be considered in the midst of a "beom". In general, it can be said that
the county is depressed economically. If rapid.out-migration continues,
the county is likely to resemble even more closely the bleak picture of
"population loss" counties. This case study indicates almost no impacts
from geothermal research and initial development. It should be remembered,
however, that until very recently the only geothermal development in the
county was limited to government-sponsored research on a small scale. Any
major impacts would be unlikely to surface in census data until 1980.
Also, labor force effects of temporary or short-term construction activity
could be realized in the next couple of years, as geothermal development
increases, and then be missed entirely by 1980 census data.

A second example of an area with an active geothermal drilling
program is Sandoval County, New Mexico, where Bacca Land and Cattle
Company first initiated drilling around 1960, and renewed their efforts in
the early 1970's. Bacca now has an estimated fifty wells on its private
land to explore the potential for geothermal development. If plans are
being made for electricity generation, they are still unannounced.

Some slight gains in community economic status were evidenced between
1960 and 1970 by increases in median family income and the proportion of
families with less than $3,000 annual income. Dwelling condition improved
from 66.8% dilapidated to 65.7% undilapidated. The population grew older,
evidenced by an increase in the median age from 18.6 to 21.2. The
elderly population increased from 5.9% to 7.1%, as younger peoﬁ]e migrated
out. The crude birth rate declined sharply from 32.4 to 27.0 births per
thousand women.

It is quite unlikely that community services expanded at all, due to

(~bj
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insignificant‘changes'in the county revenues and expenditures ‘More new
dwelling units were being constructed, however, and more occupied units
moved into in recent years More 1mportant1y, net out-migration slowed
from -14.1% to -1.9%. :

The county experienced only slight evidence of urbanization. Manufac-
turing concentration remained almost nonexistent. The county became even’
less of a commercial center, as the proportion of employed working outside
the county increased from 29. 9% to 43.8%. UnempIOyment remained -

‘unusuaiiy high. “It can be concluded that Sandoval County is even more

depressed economicaiiy than Imper1a1 County
The fo]1ow1ng points summarize the brief two-county ana]ysis attempted
here. : - ' IR

1; Socioeconomic status improved siightly in both areas over time,.
. but the data cannot be interpreted to show to what extent, 1f any,
geothermal development contributed to that improvement

2. "While one:of the counties deménstrated a:trend«toward a younger
age structure,. the age pyramid for the other county shifted drama-
ticaily toward an older poputation. The aging was clearly the result
of Out-migration in'younger‘age categories.. .

3(‘ Governmenta] revenues did increase for Imperiai County, but for
the more rural ‘and. depressed Sandoval County, both revenues and
' expenditures remained virtua]ly stationary

4. Re51dent1a1 mobiiity increased for both c0unt1es, but the data
- are unable to demonstrate if any of the increase is due to geotherma1
. activity. o

‘5. Neither of the counties showed marked signs of urbanization
""C.L: Manufacturing activities were 1imited and remained stable.

a 7t] Wholesaie and retail trade increased oniy slightly for Imperial
County. Sonoma County became even iess of a commerciai center over a
- .the. ten-year period. ~* .

8. Employment was - near]y unchanged for both counties.

P
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These findings are not definitive in any way, but we will tentatively £
advance one generalization: geethermal research and exploration in early \~_J
stages will produce few impacts, positive or negative, on communites where
they are carried out. Manpower; equipment, and construction required are
negligible in comparison to other types of energy developments, such as a
nuclear plant or coal mining operation. Existing community serVices
probably will support. the few incoming. personnel. Still, surveys of ,
housing avai]abi]ity,rschOOI enrolliments, and so forth would help insure N
that the community would not suffer from crowding in its various facilities.
Temporary housing and health facilities could be planned in advance to
allow rapid accomodations if needed. Phase 1 research should detail all
areas of possible impact and outline stratégies;for dealing with those
impacts, including community, private industry, state and federal govern-
ment cooperative'efforts. ' N

Communities should be advised on what to expect from the geothermal
development in terms of the numbers and types of people who would be
joining the community, and how long such people would be in the community.
Resources should be available, both monetary and professional planning
personnel, for the community to call on. In addition, the community should
gain wherever possible from the development. Local labor, for example,
should be exploited to fill jobs created by the resource exploration.
Additional tax revenues from the resource facilities ideally would be
distributed among the communities which actually bear the "costs" of the
development. Early community involvement and continued dissemination of
information to the community are required. With these conditions met, few
negative community impacts of the resource development would be projected.

While goethermal exploration and development activities are predicted
to produce minimal impacts at the local level, the same is not necessarily
true of commercial production stages,' The same methodology and hypotheses
sketched out in this report are applicable to production of the geothermal
resource. The major criterion is'scale;‘Or'size of development. Let us
clarify. by way of example. Assume that four wells are producing 25 mega-
watts of electricity, The wells are positioned around town X, population
2,500. .The electricity produced is used to supply power to an urban area
of 50,000 people located 50 miles away, and the spent water is reinjected

C
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into abandoned 011 reservoirs near the geothermal wells. In this situation,
town X probably would experience only increased traffic during the time of
drilling and connecting to a grid. The local cafe might experience a
short-1ived "boom" in lunch business. Suppose.ﬁhowever; that the water
could be used for process heat before reinjection. Two industrial
factories, employing a total of 250 people, locate just outside the city
Timits of X. The town itself furnishes 50 workers. Additional workers
benefit briefly from the construction period 200 workers migrate to the
town from neighboring counties. These workers are accompanied by young
families, average size - 3.53% - for a total added population of 706.
“Town X has grown in size by roughly 28 percent. 5

It should be obvious that local utilization of geotherma] energy or
its byproducts can quickly turn a “no impact" situation into a "substantial
impact" one. It has been estimated that a major geothermal field can
create, directly or indirectly, from several hundred to a few thousand jobs
(Grabbe and Kam1ns 1975: 5). In genera], the -smaller the community and
the greater the ut1lizat1on of the resource, the larger the impacts.

Although the results of the present analysis were often in the
opposite direction of predicted findings, it must be stressed that the
hypotheses were not disproved. Arguments presented in the methodology
section and;suppbrted»inxthe.anaiysislof“the data emphasize the primitive
nature of investigations7of this type.:;The more important contribution
‘of the analysis is the development of a framework for future analyses.
Suggest1ons for needed research on community impacts of geothermal
deve]opment emerge from the work presented up to this point, and will be
discussed. fo]lowing the f1na1 chapter of Part II.

3Average size of the U.S family in 1972 taken from ‘the Statistical
Abstract of the U.S., U.S. Bureau of the Census, 1973.




Differentiating Factors
and Variables

Table II.1
TWO U.S. COUNTIES WITH GEOTHERMAL DEVELOPMENT

Imperial County, California
1960 1970

Sandoval County, N
1960 :

ew Mexico

1970

I.

II.

III.

SOCIOECONOMIC STATUS

Median family income ($) 5507 8256
Dwelling condition 58.3 94.5
% Units with telephones 65.9 74.3
Poverty 21.0 11.5
Per capita income 1623 2459
High school education 33.8 43.1
Well-to-do 15.4 38.5
Median school years completed 9.0 10.8
Median home value ($) 9900 13838

% White collar workers 30.0 43.0
Median rent 61 89
AGE COMPOSITION

% 21 and aver 57.2 58.2
Median age 26.4 23.9
% under 5 years 12.4 9.8
% Population of school age 26.1 33.9
Kinder. and element. enrollment 14251. 16915.
Population per unit 3.6 3.5
% 65 and over 7.0 7.5
Crude birth rate 27.7 22.4
beagafanily size 3 £
GOVERNMENTAL REVENUES AND EXPENDITURES

Local expenditures per person ($) 820 1181
Local revenues per person ($) 819 1242
Education expenditures per person($) 275 402
Local tax revenue per pupil ($)

610 692

2409

5465
65.7
49.1
28.1

1543
39.4

08
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Table II.1 (cont d)

pg.2
Differentiating Factors S . Imperial County,' California Sandoval County, New Mexico
and Variables : . 1960 ... 1970 1960 1970
IV. RESIDENTIAL. MOBILITY - ‘ ‘ s :

. Dwelling newness .. . . - 18.0 9.4 " 12.0 - 44,3
Net migration (%) - .= -11.8. -15.1 -14.1 ;=1.9
% Occupied units moved into 42.9 57.7 - 23.8 41.2
% Population increase . L “ . 14,5 3.3 - 14,2 23.2

V. URBANISM : . , . ;

. Heterogenity. R S , . 60.1, 56.0 128.2 - 125.0
Population size: L s - 72105 74492 14201 17492
Population density s 17. .18, Y

VI. MANUFACTURING CONCENTRATION SRR : ©o , '
% Employed in manufacturing - | 5.6 6.7 - 14.2 14.9
Per capita value added ($) S © 357 295 . D 74
oo lndustria'l bureaucracy o +04. ' .18 N -
VII. COMMERCIAL CENTER L '
" % Employed outside county ) 1.9 3.7 39.9 43.8
% Employed wholesale & retail .trade ' 17.9 24.6 15.9 14.4
~ Per capita retaﬂ sales ' 1945 2081 . 266 308
VIII. UNEMPLOYMENT ' ,
% Unemployed: : 6.2 7.0 9.9 9.0
% Employed in agricu'lture 38.8° NA -7 NA
% Population farm : 7.6 - 2.3 4.5 3.9
% Active popuhtfon employed 77.4 62.2 44.6 46.9

D= vdthheld to avoid disc1osure
~ = Zerg
NA = not avai'lab'le

18
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. " CHAPTER 111

A ‘POLITICAL AND. INSTiTUTIONAL SURVEY"AND‘ANALYSIS OF - THE
DEMONSTRATION AND DEVELOPMENT OF GEOPRESSURED GEOTHERMAL ENERGY
| ALONG THE TEXAS GULF COAST

INTRODUCTION

The concern of thlS chapter of the Phase 0 report is the 1nterests
of. various institutions in the demonstration and development of geopressured-
geothermal energy along the Texas Gulf Coast, and the potential: for those ;
institutions by virtue of those interests to significantly affect the
development of the resource;;»Little»formalzmethodology,is'availab1e to.
researchers attempting to determine which governmental agencies and special
interests will ultimately become :involved in the development of a new energy
resource. A list of the various divisions of government potentially:concerned
“with: the development of geopressured-geothermal energy was compiled by
examining studies of otheh,deve]opment or assessment projects (Texas Coastal
‘Management Program, 1975; National Commission on Water Quality, 1975) and
by surveying available directories of -governmental agencies and responsibil-
ities (United States Government Manual, GPO;1975§ Guide to Texas State
Agencies, 4th ed., Bureau of Government Research,:L. B. :J. School of Public
Affairs,:1972).. (This compilation is found in Appendix D.) The first
section of this chapter/examineslthe-coastalnargahgeneraIIy. A case study
fof'a,potentia]vdemonstrationvsiteesurveySﬂlocalrpolitics and institutions
in the second section. Major federal and state agencies as well as issues
of local concern gained from the.case study are examined in the final issues
section. -

THE TEXAS COASTAL AREAS

Suspected geopréSSUredQQeothe%mal"regourCéS underlie roughly thirty-six
Tcouhties along the Texas Gulf Coast'and extend approx1mate1y sixty miles into
the Gulf of Mexico. (See Chapter 1 for descr1pt1on and boundaries of areas.)
iCoastal prairies and Gulf Coast marsh1ands ‘or ‘wetlands are the prevalent
physica1 features of the coastal ‘counties. The coastal prairie is a nearly
level, slowly drained plain, usually less than 150 feet in elevation, :
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characterized by grasslands which support farming and ranching, as well as
slow moving rivers, creeks, bayous and sloughs. The wetlands afe areas of
low wet marsh found surrounding a complex system of bays, lagoons, and
estuaries, 1nterspersed with dunes (Suter, 1971). v

The ownership of these lands, where the demonstrat1on of geopressured- |
geothermal energy is most,fea51b1e, is of importance due to legal uncertain-
ties surrounding ownership of the resource. Sites on state-owned lands
offer the fewest impediments to demonstration of the resource. The state
owns approximately 16%, or 4,156,735 acres in the coastal area. Of these,
3,858,522 acres are submerged lands or islands. Figure III.1 indicates the
location of the state-owned lands along the coast.. (The figures-are courtesy
of the Coastal Management Program, Division of Planning Coordination, -
Office of the Governor. While the inland boundaries shown on the. figures
are not those of the coastal study area of the present project, land owner-
ship patterns along the coast are applicable.)

Figure III.2 shows the location of federally owned land along the
coast. The federal government owns approximately 2%, or 450,532 acres in
the form of parks, refuges, military installations, and properties of the
U.S. Corps of Engineers.

Local governments, including counties, municipalities, and special
districts, own another 1.5%, or 388,803 acres along the Texas Gulf Coast.
These lands are shown in Figure II1.3. However, these governments often
affect much more land through jurisdictions of watersheds, navigation,
municipal water supplies, city boundaries, and extra-territorial authorities.

The number and types of special districts existing in Texas is indicative
of the local nature of government in the state. General governments, i.e.
counties and municipalities, are constitutionally constrained, especially in
the areas of finance, administration, and geographic jurisdiction, qivina
rise to an increase in reliance upon special districts (Thrombley, 1959).
Such districts are usually created to perform a utility function which a

_general government cannot provide and are authorized to tax and/or incur

debt to provide these services. While the increase in reliance upon nonschool
special districts is not limited to Texas, the state ranks fourth in the
numbers of special districts,‘preceded by7lllinois (2,407), California (2,223),
and Pennsylvania (1,777). Texas has 1,215 districts (U.S. Bureau of Census,
1972).

-




““'Figure T11.1 ‘State Land Ownérship.
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Figure 111.2 Federal Land Ownership.
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Figure III.3 Local Land Ownership.
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The counties of Harris, Galveston, Brazoria, and Chambers, for example,
have experienced a pronounced increase in the number of water districts &..}
required to supply water to fringe areas of Houston. In 1940, three water
districts existed in the four-county area. In 1950, the number had increased
to seven. By 1960, there were twenty-five. Today there are more than 300
water districts (L. B. J. School of Public Affairs, 1975). A list of the
different types of special districts which may be created in Texas is found
in Appendix E.- -

The majority of these special districts are concerned with the conser-
vation, supply, treatment, or navigation of water. Water supply is also a
major concern of SpeciallintErests in the coastal areas. Coastal waters
support a large fishing %hdustry, and have attracted numérous other industries
dependent upon 1arge’quéhtities of water for their processes or for trans-
portation. The annual commercial catch of fish and shel1fish along the coast
‘ranges from $70,000,000.00 to $100,000,000.00 ih revenues (Stevens, 1976)
and generates another $100,000,000;00 in‘value-addéd revenues (ICNRE,1970).
Leisure industries, including tourism,ispdrts, fishing, hunting, and bird
watching, produce approximately $290,000,000,000.00 in revenues in the coastal
area (ICNRE, 1970; Suter, 1971). Four hundred species of birds have been
seen in the coastal counties, thirty-one of which are classified as rare
and endangered by the U.S. Fish and Wildlife Serviée‘(Suter, 1971). Other
major industries found along the coast are: petroleum extraction and
refinement, chemical and petrochemical processing, metals manufacturing
and fabrication, mining, agriculture and agricultural processing, shipping,
ranching, and power production. |

Selection of a Local Study Area.
Since at the time of this writing a local demonstration site had not
been selected, researchers were free to choose a local site from those
initially selected for resource appraisal which would best fit the needs of
a political and institutional survey. Four areas were initially selected
by the Resource Assessment groups: Matagorda County; Aransas, Nueces, and
San Patricio Counties; Kenedy County; and Cameron, Hidalgo, and Willacy
Counties. T EEPEA DT S A >
Matagorda County, situated in the upper Coastal Bend area of the coast,
is predominantTy,rura], containing approximately 30,000 persons, one-half ‘aai
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of ‘whom live in‘the,county seat of Bay City. The farming of rice in the - -
marshy -areas of the county "is a major source of income, as is the production
of petroleum, sulphur, and other mineral resources. These industries are
spread throughout the county. Special interest group activity in the county
has been Vimited to the actiVities of farming interests. The Matagorda
County Rice Farmers Cooperative was the only group to appear at public
hearings concerning the planned construction of a 2,500 Mw nuclear plant in
the county (Speaker, 1975) Matagorda County is situated approximately

90 miles from Houston. the largest population center in the state.

’ : Aransas, Nueces, and San Patricio Counties, located in the Coastal

Bend of ‘the Texas Gulf Coast, are a mixture of urban and rural populations,
agrarian, manufacturing, mineral, and fishing interests. Industry in the
area is centered around Corpus Christi Bay, a potential geothermal demon- |
stration site. Represented are chemical and petrochemical manufacturing,
metals manufacturing and fabrication, mining, agricultural preduct proce551ng,
shipping, fishing, and tourism ,
N The largest city in the three-county area is Corpus Christi, with
'lapproximately 205,000 persons. The corporate offices of Central Power and
‘ Light Company, the electric utility serving all four of the areas 1n1tially
selected,“are,located in Corpus Christi. The public in the area appears .
highly organized in'trade, professional civic, and- environmental groups.

The three counties are part of an Economic Development District designated .
'by the Economic Development Administration of ‘the U.S. Department of Commerce
' Kenedy County, situated near the lower end of the Texas Gulf Coast,
~1s. one of the least populated counties in Texas Petroleum production and
franching are the principal income producers for the county s 699 people.
'Sarita the largest town in the county, contains only l85 people ,The
,remainder are housed on large ranches in the county

Cameron, Hidalgo, and W1llacy Counties are Tocated in the southernmost

’ftip of Texas, along the Mexican border. Cameron and Hidalgo Counties are
' heavily populated. with the maJority of- the population found in small but
densely occupied towns scattered throughout the counties. , ,
© - Industry s concentrated in the cities of Brownsville, Harlingen, o
San Benito, Edinburg, McAllen, and. Heslaco, and includes Timited gas refining,
steel fabrication, and chemical production Other 1ndustr1es present in the
area 1nclude fruit and vegetable processing, clothing manufacturing, beef
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production, milk products production, and seafood processing. The three
counties, 1ike Aransas, Nueces, and San Patricio Counties, have been des-
ignated an Economic Development District.

CASE STUDY: ARANSAS, NUECES; SAN PATRICIO COUNTIES

The Aransas, Nueces, and San Patr1c1o Counties area was selected for
‘the local political and 1nst1tut1ona1 survey because of a concentrat1on of
potent1a1 electrical and nonelectrical uses of geopressured-geotherma]
resources and because of the existence of large numbers of special interests
-in the area.

The three counties cover-1 801 square miles of coastal plains, wetlands,
and waters. Approx1mate1y 311,000 persons live in the three counties,
concentrated generally around Corpus Christi Bay. County government in the
area is similar to that found elsewhere in Texas. Aransas County is thought
to be more environmental-minded due to dependence'upon fishing and tourism.
and the existence of a large federal wildlife refuge‘in the county. Nueces
County and the City of Corpus‘Christi maintain close relationships as evidenced
by a movement tewards combining the two institutions' jail facilities and
other essential services. The City of Corpus Christi (population 204,525;
1970)‘1ies;on the west and south of the bay in-Nueces County. Corpus Christi,
a home-rule city governed by a council-manager administration, has one of
the most stable administrations in the state. The present city manager
has held his position for eleven years. Using the powers of a home-rule
city, Corpus Christi has maintained an active annexation program primarily
northwest, south, and southeast of the city. The city, in a two-part program
'beginning‘in 1950, annexed Nueces Bay, Corpus Christi Bay, and approximately
five miles of the Laguna Madre to control petroleum extraction; gathering,
and transportation in the waters surrounding the city. Those submerged
lands, shown on the accompanying map of the three—county area, are owned by
the State of Texas and administered for the state by the General Land Office.

Petroleum activity on those lands is now dec11n1ng The city 3
Department of* Petroleum Inspect1on adm1n1sters the city's ordinances governing
petro]eum activity 1n the submerged and 1and areas controlled by the city.

The department 1nspects wells ‘annually. There are 315 wells currently
produc1ng in the submerged lands regulated by- the c1ty, down from a peak of
434 in 1970. There are approximately 300 land-situated wells produc1ng in
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the city, down from 619 in 1967 (Conn, 1975). Figure II1.5 traces the produc-
tion of o0il and gas inside the city 1imits from 1968 to the present.

Exceptions to the city's regulations are referred to the Bay Drilling
Committee, created by the same ordinances. The committee is made up of
six members, one-half nominated by industry and approved by the mayor,
one-half from nonpetroleum industries appointed by the mayor. The current
chairman is Edward Harte, publisher of the Corpus Christi Caller and . .- -
Corpus Christi Caller-Times, the city's two daily newspapers. Mr. Harte is
alsokpast”President of the National Audubon Society, currently serving as
Chairman of the Executive Board of the Audubon Society,‘and‘is a member of
the Steering Committee of the Goals for Corpus Christi Program. Recommend-
ations of the Bay Drilling Committee are passed to the Clty Council of .
Corpus Christi for final decision. i

The city of Corpus Christi is the home of the Coastal Bend Counc11 of
Governments (CBCOG), serving eleven counties of the coastal bend region,
shown in Figure II1.6. Membership of the CBCOG includes twelve cities,
seven special d1str1cts, and the three counties of the study area. Staff
of the CBCOG, on one occasion, have been forced to mediate between industry,
E. I. DuPont de Nemours and Compahy, and an environmental group, the
Coastal Bend Conservation Association, in an effluent-permitting dispute
(Buckner, 1975) . | 7

North of Corpus Christi Bay lies the city of Portland (8000 pop. 1970).
Also a home-rule city, Portland annexed a small rectangle of bay area
adjacent to its southern boundary to provide access to Corpus Christi Bay.

Ingleside (4000 pop. 1970) is a general law city located near a concen-
tration of new industry northeast of Corpus Christi Bay. )

Aransas Pass (5,923 pop.:1970), situated on Redfish Bay, is a home-rule
city whose major industry is shrimping. Several large petroleum companies |
maintain tank farms nearby. ]

Port Aransas (1,218) pop. 1970) is the entrance to the Gulf of Mexico
for water-bound transportation from the Bay area. Marine research centers
of the University of Texas and agencies of the federal government are housed
within the city limits.

Other cities and towns and their respective populations located in the
three-county area include: :
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Figure II1.6 Councils of Government.
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COUNTY L - CITY " POPULATION
Aransas County .- Rockport 4007
. Fulton 1141
Lamar 150
Nueces County ~ Robstown 16394-
oo oo Bishop oo e 4000
- Agua Dulce - : _,742
Driscoll v - 626
2 North San Pedro - 2229
v T T ... South San Pedro. .. 3065
.- San.Patricio County - Sinton o 5940
‘ o Gregory .~ . . . ...2300
Mathis 5625
-Odem R s 12200
- Taft R . 3300

Taft S.W. = 2050

Approximate]y fifteen special districts EXTSt in the three-county area.
The Tast compilation was made in 1971 by the CBCOG Since that time severa]
have merged and several more have been created. The numbers and types of ‘
spec1a1 ‘districts in the area are Tisted in Appendix F. Two districts
demand spec1a1 attention. These are the Nueces County Navigation DTStrTCt
No.' 1 and the Lower Nueces River Authority The nav1gation district owns
and operates the Port of Corpus Christi and promotes the deveTopment of |
industry through its ability to issue revenue bonds to finance certain _
1ndustr1a1 1mprovements, notabTy envwronmenta] contro] faci]ities. The
process also works to a110w the Nav1gation D1str1ct to bui]d faciTities
based upon the credit of its supporting 1ndustries. . '

The Port of Corpus Christi is current]y working toward deveToping a
muTtipurpose deep draft inshore port, a controversia] undertaking The _
Nueces County Navigation District, Tike other such districts in the state, ;
was~ formerly ab1e to buy surpTus state Tands and Tease these Tands for
1ndustria1 sites Critic1sm caused the Texas Legislature to terminate this
‘practice 1n 1973 Navigation districts may still Tease state Tands for ,\
nav1gation purposes j | '

The Lower Nueces River Authority (LNRA) is the only d1str1ct in the
three-county area with a muTticounty jurisdiction, 1nc1ud1ng Nueces and
‘San Patricio, Counties. - The LNRA is not as powerfu] as some river authorities.
‘lacking ad valorem tax1ng authority. Its potential as’ a prominent jnstitution




98

in the area is derived from authorities concerning'pollution control planning
and abatement within its basin; supp]y and d1str1but1on of water, and genera-
tion of power. '

Industry.

A strong supporter and 1ikely‘1afge, direct user of geopressured-
- geothermal energy in the local study area is Central Power and Light Company
(CP&L), an investor-owned electric uti]ity serving an area which includes
all four possible demonstration sites described previously. CP&L currently
relies on natural gas for boiler fuel. Only one of the company's planté
is equipped to burn 0il on a permanent basis. In October 1975 company
officials expressed fear that a cutback or cutoff of gas as a boiler fuel
would soon be ordered by the Railroad Commission of Texas (Speaker, 1975).
A first step toward that cutoff came in December 1975, when the commission
ordered a halt to new long-term gas contracts for the use of gas as a boiler
fuel (R.R.C. Gas Utilities Docket No. 600, December 17, 1975) wh11e the
company is currently investing heav11y in a cooperative effort in a nuclear
plant in Matagorda County and in coal-fired eléctricity_generation faci]ities
elsewhere, officials suggést that those two kesources Willlserve only
45 percent of'customers' needs in 1985 (Speaker, 1975). A successful demon-
stration of geopressured-geothermal energy would help alleviate the utility's
struggle to supply electricity to its franchise area. CP&L maintains a AA
rating with Moody's Bond Rating Service. While many utilities, including
some in Texas, fell in their bond ratings as the energy crisis progreésed,
CP&L continued in a strong financial position desbite serious problems with |
fuel supplies. o _ |

CP&L's willingness to increase its ihvestmeht in geopressured-geothermal
energy along the Texas Gulf Coast in either the demonstration plant or later
developments will, of course, depend upon the cost per kilowatt generatihg}
capacity of @ plant utilizing the resource,' Currently investors are éonsid-
ering utility ventures in plants of up to $1000 per kw'capacity (Davis, 1975).
No firm cost figures are yet available for geopreSsured-gthhermal develop-
ment, but members of the Phase 0 Resource Utilization Group haVe SUggésted
‘that geopressured- geotherma] costs may approx1mate those of a nuc]ear venture
(currently $650 $750 per kilowatt-generating capac1ty) 7

Other poss1b1e large direct users of geopressured geotherma] energy are
large chemical companies wh1ch might use the resource for in-house: e1ectr1c1ty
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generation as Dow Chem1ca1 dn Freeport, Texas ]s contemplat1ng doing, or

ﬂas raw materia]s, or for a combinat1on of uses. Many ]arge companies con-

centrated along the sh1pchanne1 in Corpus Christ1 have power requ1rements .
1arge enough to. suggest that they may. eventually 1nvest in the resource,
pend1ng a successfu1 demonstrat1on.,. .

. Petroleum companies experlencing dec11nes 1n petro]eum product1on in
fie]ds 1n and around Corpus Christ1 Bay may also become large direct users
of geopressured-geothermal f1u1ds for 1ncreased recoveries in those fields.
The 1argest dec11n1ng field. 1n the 1mmed1ate area is the Mustang Is]and field,
operated by Atlant1c R1chf1e1d Corporat1on and others Located across the

: mouth of the bay, the field contained approx1mate1y e1ghty gas wel]s 1n 1966
The opportunity for the format1on of consort1a of compan1es able to use the
Vresource e1ther for e]ectr1c1ty product1on or process heat or raw mater1a1

w111 certa1n1y ex1st Specu]at1on of such users has run from space heat1ng

- and cool1ng of bu11d1ngs to shr1mp and oyster farm1ng (see the Resource :

Ut111zat1on vo]ume of the Phase 0 Report for a more deta11ed d1scussion of
poss1b1e uses of the geopressured-geothermal resources) A 1arge supportlve
1ndustry, including dr1111ng f1rms. we]] 1ogg1ng f1rms mud and tool supp11ers
exlsts in the area.i', . L . s

k Industry, profess1ons, and trades 1n the area are represented by chambers
of commerce and _numerous. other _groups. A partia] ]1st of these groups is
found in Appendix G. The Area Deve1opment Comm1ttee of the Corpus Chr1st1

-Chamber of Commerce and the Board of Trade/Port of Corpus Chr1st1 are two of

the most act1ve and 1nf1uent1a1 groups concerned w1th 1ndustria1 deve]opment.

C1v1c Groups.,~ S

The term "civic:groups" describes those ‘groups whose :purpose - is to

zincrease participation in government, usually by informing the public.- . Such

a group, entitled "Goals for Corpus Christi" was created and funded by the .
Area Development Committee of the Corpus Christi Chamber of Commerce to -
assist the City of Corpus Christi in gathering public’ opinion to create

a new comprehensive:plan for the city. :‘Approximately 140 persons were ' -
selected to represent the city and communities surrounding: the bay.in form-
ulating QuestionS’ofspubTic5concern;;.Questions were raised in the areas of
population and “economy, recreation and culture, design of the city and land
use, -transportation, education, lecal government, housing, the environment,
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health and social welfare, and crime. ‘Results of an informal vot1ng process

thus far indicate an overwhe1m1ng desire for econom1c deve]opment in the area, K"’
including support of a deep-draft inland port. However, the program is

controversial and its impact on local planning is uncertain (Lewis, 1975)

Another large civic group in the area is the League of Women Voters.
Active in following developments in po]1t1cs and environmental matters, the
~group on one occasion initiated a city referendum concerning the form of
Tocal government for Corpus Christi. Other civic groups in the area with
more narrowly defined interests include: Concerned Neighbors, originally
concerned with forced busing; the Good Government League; Familias Unidas,
an arm of La Raza Unida, located in Robstown; G.I. Forum, or1g1na11y concerned
with the affairs of minority veterans, now with broader concerns; and LULAC
concerned with ga1n1ng representat1on of Mexican Americans in the community,
state, and nation. LULAC was'originale'estab1ished in Corpus Christi in
1929. LULAC and G.I. Forum each have approximately 200 active members
(Bonilla, 1976). Familias Unidas is reported to be in a state of disorgani-
zation at this time. LULAC and G.I. Forum, as opposed to Familias Unidas,
are basically nonpolitical groups, but this fact is obscured by intensive
political activity on the part of individual members of the groups. Mexican
American office holders in the area include one state representative, one
Nueces County commissioner, and two Corpus Christi city council members .
Mexican Americans are heavily represented in the city councils and mayor-
sh1ps in some smaller cities in the area, such as Mathis, Robstown, and
Priscoll.

The mayor of Corpus Christi, Jason Luby, now in his second term, is
familiar with the Mexican American culture and speaks fluent Spanish. His
support generally comes from recently annexed areas of the city and from the
Mexican. American population of the city. The mayor.is often in opposition to
the majority of the counc1] (observations are from 1974 during the mayor's
first term). S »

Mexican American leaders in Corpus Christi have often found themselves
at odds with what they term a provincial establishment in the city. The
latest controversy surrounds the location of a Mexican American Cultural
Center. Mexican Americans desire the center to be constructed in the down-
town area by the bay so that tourists and others can gain from it. iProposals ‘~ﬁj
from other groups suggest that it be constructed in a large Mexican American
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section of the city-(Bonil]h,¥1976) Many labor union Teaders in the area
are Mexican Amer1can, and are often members or -leaders in a Mexican American
~group, leading observers to associate the interests of Jabor and Mex1can
American Affairs.. oo S e '

Eleven ne1ghborhood groups have also been created in Corpus Christi,
primarily in Mexican American -and Black sections of the City, to improve
neighborhoods and -impact the political processes of the city.: Planning,
~zoning, and capital. improvements are the major interests of these groups. '

Environmental Groups.

The largest: environmental group:in the area is the Coastal Bend Conser-
vation,Association, with membership in excess of 600 residents of the bay
area. The association grew out of opposition surrounding an-effluent permit
_application by E.I. DuPont de Nemours and Company, a.large chemical concern
then completing construction near the City of Ingleside. The company had
requested a permit.allowing them to.discharge effluents their processes did
not produce, in amounts in excess of their needs. - Area residents, enraged
over the application, formed the association, and with the mediatory efforts
of staff of the CBCOG,~achieved:afCompromise with the chemical company,
reSulting in an effluent permit reflecting the company's actual needs
(Buckner, 1975). - In another dispute, the association worked to prevent
approvaluof an application for a solid waste disposal permit for a site near
the Nueces River by.a disposal. firm from Houston {Frishman, 1976). -The
current president of the association is Steve Frishman, a marine: geologist
turned ;publisher of the South:Jetty, a:weekly newspaper in Port Aransas
The association’'s -attention is now turned toward the deep-draft inland -
port. TR Sl BT ‘ ST Lo EPEAC A
- An’ env1ronmenta1 -group_historically active in issues of bay-front . ..~
construction,: now concernéd with broader issues of clean water, open spaces,.
- and regulated growth is:the Organization for the Preservation of an Unblem- -
ished Shorelihe-(OPUS)i‘éThe:group,inumbering“l50-200factive members, is.- .=
politically oriented, having recently successfully lobbied the City Council -
of Corpus Christi to:halt growth:around.the Cayo del Oso, a large estuary in
the city (Suter, 1976). Other concerns of the group are regulating bay-front
signs,'11mitingvdeve]opment“oniPadre and Mustang Islaqu, rehabilitating
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the city's downtown area, limiting industry’ s use of Water,‘and ‘the proper -
placement of spo11s from port dredg1ng (CoerS'Christi Catler: Times,
November 13, 1975). Sy '

Two groups of Audobon members are also active in the area. The Audubon
Club of Corpus Christi, an associate of the National Audubon Society, has -
a membership of 200, inc]uding Dr. Hans Suter, a professor at the 1oca1
community college and writer of an environmental column for the Corpus Christi

Caller and Times; Pat Suter, current pres1dent of the club; and Edward Harte,
Chairman of the Executive Board of the National Audubon Society and publisher
of Corpus Christi's two daily newspapers. ‘A . local chapter of the National
Audubon“Society, the Coastal Bend Audubon Society, also exists in the area,
with a membership in excess of 100. Overlap in membership of the two organ-
izations is placed at one-third (Suter, 1976). A chapter of Ducks Unlimited
also exists in the area but holds only annual meetings (Corpus Christi Caller,
October 31, 1975). ~ )

Several recreational navigation groups, the Corpus Christi Sailing Club
and the Corpus Christi Yacht Club, are interested in matters of bay area
construction and activity. The Yacht Club was a large part of a controversy
surrounding the placement of petroleum facilities in the bay. In 1965,
following passage of ordinances extending the Corpus Christi city Timits
and imposing restrictions on petroleum activities in the bay, a petroleum
operator asked that city ordinances be revised to allow the construction

~of a production platform in the bay. The navigation groups, interested in

sailing in the bay, became concerned that "blanket permit" practices of the
U.S. Corps of Engineers would allow such platforms to be constructed on
each of the eighty-eight tracts of submerged lands in the bay, provided
only that construction did not interfere with commercial shipping. The
controversy created a "mass hysteria" according to one observer, resulting
from a lack of understanding on the part of the public and a failing on

the part of the petroleum companies to inform the public (Hutchinson, 1966).
As the controversy progressed, tourism and city beautification interests
joined the controversy on the side of the navigation interests, now facing
all the petroleum companies of the area. ' The Bay Drilling Committee,

“discussed earlier in this report, was created and eventually recommended

‘that joint operation of clustered production platforms be required of bay
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operators, among other restrictions. The recommendations of the committee
were adopted by the City Counc11 of Corpus Christi in June of 1966.

State and national env1ronmenta1 groups also appear at local forums
in the area Among these are the Sierra Club, Lone Star Chapter, and the .
Texas. Environmental Coa11tion (TEC), representing 126 .diverse member organ--
1zat10ns across the state., Member groups and friends of the coalition
includes The Sportsmans Club of Texas, ‘the Outdoor Writers Association,
the Texas Society of Architects, the Nature Conservancy, the Texas State
Farm Bureau, the Texas and Southwestern Cattle Raisers Association, the
Texas Tourist Council, the Audubon Society, and the Sierra Club (Stewart,
1976) . State and nationa] organizations such as these require a local
footho]d to have a 51gn1f1cant impact on local issues. Representatives
of the TEC were present at hearings concerning the South Texas Project, the
‘nuclear plant in Matagorda County, but because of a lack of local controversy
did not make any remarks (Stewart, 1976) Affiliate groups present in the
three-county study area cou]d provide such a foothold. In addition, a
- Tocal chapter of the Sierra Club was recent]y formed in the area. No
1nformation is yet availab]e concerning jts membership or goals.

ISSUES

Federal, State, and Local Regulation

Participants 1n a conference ca]led by staff of the Coastal Management
Program of the General Land Office (Corpus Christi Dec. 9, 1975) claimed

that the permitting processes of federa1 regulators, chiefly the U.S. COrps

. of Engineers, were Targely responsibie for retarding new plant construction
along the Texas Gulf Coast. Only expansions of existing facilities had been:
undertaken by 1ndustry in the' last, severa] years. . An attempt by Mobil to .
construct a new po]yethy]ene p]ant in Beaumont had been delayed three years,
according to these .industrial representatives This was verified by Coastal
Management Program staff in teTephone conversations w1th Mobil officials ;
(Jeffery, 1975) Phase 0 researchers found that two Texaco petrochemical
p]ants are under construction at this time in the Port Arthur-Port Neches
area of the upper coast. Conference partic1pants specifically complained

of the review process for construction permit applications suggesting that
a single exception to anyapp]ication:could delay the process up to eight
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months (Martin, 1975) . | o S t} .Q..j

The potential for such exceptions to occur with regard to the demon-
stration of geopressured-geotherma] energy is h1gh given the un1queness of
the project, the publicity certain to accompany the demonstration of the
resource, and the large number of governmenta] and nongovernmental institu-
tions potentially concerned with deve]opment of the resource.

A new development in the regulatory arena occurred with the passagé
of the Coastal Zone Management Act of 1972 (16 U.S.C.A. 1451 64. ). This
act, administered by the National Oceanographic and Atmospher1c Adm1n1stra-
tion for the federal government, provides that a11 federa] agenc1es except
the EPA ‘conform their activities in or affect1ng coastal areas to federa]]y
approved state coastal management plans. Texas is currentIy in the process
of dev1sing such a p]an, with recommendations to go before the Iegislature
in January, 1977. The Texas Coastal Management Program, administered by
the General Land Office of Texas, has held public hearingsfthfoughout the
coastal area in an effort to determine the residents' desires for use of
the coastal areas. These efforts have, to date,'culminated in the nomination
of "Areas of Particular Concern" by the member agencies of the‘lnteragéncy
Council on Natural Resources and the Environment and others, including _
environmental groups. Such areas include Air Quality Maintenance Areas,
Forest Areas, water quality Stream Segments, "Section 208" Water Quality .
Planning areas, historical coastal waters, and cbasta] waters of particular
environmental concern. These areas will be scrutinized at further public

hearings before being finalized (Jones, 1975). A permitting process allowing

multiple uses of the coastal areas is expected to be created in the zone.

:The zone covers most of the counties 1nc1uded in the suspected geothermal

band following the coast11ne

A large number of state agencieS'concerned with water appropriation
and cohserVation may a1so impact”the'demohstratidn‘and eventual development
of geopressured-geothermal energy either directly, through regulation, or
indirectly, through delay caused by jurisdictional disputes. One jurisdict-
ional dispute may occur between the Texas Water Development Board (TWDB)
and the Railroad Commission of Texas. The TWDB has indicated a claim for
jurisdiction over the amount of water withdrawn from geothermal wells in the
state. ' The Railroad CommissiOn of Texas, on the other hand, is charged
with regulating the disposal of brines from 0i1 and gas wells and with
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regulating geothermal energy production generally‘ Officials of the comm1ssion
suggest that the power to regulate the withdrawal of fluids from geotherma]
wells is the power to regulate the production of those wells.:

Another potential conflict may arise between the Railroad Comm1ss1on
of Texas and the Texas Water Quality- ‘Board.: As ‘previously ment1oned the
Railroad Commission regu]ates ‘the disposal of brines and other nuisances
from 0i1 and gas wells. The Texas Water Qua11ty Board regu]ates effluent
disposal.generally.  Conflict between the two agencies has existed regard1ng
this. arrangement since the passage of the Texas Water Quality Act which
created it. Jurisdiction of disposal- from geothermal wells has not been
firmly established at this time, and disposals differ greatly from brine
disposal.from 0i1 and gas wells, suggesting the TWQB might move to regulate
geothermal disposals. Added to these potential conflicts is a reorganization
process initiated by the Texas Legislature in 1975. 'The Joint Advisory
Commission on Government Operations, created for that purpose, is reviewing
the authorities and jurisdictions of all state agencies, and has determined
that the abundance and overlap of the water-related agenc1es are among 1ts
greatest concerns (Haynie, 1975). ST e e '

~ The General Land Office and the School Land Board will also be deep]y

involved in the regulation of geopressured-geothermal energy along the '
coast. The Geothermal Resources Act of 1975 requires those agencies to
promulgate rulés and regulations governing certain activities regarding the
resource on state lands. At this time, no'rules or regulations have been
written. Delay in promulgating rules may cause demonstration and deve10pment
to be slowed, since a lengthy period is required for writ1ng and hearing
of rules. ‘The two agencies also face the problem of the ‘lack ofla model
* upon which to base their rules.. The School Land Board may”find‘it5e1f'
in conflict with the Railroad Commission-since both are 91Ven regu]atory
powers over production from geothermal resources. :

- Historically, however, the state agencies of Texas, including those
mentioned in the preceding statements, have been‘able to resolve most =
~ jurisdictional conflicts through “gentlemen's agreements.“ Nor is the lack
-~ of rules and‘regulations»of*the‘Geﬁera1'Leﬁd Office and the School Land
Board expected to result in a delay for demonstration of geopressured-
geothermal energy. Staff of the General Land Office and its elected comm-
issioner suggest that demonstration can occur without extensive regulation.
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Any difficulties would be handled in the terms of a. Iease (HiN 1975 &__j
Armstrong, 1975) .

Another prom1s1ng feature of Texas state government was .noted while
the institutional survey was being compiled. A number of advisory and
administrative boards and commissibns concerned with geopressured-geothermal
energy development are generally made up of the same officials. For in-
stance, the commissioner of the General Land Office serves on the General
Land'Board,_the School Land Board, the Board for Lease of University Lands, -
the Antiquities Commission, the Interagency Council on Natural Resources
and the Environment, and the Governor's Energy Advisory Council. The -
governor, lieutenant governor, the attorney general, the comptroller,
members of the Rai]roéd Commission, and other officials also serve on mult-
iple boards and commissions. The "overhead democracy," those elected and
appointed officials pursuing the public's interest in Texas, is smaller
than is readily apparent, potentially serving to speed the processes of
government and the demonstration project. e

Local regulatioh is another matter. Many of the special districts in
- the state were created by special legislation of the Texas Legislature.
Others were created by actions of the Texas Water Development Board. Still
others were created by county commissioners' courts and municipalities.
Their powers, policies, and interests differ even when created by the
same authority. Municipalities, while having authorities similar to one
another, differ in the use of those authorities.

Public Expectations of the Rescurces.

Admitted]y speculative, but demanding of serious attention, is the
~possibility that the public along the Texas Gulf Coast has come to expect
great economic benefits in the form of lower utility bills to accrue from
the development of geopressured-geothermal energy. For a number of reasons,
that expectation is probably greater in the Corpus Christi area than else-
where in the state. Activities designed to promote interest in alternative
sources of power, especially geopressured-geothermal energy, by members of
the CES organization; research -activities in the area by the Phase 0 political
and institutional study group; and the presence of a private sponsor of the |
geopressured-geothermal energy project in Corpus Christi have increased <~af
the public's knowledge of the existence of the resource. Additionally,
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the legislative sponsor of the state's Geothermal Resources Act of 1975,
Senator Mike McKinnon,'represents the senatorial district'encompassing the
area. Newspaper articles accompanied the introduction and passage of the
act. A '

While the information distributed by these sources was optimistic,
it was not misieading But optimistic reports of geopressured-geothermal ;
energy, coupled with public discontent with rising utility bills, may
have led to overexpectation of the energy resource. Current and prOJected
residential electric rates are shown in Figure III. 7. As demonstration of
the resource progresses, public expectations w111 probabiy increase.
Visible drilling operations and continued coverage by the news media w111
tend" to strengthen expectat1ons o |

Continued public support is necessary to the success of the project,
but that support must be well founded A sudden loss of confidence caused
by the pub]ic 3 finding that geopressured geotherma] energy will not lower
utility bi]ls, or that an 1nf1ux of people into an area will. overcrowd a
school-system; or‘that environmental hazards are much greater than antici-
pated could easily turn public sentiment against the project and its sponsors.

FUTURE”RESEKRCH NEEDS o

The interre]ationships among technological 1nnovation, 1ndustria1 devei-
opment, and social change have been the recipients of both popular and
schoiarly attention,- but it has unfortunately been the case that most observ-
ations are made from an a posteriori perspective In the area of energy .
resource deveiopment, the few soc1o]ogical studies prev1ousiy conducted
have been case studies, primari]y based on after-the-fact conc1u51ons using
inadequate data (see, however, the recent report by Sto]off and Stoloff,

1975, for a different approach--referenced in Chapter II) The possib]e
development of geotherma1 resources in the Coastal Zone can prov1de a

rare opportunity for social scientists to plan for, monitor, and evaluate
the impacts on specific areas of a major development process. The approach
outlined here for consideration of community change is based on the assump-
tion that data-gathering and analyses will be conducted systematically at
several points in time to insure that conclusions describe a iongitudinai
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process. Several key research tasks can. be distinguished from the work
reported in this chapter and the preceding one (see Figure 111.8).

Many of the research recommendations which' emerge from the work done
in these three chapters are subject to a "s1iding time scale" because
needs will varf depending on decisions to require an Environmental Impact
Assessment or an Envrronmental Impact Statement for the initial test well.
It is 1mportant, ‘however, that some tasks be completed before the first
well is driiied-;some even before the final announcement of site selection
is made--in order to assure full credibility of results. The foi]owingi
items are iisted in order of temporal priority :

1. Local Base]ine Analysis.

An in-depth look at the chosen site area should be carried out along
the lines suggested in Chapter II. Requirements for drilling and testing
would be evaluated against the local service capabilities. Numbers of in-
coming workersr-resident.and commuting--amount of traffic, health hazards,
and so on would be compared to the‘housing, transportation, and health
facilities avaiiabie, for example Both positive and negative impacts
would be considered and evaluated. through a form of cost- benefit matrix.
Consideration must be given to both utiiity for and utiiity of the community
as discussed above in Chapter II. -

The analysis should be carried out in cooperation w1th the iegal and
environmental research “For instance, it will be important, as legal prob-
lems of property rights. in geopressured-geothermai resources are, ,resolved,
to study who in the Iocai areas will be;beneficiaries. If the situation
should arise that Tocal farmers, for instance, do not own property rights
in the resource that is being deveioped. but are encroached upon as. construc-
tion takes piace, then resistance can be expected ,

The iocal study shou]d begin investigation of various types of industrial
development - which might accompany the geotherma1 activity It would be
shortsighted indeed to examine community adaptabiiity for the geotherma]
drilling only--particularly since that activity may well entail relatively
few incoming workers. As has been frequentiy stressed in this report, for
this particular resource deveiopment and utilization must be studied and
planned for concurrent]y
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Figure II1.8 Phase 1 Research Tasks

Test Site Test Well Test Well
Selected Drilled Completed
1. Local Baseline ============-- > Environmental >
Analys1s \\‘\\ggport
2. Att1tudina1 Survey ‘
‘ in site area >
3. C1t1zens Conference ---------- > 4"”’~
4. Regional Baseline >
Ana]ysis
5. Deve]opment Case ------------------------------------------ >
Studies
6. / '
7. Local, State, . Federa]__________________________________________________________________________;_9
Regulatory
Environmental & Baseline Planning for Planning for

Utilization & Monitoring
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This. work would. form an_ essentiai part of any environmental report -
requ1red Analy51s is expected to take 8-12. months and shou]d be completed
before the first weii 1s drilled aithough there wiii be ong01ng components f
~ of the research ' ' |

2. Attitudinai Survey at- Site

‘Before the test-bed 51te is fina]ly determined. a random sample survey
of c1tizens in the potentiai site area shou]d be conducted This survey ﬂ
would 1dentify attitudes toward and expectations of the resource deve]opment.
Public expectations of great economic benefits at iittie environmentai cost
couid impede continued demonstration of geopressured geotherma] energy if f

the public comes to feel at some point that it has been misled The pub11c ‘

 must understand the benef1c1a1 and the detrimentai aspects of the deveiop- |
ment of this a]ternative energy resource. 1nclud1ng the range of possible
environmentai hazards The on]y credible means of knowing pubiic perception
is through survey anainis ‘

Cultural values are expressions of that which 1is con51dered desirable
~1in social 1ife processes The cuitura] values common to rural residents
and those prevaient among urban dwe]]ers differ, and these differences show ,
up in the ways in which values influence behav1or. Kah] (1968 6; Chapter II
references) notes that "traditiona] values are compuisory in their force, :
sacred in their tone P They ca]l for fataiistic acceptance of their |
wor]d as it is .‘. Modern vaiues are rational and secuiar, permit choice '
and exper1ment, glorify efficiency and change, and stress ind1v1dua1 re— B _
sponsibiiity "_ In genera], traditionai vaiues, associated w1th rurai iife, f
couid be expected to reinforce the status quo, whiie modern, urban vaiues ' '
wou]d be more amenabie to change. Aithough, as pointed out above, this
theoreticai polarization of vaiues may not ho]d up under the actua] data, it
hopeful]y indicates the 1mportance of examining cuitural values ,' ;

Questions on the survey shouid cover a range of subJects from abstract
queries regarding the reiationship between man and his env1ronment to Spec1f1C
questions regarding the. w1llingness to adapt. community services to accomodate
the demands of growth, the expectation of financial benefit, and attitudes
toward "outsiders“ entering the community This attitudinai anaiysis wouid,
together w1th the agoregate data anaiysis discussed above, compiete the |
1nit1a1 process of modeling reiationships within these communities which’ may
be affected by geothermai deve]opment Identicai data-gathering and anaiyses
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should be conducted at two additional times: fol]owing the dril]ing‘and
construction phase, and after geothermal development has ‘been completed
and commercial product1on has been underway for several years. ,

In addition to the random sample, which would be gathered through ma11
questionnaires, personal 1nterv1ews would be conducted with representat1ves ’
of affected sectors in the commun1ty, e.g., 1ndustry, Tabor, finance, serv-
ices, special interest groups, and local government. The data could be
used to prov1de a more comprehens1ve env1ronmenta1 report, and they would
allow planners to understand better the needs and orientations of the
community and the constraints and limitations within which deve]opment

w111 occur. It is absoluter essentia] that an 1n1t1a1 survey be conducted

Following the initial baseline survey, a ser1es of additiona] samp]es
would be drawn. to determine changing public perceptions as the resource is
deve]oped Estimated time requirement for initial survey is 6 months.

3. Citizen Conference.

During the period when an environmental report is being conducted for
the test site, a Citizens' Conference on Geothermal Development should be
held in the area. A1l geothermal research groups might be involved as
informants, with the sociocultural and institutional groups working most
closely on conference organization with the citizens. A variety of interest
~groups should be represented, and the conference should be open to the area
public. The conference would provide a mechanism for disseminating informa-
tion to the public body likely to be most affected by early resource devel-
opment and would offer an opportunity for input from the populace. Profess-
ional input should be energetic and yet simple enough for the layman to
~grasp basic technical, legal, and institutional issues surrounding the -
potential development An educated and involved public will be less likely
to respond negatively to an innovative energy resource than would an unin-
formed group.

A similar conference was held in November, 1975 in Galveston, Texas.
"Citizen's Look at Galveston Bay" conference was funded by the Department of
Health, Education and Welfard, under the Env1ronmental Education Act of 1970. ,
The conference was developed by The Citizens' Env1ronmenta1 Coalition Educa- , (-j
tional Fund, Inc., which is composed of 40 area groups, ranging from the
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Allied Civic Clubs of Houston to the Harris County AFL-CI0 Council.

~(Similarly, a geothermal conference should ‘be ‘the prime responsibility of

local citizens' groups.) - The conference was well attended by people from
various social strata--from industrial executives, to senior citizens, to
congressmen.- The profess1ona1 and~techn1ca1,presentat1ons provoked a sub-
stantial exchange of ideas with the citizens present.: Such conferences

can be extremely valuable in al]owing citizens‘anvopportunity-tovpartiéipate

~in the utilization and management of their natural resources. Input from -

citizens could become.an integral part of the project's environmental report.
The conference should be held:after data is collected in the attitudinal
survey (see item 2 above). Funding for the conference per se should be -
solicited by involved citizens' groups from varidus'goverhment and perhaps -
pr1vate industry sources (e.g., HEW in line w1th the Env1ronmenta1 Educat1on
Act of 1970) o ‘ :

4. rReg1ona1 Baseline Description. | i | _

g Before the .geothermal development process can be evaluated, the struc- -
ture of- the region-before. the time of impact must be known. ' Using 1970
census statistics on each of the geopressured.zone counties as baseline
data, a regression model could be developed to predict per capita income,
community revenues; :and other key indicators of community status from speci-
fied independent variables.  This analysis would be important in planning
for the -location: of future geothermal-geopressured sites, particularly
commercial production facilities. - Planning for resource utilization would --
be based in large part on this baseline data. Trends in such factors as :
population movements, educational. standards, work force distribution, and -
so forth, set parameters on the optimal: type of development in a region. -

A regional input-output model is:a good supplementary tool to use in work : .

(see General Land Office, 1975; Bender and Coltrane, 1975; Haynes, 1975-- .~
references in Chapter II).  Coordinated research with Louisiana should be . .
organized for: anélysis of border areas; Estimated time: -on-going; initial:
analys1s comp1ete 4n 15 months: - Taoni e : Telln

55 Deve]opment Case Studies

Comparison of- development proaects in Texas wou]d be extreme1y useful
in developing a method to analyze the local economic and social impacts of
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major investments and a theory of the system relationships involved. Such
theory and methods would help guide public sector planners and decision makers
as they approach similar problems. Economic effects and population descrip-‘
tions before and after 1nvestments are made prov1de some 1nformat1on and

in order to be able to predict impacts. While unique problems with regard

to geothermal—geopressured resources do exist--for instanté, the issue of
property rights-fand preclude a definitive prediction of impacts of develop-
ment in that resource from impacts of other kinds of projects, certain '
aspects-of even highly diverse activities are comparable. The installation :
of refineries, nuclear power plant construction, and other industrial
developments could be studied to great advantage in attempting to understand
the social impacts of development. Local level analysis as described

above in item 1 should be carried out on several projects already completed,
or nearing completion, in Texas. Three possible candidates are: (a) a

major dam construction project, e.g., Toledo Bend in East Texas; (b) nuclear
power plant construction, e.g., Allen's Creek in the Middle Coastal Zone; and
(c) natural gas drilling and production, e.g., recent Laredo -discoveries.

6. Federal Regulatory Analysi;.

Phase O research indicates substantial delays in permitting construc-
tion projects and effluent disposal by federal regulators, resulting in a
lack of new plant construction in the Texas coastal areas. It is recommended
that a detailed analysis of regulators--their interests, pdlicies, and
activities--be commissioned in a Phase 1 effort to be coordinated with the
-requirements of other components of the geopressured-geothermal project.
A minimum of two"carefu11y selected case studies should be sufficient to
gain a working knowledge of federal regulatory activities. These case
studies should examine the activities of regulators surrounding the precon-
struction, construction, and early operational phases of (1) a new power
plant situated on the coast and (2) a new or significantly altered chemical,
petrochemical, or metals manufacturing plant situated on the coast.. Such
activities must have occurred within the last two years to measure fully
the impacts of regu]ations The study should be complete ‘within eight months.

7. State’ Regulatoty Analys1s.

Q__J
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- The passage of the Geothermal Resources -Act of 1975 {Vernon's Ann. -
Cov. St. art. 5421 Sec 1-5), ‘required that regulations governing geothermal .
activity be established by the Railroad Commission of Texas. The commission
has issued eighty state-wide rules in accordance with that act. Regulations
of other state agencies, such as the Texas Air Control Board, the Texas Water
Development Board, and the Texas Water Quality Board are likely to be issued
-during or following demonstration of the resource. The rules issued by the
- Railroad Commission of Texas and any others subsequently issued by the
commission or other agencies should be examined for their impacts upon- the
demonstration of geopressured-geothermal energy as well as for their consist-
- ency with existing regulation. Engineering, environmental, and legal exper-
tise will be solicited as required from other components of the CES organi-
zation. The project is expected require one year.

8. Local Political and Institutional Survey and Analysis.

Following the selection of a demonstration site, regional and local
institutions must be identified and their jurisdictions, policies, and pro-
-cedures surveyed and analyzed, much as in the Phase 0 case study of the

- Aransas, Nueces, and San Patricio Counties area but in far greater depth.

Significant political factors must be identified and an ongoing relationship
-established to ensure acceptance of the project. Special attention will be

given to the special districts of the area selected, since each district is

unique. The study requires a six-month time frame.

Summary.

These Phase 1 tasks would, in sum:

1. Provide aggregaté socioeconomic data on the communities most susceptible
to geothermal impacts

2. Describe attitudinal data for communities proximate to one or more
possible sites ‘

3. Establish documentation of potential political/institutional conflicts
and barriers ;

4. Establish a broader theoretical understanding regarding the impacts
of geothérma] development '

At the cempletion of Phase I, predictions of impacts on specific
comnunities could be made and site-specific analyses continued, based on the
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conceptual framework and methodology developed and tested in Phases 0 and 1. \—/
The baseline data and attitudinal surveys should be done in Lowisiana using

the same approach followed in Texas. F.ind‘i."ng's could then be compared

across states, with the goal of furthering joint planning programs where

needed. '
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EXPLANATION OF DATA

Spanish Heritage.<; |

Includes persons of Spanish 1anguageicomb1ned'with persons of Spanish
surname. Spanish language includes persons of Span1sh mother tongue and -
all others in families in which the wife or head of fam11y reported Span-
ish as mother tongue. Spanish surnames were from a 1ist compiled by Natu-
ralization and Immigration Service and updated by the Bureau of the Census.

Percent Black.

Percent who identif1ed themselves as: Negro or Black.

Urban Popu1ation

Includes a]l persons living in places of 2,500 inhabitants or more,
incorporated or unincorporated by cities or towns, and’ those 1iving in
other territory’ “included in urbanized areas. :

Net Migration.

" Difference between number of persons moving: 1nto an area and number
moving away. 'Net migration is estimated by-subtraeting natural increase
from’the’totaT‘popu1ation charige. ~ Our tables express net migration as a
percentage.of the 1960 popu]at1on, positwve f1gures represent in-m1gration
and negative flgures out-migrat1on N -

Unemployed 1970 1975

Expressed as the percent of the civilian labor force (16 years and
o]der, employed, and unemployed, excluding armed forces) who were not

~working at the time of the census, who had been looking for:a jobgduring
‘the preceding ‘four weeks, or who reported:that they were available to




accept a job or were waiting to be called back to a job from which they had
been laid off. 1975 figures from.Texas Employment Commission. -

Number Weeks Worked.

Number of weeks during which a perSoh did any work, full or part-time
(including vacation and sick leave) for pay or profit, or worked without °
pay for a family farm or business. .

Océupational Categgfies,'

Derived from a 1ist of 441 specific occupations reported grouped into
12 major groups. . .

Median Earnings.

Given for several of the major occupational groups. Earnings refers
to income before deductions for income tax, Social Security payments, union
dues, etc.

Per Capita Money IncomeQ

Computed by dividing aggregate money income by the total population.

Families Below Poverty Level.

Percentage of families falling below poverty levels set by the Social
Security Administration and Federal Interagency Committee. - Poverty level
refers to a range of incomes adjusted by family size, sex of family head,
number of children under 18, and farm and non-farm residence. (Figures
are computed on a national basis and are not corrected for state and .
regional characteristies). Poverty level for a non-farm fami1y of four
headed by a male, for example, was $3,745 in 1969.

School Enro]]ment,

Refers to percentage of the population age 3 to 34 enrolled in a regu-
lar school or college, full or part-time. Vocational, trade, and business
schools are not included.




Average Persons Per Unit.

Average number of people in occupied year round-units.

Median Number.of Rooms Per Unit.

Includes whole rooms used for 1iving purposes in all units, vacant and
occupied, intended for year round use.

Occupied Units with 1.01 or More Persons Per Room.

Number of persons divided by number of rooms for each occupied unit.

Occupied Unfts Lacking Some or all Plumbing Facilities.

Percent of occupied units lacking one or more of such facilities as
piped hot or cold water inside, flush toilet, shower or bath, and those
units in which toilet and bathing facilities are used by occupants of other
units.

Birth and Death Rates.

Ratios per 1,000 persons estimated from state certificates.

Hogp1ta1 Beds per 1,000.

Data for year ending, September 30, 1969 Data on number of beds is
from the American Hospital Association.
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ORGANIZATIONS CONTACTED

Bureau of Business Reseérch, University of Texas at Austin
Bureau of Natural Resources and Environment, University of Texas at Austin
Central Power and Light, Inc.

~ Council for South Texas Economic Progress

General -Larid Office, Coastal Zene Management Program

Greater South Texas Cultural Basin Commissibn

Governor's Office of Information Service

Governor's Office of Planning and Coordination

'L.B.J. School of Public Affairs, University of Texas at Austin
Rice Center for Community Design and Research

South Texas Research Institute

Texas Education Agency

Texas.Employment Commission

Texas Industrial Commission
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_STATISTICAL CLUSTERING OF TEXAS COASTAL COUNTIES*

- The three coastal zone areas described in Chapter I were arrived at
by visual perusal of the data presented in Tables I.1, I.2, and I.3. The
socioculturalfgroup undertook a more rigorous approach to area delineation
during the Phase 0 extension period. The primary task was to use statis-
tical‘techniques in clustering the 36 counties based upon socioeconomic
similarities and to compare the results with the three areas described in
the body of the text. , :

A computer-a551sted procedure was used to cluster counties into groups
with max1mum homogeneity w1thin groups and maximum heterogeneity between
groups with: respect to soc1al and economic data. The procedure was applied
to two data. sets First, counties were clustered according to their simi-
larity on all 77 variables (standardized) in the original data tables.
Second, the clustering technique was applied to a reduced set of 16 selec-
ted variables in order to examine the effects of weighting factors. The
county groups resulting from these analyses were then compared with the
areas delineated for discu551on in Chapter I (see Figure 1.2).

Method ‘ : ‘
" The clustering procedure used is a statistical technique for modeling
data  The cluster program is an exploratory device to assist in a syste-
matic 'search for regularities in large sets of unstructured data It is
designed to be. used in discovering natural’ assoc1ations among variables,
natural groups among counties and category structures :

“ The process clusters counties at 25 levels of similarity The first
level groups those most similar on all dimensions, counties clustering at
the second. level are somewhat less similar, and so on. .The resulting out-
put includes a statistical "tree" which visually represents “families" of
similar counties. 1 The measurement of similarity between data p01nts

*This analysis was carried out by Paula Ramsey, with programming
assistance from CES staff members Jerry Avey and William Lesso, Jr.

1See Figure C.1
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ITEM NAME
24-CAMERON
26-HIDALGO
28-0IMMELLS
34-WEBB
25-DUVAL
27-JIMHOGG
23-BROOKS
33-STARR
35-WILLACY
36-ZAPATA
18-NUECES
21-VICTORIA
13-BEE ‘
20-SANPATRICIO
30-KLEBERG
17-MATAGORDA
22-WHARTON
14-CALHOUN
16~JACKSON
02-CHAMBERS
19~REGUGIO
31-LIVEOAK
15-GOLIAD
04-GALVESTON
07-JEFFERSON
06~HARRIS
08-LIBERTY
09-MONTGOMERY
05-HARDIN
10~0RANGE
01-BRAZORIA
03-FT.BEND
12-ARANSAS
11-WALLER
29-KENEDY
32-MCMULLEN

Figure C.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

TG
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Texas Coast County Cluster - Standardized. Mean within group'sum~bf‘squared
deviation in the new cluster is minimum. Print criterion is the total within
groups sum of squared deviation.




(counties) may be baSedSUponJVarious'mathematica]*critéria,f:The;county
data’ in the present study were analyzed numerous times, each time using-a -
different criterion.’ ‘

The data set was then reduced in:order to see what effects we1ght1ng
had upon the clustering, as we11 as to provide a more manageable set of
indicators for future analys1s Elimination of redundent data was accom-
plished through two steps. The first step was exam1nat1on of a correla-
tion matrix in which correlation coefficients? were computed for each pair
of variables in the original data set. Groups of highly correlated varia-
bles (v > .80) were distinguished from other variable groups which appeared
to yield relatively independent information about the county populations.
A factor analysis of the data was then checked for similarities of compo-
nents; the ‘results reinforced the conclusions «drawn from the correlation
matrix. Within each independent variable group ‘identified, the measure
most strongly associated with the others was selected to represent the
group (dimension). .In this manner fifteen indicators emerged for the major
components of variation among populations.:This precedure, in effect,
reduced the weighting within the data to approx1mately equa] va]ues for
each major independent component of var1at10n. -

Additionally, an index was constructed by wh1ch each county cou]d be
assigned a single "score" on occupational level,  This. index prov1ded a
sixteenth variable in the reduced 1ist, and was computed as. the sum of the
following occupational categories using the 1ndicated weight factor

OCCUPATIONAL ConeRitieoeelroowt o WEIGHT
CATEGORIES . | - FA(;TOR

Professiona] & Technica]
Managerial B . )
Craftsmen & Farmers O R R R
~ Clerical & Sales & Operatives & Transport Operatives
- Service Workers < ST
Laborers & Farm Laborers & Private Household WOrkers L

3R 3L 3R I QAR
RO WS M

’,><>‘<?><><><><,

2pearson Product Moment Correlation.
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The fo]}owing 1ist shows the original categories from which the ' ‘Q )
measures were taken, as well as the dimensions for which they are now indi-
cators.

A. Demographic

" 1. % net migration
2. Birth rate E (1) Demographic
3. Death rate
4.. % Spanish Heritage (2) Ethnfcity
5 % Black

B. Education , ;
6. % pop..in school A (3) Education -
- 7. Med. school years completed (4) Ethnic Status
by ethnic males

C. Labor Force

8. % all males unemployed (5) Unemployment

9. % all females unemployed

10. % full-time workers (6) Seasonal/full-time work
11. Occupational level : (7) Occupational level

(constructed index)

D. Standard of Living
12. Med. earnings-ethnic males
13. Med. earnings-ethnic females (8) Ethnic incomes
14. Per capita income-ethnic pop.

E. Services
15. Hospital beds per 1000

(9) Services
16. State highway miles ,

The reduced data set was analyzed by the same cluster procedure as was the
77 variable set.

Findings.
The more complete 77 variable data set clustered the counties with a
. high degree of consistency across trials using different criteria. The
~ map in Figure C.2 shows the three major county groups. As can be seen_in (._j
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the map, the area boundaries derived from cluster analysis are very similar
to those originally determined by visual perusal. Three counties, however,
did not cluster into any area: Waller, Kenedy, and McMullen. Waller is -
an economically depressed county (viz., median earnings figures in Table
I.1) with the highest pefcentage Black population (over one half) of the
thirty-six counties. It would not cluster, then, with other -economically
depressed counties such as those in the Rio Grande Valley (where Mexican
Americans make up a majority of the population) because of differences in
racial/ethnic compositon, nor would it cluster with other counties having
a relatively high percentage of Blacks but better economic indicators.
Kenedy and McMullen Counties are both sparsely populated ranch country with
land ownership concentrated in the hands of a few families.  The reasons
for the "lack of fit" of these three counties with_others may be different
from the ones suggested here, but the point is that such "deviant" cases
can often be analyzed separately. S

The clustering for the sixteen variable data set revealed similar
results as shown in Figure C.3. The county groups for this set, however,
showed less consistency across trials and did not cluster as closely as
the groups in the 77 variable set. Since more information was available
with the larger set of data, the first cluster analysis was, of course,
somewhat more accurate.

.Conclusion.

The non-statistical grouping of counties used in Chapter I closely
approximated the "natural® clusters discovered by the statistical analysis.
Weighting factors do have some effect on the results, and further explora-
tion of these effects are needed. ’

The cluster analysis described here has considerable potential in
social research. It is suitable for study of a range of units of analysis,
from city census tracts to states, and from large to small data sets used
for various purposes. Small variable sets (four or five measures) could
~be used to cluster regions on specific social conditions for more detailed
analysis. Further, these could be weighted differently to highlight
changes in certain social conditions hypothesized to follow particular
“technological developments. Perhaps most interesting, further, would be
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the use of the technique to map "before" and "after" patterns involving
major technological developments in an area.

O
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SURVEY OF GOVERNMENTAL INSTITUTiONS

FEDERAL INSTITUTIONS

Atomic Energy Commission.;‘l |

- Conducts and promotes research in specialized areas of geothermal
energy. Activities,assumed—by'ERDA.and NRC.

Q;partment of Agr1cu1ture (Excluding Forest Serv1ce)

Conducts surveys, 1nvest1gat1ons and research re]ating to the charac-
ter of soil erosion and the preventive measures needed;

May undertake emergency measures for run-off retardation and erosion

- -prevention as' may be needed to safeguard lives and property from
floods and erosion on watersheds suddenly impaired by fire or
natural force;

Furnishes financial aid to persons or agenc1es to take preventive
measures against soil erosion; a : :

Assists local ‘organizations technically or financially ‘in preparing
and carrying out plans forlworks-of'improvement (flood prevention,
conservation, development, utilization, and disposal of water;
or conservation and proper utilization of'Tand);’j

May make loans to state and local public agencies and designated Tocal

s nonprofit organizations to conduct research re]ating to land
conservation and land utilization;

Provides technical and f1nanc1a1 assistance to rural communities for

J" ‘ the installation of measures and facilities for water quality
‘ management, control of agr1cu1ture-re1ated pollution, and for
d15posa1 of so]1d wastes : : ‘ -

Departmentvof:Commerce. SRR BEoeon
Econom1c Deve]opment Administration.’ (79 Stat. 552; 42 USC 312]) as amended.

Carr1es out provisions of ‘the Public Works and Economic Deve]opment
Act of 1965, by aiding in the deve]opment of public facilities




and private enterprise through public works grants and loans,
business loans, and technical assistance to areas designated
as Redevelopment Areas within Economic Development Areas.
Additional funds are made available to Growth Centers within
the Redevelopment Areas.

National Oceanographic and Atmospheric Administration.

Administers the Coastal Zone Management Act of 1972;

- May designate marine sanctuaries on the continental shelf for the
purpose of preserving or restoring areas for their conserva-
tion, recreational, ecological, economical or esthetic values;

Regulates activities within marine sanctuaries;
Conducts programs to develop ports and port facilities.

Department of Defense.

Generally: investigates the application of geothermal resources to
defense needs.

Department of the Army.

Corps of Engineers.
Must approve any improvement of obstruction to be built in or
on navigable waters;
Constructs flood control and nav1gatlon projects;
Has power of condemnation;
Repairs flood control works threatened or destroyed by flood;
Issues permits for the dumping of dredged material into
navigable waters; '
Establishes harbor lines; | 4
Assists in the construction of works for the restoration and
and protection of shores;
Must give full consideration to the recreat1ona1 and fish
and wildlife benefits of its water projects; and must
operate its facilities to enhance these values if it
can reasonably do so;
Provides technical services to state and local governments, ;o
Holds public hear1ngs. _ t~w;




\

Department of Housing and Urban Development.

Administers the Flood Insurance Program;. i
Administers the Community Development Grant Program under the Housing
and Community Development Act of 1974

Department of Interior.

Bureau of Land Management.

Leases public lands and the Outer Continental Shelf

Bureau of Mines.,

Carries on research into processes of geothermal extraction,
processing, use, reuse, and disposal.-

Bureau of Outdoor Recreation.

Develops a nationwide outdoor recreation plan; .

Assists states in developing outdoor recreation plans;

Reviews Environmental Impact Statements on federally assisted
public works projects.

Bureau of Reclamation.
’ Undertakes research and develops plans for the regulation, con-
servation, and utilization of water and related land resources;
Locates, constructs, operates, and maintains works for the storage,
diversion, and development of waters for the reclamation of

L arid and semiarid lands in the western states,' '

‘BUlldS dams and reservoirs, canals. and distribution systems;

,_Builds power plants and transmission lines; ' .

'NHas condemnation power through the Secretary of the Interior,
’Sells electric power and energy generated at most of its projects;
Reviews Environmental Impact Statements for proposed federal

water resource projects; . G - R
Provides loans to the irrigation districts within its proJects to
rehabilitate and improve the irrigation facilities,
Provides grants for construction of water resource programs,

National ParkVService. :




u.s.

Concerned with the impact of any potentially harmful industry or .
project upon national parks and refuges. ’

Fish and Wildlife Service.

u.s.

Enforces game and fish laws;

Manages and protects wildlife refuges;

Conducts research on fish and wildlife;

Protects certain marine mammals; ,

Makes studies to determine the probable effect of federal and
other water use projects on the fish and wildlife resources
of the area affected; ‘

Reviews Environmental Impact Statements.

Geological Survey.

Enforces departmental regulations applicable to oil, gas, and
other mining leases, permits, licenses, development contracts,
and gas storage contracts; :

SuperviSes the operations of private industry on mining and oil
and gas leases on public doméin, acquired, Indian, Outer
Continental Shelf, and certain Naval Petroleum Reserve lands
to prevent waste and to limit environmental damage'and pol-
lution;

Collect royalties;

Performs surveys, investigations, and research cdvering topography,
geology, and the mineral and water resources of the United
States;

May condemn land for Geological Survey use through the department;

Administers an- exploration program for the discovery of domestic
minerals by private industry with federal assistance.

O0ffice of Water Resources Research.

Sponsors research in priority areas.

Départment of Transportation.

u.s.

Coast Guard.

Detects, prevents, and controls pollution on énd adjatent to the
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navigable waters of the United States;
‘Licences deepwater ports. :

Department of the Treasury.

- Internal Revenue Service.-.

‘Taxes income from investment in energy production, ownersh1p,
Provides for tax incentives for energy 1nvestment as d1rected by
- congress and the president; * o
Decides issues regarding taxat1on, 1ncent1ves through adm1n1stra-
tive hear1ngs ' R )

Energy Research and Development Administration.~*

Encourages and conducts research and development programs respecting
all energy sources;

C011ects and -distributes dataconcerning the?manUfaCturewor'develop-
“ment of -energy and its eff1c1ent extract1on. convers1on, trans-
mission, and use; - o o c T

Encourages and conducts research into energy ‘conservation;

Has power of condemnatidn?tO‘provide'facilities’necéssary"fortits*
operation; .

Provides loans and makes contracts for the conduct of research w1th
> public: or private ‘institutions or persons, R AR

Subs1d1zes the construction and ‘operation of reactors and other

i . facilities for ‘educational activities; " SRR

Coordinates research and deve]opment programs for a11 energy resources.

Env1ronmenta1 Protectlon Agency

Regulates disposal of dredged material 1n nav1gab1e waters 1n U S and
offshore; ’ - ‘
Promulgates gu1de11nes for solid waste recovery, collect1on, separat1on,

and d1sposa1 systems,ro,’i .
Regulates noise pollution;
Conducts research on causes, effects, and prevention of air and water

pollution;
Approves or disapproves state air p]ans and institutes its own plan




if a state fails to act;

Sets standards of performance for new stationary sources of air pol-
Tution;

Sets emission standards for hazardous air pollutants;

Approves or disapproves water quality standards if the state fails to
act; ,

Issues permits for effluent discharges;

Publishes a Tist of toxic pollutants and effluent limitations for

. these substances; L - |

Sets limitations for thermal discharges;

Has inspection powers; .

Reviews Environmental Impact Statements in its areas of expertise.

Federal Energy Administration.

Makes plans related to the production, conservation, use, control,
distribution, rationing, and allocation of all forms of energy;

Collects data on energy sources and use;

Has enforcement powers; :

Coordinates federal energy programs and policies with those of the states.

Federal Power Commission.

Regulates electric and gas utilities engaged in interstate commerce;

Issues licenses for construction, operation, and maintenance of project
works necessary or convenient for the development of navigation
and power on streams congress has jurisdiction over;

Participates with other agencies in coordinating development of national
Tand and water resources. '

Securities and Exchange Commission.
Registers and regulates sales of securities;
Maintains competitive'conditions'amdng securitiés issuers;
Refers proceedings to Department of Justice.
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STATE INSTITUTIONS

Texas Air Control Board. = -~ -

- Plans for the proper control of air resources;5
... Establishes levels of quality;
Promulgates and enforces rules and regulations; -
Inspects and monitors air resources quality;
Causes legal proceed1ngs to be instituted through the Attorney General's
Office. SR

Antiqu1ties Commlss1on. :

Designates State Archeo]og1ca1 Landmarks,
Enforces the Antiquities Code of Texas.

Attorney General.

G1ves legal adv1ce to state agenc1es upon request 1n the form of opinions;
Represents state in civil and some cr1mina1 proceedlngs.

Texas Commission on Interstate Cooperation. -

Promotes cooperation among Texas and other state governments;
Recommends adoption of compacts, uniform and reciprocal statutes and
administrative rules. ‘ ‘

Texas Coastal and Marine Counci].;v;

- :Assists in the.planning, coordination, and assessment of marine-
related affairs. ;

Comptroller of Public Accounts.

-0il, Gas, and Uti]ities Division. - Lo : .
Administers state taxes on oil, gas, su1fur, cement, telegraph
- -..companies,:electric 1ight, power, or water companies, others
- .presumably including producers and users ofageothermAI energy.
Maintains field offices throughout the state.: :

Texas Historical Commission.

Administers the National Historical Preservation Act of 1966(16 U.S.C.A.




470 et seq.)

Interagency Council on Natural Resources and the Environment.

Composed of representatives from the General Land Office, the Governor's
Office, Air Control Board, Department of Agriculture, Department
of Parks and Wildlife, Department of Highways and Public Transport-
ation, Texas Railroad Commission, Texas Soil and Water Conserva-
tion Board, Texas Water Development Board, Texas Water Quality
Board, Texas A8M University, Texas Water Rights'CommiSSion, uT
Bureau of Economic Geology, Historical Commission; ;

Coordinates natural resources development in Texas, inc]uding'acfiVities
of member agencies regarding the Coastal Zone Management Program.

O0ffice of the Governor.

Division of Planning Coordination.

Reviews proposed projects and grant applications of State agencies
regional commissions;
Conducts economic impact analyses.

Governor's Energy Advisory Council.
Charged with creation of a state energy policy;
Will coordinate this policy with other state agencies.

Greater South Texas Cultural Basin Commission.

Promotes economic and social progress in forty counties of South
Texas.

Rajlroad Commission of Texas.

Promulgates rules and regulations concerning the development of geo-
~ thermal energy on private lands; - '
Regulates drilling, production, and maintenance of wells on state lands;
Charged with conserving the resource, physically and economically;
Protects correlative rights; ' '
Sets production rates;
Prevents or abates water pollution;
Enforces its orders through shutoff process.
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State;Department-of,Health:aQ%i;w*ﬂ GOl e

Designates shellfish producing areas as polluted and unacceptable for
industry;
Certifies water and wastewater treatment operatOrs, -
Monitors coastal waters; = - ‘ C
Reviews and approves water~and*wastewater’treatment systems;
_ Supports work of the Air Control ‘Board by monitoring air quality =
throughout the state. TessEal :

Department of Highways and Public Transportation

Coordinates matters involving the Intracoastal Canal,
Part1c1pates in A- 95 Review procedures.

Department of Parks and Wildlife. ERER

Maintains a c0mprehen51ve plan for outdoor recreation°;

Develops and maintains comprehensive plans for fish and wildlife,

Exercises police power over fish and game, commercial fishing and -
pollution, ground water withdrawals, o

Issues sand, shell, gravel, and marl permits,ﬁ;' y

Maintains extensive field structure. o

General Land Office.

IsSues'licenses leases, permits for use of state lands, 1nclud1ng
those belonging to the School Land Board, and the Board for 'H
:Lease of Univer51ty Lands./ The Commissioner of the General Land
Office is also a member of the several commissions handling Jand
held by other institutions; B

o Collects rents and royalties, _”k' f
" Reviews Environmental Impact Statements involving activities on state

lands including activities by navigation districts; .. -~ - .-

Leads state efforts to develop a Coastal Zone Management Program for
the state.

Gulf States Marine Commission.

Develops a multistate program for the protection of gulf fisheries.
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- Member states include: Florida, Alabama, Mississippi, Louisiana, \h_j
and Texas.

Texas Industrial Commission.

Locates and attempts to attract new industries;
Promotes expansion of existing industries;
May make loans to Industrial Development Agencies.

State Soil and Watér Conservation Board.

Administers the state's respons1b11it1es under the Federal watershed :
Protection and Flood Prevent1on Act (16 U. S.C.A. 165a-4);

Assists and coordinates the activities of So11 and water Conservat1on
Districts;

Mandated to secure the cooperation and assistance of the U.S. and any
of its agencies and of agencies of Texas in the work of the
districts.

Texas Public Utilities Commission.

Will regulate affairs of most public utilities in Texas beginning
September 1, 1976.

Texas Water Development Board.

Maintains a comprehénsive state water plan for all water resources
available to the state;
- Maintains programs for desalination of brines;
Conducts studies regarding‘the economic value of water used for muni-
cipal, industrial, irrigation and recreational purposes;
Samples water resources of the state;
Maintains liaiSon with U.S. Bureau of Reclamation and Corps of Engineers.

Texas Water Quality Board.

Maintains prihcipa]lauthdrity in the state on matters relating to water
quality; :
Establishes water quality criteria for state waters;
| Regulates the operation of wastewater treatment facilities; N \_ﬂ;
Administers most of the requ1rements of the National Pollution Dis-
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charge Elimination System through agreement Wlth the Env1ronmental
Protection Agency; - : :
Monitors and enforces state effluent discharge permits,_l
Maintains a field structure. ‘

sow

Texas Water Rights Commission. . - - . i, - -+ . (..o

-Grants or rejects applications to take or divert public surface waters;

Creates and regulates ‘certain types of water districts, including
underground water districts, ‘ ' '

~Maintains field structure.'i‘ L

The University of Texas at Austin.

Center for Energy Studies. ,f,~»;3;,v e

Serves as ‘the university s clearinghouse of energy information,
Coordinates numerous research efforts related to energy through
L! a cooperative multidisc1plinary organization.,:

Bureau of Economic Geology Con R

Partic1pates in research coordinated by Center for Energy Studies,
A quasi- state agency serving as the state s geological survey

Marine Science Institute.

Maintains extensive field facilities located in Gulfhcities'of
~ Galveston and Port Aransas; AR
Maintains programs in Marine Environmental Quality, Physiology
" and Ecology of Marine Organisms, Geological and Phy51cal

Coastal Processes, Nearshore Living Resources, Planetary
Seismology, Submarine Geology, Submarine Geophysics.,/_

Texas A&M University.

Principally through Sea Grant College Identifies‘and"assesses needs
in marine resources,

. - o (oot

Carries out research and other prOJects responsive to those needs,
Trains personnel in marine related ‘fields;
Fosters public awareness.




D-12

LOCAL INSTITUTIONS | " f o~/

Councils of Government.

Multicounty jurisdiction;

Composed of or responsible to locally elected officials; .

Adopt plans in concert with other institutions in areas of housing,
health, public works, economic development, waste disposal-
systems, manpower, transportation, others; '

Review certain federally funded projects through OMB C1r A 95 procedures.

Counties.

Governed by four elected commissioners, represent1ng different geo-
~graphical areas, presided over by a county Judge, elected at large;

Levy and collect taxes up to $.85 per $100 valuation.

Combined eity-county health departments may file pollution suits;

May construct and operate wastewater collection and treatment systems,
other water quality management functions;

May control land usage in potential flood areas through zoning, flood
plain management programs;

Can pass and enforce ordinances for Gulf beaches.

Municipalities.

Pass ordinances;

Issue bonds;

Make and enforce building codes and subdivision regulations;
Grant and regulate franchises; '
Annex and acquire land;

Construct water supply and waste disposal systems.

General Law Cities. (5000 or less)

Annex territory contiguous to the city and one—ha]f mile or less in
width fol]oW1ng maJor1ty approval of the terr1tony s inhabitants;
May tax up to 1.5% of its taxab]e property annua11y.r ‘

-
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- General Law Cities. (5000 or more)

Annex territory within one mile of the'cjty following majority
approval of the territory's inhabitants;
May tax up to 1.5% of its taxable property annually.

Home-Rule Cities.

Annex adjacent land without consent;
May tax up to 2.5% of its taxable property annually;
- May make and enforce building and subdivision regulations within
 five miles of its boundaries through Extra-Territorial Juris-
diction.

Special Governments.

Established by authorization of certain state agencies, by special
legislation by the legislature, by petition to and approval by a
county commissioners' court, and authorization by the city to
be served by'the proposed district. A1l methods require a con-
firmation election by landowners within proposed district bound-
aries.

Most special governments may issue bonds, fix and collect charges for
services, levy ad valorem taxes, own and construct facilities,
Tevy maintenance taxes, approve certain land use restrictions.
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TYPES OF SPECIAL DISTRICTS CREATED IN TEXAS

TYPE

Water _
Water Control and Improvement
Water Improvement
Drainage
Levee Improvement
Navigation
Fresh Water Supply
Municipal Water
Water Supply

~ River Authority

Watershed Authority
Underground Water
Conservation and Reclamation
Water Power Control
Sanitation

Improvement

Flood Control
Soil Conservation
Hospital
Housing Authorities
Urban Renewal Authorities
Rural Fire Prevehtion
Noxious Weed Control
Airport .

PURPOSE

Supply and Irrigation

Irrigation

Control

Flood Control

Navigation and Port

Urban Supply

Urban Supply

Supply and Development

Multipurpose

Conservation and Supply

Conservation

Multipurpose

Supply and Power

Wastewater Treatment and
Disposal

Supply and Control

Control

Soil Conservation

Medical Care

Public Housing

Municipal Redevelopment

Fire Fighting

Weed Control

Airports

.In addition to the above, there are several combination districts

‘created by the Texas Legislature. Examples of these include a subsidence

district in the Houston area, and the Gulf Coast Waste Disposal Authority,
also in the Houston area. (Thrombley, 1959, adapted by Williamson)
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SPECIAL DISTRICTS IN THE CASE STUDY AREA

TYPE | NUMBER

River Authority

Drainage District

Soil and Water Conservation District
Navigation District

Municipal Water District

Conservation and Reclamation District
Water Supply District

Fresh Water Supply District

Water Control and Improvement District
Airport District ‘

-_ Q) e et e wmd () el N e

Total

]
o

In addition to the above nonschool special districts, there are eighteen
school districts and one MHMR district.
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PROFESSIONAL*AND TRADEtORGANIZATIONS'

Advertising Federation of: Corpus Chr1st1 .
Altrusa Club - : e L .

American Assoc1at1on of Cost Eng1neers, South Texas Sect1on :
American Businesss Women's Association, Sparkling City Charter Chapter
American Chem1ca1 Society, :South Texas Section’ '
American Institute of Chemic¢al Engineers, Coastal Bend Section
American Society of Civil Engineers ‘

American Society of Safety Engineers R

Associated General Contractors of America, Inc., South Texas Chapter
Auxiliary to-the Nueces Chapter of- Professiona] Engineers ° a
Board of Trade-Port of Corpus Christi e e
Business and Professional Women's Club of Corpus Christ1
Central Business District Association R
City Council of Beta Sigma Phi
City Federation of Women's Clubs
Coastal Bend Agri-Business Councili i = < = '

Coastal Bend Archeological Society ~
Coastal Bend Chapter, National Secretaries Assoc1ation

Coastal Bend Genealogical Society * : =
Coastal Bend Personnel Association =
Coastal Bend Retail Lumber Dealers Association
Coastal Bend Society of Texas Osteopathic Medical Association
Coastal Bend Veterinary Medical Association - i
Coastal Bend Warehouse and Transfer Association:

Coastal Educational Secretaries:Association - .-

Consumer Credit Association of Corpus Christi .

Corpus Christi Apartment Association i!*f‘*?@a~/"w :
Corpus Christi Assoc1ation of Independent Insurance Agents '
Corpus Christi Association of Life Underwriters

Corpus Christi Association of ’P‘etrol‘eUm”La‘ndmen e

Corpus Christi Board of Realtors

Corpus Christi Business and Estate Council

Corpus Christi Chamber of Commerce




Gorpus Christi Chapter of American Society of Chartered Life Underwriters \~_j%
Corpus Christi Chamber of Commerce Women's Committee

Corpus Christi Chapter, American Institute of Architécts ,

Corpus Christi Chapter of National Association of Women in Construction

Corpus Christi Chapter, Texas Society of Certified Public Accountants

Corpus Christi Claims Association
Corpus Christi Council of Hospital Auxiliaries

Corpus Christi District Retail Grocers Association
Corpus Christi Firefighters Association, Local #936

: Corpus Christi Franchised New Car Dealers Association
Corpus Christi Geological Society

Corpus Christi Hotel-Motel Association

Corpus Christi Independent Garagemen's Association

Corpus Christi Ministerial Alliance

Corpus Christi Press Club

Corpus Christi Principals Association

Corpus Christi Rental Property Association

Corpus Christi Restaurant Association

Corpus Christi Sales And Marketing Executives Association
Corpus Christi Traffic Association

Desk and Derrick Club of Corpus Christi

Downtown Business and Professional Women's Club

Gulf Coast Chapter, American Institute of Banking

Gulf Coast Florists Association

Gulf Coast Life Member Club--Telephone Pioneers of American
Gulf Coast Purchasing Management Association

Insurance Women of Corpus Christi

Licensed Vocation Nurses Association, Division #7

Little Theatre Corpus Christi

National Association of Corrosion Engineers

National Defense Transportation Association

Negro Business and Professional Women's Club of Corpus Christi
Nueces Chapter of Texas Society of Professional Engineers
Nueces County Bar Association

- Nueces County Medical Society

C




Nueces County Pharmaceutical Association

Nueces Valley District Dental Society

PBX Club of Corpus Christi

Pilot Club of Corpus Christi

Sierra Club of Corpus Christi

Society of Professional Well Log Analysts

Society of Real Estate Appraisers

South Texas Division of the Texas Hospital Association
South Texas Marine Dealers Association

Southwest Texas Section, Society of Petroleum Engineers of AIME
Texas Chiropractic Association, District 12

Texas Hairdressers and Cosmetologists Association

The Byliners of Corpus Christi

Zonta Club of Corpus Christi
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INTRODUCTION

Data from oil and gas wells in the Cenozoic sediments of the Gulf Coast
indicate that waters of abnormally high temperature occur below the top of
the geopressured zone. The geopressured zone, a zone of abnormally high
pore-fluid pressure, occurs at depth where fluids contained within incom-
pletely compacted and dewatered sediments support some of the weight of the
rock overburden. In the Texas Gulf Coast, depth of the geopressured zone
increases with the age of the sediments. Geopressured Frio Formation sedi-

- ments occur generally at depths of 2 kilometers (6,600 ft) or more while

geopressured Pleistocene sediments on the continental shelf occur at depths
of approximately 1 kilometer (3,300 ft).

Dissipation of heat at the earth's surface occurs at a mean rate of 1.5
microcalories/cmzlsec. Heat dissipation has resulted in a geothermal
gradient in the Earth's surficial rocks suCh_that mean rock temperature
increases approximately 25°¢ (77°F) per km of depth. Where the insulating
properties of rocks at depth are high, the geothermal gradient increases
markedly. The undercompacted or geopressured zones of the Gulf Coast
apparently act as effective heat insulators slowing the dissipation of heat
to the surface (Jones, 1969; Lewis and Rosi, 1969). As a result, high
temperatures are generally present in rock andlpore-water below the
ton of the gqeonressure zone, 1bca11y‘exceed1ng’288°c (5200F),

The Frio Formation is the youngest of three formations on the Texas
Gulf Coast--Wilcox, Vicksburg, and Frio--that are currently being investi-
gated for geothermal energy. Bebout and others (1975a, 1975b) have identi-
fied several areas (fig. 1) along the Gulf Coast where thick, laterally
extensive sands containing water with temperatures of 149°C (300°F) or
more occur within the geopressured zone of the Frio Formation. Hot water
produced from these geothermal sources has considerable potential energy
stored as heat, a portion of which could be .converted to electrical energy.
For example, House and others (1975) have estimated the recoverable elec-

 trical energy from geothermal resources, including in-place methane, to be

5,990 MW-centuries for the Texas and Louisiana Gulf Coast. Dorfman and
Kehle (1974) have estimated the exploitable electrical energy potential of
the Frio Formation alone to be 7,000-M{ centuries.
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Fig. 1. Location of geothermal fairways along the southern Gulf Coést

of Texas.




This report is an attempt to foresee areas of general environmental
concern that will arise during exploration for and development of geo-
pressured-geothermal resources on the Texas Gulf Coast (fig. 1). Disposal
of hot saline water and potential subsidence and faulting of the land
surface which may result from geothermal-water production are of paramount
concern and have been recognized as such by others (Herrin and Goforth,
1975; Papadopulos, 1975; Moseley, 1975).

GEOTHERMAL FLUID DISPOSAL

Selection of disposal sites and methods of disposal for the enormous
volumes of hot saline water that will result from geothermal production
are two of the most perplexing problems that have arisen in the planning
for,géothermal resource development. Commercially viable generating
facilities will have to be supplied by 5 to 10 wells, each capable of pro-
ducing 3.8 m3 per minute (1,000 gal) or about 5,500 m (34,000 bbls) per
dayg(approximately 170,000 to 340,000 bbls per day for a single generating
facility). Although geothermal waters may be used by other industries for
other purposes after passing through the generating facility, the problem
of disposal is not lessened. The responsibility for disposal is simply
transferred to others. C '

. Questions requiring immediate answers inc]ude: (1) What are the
physiochemical characteristics of geopressured fluids, (2) What are the
characteristics of the environments that will come invcontact with geo-
thermal fluids through their dispdsa], storage, or transportation, and
(3) What is the‘regulatory;framework in which disposal must be considered.

Physidchemical Characteristics of Geothermal Fluids

Water Chemistry

Analyses of water samp1es from below the top of the geopressured zone
are available from only seven wells throughout Aransas, Nueces, Refugio,
and San Patricio Counties, and from 15 wells in Kenedy County (Taylor,
1975). For the samples from Aransas, Nueces, Refugio, and San Patricio
Counties, total dissolved solids (TDS) ranges from a minimum of 8,000 ppm

~to a maximum of 72,000 ppm (fig. 2). Chloride concentration ranges from

3,500 to 46,000 ppm and sodium-plus-potassium concentration ranges from
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2,000 to 20,000 ppm. For the samples from Kenedy County, TDSAranges from
18,000 to 40,000 ppm (fig. 3). For these same waters, pH varies from 4.9
to 10. Analyses for toxic trace elements such as boron are not available.
If these water samples, all taken within 1 kilometer (3,500 ft) of the top
of the geopressured zone (figs. 4, 5), are representative of geothermal
fluid salinities within the geopressured zone, then produced geothermal
waters will vary from moderately saline to biines._

Based on interpretations of electrical logs, Dorfman and Kehle .(1974)
suggest that salinities of geothermal reservoirs are comparatively fresh
(TDS < 5,000 ppm) and could be used for irrigation and general use with
minor desalination treatment. Burst (1969) and Dorfman and Kehle (1974)
maintain that diagenetic changes of montmorillonite to illite in deep
Gulf Coast sediments allow up to 15 percent of the waters contained in the

. muds to be expelled as fresh water, decreasing the salinity of adjacent

sandy aquifers. ‘
In Louisiana, geopressured waters of the Manchester field are moder-

ately saline (16,000-26,000 mg/1 TDS), but less saline than overlying

normally pressured waters (600-180,000 mg/1 TDS) (Schmidt, 1973). In

‘Hidalgo County in South Texas, the average salinity for a geopressured

reservoir is about 25,000 mg/1 TDS (Papadopulos, 1975). Until actual

- samples of geothermal resource fluids are analyzed, however, the questions

of salinity and possible toxic trace elements remain incompletely
answered. For the purposes of this report, geothermal waters are con-
sidered to have moderate to high salinitiés.

. Geothermal Fluid Temperatures

The temperature distribution of fluids within the geopressured zone
is at best imprecisely known. Data are usually limited to a single

bottom-hole temperature for each well, Isothermal maps of the middle and

southern Gulf Coast (see Bebout and others, 1975a, 1975b) are generally
conservative because of the common practice of well-bore cooling, or even
icing, prior to logging to protect temperature-sensitive electronic com-
ponents of electrical logging sondes. Reported fluid temperatures in geo-
thermal fairways, nevertheless, are generally in excess of 149°C (3000F).

Maximum recorded bottom-hole temperatures for the Texas Gulf Coast exceed
2889C (520°F).
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\"/ Geothermal fluids will probably lose only a moderate amount of their
heat energy while passing through the generating facility. They will
probably retain temperatures of at least 1oo°c (212°F) when the process of
waste water disposal begins.

Physiochemical Properties of Surface Water

In the processes of developing geothermal resources, care must be
taken to prevent contamination of fresh water by hot saline geothermal
fluids. In order to recognize the distribution of fresh-water resources,
maps of the distribution of surface water, lakes or ponds, sloughs, drainage
or irrigation ditches or canals, and artificial reservoirs were compiled
for the Corpus Christi and Matagorda County fairways and for the Armstrong
field in Kenedy County (figs. 5, 6, and 7). The major fresh-water streams
are the Nueces River, Oso Creek, and Chiltipin Creek in the Corpus Christi
area and the Colorado River and Big Boggy Creek in Matagorda County. The
Tower reaches of these streams and other minor streams may be influenced
by wind or astronomical tides resulting in fluctuations in salinity.

Water analyses and discharge rates from the Nueces River, Oso Creek,
and the Colorado River (U. S. Geological Survey,,1974) indicate that these
waters are usable for irrigation and that the water of the Nueces River is
suitable for human consumption after'treatment Total dissolved solids
generally are less than 500 ppm for the Nueces River and less than 300 ppm
for the Colorado River. :

‘Disposal of sa]ine 0il- field waters has pol]uted surface waters in
several areas of the Texas Coastal Zone. Chiltipin Creek lies east of the
Nueces River and drains a smali basin into Copano Bay.(fig. 7). Creek
waters contain high concentrations of calcium, magnesium, sodium, and
chlorine fons, with TDS as high as 39,000 ppm (fig. 8). Salinities of the
creek waters, which vary inversely with discharge, are high during periods
of low discharge and low during periods of high discharge; rainwater
dilutes the salt concentration of waters that are apparently percolating
into the stream. The poilutants in Chiltipin‘Creek are attributed to
sa]t-water disposal a55001ated with petroleum production. “The sdlfate is-

\E=J consistently low while the chloride -content fluctuates inversely with
discharge suggesting that the sulfate is a natural product of the basin
soils and that chloride content is é;contaminant-(Shifer, 1968). The only.
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recognizable source of .chloride ion is abandoned salt-water evaporation pits
that lie in the Chiltipin Creek drainage basin. Although the use of evapoka-
tion pits to dispose of salt water has: been disallowed by the Texas Water
Quality Board since January 1, 1969, water po]lut1on has continued for

6 years since the pits were abandoned.

- Other ‘incidences of pollution. of shallow ground water and streams from
salt-water evaporation pits have been observed in Matagorda County (Hammond,
1969) and in the Hamlin, Texas, area (William Trippet, personal communica-
tion, 1975). The 1mpervious material lining these pits did not prevent
percolation of large volumes of salt water into the substrate.

~

Disposal Areas

The Gulf of Mexico, coastal bays, estuaries, or lagoons, and saline
aquifers are potential sites for disposal of hot saline water. The major
environmental concerns in these areas are the effects of temperature and
salinity of produced waters on surface water bodies. The salinity of the
geothermal waters will probably approach that of normal seawater, although
it is possib]e that salinity w111 be substant1a11y less.

Coastal Bays, Estuaries, and the Gulf of Mexico

The salinity of produced geothermal waters does not prec]ude their
disposal into marine waters:of the Gulf of Mexico or into certain coastal
waters. Coastal waters are characterized by highly variable salinities,
‘ranging from fresh water to hypersaline (Parker, 1960; Brown and others,
in bress a, b; McGowen and others, in:.press). The presence of oyster reefs
throughout most of the coastal bays and lagoons suggests that they are
normally brackish. If saline fluids were adequately mixed in coastal
water, they would have 1ittle effect on the overall salinity of: the bays,
lagoons, or estuaries because of the vastly:greater volume of bay, lagoon,
or estuarine water. Furthermore, peribdic freshening of bays and estuaries
by flood waters wou1d not be s1gn1f1cantly diminished by geothermal fluid
disposal. ~ » ST :
' ‘The temperature of geothermal waters will probably be in excess of
95°¢ (200 F) when discharged from the generating facility. These waters
will require extensive cooling if they are to be disposed of into coastal
waters or the Gulf of Mexico. If geothermal waters are cooled to tempera-
tures such that the maximum temperatures and temperature differentials
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attributable to the heated effluent remain within the regulatory guidelines,
then environmental impact will.be minimized. South Texas river, bay,

- estuarine, and Gulf waters are characteristically warm during the summer -
months. Surface water temperatures can reach 43°C (111°F) in Laguna Madre-
and 35°C (95°F)»in bays, lagoons, and estuaries (Parker, 1960). Natural
temperatures of these waters equal or exceed the maximum ambient tempera-
tures suggested by the National Technical AdviSory Committee for water
quality standards 32°¢ (90°F) and by the Texas Water Quality Board for
tidal river reaches, bay, and Gulf waters 359 (95°F).- High ambient air
temperatures such as in the Corpus Christi fairway which has a mean maximum
July air temperature of 34.5°C (94°F) (Dallas Morning News, 1974) will
increase the difficulty of cooling saline geothermal waters during summer
months. High ambient temperatures for coastal waters, at times already in
excess of maximum temperatures suggested by regulatory agencies, will make
it difficult, if not impossible, to dispose of hot saline fluids into
coastal waters unless they have been cooled to 35%C (95°F) or less.

Saline Aquifers

The Texas Railroad Commission permits well operators to dispose of
saline water by injection into formations that contain mineralized water
unfit for agricultural or general use and that do not contain oil, gas, or
geothermal resources. Injection of spent geothermal fluids into saline
aquifers is in theory the ideal method of salt-water disposal. This method
limits environmental hazards to the immediate areas of the geothermal wells,
injection wells, and generating facility. As long as the geothermal fluids
are adequately contained and .insulated, hazards to plant and animal life
would be minimal. ‘

In the Coastal Zone the depth to the base of fresh (less than 1,000
ppm TDS) to slightly saline (less -than 3,000 ppm TDS) ground water zone is
relatively shallow (figs. 9, 10, and 11), so that the depth of injection
wells need not be great. The geometry and occurrence of sand bodies suit-
able for disposal of large volumes of spent geothermal fluids in the shallow
subsurface of the Texas Coast, however, is at best incompletely known.
Furthermore, essentially no data is available with which to evaluate the -
hydrologic characteristics of shallow salt-water aquifers as disposal sites
for geothermal waters. |
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In 1961, 93 percent or approximately 2,381,000 m3 (15,000,000 bbls) of
saline oil-field waters produced in Matagorda County was disposed of by deep
subsurface injection wells (Hammond, 1969). This is approximately the pro-

jected monthly production for a single geothermal electrical generating site.

Injection zones for 43 wells in the county ranged from 451.2 m to 2165.3 m
(1,480 to 7,102 ft) below land surface with injection pressures ranging from
0 (gravity flow) to 70.4 kg/cm (1,000 psi). Of these 43 wells, only two
have high rates of disposal one at a rate of 952.4 m (6,000 bbls) per day
under a surface pressure of 56.3 kg/cm (800 psi) and another at 1,587.3 m3
(10,000 bbls) per day under a surface pressure of 21.1 kg/cm (300 psi). -
Many of the injection wells require high surface pressures to dispose of
relatively small volumes of water. For example, the #1 J. B Beld injection
well (Hammond, 1969) requires surface pressures of 56.3 kg/m (800 psi) to
dispose of only 23.8 m (150 bbls) per day. The limited data that are
available regarding rates of injection and the surface pressures required
for injection suggest that the capacity of formations to take up disposed
fluids 1s highly variable. Most d1sposa] rates are generally less than
158.7 m (1,000 bbls) per day even though surface pumping pressures range
upward to 70.4 kg/cm (1,000 psi). At disposal rates of 1,587.3 m (10,000
bbls) per day, the highest reported disposal rate, 20 to 40 disposal wells
per generating site will be needed.

Fluid Transport Mechanisms--Surface Storage

The production of large volumes of hot saline fluids requires trans-
portation and storage prior to disposal. Pipelines, open canals, or natural
water courses could be used to transport fluids to disposal sites (Railroad
Commission Rule 8Clc). If fluids are reinjected, piping to the disposal
wells from the generating faci]ity will minimize environmental impact.

 Transport in canals or natural water courses (figs. 5 and 7) may be
desirable if the fluids are to be disposed of offshore or in bays, lagoons,
or estuaries. Mechanisms can be built into the channel system that will
enhance natural cooling, such as systems of baff]esfor devices to increase
turbulence and mixing. Open channel flow, however, increases markedly the
possibility of environmental problems. Channels, whether they are canals
or natural water courses, will have to be lined and sealed with impervious
material to prevent leakage of saline water into the surface sands and

O
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alluvium that are recharge areas for shallow aquifers (figs. 12, 13, and
14). For the same reason, temporary storage pits and pits to retain acci-
dental spills in the production and generating areas must also be lined
and sealed with impérvious material. The effectiveness of seals used in
the past is questionable. Ground water, apparently contaminated by salts
derived from old evaporatton pits, fs still draining into Chiltipin Creek
6 years after salt-water evaporation pits were abondoned.

Additional problems that will arise from the use of an open channel
to transport geothermal fluids are the effects on wildlife and plants.
Plant and animal 1ife that cannot tolerate salt water will probably die off
in the immediate vicinity of channels. -Théy cou1d be replaced by salt-
tolerant species, perhaps some of the same species,that presently occur
along tidal channels or marshes of the Texas Coast. Because of the high
temperature of the fluids, water courses'tranSporting geothermal fluids
would probably contain neither plant‘nor animal life, with the possible
exception of salt- and temperature-tolerant a]gae. The channels will be
reIative1y narrow, but they will form an effective barrier to wildlife.
Wildlife, especially smaller species, will probably not attempt to cross
through the hot water carried in the open channels. If geothermal fluids
are put into natural streams they will be diluted, but their environment-
al impact may not be diminished. |

Regulations Governing the Production,andvDisposa] of Saline and/or
Geothermal Fluids

. Several state and federal agencies including the Railroad Commission
of Texas, the Texas Water Quality Board, the Texas,Air,Control Board, the
Texas Water Development Board, and the Environmental Protection Agency,
have regulatory responsibilities that will directly or indirectly influence
development of both a geothermal test well and, subsequently, a geothermal
energy production/generation'facility. Only those regulations that affect
the production and disposal of saline water will be considered here. The

Texas Air Quality Board is/charged under the amended Texas Clean Air Act of
1967 with safeguarding the "air resources of the state from pollution by
controlling or abating air pollution and emissions of contaminants..."
(Texas Legislature, 1967). At this time, 1t is not known if geothermal
fluids will contain any potential air pollutants.




GRASSFLAT
@ OYSTER REEF

OPEN BAYS

BEACH, DUNES, TIDAL FLATS SHOREFACE AND PRODELTA SEDIMENTS

E MARSH, SWAMP @ SAND, MUD VENEER
| FRESH-WATER BODIES

MUD, MUD AND SAND

TIDAL CHANNELS, DELTAS, INLETS E] URBAN CONCENTRATIONS

MADE_LAND, SPOIL

ENVIRONMENTAL MAP, MATAGORDA GEOTHERMAL FAIRWA'YS‘

‘Fig.'12. Map of environmental biologic, geologic, andtprocess units

(compiled from McGowen and others, in press).

0¢-




Sand, rechorge grea
ond,‘mud veneer

3 lud, mud and sond
[ Fresh-water bodies
D Alluvium, recharge area
] Beach, dunes, tidat fiats

[:Mash, swomp

Made lond, subaerial spoit

B River-infuenced boys
Restricted boys
E Open boys

Grossflot
Shoreface: sand and shell
. Urban concentrations

ENVIRONMENTAL MAP
CORPUS CHRISTI GEOTHERMAL FAIRWAY

Fig. 13. Map of énvironmental' biologic, geologic, and process units
(compiled from Kier and others, 1974).

N

L2




ENVIRONMENTAL MAP
ARMSTRONG FIELD

INDEX MAP

/ KINGSVILLE ARE

EXPLANATION

L3y
K«'.\S,\ Active Dune Complex, Sand Well - Stabilized Dune Sands
!
'.j_" ! Active Dune Blowout Areas, Sand Sand and Loess Sheet Deflation Area
77 .
/////, Sand Sheet Clay-Sand Dunes, Active
Sand and Loess (Silt) Sheet Fresh-Water Bodies
V% L . .
% Moderately Stabilized Dunes, Sand and Loess Sheet o Urban Concentrations
4 .

Fig. 14. Map of environmental geologic and geologic process units
(compiled from Brown and others, in press b).

22




23

The primary environmental concern of the Jexas Railroad Commission and
the Texas Water Quality Board with:respect to gebtherma1 development is the
impact of the disposal of hot saline geotherma1*fluids. .The Railroad Com-
mission of Texas (1975) will regulate the drilling and operation'of geo- -
thermal resource wells and the disposal of fluids from geothermal resource
wells. Under Rule 8(A), "Fresh water, whether above or below the surface,
shall be protected from pollution . . . ." : '

(B) The operation of each “. . . geothermal resource well or well
drilled for exploratory purposes . . . shall be carried on so that no
pollution of any stream or water course of this state, or any subsurface
waters, will occur as the result of the escape or release or injection of
geothermal resource or other mineralized waters from any well."

(C) (1) A1l operators cbnducting *. . . geothermal resources develop-
ment and production are prohibited from using salt water disposal pits for
storage and evaporation of . . . geothermal resource waters . . . ."

(C) (1) (b) "Impervious collecting pits may be approved for use in
conjunction with approved salt water disposal operations . . . ."

(c) "Discharge of . . . geothermal resource waters into a
surface drainage water course, whether it be a dry creek, a flowing creek,
or a river, except when permitted by the Commission is not an- acceptable
disposal operation and is prohibited." : o

(D) (1) "The (well) operator shall not pollute the waters of the Texas
offshore and adjacent estuarine zones. (salt water bearing bays, inlets, and
estuaries) or damage the aquatic life therein.’ v

(2) " . . geothermal resource well drilling and- producing opera-
tions shall be conducted in such a manner to preclude the pollution of the
waters of the Texas offshore -and adjacent estuarine zones."

(a) "The disposal of 1iquid waste material into the Texas off-
shore and adjacent estuarine zones shall be limited to salt water and other
materials which have been treated, when necessary, for the removal of con-
stituents wh1ch may be harmful -to- aquat1c 1ife or injurious to life or
property N . e
The Texas Railroad Commission (1975) also regulates the inJect1on of
saline water. Under Rule 9 (A), "Salt water . . . unfit for domestic,
stock, irrigation, or other general use may be disposed of . . . by
injection into the following formations:
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(1) "“A1l non-producing zones of oil, gas or geothermal resources K__j
bearing formations that contain water mineralized by processes of nature to
such a degree that the water is unfit for domestic, stock, irrigation, or
other general uses." ‘

Water quality standards deve]oped by the Texas Water Quality Board
were approved by the Environmental Protection.Agency,in October 1973,and
were amended in 1975 (Texas Water Quality Board, 1975). :These standards
are in compliance with the Federal Water Pollution Control Act Amendments
of 1972 (P. L. 92-500, U. S. Congress, 1973). Under these standards, =
"it is the policy of the state . . . to maintain the quality of water in
the state consistent with the public health and enjoyment, the propoQation
and protection of aquatic 1ife, the operation of existing industries and

- the economic development of the state . . . ." Furthermore, " . . . no
waste discharges may be made which will result in the lowering of the
quality of these waters unless and until it has been demonstrated to the
Texas Water Quality Board that the change is justifiable as a result of
desirable social or economic development (Texas Water Quality Board,

p. 1).
The suggested limitation to thermal pollution as outlined in the
Texas Water Quality Standards is of interest:
1. 2.75° (5°F) rise over ambient temperature for fresh-water
streams. :
2. 1.65°C (3°F) rise over ambient temperature for fresh-water
impoundment.
3. 2.2°% (4°F) rise or a maximum temperature of 52.5°C (950)
in fall, spring, and winter, and .850C (1.50F) rise or a
maximum temperature of 52.5°C (95°F) in summer for tidal
reaches -of rivers and bay and Gulf waters (Texas Water
Quality Board, 1975).
The Texas Water Quality Board recognizes that sa11nit1es of estuaries are
highly variable and that the dominant factor affecting salinity variations
is the weather. Salinity standards are presently incompletely defined
but are under study. ' o .
" The preceding review of the regulat1ons and policies of Texas . :
~ agencies that apply to the disposal of salt water indicates that:: - ‘saf
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1. Temporary sa]t-water co]]ecting or storage pits are
permitted. , '
2. Salt water treated to remove harmful constituents may be
released into bays, estuaries, and the Gulf of Mexico.
3. Under certain circumstances, the discharge of salt water
into natural water courses is permitted.
- 4, The reinjection of salt water into saline aquifers is
permitted.
5. The lowering of standards for certain water bodies is
permitted if sufficient need for economic development
- can be demonstrated. ‘

POTENTIAL SUBSIDENCE AND FAULT ACTIVATION -

" Production of geothermal water from geopressured zones in Tertiary
Gulf Coast sediments has potential for causing land subsidence and for
activating surface faults. Though geothermal fluids are not now being
produced from geopressured reservoirs, estimates of potentia] faulting
and land subsidence can be made from simple mathematical models and by
drawing analogies with sub51dence and faulting attributed to production
of oil, gas, and shallow ground water elsewhere in the Gulf Coast.

The environmental impact of geopressured-geothermal production is
dependent upon the geographic location of the reservoir as well as the
‘hydraulic and geologic characteristics of the reservoir Faulting and
'isubs1dence in urbanized areas ciose to sea level will have a more
adverse impact than wil] faulting and subsidence in rural 1nland
areas. '

Geopressured Sediments and Reservoir COmpaction '

_ Geotherma1 waters of the Gulf Coast wil] be produced from sediments
of the geopressured zone where pore water pressures are abnormaliy
high in comparison to pore water pressures in other sediments that

occur at equa1 depths. Rapid deposition and burial of sands and muds
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have prevented complete compaction and dewatering of the sediments.
Under normal conditions muds or mudstones undergo a decrease.in porosity
from greater than 50 percent at deposition to as Tittle as.4 percent
following burial, dewatering, and compaction. Porosity decreases
logarithmically with depth under normal hydrostatic conditions (fig.
15). Partly compacted and dewatered muds and mudstones may retain
porosities as high as 15 to 30.pefcent at depths in excess of 3,600
meters along the Gulf Coast. (Dickinson, 1953; Rubey and Hubbert,

1959; Bredehoeft and Hanshaw, 1968; Dickey and others, 1968; Chapman,
1972; Rieke and Chilingarian, 1974; Magara, 1975). ‘

The high porosity of geopressured mudstones creates the potential
for surface subsidence and fault activation. Production of large
quantities of water from geopressured sandstones may permit depressuring
of intercalated or surrounding geopressured mudstones and a subsequent
decrease in mudstone porosity. If this occurs, the reservoir will
undergo some compaction. Some of this compaction may be translated to
1and subsidence. i

The lateral extent of reservoir compaction and land subs1dence
needs to be cons1dered. Where there are no lateral barriers to a
geothermal reservoir, ground-water production may lead to reservoir
compaction and subsequent land subsidence over an extensive area.

Most geothermal reservoirs, however, will probably be located between
major growth faults that may act as lateral permeability barriers.
Ground-water production and subsequent pressure declines may be confined
to reServoirs within fault blocks. Differentiél compaction of sediments
within a fault block may then cause fault movement and differential
subsidence at land surface. -

In considering the environmental impact of land subsidence and
- fault activation from geothermal production, four quéstions need to be
addressed: (1) How much compacfion of the reservoir will occur; (2)

How much of the reservoir compaction will be translated to the land
surface in the form of land subsidence; (3) What is the potentia] for

fault activation; and (4) What will be the impact on present and -
future land use of the area being affected. (_,f
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Potential For Reservoir Compaction - k~_;

Potential for reservoir compaction has been evaluated using two
different approaches.. The first method estimates the probable compaction
of reservoir mudstones (am) using equation (1) (modified from Domenico,
1972, p. 234). For the potential geothermal reservoir in the Armstrong
field probable mudstone compactions are calculated as the products of
the estimated specific storage (Sé) the known mudstone thickness (m)
~and various assigned pressure declines (ah) (table 1).

(1) am=Sg shm

m = clay thickness
Am = change in clay thickness
Sg = specific storage |
=3.3x 10"%n~1 (from Papadopulos and others, 1975)
Ah = pressure decline

The potentiai compaction (am) has been estimated for the Armstrong
field, a geothermal fairway in Kenedy County (table 1).

Table 1. Potential reservoir compaction in Armstrong field,
using method 1.

compaction (meters)
pressure decline (psi)

net clay meters 70 352 530 705
Well No. (m) psi 100 500 908 1000
Armstrong 5 70 1.6 8.1 14.7 16.0
Armstrong 7 113 2.6 13.0 23.9 26.0
Armstrong 22 146 3.4 17.0 30.8 34.0

The Specific‘sfdrage was assumed to be 3.3 x 104w~ (from
Papadopulos and others, 1975). Compaction values are also based on

the assumption that pore pressures in the mudstone will reach equili-

brium with the sandstones; diffusivity, therefore, has not been

considered. Similarly, compressibility of water and the proddcing \.,}
sandstones has been ignored.
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The net thickness of mudstone in tables 1, 2, 3, and 4 is from
the area of maximum sand in the Armstrong reservoir. Maximum reservoir
thickness is 370 m. Pressure losses have been varied from 70 meters
of hydraulic head (100 psi) to 704 meters of hydraulic head (1,000
psi). Papadopulos (1975) predicted an average pressure loss of 640
meters for a hypothetical geothermal field that has had 20 years of
production. From table 1, 1.6 to 31 meters of compaction might be
expected from these pore pressure losses. With greater pressure declines
and increased thiékness of mudstone, there will be an increase in
reservoir compaction.

“The second approach in estimating potential compaction of geo-
pressured mudstone is to multiply the thickness of mudstone in a
reservoir by the long-term decrease in porosity caused by a decline of
pore pressures (equation 2). '

Ap m

(2) ‘Mm=

- m=clay thickness
Am_=1chahge in.élay‘thickness
Ap =

change in porosity

At depths greater than 3,600 meters (12,000 ft.) within the
Armstrong field, the fluid pressure/overburden pressure ratio (1) is
0.85. For préssure reductions of 100 psi (70 m), 500 psi- (352 m), and
1000 psi (705 m), A would be reduced to 0.84, 0.83 and 0.77, respectively.
From Figure15, porosities would be reduced from 13 to 12 percent (A¢ =
1%), from 13 to 11 percent (A¢ = 2%), and from 13 to 8 percent (A¢ =
5%), respectively. Using these porosity decreases, the mudstone
thickness for the Armstrong wells and equation 2, the.calculated
vertical compaction for the mudstone in the Armstrong reservoir-varies
from 0.7 to 7 m. (table 2).
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Table 2. Potential reservoir compaction in Armstrong f1e1d
, us1ng method 2.

compaction (m)

net clay ~ porosity change (3) 1 2 5§

Well No. L (m)  pressure decline (psi) 100 = 500 1000
Armstrong 5 70 L ‘ .7 1.4 3.5
Armstrong 7 113 - | 1.1 2.2 5.7
Armstrong 22 146 - 1.5 3.0 7.3

Geothermal ground-water production will probably cause mudstone .
compaction within geopressured reservoirs. Approaches 1 and 2 predict
significantly different amounts of compaction because of differences in
the initial assumptions used in the calculations. Papadopulos (1975)
estimated the compaction of a geopressured reservoir to be approximately

1 meter by determining sandstone compressibility and mudstone compaction.

Mudstone compaction was based on Hantush's (1960) leaky aquifer theory.
This provides a third, different estimate of reservoir compaction. A
more accurate estimate for reservoir compaction will be known only when
mudstone compressibilities can be determined experimentally with actual
core material from a geopressured-geothermal reservoir. The different
approaches, however, suggest that some mudstone compaction should be
expected when pore pressures are lowered significantly within the
reservoir,

Potentfa! For Surface Subsidence

The methods for estimating potential reservoir compaction are not
directly applicable for estimating land subsidence because the trans-'
lation of compactional strain at depth to land subsidence has not been
considered. The resultant strain from reservoir compaction may be |
partially absorbed by overlying sediments. Geertsma (1973) and Finol
and Farouq A1i (1975) have shown that for equal amounts of reservoir
compaction, land subsidence will diminish as reservoir depths increase
and as lateral dimensions of the reservoir decrease. Geothermal -




reservoirs, though they are déep, are expected to have extensive lateral

dimensions. The potential for land subsidence, therefore, needs to be
considered. ' ‘ '

Geertsma (1966, 1973) quantified the interaction of an isolated
shrinking inclusion, the reservoir, and the over]ylng sediments. With
Geertsma's (1966) theory of poroelasticity and Geertsma 3 (1973) tables,

approximate values for land subsidence as a result of reservoir compac-

tion can be calculated (tables 3, 4). For'the'ArmStroﬁg field, assumed

Table 3. Potential land subsidence over Armstrong field,
~ ‘ using method 1 (table 1).

- subsidence (m)
pressure decline

net clay . meters = 70 - 352 - 640 705

Well No. (m) . psi 100 500 908 1000
Armstrong 5 S 70 o .6 3.0. 5.4 5.9
Armstrong7 =~ 13 1.0 4.8 8.8 9.6
Armstrong 22 146 _»\>t\’ 13 63 11.4' 12.6

Table 4. Potential land subsidence over Armstrong field,
using method 2 (tab]e 2).
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V’SUbsidencé‘(m)—i

Ppressure decline

-net clay ~ meters ... .70 . . 352 705 -

we11’u6;' . (m  psi 100 500 1000
Armstrong 5 70 - . 0.3 .05 1.3
Armstrong 7 13 o ‘ 04 0.8 | 1 2.1

to be a disk-shaped reservoir with a radius of 4.8 kilometers, approxi-
mately 37 percent of the compaction at the center of the reservoir could
be translated into subsidence. The potential land subsidence (tables 3,
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4) can be evaluated by multiplying the reservoir compaction (approaches.
1 and 2) by this translatioh percentage. Land subsidence could vary .
from 0.3 m. to over 10 m. 1

One location where surface subsidence has been associated w1th
011 and gas production from geopressured sediments is the Chocolate
Bayou. field on the Gulf Coast (fig. 16). - There has been over 30 cm of
subsidence in the Chocolate Bayou o0il and gas field, where production
is from re1ative1y deep format1ons (-2,438 to -3,962 m). 0i1 production
has been from normally pressured hor1zons whereas gas production has
been from the geopressured zone. Periods of maximum rates of annual
subsidence do not coincide with periods of maximum oil production but
rather with periods of maximum gas production from geopressured horizons
(fig. 17). . If subsidence is due to oil production, then there is a
lag period durinQAWhich strain is transmitted from the producing
horizon (-2,438 to -3,962 m);to the surface. On the other hand, A
~ subsidence over the Wilmington o0il1 field in California occurred con- N
comitantly with o011 production with no apparent lag period (Mayuga and °
Allen, ]969). Sediment compaction from gas production from the geo-
pressured horizons appears to be a more logical cause of the land
subsidence. Land subsidence over the Chocolate Bayou 0il and gas
reservoir further suggests that subsidence can be expected from
geopressured-geothermal ground-water production.

Potential For Fault Activation

Tertiary and Quaternary sediments of the Gulf Coast are extensively
faulted. Extensive ground-water production from geothermal reservoirs
may activate the growth faults that intersect the geothermal horizons.

- Subsurface faults do not die out in the upper Cenozoic sediments
but in many cases extend to the land surface. Their natural rate of
movement, however, is so slow that their surficial expression is ev1dent
only through subtle geomorphic features such as lineations and recti-

linear stream drainage networks (Kre1t1er, in press). Structural control
of stream drainage is partlcularly evident in the Houston-Galveston
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area. Active faults appear to control sections of Buffalo Bayou, Clear
Creek, Highland Bayou, and Cypress Creek.

The Houston area has over 240 kilometers of active faults, making
it the most active area for faulting in the Coastal Zone. The surface
traces of many faults extrapolated from the subsurface are commonly
coincident with active surface faults (fig. 16). Active surface faults,
therefore, are not strictly surface or near-surface phenomena but are
probably related to subsurface faults occurring in older Gulf Coast

.sedimenté. Van Siclen (1967) has documented this relationship in detail
for the extension of subsurface faulting in the Addicks o0il1 field to the
. Addicks fault, an active surface fault. Woodward-Lundgren and Associates

(1974) has established through seismic profiling the surface extension

" of a subsurface fault in the Pasadena, Texas, area. Several fault

extrapolations are also coincident with rectilinear stream drainage
networks where no apparent fault escarpment exlsts (e.g., sections of

| ‘Buffa1o Bayou and Cedar Bayou).

‘ Faults appear to act as complete or partial barriers to fluid
migration. When production is only on one side of a fault, pore pressure
declines and sediment compaction is greater on the producing side of the
fault than on the other side. This subsurface differential compaction

,isrmanifested at the surface as fault movement or differential subsidence

across the surface trace of the fault. | :
Tilt meters across the Eureka Heights fault and the Long Point

fau1t, in western Houston, show excellent correlation between fault

| Imdvement and the decline of the'piezome;ric’surface-(water level) in the
. shallow artesian Chicot aquifer (fig. 18). As the piezometric surface
© .declines, the downthrown side of the Eureka Heights fault drops but as

the piezometric surface rises, there is a slight rebound of the down-
thrown side. o -

In the Saxet field west of Corpus Christi, a six-foot scarp has
appeared along a segment of the surface extrapolation of a:regional
growth fault (fig. 19). The active segment of this fault lies almost
exclusively within the Saxet 0il and gas field; fault movement has
occurred since the onset of production, (W. A. Price, personal communi-
cation, 1975). Leveling profiles across the Saxet field show rapid
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increases in subsidence at the fault (fig. 20). Subsidence rates from
1950 to 1959, 7 cm/yr (.22 ft/yr), are approximately twice the rates
from 1942-1950, 4 cm/yr (.14 ft/yr). A rapid increase in gas production
“from shallow sands occurred from 1950 to 1959 (table 5). 0il production,

Table 5. Subsidence versus o1l and gas production in Saxet field.

. ‘ Time : o
~ 1942-1950 1951-1959 1960-1974
Annual subsidence rate -4 cm/yr - 7 cm/yr ?—;
| : (.138 ft/yr) (.22 ft/yr) -
Gas production | (MCF x 106) yr  -- --
Upper sand ; , o
~ - (300-900 m.) 7.7 19.1 5.2
‘Middle sand S
(900-1,524 m.) 12.8 7.0 3.4
‘Lower sand :
(1,524-2,440 m.) 5.3 . 1.5 3.3
Total 26.1 27.6 1.8
0i1 production (bbl/yr) 2,086,672 765,541 576,891

however, decreased during this period. It appears that the production
of high-pressured gas may have led to the compaction of the shallow gas
sands on the downthrown side of the Saxet fault. This differential
compaction is evident at the surface as differential land subsidence and
fault activation. . A

Differential subsidence, though not accompanied by fault activation,
is also evident from deeper oil and gas production in the Chocolate
Bayou field. A lineation shown on the west side of the subsidence
profile (fig. 21, near benchmark P53) is coincident with the zone of
rapid increase in subsidence. An extrapolated fault shown on the east

side of the field, between benchmarks N691 and M691, is coincident with
a sharp increase in subsidence. No obvious escarpment exists at this

-
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locality, but with continued differential subsidence, an active fault \~—j
would be expected to develop. -

In the Chocolate Bayou field, the translation of strain from
regions of differential reservoir compaction at depth to the land
surface apparently follows the dip of a subsurface fault; it does not
occur directly upward. The coincidence of the zone of differential
subsidence and the surface trace of the fault is approximately 2.4 km
(1.5 miles) northeast of the subsurface location of the fault at depth
of 2.4 km (8,000 ft). The areas of potential subsidence resulting
from geothermal exploitation,‘then may be limited to areas bounded by
the surface traces of growth faults that confine the geothermal reservoir.
If fault activation occurs as a result of differential compaction of
geopressured reservoirs, normally pressured oil and gas reservoirs or
shallow artesian aquifers, then fault movement can be expected to
occur along the surface traces of fault extrapolations.

Fault extrapolations are made from subsurfacé structure maps
using one or two datum surfaces in the Frio Formation. Where two
surfaces are available the angle of the fault extrapolation is based
on the dip of the faults between these two surfaces. Where only one
subsurface datum is available, then the dip of the fault extrapolation
is assumed to be 45 degrees. Figures 19, 22, and 23 show the location
of four geothermal fairways, the Armstrong field, the Corpus Christi
fairway, and two fairways in southeastern Matagorda County, in relation-
ship to the surface traces of the extrapolated faults. If fault
activation does result from production of these geopressured-geothermal
reservoirs, then the active faults should be coincident with the
surface traces of extrapolated faults. '

The Environmental Impact 0f}Subsidehce and Fault Activation

The geographic location of the geopressured-geothermal reservoir
controls the magnitude of certain aspects of the environmental impact of
geothermal energy development. Subsidence and fault activation are not
critical problems until they adversely affect the quality of the present

-
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or future land use of a;particular'area " This is especially true in
Harris and Galveston Counties where fluid product1on has caused extensive
land subsidence and has activated over 240 k1lometers (150 m11es) of '
surface faults. These faults intersect two a1rports, 1nterstate high-
ways at 11 different locat1ons and railroad tracks at 28 locations and
pass through 11 communities where over 200 houses show evidence of fau]t
damage. Land subsidence in Harris and Ga]veston Counties has greatly
increased the area which may be affected by future hurr1cane flooding.
In the Galveston’ Bay area, the flood surge from Hurricane Car]a (1961)
inundated 314 square k11ometers (123 square m11es) W1th the subsidence
that has occurred since Hurricane Carla, an additional 64 square k1lo-
meters (25 square miles) of land can be expected to be flooded (an
increase in the floodlng area of about 20 percent) in the event of a
hurricane of the same magnltude and characterlst1cs of Carla. ”The
environmental impact of faulting and subs1dence in Harr1s and Galveston
Counties is high because of its populat1on dens1ty, 1ow elevat1on, and
prox1m1ty to the Gulf of Mexlco

“The Armstrong field, the Corpus Christ1 fa1rway, and two fa1rways '
in Matagorda County are being cons1dered as potent1a1 reserv01rs (f1g
1) ~ In the event of geothermal f1u1d production from any of the fa1r-,
ways, it is necessary to assume that a certa1n amount of subsidence _
and/or fault activatlon could occur. Under these c1rcumstances pre- y
dictions of the relat1ve 1ntens1t1es of certa1n env1ronmenta1 effects -
can be made. ‘ B

“The prlmary land use for the Armstrong f1e1d 1s un1mproved range-
land (Brown and others, in press b) The e]evat1on of the land is
approximately 9.1 k11ometers (30 feet) and the area is 24 k11ometers (15
miles) from the coast. Fau1t act1vat1on in the v1c1nity of this f1e1d
could rupture a major gas transmission Tine. Land subs1dence would not
increase the area affected by hurricane sa]t-water flood1ng Thev i
Armstrong area, however, was 1nundated by fresh-water flooding dur1ng
Hurricane Beulah (U S. Army Corps of Eng1neers, 1968) and land subs1- o
dence would probably increase the depth and extent of fresh-water
flooding.
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The Corpus Christi geothermal fairway underlies Corpus Christi . o/
Bay and the greater Corpus Christi area. Major land uses in the area
include agriculture and suburban, urban, and industrial development
(Brown and others, 1in press a). The area 1ncludes Corpus Christi Bay
and a portion of the Gulf coastline. The elevation for most of downtown
Corpus Christi is above 7.6 meters (25 feet) flooding here would .
probably be minimal Much of the reSidential area southeast of Corpus
-Christi, however, lS below 7.6 meters (25 feet) elevation. Subsidence
in thlS area could increase the area affected by hurricane flooding.
Similarly,vindustrial development along Nueces Bay could be affected .
by land subsidence. Fault activation would probably cause 51gn1f1cant
structural damage regardless of where it occurred in the greater
Corpus Chrisit area. Land'subsidence and surface faulting induced by
geothermal water production could have a major negative environmental
impact on the Corpus Christi area. ’ ,

Geothermal fairways in Matagorda County in general underlie ,
rangeland and cropland. The fairways are relatively close to the
coast; therefore, subsidence could increase the area of potential salt
water flooding induced by hurricane surges.

A nuclear power plant (South Texas Project) is to be sited on the
edge of one of the two Matagorda fairways. Land subsidence could
cause fresh-water flooding problems from the Colorado River at the
plant site. Fault activation at the plant site could cause structural
damage to the nuclear power plant. Further evaluation of specific
areas for a geothermal reservoir in Matagorda County may indicate that
the . potential'field is nowhere near the propoSed nuclear power plant .
site and that the potential for flooding and faulting at the plant
site will not be increased. Until that question is resolved the
potential impact of sub51dence and faulting on the nuclear power plant
must be con51dered '

Of the three geothermal fairways briefly discussed, the potential
env1ronmental 1mpact in the Armstrong area would be far less than the
potential 1mpact of faulting and flooding in the Corpus Christi and
Matagorda County areas. L &"j
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NATURAL HAZARDS OF THE GEOTHERMAL FAIRWAYS

- Several natural hazards ‘exist for the geotherma] fa1rways 1nc1ud1ng
shoreline erosion, stream flooding, ‘hurricane flood1ng and winds, and
expansive soils. Hazards and mitigations are discussed in detail by
Brown and others (1974) and Gustavson (1975). None of these hazards
result from the production of geothermal fluids. They are hazards,
however, that have the potential for causing structural damage to geo-'
thermal production facilities that could; in turn, result in massive
leaks of hot saline fluids. “They'are considered then as potential
ancillary causes of temporary but possibly catastrophlc env1ronmenta1
1mpacts

The major streams within the fairways are the Nueces and Co1orado |
R1vers The Colorado R1ver has comp]ete]y covered its f]oodp1a1n n1ne
times s1nce 1913, about once every 9 years while the Nueces River has
completely covered its floodplain 13 times in the past 56 years or
approximately once every 4.25 years (Patterson, 1965; U. S. Geo]og1caT
Survey, 1970a, 1975a). Many of these floods result from the passage of
tropical cyclones across the Gulf Coastal Plain. Since 1912, 12 storms
with hurricane force winds (119.4 kilometers per hour (74 mph) or
greater) have made landfall <in the vicinity of ‘the Armstrong field,and the
Corpus Christi and Matagorda fairways. Hurricane Carla (1961) brought
241.9 kmh (150 mph) winds to portions of these fairways, and Celia
(1970) contianed 282.3 kmh (175 mph) winds when it made landfall in the. -
Corpus-Christi area and caused extensive wind damage. Hurricane Beulah
(1967) produced 141 tornadoes including 11 within the vicinity of the
Corpus Christi fairway (Novlan and Gray, 1974). Fresh water from the
heavy rains of Hurricane Beulah. flooded much of the Armstrong field
area. - Storm surge as high as 6.7 m (22 ft) was created when Carla
struck Matagorda~Bay,.causing extensive salt-water flooding. - The

'environmental geologic maps (figs. 12, 13, 14) 1llustrate those areas

that are flood prone--areas of recent alluvium, marsh, swamp; and in the
Armstrong field portions of active dune blowout areas, sand sheets, and
sand and loess sheets. Hurricane-aftermath flooding resulting from
heavy rainfalls is also a serious problem; approximately 76.8 centi-
meters (30 inches) of rain accompanied Hurricane Beulah.
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Coastal erosion is a continuing problem along the Texas Gulf -
Coast. Approximately 55 percent of the coast, including coastal areas
of both the Matagorda and Cobpus:Christivfainways,,is presently un-

" dergoing erosion. Erosion rates exceed 3 m (10 ft) per year locally. .

Sédimentsrof the Texas Coastél P]éin with high clay content develop
'expansive clay loam soils. The dom1nant clay mineral of coastal plain
sediments is montmorillonite which has the capac1ty of adsorbing water
and expanding when water is ava1lab1e. Converse]y, montmorillonite
contracts when it dries out. When clays and muds adsorb water and
expand they can develop pressures in excess of 142 metric tons per
square meter on buried foundation members (Mielenz and King, 1955).

This process results in moderate to severe lim1tat1ons to construct1on
in areas of predom1nate1y mud or 1nterbedded mud and sand (figs 12,
13). Engineering and constructlon techniques are available for at 1east
partial mitigation of stresses resulting from expansive clay soils
(Gustavson, 1975).

SUMMARY

The major environmental problems that could arise from geopressured-
geothermal water production will result from the disposal of spent
geothermal fluids and from surface subsidence and faulting.

Water from within the geopressured-geothermal zone of the Corpus
Christi fairway is moderately to highly saline (8,000-72,000 ppm TDS).
Disposal of hot saline geothermal water in subsurface saline aquifers
will present the Ieast hazard to the environment. It is not known,
however, whether the disposal of as much as 54,000 m3 (310,000 bbls) of:
spent fluids per day into saline aquifers at the production site is
technically or economically feasible. An alternative method of disposal
is to move geothermal fluids from the generating site by open water
courses or canals for disposal into coastal bays or the Gulf of Mexico.
This method must be considered if saline aquifers adequate for fluid
disposal cannot be found. Overland transport of geothermal f1u1ds may
cause the following environmental impacts: ‘

1. Salt may accumulate in the sediments under1y1ng geothermal

- water courses. '
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2. Shallow ground-water recharge areas may be contaminated by
-salt water. ; S R
- 3. Non-salt or temperature-tolerant vegetation and animal.life
adjacent to geothermal-water courses may decline or die.

4. Accidental spills or discharges, or flooding could damage

agricultural ‘1ands adjacent to salt-water courses.

‘5. Animal life will not-be able to cross hot saline-water courses.

6. The ecological balance of portions of bays or estuaries or

the Gulf of Mexico could be upset. ‘ ' :

7. Air pollution could occur from toxic gases within the geothermal

fluids. N SRR IR L

“Geothermal .resource production facilities on the Gulf Coast of
Texas could be subject to a:series of natural hazards:- (1) hurricane or
storm induced flooding, (2) winds from tropical storms, (3) coastal
~erosion, or:(4) expansive soils. None of these hazards is generated by
“geothermal resource .production, but each has potential for damaging
geothermal'production and disposal facilities that could, in turn,
‘result in leakage of hot saline geothermal fluids.

Production of fluids from-geopressured-geothermal reservoirs will
result in reservoir pressure:.declines and subsequently in compaction of
sediments within and adjacent to the reservoir. . The amount of compaction
is dependent on pressure decline, ‘reservoir thickness, and reservoir
compressibility. At present,:these parameters can only be estimated.
Reservoir compaction may be translated “in part to .surface subsidence.
When differential compaction occurs across a fault, fault activation may
occur ‘and be manifested as differential 'subsidence across the surface
trace of the fault or as an actual rupture of the land surface.:

The-magnitude_ofvenvironmental impact of subsidence and fault
activation varies with current land &se;*the greatest “impact would occur
in urban areas;- whereas ‘relatively minor impacts ‘would occur in rural,
undeveloped agricultural areas.. . .= :

RECOMMENDAT IONS
Baseline thirOhmenta1‘sfudieS‘pf the test well site, production,
generating, and disposal areas and areas of potential subsidence and
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faulting must be initiated and should be completed prior to initiation
of a test well or construction of production/generating facilities.
Baseline studies are needed to determine the condition of the environment
prior to testing and development.. Such studies are necessary for
recognition of any environmental changes that may result from the .-
activities of geothermal resource exploration and exploitation.:
Predictions of the impacts of geothermal resource development on land
use may then be made. Certain studies should continue to monitor
environmental charatteristics throughout the 1life of the test well or
production/generating facility. ' '
Recommended environmental studies should include:

1.

Precise large-scale mapping of the affected areas. Detailed
mapping is needed to-aid in predicting bossib1e effects to
aspects of the environment resulting from geothermal resource
development. Mapping should include: (1) environmental
geologic, (2) climate and air quality, (3) active geologic
processes and natural hazards, (4) slope or topographic, (5)
biotope, (6) current land use, and (7) materials and soils;
Precise leveling surveys of production sites. Leveling
surveys should be continued to be made to determine if or at
what rate subsidence is occurring;

Seismic monitoring surveys of production sites. Seismic
surveys should be continued throughout the duration of produc-
tion to determine if or at what rate or intensity seismic
events occur;

Strain gauge observations that will indicate 1nstantaneou§1y-
minute movements (subsidence) of the test or development -
area;

~Modification of‘existing computer models developed by the

Texas Water Development Board for water circulation in coastal
bays and lagoons to indicate dispersion rates and paths for = -
point sources of both chemical and thermal pollution;

Sampling of surface-water courses within the areas of interest -

on a monthly or semimonthly basis for water chemistry analysis,

| '_ temperature, suspended material, and discharge. Sampling and

c
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analyses should be continued throughout the duration of
production to detect if or to what extent surface water
contamination has occurred, ‘ o

Samp11ng of shallow ground water w1thin the areas of interest
on a monthly or semimonthly basis for water chem1stry,
temperature, ‘and regional ground-water movement Sampling
and ana1ys1s shou]d be cont1nued throughout the durat1on of

”product1on to detect 1f or to what extent ground-water

contamination has occurred,

Precise three-dimensional mapp1ng of subsurface structura]
elements from the base of geothermal production horizons to
the surface. Predictions of the location, potentia] for, and

~ degree of surface faulting within product1on areas can be

made using these data;

Determination of the coefficients of compressibility:-for mud-
stones from presently available cores taken within the
geopressured zone ‘and from cores from the geothermal test
well or geothermal development wells should be made. Using
these data, predictions of reservoir compaction can be made;

© Ground-water monitoring.f‘lf'natural water courses, canals,

or storage pits are used to transport or contain spent -
geothermal fluids, a system of ground-water monitoring wells

"~ must be employed to: determ1ne the extent or rate of 1nf11-

]10'
" analyses of c¢ritical and endangered species. If spent

12.

tration of the fluids; :
Biological ‘surveys, inc]ud1ng species distribution and .

geothermal waters are introduced into surface waters, then
repeated biological surveys must be made to determine if or

to-what extent the endemiC'biota have been affected;

Air quality surveys. During the processes of producing, =

- ‘using, or disposing of geothermal‘waters;'air quality surveys

‘must be made to: determine 1f or to what extent air po]lut1on o
- is occurring. ’ "
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