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FOREWORD 

Assuring the achievement of national en
vironmental protection goals and advising 
the Secretary of Energy on conformance of 
the Department of Energy's activities with 
environmental laws requires ready access to 
a vast and varied information based on 
energy technologies, environmental quality, 
and natural resource management. While 
much of this information is available in· 
various Government documents, some is 
not published, and the particular sets of in
iormation relevant to energy-environment 
assessments come from a number of dif
ferent sources. 

Environmental management debates, 
often conducted in a hurried atmosphere, 
initiate an immediate requirement for new 
analytical information for a particular topic 
under consideration. When a new subject is 
begun, the previously developed informa
tion is filed for later reference. Information 
assembled in this manner is generally not 
available in the open literature because it 
takes time and resources to organize infor
mation for purposes other than en
vironmental management decision inputs. 
There is usually little incentive for taking 
the additional time und resources to 
transform the information for other users 
or develop it in a format for additional ap
plications. 

ii 

The Environmental Handbook Series is 
designed to overcome the deficiencies of in
formation utility and transfer. Each of the 
works in this series brings together informa
tion in format useful to both public and 
private sectors. It serves as a basic reference 
document to enrich decision making and 
analysis of energy and the environment 
both inside and outside the Government. 

To accelerate the availability of these 
handbooks, they are issued as periodicals, 
with early publication of prototypes follow
ed by prompt publication of succeeding edi
tions, incorporating users' comments. Ac
cordingly, your comments on the content 
and overall utility of these handbooks are 
welcomed. The development aRg 
maintenance of the environmental medi!(·· 
information handbooks is assigned to our 
Regional Impacts Division. 

Peter House, Director 
Office of Environmental Programs 
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The Nation's pursuit of energy independ
ence through developing new energy tech
nologies and enhancing the recovery and 
utilization of domestic energy resources has 
caused heightened concerns over potenttai 
conflicts with environmental quality. Rapid 
increases in domestic energy production 
may impose additional burdens upon the 
nation's air and water resources and cause 
changes in land use. In an attempt to iden
tify and evaluate these potential conflicts, 
the Department of Energy's Assistant Sec
retary for Environment has instituted an 
environmental quality media program 
which addresses the potential impact of 
domestic energy development on air quali
ty, water quality and availability, solid/ 
hazardous waste management, and land 
use. This program is designed to provide 
readers with a general understanding of the 
issues associated with energy development 
and for the four environmental media, and 
to construct a data base from which esti
mates of potential future impacts can be 
identified and measured. 

Specifically, this report addresses the 
land use impacts of past and future energy 
development and summarizes the major 
federal and state legislation which in
fluences the potential land use impacts of 
energy facilities and can thus influence the 
locations and timing of energy develop
ment. In addition, this report describes and 
presents the data which are used to mea
sure, and in some cases, predict the poten
tial conflicts between energy development 
and alternative uses of the nation's land re
sources. 

The topics section of this report is divid
ed into three parts. The first part describes 
the myriad of federal, state and local legis
lation which have a direct or indirect impact 
upon the use of land for energy develop
ment. The second part addresses the poten
tial land use impacts associated with the ex
traction, conversion and combustion of 
energy resources, as well as the disposal of 

1. INTRODUCTION 

wastes generated by these processes. For 
each fuel or energy resource in each phase 
of the fuel cycle, the discussion describes 
the kinds of land use impacts caused by de
velopment activity and qualifies lhe area uf 
land required per unit of resource ex
tracted, converted or burned. The third 
part of the topics section discusses the con
flicts that might arise between agriculture 
and energy development as projected under 
a number of DOE mid-term (1990) energy 
supply and demand scenarios. The type of 
croplands likely to be affected and the 
magnitude of potential conflict are iden
tified and assessed. Some of the major 
issues identified in this report are sum
marized below. 

LEGAL TOPICS 
Comprehensive national energy siting 

legislation inventories have never been un
dertaken at the federal level, and compre
hensive land use legislation has never been 
passed. Thus, federal legislation affects 
energy facility siting through a number of 
individual laws. Laws designed to protect 
specific sectors of the environment (i.e., air 
quality, water quality) often regulate the in

. direct, off-site impacts of energy develop-
ment. Others are designated to protect or 
preserve fragile lands such as wetlands or 
floodplains, and thus prohibit development 
in certain areas. The goal of the myriad of 
federal laws is to allow economic and 
energy development to proceed while ensur
ing adequate environmental protection. A 
number of these laws are pertinent to the 
problem of potential energy/land use con
flicts. They include the National Environ
mental Protection Act, Clean Air Act, Fed
eral Water Pollution Control Act, Coastal 
Zone Management Act, Wild and Scenic 
Rivers Act, and others. 

Air quality legislation will have effects on 
energy development in terms of the emis
sion limitations required for new facilities 



and in the possible restrictions on the loca
tion of new facilities. Nonattainment will 
likely have minimal effects on utility siting, 
but more sigmt'lcant impacts on industrial 
development and major fuel burning instal
lations. Prevention of significant deteriora
tion (PSD) designations have the potential 
for precluding some sites from use for ener
gy development (Class I areas) or may limit 
the scale and co-locatiOn of new facilities 
(Class II areas). 

Federal and state legislation in the areas 
of water quality and water use can produce 
conflicts with the use of land for energy
related activities and can impact the land 
use requirements of such activities. Possible 
conflicts include: 
• Development may be precluded in an 

area, for example, on a stream that has 
been designated as a wild and scenic 
river. 

• Dcv·elopmeul may be possible, but be
cause of purticulurly strict requirement~ 
on effluents, it may be most reasonable 
to avoid development in an area; fur ex
ample, development on streams that are 
water quality limited may entail extra ex
penses or difficulties in obtaining per
mits. 

• Development may not be constrained, 
but legal constraints may influence the 
land required· for certain activities; for 
example, land may be required for waste 
dlsposai areas or for cooling structures. 
Another legislative constraint on land 

use, especially regarding energy develop
ment, is federal lands. The federal govern
ment owns and administers 760 million 
acres of land, one-third of the land area of 
the United States. Most of this land is con
centrated in the western states and Alaska, 
where 30 percent to 90 percent of the land 
area in each state is under federal control. It 
has been eslimaled that 40 percent of the 
nation's coal reserves, 50 percent of the oil 
ami gas fiehls, 80 percent of the oil fields, 
40 percent of the uranium deposits and 60 
percent of the geothermal fields lie beneath 
federal land. The recovery of these re
sources is directly dependent on federal 
land management policies. In addition, 
state and local governments have been ac
tive recently in attempting to assess their 
authority to impose land use controls on 
federal lands. 

EXTRACTION 
Estimales uf the acreage potentially dis

turbed by coal surface mining or under-
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mined by deep mining in 1990 range from 
61,700 to 100,000 acres under different sce
narios. In all cases, the greatest amount of 
land disturbed occurs in the Appalachians, 
the Central West and the Great Plains. Pro
jected 1990 levels of land use for oil extrac
tion range from 190,000 to 220,000 acres, 
while land use for natural gas is estimated 
to be 151,000acres in 1990. As with oil, un
less major changes in natural gas produc
tion occurs, changes in land use by 1990 will 
be minimal in comparison to 1975 levels. 

The most serious environmental and 
health consequences of oil shale mining and 
conversion are due to the dispo~al of 
wastes. While some of the spent shale can 
be returned to the mine for disposal, the ex
cess may be disposed of by filling in ca
nyons or building mesas. By considering the 
conservative estimate of 40 feet average 
spent shale depth, the amount of land re
quired for disposal would approach 600 
acres per year which may not be trivial 
when considering the relatively small area in 
which oil shale production will occur. The 
issue, however, is not only the amount of 
area covered, but also the ability of the 
spent shale to be reclaimed. It is likely that 
the revegetation process will require irriga
tion to initiate and sustain coverage; irriga
tion may be severely constrained by the 
local water supply in this area. 

COMBUSTION 

The combustion of coal, oil, gas, and 
other fuels in stationary facilities to pro
duce electricity, process steam, or space 
heat encompasses a wide range of facility 
characteristics and each may affect land use 
in a different way. 

As with any industrial development, the 
direct consumption of land by utility and 
industrial combustors is highly variable, 
depending upon such aspects as land availa
bility, location of coal and water resources 
and existing environmental conditions. 
Land usage patterns for electric utilities 
(particularly coal-fired utilities) are much 
more clearly pronounced than those of in
dustrial combustion for energy production. 
Electric utilities generally require larger 
parcels of land and have greater water re
quirements than most industrial facilities. 
Also, the siting of industrial plants is dic
tated mainly by market factors, transporta
tion networks, and availability of work
force. 



AGRICULTURAL LANDS 

Energy development can contribute to 
the loss of prime agricultural lands, both 
directly and indirectly. Direct effects in
clude the pre-emption of agricultural land 
for utility sites, cooling ponds or reservoirs, 
mines, fuel processing and transportation 
facilities, electricity transmission corridors, 
and residential/commercial expansion to 
accommodate the new population attracted 
by energy jobs. The loss of agricultural 
lands to surface mining, especially those 
lands devoted to row crops, is a controver
sial issue. The likelihood of impacting 
prime agricultural lands can be high in some 
areas of the country. For instance, 40 to 50 
percent of the strippable reserve base in 
many of the midwestern states may be 
covered by prime farmlands. In the West, 
many coal deposits and agricultural lands 
are found together in alluvial valleys; this 
conflict has yet to be resolved. In the East, 
this kind of conflict is less likely since much 
of the eastern coal is found in the moun
tains, well removed from farmlands. 

Energy developments can also affect the 
productivity of croplands not directly re
moved by construction or mining. An im
portant issue in the West is the competition 
for limited surface and groundwater sup
plies between farmers, who need the water 
for irrigation and livestock, and energy de
velopments, that need the water for power 
plant cooling or coal washing. Coal mining 
can also affect water supplies by inter
rupting and destroying shallow aquifers 
which may supply irrigation or livestock 
water in some areas. In California and the 
Midwest, the possible effects on crops of 
sulfur dioxide (SO,) emissions from fossil 
fuel-fired power plants have been of con
cern. Exposure to SO, can cause visible 
damage and decreased yield in many crop 
plants; soybeans, grains, non-citrus fruits, 
and many vegetable crops are particularly 
sensitive to SO,. Hydrogen sulfide (H,S) 
emissions from geothermal developments, 
primarily occurring in California, may 
cause similar problems. Transmission lines 
through croplands may also affect produc
tivity. Although agricultural activities can 
usually continue in transmission right-of
ways, crop dusting and the use of most 
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large farm equipment, including center
pivot irrigation systems, could be curtailed. 

The use of biomass as an energy source 
will require that large acreages of land be 
devoted to crop production for energy uses. 
Millions of acres may be converted from 
other rural uses, and biomass production 
would consume far more land than any 
other energy activity. The direct impacts of 
this conversion are very small, however, 
since the land surface is not covered or de
stroyed as it is in the case of mining, drill
ing, the construction of conversion or 
combustion facilities, or solid waste 
disposal, and the use of common soil con
servation and soil management practices 
should minimize the depletion of soil fertil
ity that could result. Although national de
pendence on alcohol as a petroleum re
placement is a long-term energy production 
decision, the decision to use a certain land 
area for energy purposes is essentially a 
short-term one that can be renewed annual
ly when the crops are planted. 

Section 3 of this report is a discussion of 
the data presented in Section 4. The data 
presented are arranged in four categories. 
The first category consists of national and 
regional maps and tables which describe the 
natural physical characteristics of land 
forms in the United States. The second 
group of data provides a current baseline 
description of the major uses of land in 
terms of agricultural uses, existing energy 
and minerals development, and urban uses. 
The data in the third category describes 
federal and state land management policies 
as reflected in national maps and in tables 
while the fourth group consists of tabular 
data specifying the land requirements for 
development of future fuel resources. None 
of the data sets contained in any of these 
categories are all-inclusive. Rather, the data 
presented represents a compilation of ex
isting data that were available at the time of 
this printing. New data will be added as this 
document is updated. 

Finally, the fifth section of this report is a 
glossary of terms and acronyms used to de
scribe and measure land use impacts of en
ergy development. Because legislation de
signed to protect other elements of the envi
ronment also impact land use, this glossary 
contains explanations of terms associated 
with air quality, water quality and quantity, 
and solid waste management. 
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2. 

It has been roughly· estimated that the 
amount of land occupied by energy-related 
activities in the U.S. in 1975 was approxi
mately 1.1 million acres or 1, 762 square 
miles. 1 This estimate does not include aban
doned surface-mined lands or those under
going reclamation, nor the amount of land 
covered by hydroelectric reservoirs or de
voted to transmission corridors. Adding 
these areas could triple the estimate given 
above, yielding a total area that accounts 
for about 0.1 percent to 0.2 percent of the 
land area in the continental United States. 
Comparing this estimate to the amount of 
land devoted to other uses in 1971 , ' one 
finds that energy-related activities occupied 
about the same amount of land as did air
ports or railroads, only one-seventh of the 
area occupied by highways, and only one
tenth of the area devoted to urban uses. 

These kinds of comparisions can be mis
leading, however, since land use impacts are 
often much greater at the local level than 
national or regional comparisons might 
suggest. Land use changes associated with 
energy development can have a significant 
impact on the quality of the physical, 
social, economic and visual environment of 
the area surrounding the development, im
posing costs and providing benefits to the 
local population that are not shared by the 
larger constituency which the energy devel
opment is meant to benefit. 

A worst-case estimate of the land re
quired for energy activities by 1990 in
dicates that an additional 18.6 to 57.7 
million acres may be required for energy 
development. 1 While most of this acreage 
would be in croplands devoted to energy 
production, only 1.8 to 2.0 million acres 
would be in the more intensive uses that are 
more likely to cause adverse land use im
pacts. Land use conflicts may arise when a 
proposed use will preclude the continuation 
of the existing uses of the land, and when 
the existing uses are perceived to be irre
coverable, irreplaceable, and/or of more 
value than the proposed use. 

5 

LAND USE TOPICS 

The purpose of this section is to provide 
the reader with a general understanding of 
the existing or potential topics concerning 
the utilization of the nation's land resources 
for energy development. The section is di
vided into three subsections. The first sub
section describes the myriad of federal, 
state and local laws that have a direct or in
direct impact upon the use of lands for 
energy development. This subsection ad
dresses also the effect of federal land man
agement programs concerning the use of 
lands in the public domain on future energy 
activities. Major federal legislation that ap
plies to potential land use impacts of energy 
development is discussed in this subsection 
and the kinds of state and local laws that 
might have a similar effect on land use deci
sions are described. 

The second part of Section 2 addresses 
the potential land use impacts associated 
with the extraction, conversion, and com
bustion of energy resources, as well as the 
disposal of wastes generated by these pro
cesses. For each fuel or energy source in 
each part of the fuel cycle, the discussion 
describes the kinds of direct and indirect 
land use impacts caused by development ac
tivity and quantifies the area of land re
quired per unit of resource extracted, con
verted, or burned, and per unit of waste 
generated. Finally, the amount and types of 
land (particularly agricultural) impacted by 
each activity in the past, and potential land 
requirements in the mid-future (1990) are 
estimated and discussed. Several energy
related activities are not discussed in detail 
in this report, most notably, transportation 
and transmission and the disposal of toxic 
substances. It should bt; noted, however, 
that the latter topic is emerging as an im
portant environmental topic and could have 
significant land use implications. 

Land requirements for the transportation 
and/ or transmission of energy resources are 
not discussed in this report because growth 
in this sector is not anticipated to be signifi
cant in the mid-term (i.e. by 1990). Rather 



than building new transportation networks, 
it is anticipated that the capacity of existing 
networks will be augmented to accommo
date increased loads thereby minimizing 
land use impacts. The third part of the 
section identifies the conflicts that might 
arise between agriculture and energy devel
opment as projected under a number of 
DOE mid-term (1990) scenarios. The types 
of croplands likely to be affected and the 
magnitude of potential conflicts are iden
tified and assessed. Special attention is de
voted to balancing the rate of land use with 
tht: 1Pngth of u5e and recoverability of agri · 
cultural land reallocations. 

CURRENT LEGAL TOPICS 
Legislation that attempts to control land 

use changes has been developeu al rnany 
\ev~ls of government. Land usc planning 
and control have traditionally been the do
main of local governments, and community 
zoning regulations or land use plans have 
often been developed that specify the 
general use for particular plots of land. 
Many states have enacted land use legisla
tion, particularly for the protection of 
fragile lands and to guide local efforts. Cer
tain classes of lands, such as wetlands and 
flood plains, may be limited by state or fed
eral law to uses which do not destroy the 
natural functions of the lands. No general 
land use legislation yet exists at the federal 
level for lands not in the public domain, 
though a number of federal legislative inter
pretations exist which indirectly affect land 
use uedsiuns. 

Although comprehensive energy siting 
legislative inventories, as such, have never 
been undertaken at the federal level, and 
comprehensive national land use legislation 
has never been passed, federal legislation 
att"ects energy facility siting through a 
number of individual laws. Laws designed 
to protect specific sectors of the environ
ment (e.g., air quality, water quality) often 
regulate the indirect, offsite impacts of 
energy development. Others are designed to 
protect or preserve fragile lands and thus 
prohibit development in certain areas. The 
goal of the myriad of federal laws and regu
lations is to allow economic and energy de
velopment to proceed while ensuring ade
quate environmental protection. A number 
of these laws are pertinent to the problem 
of potential energy/land use conflicts. 
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Water Legislation and Energy 
Development 

Federal and state legislation in the areas 
of water quality and water use can produce 
conflicts with the use of land for energy
related activities and can impact the land 
use requirements of such activities. Both 
the actual siting and the rate of land use can 
he influenced. The purpose of this section is 
to identify and briefly discuss the state and 
federal legislation Llial ~au pwuuct: impacts 
on energy-related land use. The areas of 
water quality and water use are considered 
separately and general discussions of laws 
pertinent to land use and specific issues in 
each area are presented. 

Water Quality Legislation and 
Conflicts 
The relevant water quality legislation is 

primarily federal and involves two major 
laws: the Federal Water Pollution Control 
Act, as amended (popularly called the 
Clean Water Act) and the Safe Drinking 
Water Act. Both of these pieces of legisla
tion impact, or have the potential for im
pacting, energy-related land use. The provi
sions outlined below either affect the 
amount of land required for energy devel
opment or constrain energy siting alterna
tives. 
• Increased Use of Land Needed to Meet 

Effluent Requirements. Stringent efflu
ent requirements result in a smaller 
amount of pollutants discharged to water 
bodies. The consequence is increased 
generation of solid waste and, therefore, 
larger solid waste storage areas. Land 
may also be needed for pollution control 
operation& (e.g., evaporation ponds, 
sedimentation basins) or for cooling 
facilities. Zero discharge requirements in
crease these needs. Land use impacts 
should be similar in all parts of the coun
try, althoueh they may he intlnPn('("(l 
somewhat by climate (zero discharge will 
be more common in arid areas). 

• Restrictions on Energy Development in 
Water Quality Limited Areas. The Clean 
Water Act requires that discharges not 
cause violations of ambient water quality 
standards. This fact may tend to restrict 
development in areas with serious water 
pollution problems, such as heavily in
dustrialized river basins. 

• Restrictions on Energy Development in 
Areas of High Water Quality. Most 
states' water quality -standards contain 
antidegradation provisions that require 



that existing use (e.g., drinking water 
supply) be maintained and protected. 
Antidegradation provisions could, if 
used, decrease the attractiveness of an 
area for development. Such impacts 
would be felt primarily in areas of high 
water quality. 

• Restrictions on Development Arising 
from Section 208 of the Clean Water Act. 
Section 208 requires the preparation of 
area-wide waste treatment management 
plans. In principle, such plans could have 
the same impact on future development 
as zoning ordinances. However, condi
tions will vary from area to area and con
trols on development will only be as strin
gent a5 is desired !Ot:!llly. 

• Restrictions Associated With Protection 
of Drinking Water Supplies. The primary 
impact of the Safe Drinking Water Act 
on the location of energy developments 
will be through the provision in the act 
for designation of sole source aquifers. 
The Safe Drinking Water Act allows the 
EPA to designate an aquifer that is the 
sole or principal source of drinking water 
for an area and that, if contaminated, 
would create a significant public health 
hazard as a sole source aquifer. The 
possibility of contamination of aquifers 
depends on the soil's leachate quality 
below an energy activity's waste disposal 
site. Following sole source designation, 
no commitment for federal financial 
assistance may be made for any project 
that may contaminate the aquifer so as to 
create a significant public health hazard. 
Numerous petitions for such designations 
are being received by EPA. The current 
sole source aquifers are: 
• Edwards Underground Reservoir, San 

Antonio, TX; 
• Fresno County, CA; 
• Buried Valley, NJ (East Orange); 
• Nassau and Suffolk Counties, Long 

Island, NY; 
• Biscayne, FL; and 
• Spokane and Rathrun Valley, W A. 

Given the current public concern over the 
contamination of public water supplies, 
further restrictions on activities that impact 
water supplies, both above and below 
ground, seem likely. These restrictions will 
further control land use change. 

Water Use Legislation and 
Conflicts 
The issues of water availability and water 

allocation for energy activities are resolved 
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at the state level. Water laws vary from 
state to state, and it is beyond the scope of 
this discussion to review conditions in each 
state. Water allocation law in the East is 
generally based on the riparian doctrine, in 
which a water right depends upon owner
ship of land along a body of water and in 
which each owner of such land has equal 
right to make reasonable use of water. In 
the West the basis for water law is generally 
the appropriation doctrine, for which the 
beneficial use of water is the basis of a right 
to water and for which seniority of use is 
the basis for dividing water among users 
when the supply is limited. 

In certain areas of the West, water sup
plies are completely apon;>priated and the 
use of water for new activities will require 
transfer of water rights, which may be pur
chased. Arizona, North Dakota, and South 
Dakota have laws which restrict or possibly 
prevent transfer of water rights from irriga
tion to energy use. Montana has provisions 
that inhibit transfer to energy use. How
ever, even where transfer of water rights is 
permitted, such transfer may not always be 
straightforward. Most of the appropriation 
doctrine states allow appropriation permits 
to be refused if the associated use is not 
within state and local guidelines. Also, the 
laws of some states contain provisions in
volving the maintenance of instream flows 
for protection of aquatic habitat and re
creational and aesthetic values. All western 
states have some regulation in one or both 
areas. New industrial users of water will be 
facing increasing conflicts concerning water 
use in the West. 

Federal legislation that impacts the utili
zation of water resources for energy devel
opment includes: 

• Rivers and Harbors Act. Section 10 of 
this Act, which was enacted in 1899, re
quires the Army Corps of Engineers to 
issue a permit for any construction taking 
place in a navigable waterway. Power 
plants generally need such a permit in 
order to construct circulating water in
take or discharge structures. The Act re
quires that the energy development's im
pacts on wetlands, historic resources, 
wildlife habitat, and coastal zones be 
considered prior to granting a permit for 
activities in navigable waters. 

• Wild and Scenic Rivers Act. This Act 
vests in Congress the authority to desig
nate certain rivers as wild and scenic. 
Once a portion of a river is so designated, 
it must be preserved in its natural state. 



Development is generally prohibited on 
the shorelines of designated river 
beaches, and Section 1278(a) prohibits 
licensing of any hydroelectric facility that 
would affect such a river. 

• Coastal Zone Management Act. This Act 
of 1973 creates a national policy dedi
cated to "preserve, protect, develop, 
and, where possible, improve coastal re
sources."' Coastal resources (which in
clude both seacoast and Great Lakes 
shoreline) are generally defined as adja
cent lands which directly affect or are af
fecred by the coastal waters. Thirty states 
are included in this program, but their 
participation is strictly voluntary. Partici
pating states may use federal funds to 
formulate a long-range management pro
gram for their coastal zones. Any utility 
that applies for a federal permit for a 
proposed facility in the coastal zone must 
demonstrate compliance with the state 
management plan. The construction of 
receiving terminals and other coastline 
facilities for off-shore, outer continental 
shelf oil and gas developments must also 
show compliance. Approximately 20 
states now regulate development in cer
tain coastal areas, especially in environ
mentally sensitive wetlands and estuaries. 
California, for example, has essentially 
banned all new power plants in coastal 
zones.' (Section 4 delineates programs by 
state). 
The following executive orders also affect 

the energy-related uses to which a specified 
area may be allocated. 
• Floodplain Management Executive 

Order. This Order prohibits federal agen
cies and businesses from buildmg m the 
100-year flood plain unless alternatives 
are unavailable. 

• Protection of Wetlands Executive Order. 
This Order requires federal agencies to 
avoid construction activities on wetlands. 
In addition to the above legislation, fed
eral control of water usage is extended to 
water allocation on federally owned 
lands. On Indian owned lands, the water 
is owned and allocated by the ruling 
tribe. 

Air Quality Legislation and 
Energy Development 
Air quality management policies in the 

United States have been established by 
statute, beginning with the Air Pollution 
Act of 1955 through the most recent 
amendments to the Clean Air Act, passed in 
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August 1977! The legislation and subse
quent interpretations by the Environmental 
Protection Agency have set up a compre
hensive scheme for management of national 
air resources. The pursuit of air quality can 
have significant impacts on industrial and 
utility siting patterns, on energy develop
ment, and on the use of land. 

In accordance with congressional statute, 
EPA established National Ambient Air 
Quality Standards (NAAQS) for seven cri
teria pollutants-sulfur dioxide (SO,), total 
suspended particulate (TSP), nitrogen ox
ide (NO.), carbon monoxide (CO), photo
chemical oxidants or ozone (Ox, 0,), hydro
carbons (HC), and lead. States were re
quired to prepare State Implementation 
Plans (SIPs) outlining proposed strategies 
for the attainment and maintenance of the 
NAAQS. The SIPs were to include a New 
Source Review program, permittng con
struction of only those new major sources 
where emissions would not cause or exacer
bate a violation of the NAAQS. In areas 
where the ambient air is dirtier than the 
standards (nonattainment areas), the SIPs 
must include plans to clean up existing 
sources of emissions in order to achieve at
tainment, as well as restrictions on new 
sources. Nonattainment areas for five cri
teria pollutants are shown in Section 4. 

Nonattainment will likely have minimal 
effect on utility siting, but more significant 
impacts on industrial development and ma
jor fuel-burning installations. Nonattain
ment areas for TSP, SO,, and NOx, the pol
lutants of primary concern to fossil-fuel 
combustion facilities, are typically small 
and localized in urban areas and/or existing 
industrial areas. Locating new industries or 
expanding existing plants in such areas may 
be diftlcl,llt, detlendimt on the ahility of 
other sources to reduce emissions and make 
room for a new source of emissions. Utili
ties have more mobility and can more easily 
avoid locations in urban nonattainment 
areas. 

In areas where the air is cleaner than the 
NAAQS, a set of standards has been estab
lished to prevent the significant deteriora
tion (PSD) of air quality. Additional pollu
tants in these PSD areas are to be limited to 
specified amounts (or increments), calcu
lated relative to a baseline air quality. Incre
ments are a total addition to the pollutant 
load and cannot be exceeded. Increments 
have only been established for TSP and 
SO,. PSD standards are required to be set 
for the remaining criteria pollutants, but 



they have not yet been proposed and might 
not use an increment approach. 

Three classes of PSD areas are defined: 
an area can be Class I, or "pristine," with a 
minimal increment allotted (Class I areas 
are mapped in Section 4), Class II, with in
crements large enough to accommodate 
moderate economic growth (e.g., a 
1000-MW coal-fired power plant with 85 
percent reduction in SO, emissions could be 
built in a Class II area), and Class III, with 
increments for maximum growth. States 
have the legal right to reclassify areas, while 
Indian tribes retain the same reclassification 
rights for tribal lands. 

PSD standards have been described as 
land use controls in disguise• because they 
have the potential for precluding some sites 
from use for energy development. Certain 
scenic areas (150 national parks and wilder
ness areas) are set aside as mandatory Class 
I, to be preserved as national treasures for 
future generations. In addition, the Clean 
Air Act Amendments declared the protec
tion of visibility in 148 of these areas to be a 
national goal. An energy facility which is a 
major new source of airborne effluents 
could not locate within a Class I area or on 
the border of such a pristine area without 
violating the latter's increment. 

Class II increments may limit the scale 
and co-location of new energy facilities. 
Energy activities that generate TSP or SO, 
may locate only in Class II areas that have 
PSD increments available for such develop
ment. 

The designation of an area as in nonat
tainment or in attainment, governed by 
PSD rules, is made on a pollutant-specific 
basis. Thus, a new source of emissions 
might be reviewed under nonattainment 
rules for TSP and PSD regulations for SO,. 
Although the determination of the attain
ment status of all states has been officially 
promulgated in the Federal Register,' as re
quired by the 1977 Clean Air Act Amend
ments, the actual air quality in much of the 
country is unknown. For example, in Colo
rado, 90 percent of the counties have no 
valid data for SO, and 40 percent lack TSP 
data. Even in industrialized Ohio just under 
50 percent of the counties are without SO, 
data and 30 percent lack valid TSP values. 
New sources may be unaware of the air 
quality status of an area chosen for a con
struction site. 

State Siting Authority 
Air quality management is particularly 

important in power plant siting decisions. 
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In addition to the federal legislation on air 
quality, 25 states have adopted some form 
of power siting legislation.' These efforts 
focus almost exclusively on electric power 
plants, and have generally been limited to 
coal-fired electric generating and transmis
sion facilities. As a result, a more detailed 
discussion of state siting laws, state mecha
nisms for implementing these laws and 
other state land use programs is presented 
in the third part of this section, which 
focuses on land use issues concerning the 
various fuel cycles associated with energy 
development. 

Federal Lands and Energy 
Development 

The federal government owns and ad
ministers 760 million acres of land, one
third of the land area of the United States. 
Most of this land is concentrated in the 
western states and Alaska (see map, Section 
4), where 30 percent to 90 percent of the 
land area in each state is under federal con
trol. The Bureau of Land Management 
(BLM) and the National Forest Service 
(NFS) are responsible for the bulk of the 
federal lands, with jurisdiction over 62 per
cent and 25 percent of the total, respectively. • 

It has been estimated that 40 percent of 
the nation's coal reserves, 50 percent of the 
oil and gas fields, 80 percent of the oil 
fields, 40 percent of the uranium deposits, • 
60 percent of the geothermal fields'" and 70 
percent of the oil shale deposits'' lie be
neath federal land. The recovery of these 
resources is directly dependent on federal 
land management policies. Additional re
serves are indirectly affected due to prob
lems of access or because of inability to 
conduct an economically viable mining 
operation without the inclusion of federally 
owned parcels of land. These problems may 
be especially acute in the West. For exam
ple, in the six western states that account 
for almost half the nation's coal reserves 
(North Dakota, Montana, Wyoming, Colo
rado, Utah, and New Mexico), 72 percent 
of the coal reserves in Known Recoverable 
Coal Resource Areas are federally owned. 
By comparison, the Federal Government 
owns the coal rights to less than 3 percent of 
the coal east of the Mississippi." Ownership 
patterns in the West make if difficult to de
velop the 18 percent of the reserves that are 
nonfederal without requiring some federal 
land to make a mining unit that can be effi
ciently developed. In 1977, only 9 percent 
of the total 1977 coal production from these 



six western states came from mines that in
volved no federal coal." 

In addition to the control of resources on 
land, the 1953 Outer Continental Shelf 
Lands Act and its 1978 amendments grant 
the Federal Government jurisdiction over 
the lands in the Outer Continental Shelf 
(OCS) area of U.S. waters and the authori
ty to lease those lands for resource develop
ment purposes. Thus, the Federal Uovern
ment controls all of the resources of the 
OCS, which may include up to 60 percent 
of the nation's undiscovered oil and gas re
serves." 

The large amount of energy resources ef
fectively conrrolled by federal government 
is of concern for two reasons: (1) the time
table for development of these resources is 
directly dependent on federal leasing 
schedules; and (2) large amounts of federal 
land are being withdrawn from mineral 
development m the interest of preserving 
their wilderness values. 

Federal Leasing 
The leasing programs of chief concern 

for energy development are those involving 
coal and OCS oil and gas. Both programs 
are administered by the Department of In
terior (DOl). Land use planning for energy 
development on the public domain is a co
operative effort between DOl and the De
partment of Energy (DOE). The coal leas
ing program has been recently (June 1979) 
reinstated as the Federal Coal Management 
Program, after a moratorium on new long
term leasing which lasted nearly ten years. 
Prior to 1970, DOl processed permit and 
lease requests for mineral exploration and 
mining (under the authority of the Mining 
Law of 1892 and the Minerals Leasing Act 
of 1920) on a case-by-case basis. Little con
sideration was given to the need for addi
tional leasing or the potential environ
mental impacts ot mirung on the land to be 
leased,'' possibly according to the historic 
precedent that minerals, which can only be 
mined where they are found, had priority 
over all other uses of the land.•• By 1970, 
about 788,000 acres of federal lands were 
leased for coal production, but less than 10 
percent of that land was producing coal. In 
order to allow DOl to develop a compre
hensive planning system to determine the 
size, timing, and location of future coal 
leasing, a moratorium on new long-term 
leasing was announced. After several major 
revisions, the plan was accepted, with leas
ing to resume in January 1981. The new 

to 

Federal Coal Management Program, as 
described in the final EIS, makes the deci
sion to lease federal coal, 

"an integral part of the federal land 
planning process. Federal lands would 
be considered for leasing which have 
not been found unsuitable for coal 
mining or more valuable for resource 
protection or other development activ
ities in the land use planning process of 
the federal land management agencies. 
In the activity planning process, tracts 
would be delineated, ranked on the 
basis of coal quality, cost, and envi
rmimental, social. and. economic ef
tects and selected for sale by regional 
coal teams. Regional leasing targets, 
derived from production goals submit
ted biennially by the Department of 
Energy and comments received from 
the states, industry, and the public, 
would be applied during the activity 
planning process to ensure that suffi· 
cient tracts would be ranked and se
lected to meet national energy 
needs."" 
Selection of specific tracts of coal to be 

offered for lease and the administration of 
the lease sales are to be managed by BLM. 
Tract selection will probably proceed with
out the benefit of completed land use plans 
until 1985 or even later," a necessary com
promise if further expansion of production 
from federal coal leases is to continue past 
1986. Since it generally takes 10-15 years 
lead time to bring a mineral deposit into 
production, •• it is probable that coal from 
new leasing areas will not be available at 
least until 1990. 

The assumptions implicit in timing lease 
sales to ensure achieving projected regional 
production goals are that the regional de
mand/production pattern used is the most 
desirable alternative of the vast array of de
mand/production patterns possible, and 
that a failure to meet the regional goals 
could result in a decrease in national coal 
production levels. However, as was pointed 
out in the final EIS for the coal manage
ment program, the most likely result of not 
attaining the projected regional goals would 
be that the patterns of coal development in 
the United States would be altered, and 
that, "on the basis of computer pr.ojection, 
it appears improbable that total national 
coal production would be greatly 
reduced."" It can be concluded, therefore, 
that the federal coal management program, 
though it may have local and regional im
pacts on coal development, could pose only 



a minor constraint to achieving mid-term 
national energy goals related to coal. 

This may not be the case, however, for 
oil and gas development on the OCS, since 
it seems that the opportunity to shift the 
pattern of demand/production away from 
federally controlled deposits is smaller than 
with coal. Since as much as 60 percent of 
the nation's undiscovered oil and gas may 
occur in the OCS area, there are fewer 
domestic alternative sources available if 
OCS development is curtailed. On the other 
hand, mid-term OCS energy production is 
expected to be small compared to 
demand." The real impact of delayed fed
eral leasing of OCS lands is thus hard to 
determine. 

The Example of Oil Shale" 

The oil shale lands of Colorado, Utah, 
and Wyoming are largely owned by the 
United States, about 8 million acres (72 per
cent of the area considered to be suitable 
for commercial development) being public 
lands (Figure 2.1). These lands, which are 
administered mainly by the BLM, contain 
80 percent of national oil shale reserves and 
81 percent of the higher grade deposits. The 
remaining oil shale lands are owned by pri
vate interests, by Indian tribes, and by the 
states. The privately owned lands consist 
partly of patented mining claims, chiefly 
along outcropping oil shale deposits, and 
partly of valley lands acquired under the 
homestead laws. 

In Utah, ownership of the oil shale lands 
is complicated by a decision on August 8, 
1978, by the United States Court of Ap
peals, Tenth Circuit, to award to the state 
of Utah 157,256 acres of public lands "in 
lieu" of grants for school lands that had 
been denied to Utah because of acquisition 
of federal reservations or by private entry 
under the homestead laws. For this award, 
Utah selected parcels of land in Uintah 
County that include the U-a and U-b Proto
type Oil Shale Lease tracts. A petition for a 
rehearing on this decision was denied on 6 
December 1978, but the Justice Department 
has further petitioned the Supreme Court to 
review the decision. In 1979, the state of 
Colorado made a similar claim to public 
lands in the Piceance Creek Basin. 

The complexity of oil shale development 
and management is increased by the existing 
patchwork of federal, state, and private 
ownership. Because surface rights are nec
essary in planning for roads, building sites, 
and other development activities of a re-
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gional character, consolidation of holdings 
in some areas may be desirable in order to 
delineate economic blocks of oil shale re
sources. In this circumstance, equitable ex
change of private and public lands has been 
suggested as a means of consolidating some 
commercially sized tracts, possibly through 
exercise of Section 206 of the Federal Land 
Policy and Management Act of 1976, P.L. 
94-579. The BLM in 1979 implemented pro
cedures to make such exchanges. 

Public Lands Withdrawals 
The prospects of closing large amounts 

of land to mineral development-areas be· 
ing considered for wilderness designation 
by NFS and BLM and the designation of 15 
large new national monuments in Alaska, 
for example-have made the potential 
energy consequences of public land with
drawals a topic of great concern. In early 
1979, NFS, which already had 12.9 million 
acres in wilderness areas,'' was nearing the 
end of the first stage of their review of 62 
million acres of RARE II lands (Roadless 
Acres Review and Evaluation, Survey II) 
for possible designation as wilderness. BLM 
had nearly 175 million acres under study for 
the same purpose. President Carter had just 
created 56 million acres of new national 
monuments (closed to mineral develop
ment) in Alaska, and the 96th Congress was 
considering legislative proposals that would 
withdraw 100-125 million acres of Alaskan 
land from mineral exploration and develop
ment. In addition, BLM's responsibility is 
to identify areas unsuitable for coal mining, 
which could have removed yet more acreage 
from production. If all this land was with
drawn from development it would have 
nearly doubled the amount of federal land 
closed to the exploration and development 
of energy resources. A number of reports 
issued at that time estimated that 60 to 65 
percent of the public lands were totally or 
partially closed to development. ••.•• ...... 
Further, these estimates did not take into 
account the fact that the designation of a 
number of offshore sites as marine sanc
tuaries to protect them from OCS leasing 
was also being considered. Returning to the 
figures listed in the introduction to this sec
tion, this could mean that 24 percent of the 
nation's coal, 30 to 48 percent of the oil, 24 
percent of the uranium, and 36 percent of 
the geothermal resources could not be re
covered unless the wilderness designations 
were repealed. 



Figure 2.1 

Federal Ownership of Oil Shale Lands in Colorado, Utah, and Wyoming 
as of 1968 

Piceance Basin 
(Colorado) 

1,800,000 acres 

Green River Basin 
(Wyoming) 

4,300,000 acres 

Uinta Basin 
(Utah) 

4,900,000 Acres 

Washakie Basin 
(Wyoming· Colorado) 

Source: Surface Mining of Non-Coal Minerals, "Appendix II: Mining and Processing of Oil Shale and 
Tar Sands," National Academy of Sciences, 1980. 
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By June 1980, the initial phases of the 
NFS and BLM studies were completed and 
a large proportion of the areas originally 
under study were determined to be nonwil
derness, thus opening those lands to miner
al development. Congress is debating the 
Alaskan lands bills, and BLM has modified 
its unsuitability criteria for coal develop
ment deleting the prime farmland and re
claimability criteria because of potential 
difficulties in application. However, a large 
number of acres are still under study or 
·have been recommended for wilderness des
ignation. The amount of land presently 
withdrawn from development, excluding 
the acreage covered by the Alaskan Lands 
Bill now under debate, is summarized in 
Table 2.1. The 282 million acres indicated 
in the table represent 37 percent of the na
tion's public lands. The simplistic assump
tion that 37 percent of the· federally con
trolled resources would thus be rendered 
unavailable would lead to estimates that 
about 15 percent of the nation's coal, 19 
percent to 30 percent of the oil, 15 percent 
of the uranium, and 22 percent of the geo
thermal fields are locked up on withdrawn 
lands. 

RARE II 
In January of 1979, NFS recommended 

that 15.5 million of the 62 million acres of 
RARE II lands be designated as wilderness, 
while 10.5 million acres were to be studied 
further for possible wilderness designation 
by 1985, and 36 million acres were released 
for non-wilderness use. 20 Areas recom
mended for wilderness are closed to energy 
resource exploration and extraction unless 
those activities exist under some prior right. 
The 10.5 million acres of further study 
areas are open to oil and gas exploration, 
but no resource development is permitted 
until studies are completed. The impact of 
these withdrawals on energy resource avail
ability was of particular concern in the oil 
and gas rich Rocky Mountain Overthrust 
Belt. However, though reserves of 1.5 to 
8.8 million barrels of oil and 6 billion to 
51.5 trillion cubic feet of natural gas are 
estimated to occur under RARE II lands in 
the area, 95 percent of the area is still open 
for resource exploration and extraction. 20 

BLM Wilderness Area 

By mid-1979, BLM had completed its in
itial inventory of more than 175 million 

Table 2.1 

Federal Acreage Withdrawn from Mineral Uses as of June 1. 1980 
(millions of acres) 

Government facilities and installations not open to public entry 
National park service lands 
Fish and wildlife refuges 
Wilderness areas in national forests 
Wild and scenic rivers in national forests 

RARE II lands recommended for designation as wilderness 
RARE II lands under further study 
BLM potential wilderness study areas 
1978 designation of Alaskan national monuments 
20-year withdrawal of Alaskan lands 

TOTAL 

•Source: Federal Register, Vol. 45, No. 98, Monday, May 19, 1980. 
bas of June 30, 1975. 

34.4" 
25.1b 
30.Jb 
12.!Y 

O.JC.d 

15.58 

10.58 

57.0" 
56.08 

40.08 

282.0 

Source: U.S. DOl, Bureau of Land Management, Public Land Statistics 1976, U.S. GPO, Washing· 
ton, D.C. (no date). 
0 As of Sept. 30, 1977. 

Source: USDA, Forest Service, Land Areas of the National Forest System as of September 30, 1977, 
File 1380 (54lll, February, 1978. 
dAdditional wild and scenic river acerage can be found outside of national forest lands. 
•see text. 
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acres of roadless areas under its jurisdiction 
and released 113 million acres that "clearly 
and obviously" lack wilderness values to 
multiple use management. By December, 
over 117 million acres had been dropped 
from the study.'' These decisions drastically 
reduced the amount of public land with
drawn from development. Some of the re
maining 57 million acres of potential wil
derness study areas may also be released 
after a more intensive inventory that is due 
to be completed in the western states by Oc
tober of 1980. As of June 1979, this second 
inventory stage involved 21.8 million acres 
in Nevada, 9.3 million in Utah, 8 million in 
California (including the 6 million acre Cal
ifornia Desert Conservation Area on which 
the intensive inventory has already been 
completed), 6.8 million in Oregon, 5.6 
million in Arizona, 3.7 million in Idaho, 2.7 
million in Montana, 1.9 million in New 
Mexico, 1.2 million in Colorado, 1 million 
in Wyoming, ami 0.14 million in Washing
ton.'' This acreage represents 30 percenl of 
the BLM lands and 13 percent of the federal 
lands in the seven western states with major 
energy resources (Arizona, California, Col
orado, Montana, New Mexico, Utah, and 
Wyoming)." Land assessment in other 
areas has been delayed by ownership ques
tions, particularly in the Northeast and 
Minnesota. 24 

The management policy for the areas still 
under study is to "continue existing uses or 
allow new uses wherever possible and to 
conclude the period of study and uncer
tainty as rapidly as possible."" Activities 
causing long lasting or permanent effects 
are prohibited in the study areas, though 
mineral uses and mining claim~ Lhal eAi~Led 
as of October, 1975 may continue even if 
they cause permanent impacts that impair 
wilderness suitability." Oil, gas, and min
eral exploration are allowed if the areas dis
turbed by these activities, including access 
routes, are 1eclaiuu:d." 

The potential effect of the BLM land 
withdrawals on the future availability of 
energy resources is not known, though the 
figures cited above indicate the potential 
magnitude of the impact. Top priority is be
ing given to the review of areas where there 
are potentially major conflicts between wil
derness and other uses, particularly energy 
development. DOl expects that the total re
view will be done before the 1981 deadline 
set by Congress." 
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Alaskan Lands Bill 

As of June, 1975, the Federal Govern
ment owned 352.4 million acres of land in 
Alaska, more than 96 percent of the state." 
At that time most of the land was under the 
jurisdiction of BLM, and thus, was proba
bly open to mineral exploration and d~vel
opment subject to existing native clatms. 
Since that time, 5.2 million acres were in
cluded in a three-year emergency with
drawal in late 1978 and 56 million acres 
were withdrawn by President Carter's 1978 
action creating 15 new national monuments 
in Alaska. The Congress has been debating 
for three years over legislation to balance 
the preservation of this fragile frontier 
through inclusion in the National Forest, 
Park, Wildlife Refuge and Wild and Scenic 
River systems with the right of Alaskans to 
control a substantial part of their own state 
and the national need for some of Alaska's 
oil, mineral, and timber reserves. Faced 
with Congressional inaction, Interior 
Secretary Andrus withdrew from state 
selection 40 million acres in November, 
1978 by invoking the authority granted him 
by the Federal Lands Policy Management 
Act of 1976.' This acreage is preserved from 
development until legislative guidance is 
provided. 

On May 15, 1979, the House bill set aside 
110 million acres of land' 6 (other sources 
report 125 million" and 127' million"), of 
which 67 million acres would be designated 
wilderness, precluding energy development. 
The Senate, on August 19, 1980, amended 
the House bill, now titled the Alaska Na
tional Interest Lands Conservation Act. 
This measure would put more than 56 mil
lion acres under wilderness protection, pro
hibiting any kind of mineral or other devel
opment, and another 49 million a~res 
would receive ht&&er degrees of protectiOn 
that would allow limited oil and gas extrac
tion and mining. A compromise has not yet 
been reached to manage land use changes in 
this vast area of public domain. 

Indian Lands and Coal 
Production 
The largest contiguous blocks of nonfed

eral coal found in the West are those owned 
by the Indian tribes (see maps in Section 4). 
Approximately 70 billion tons of coal, 30 
billion tons of which are surface-minable, 
are found under Indian lands. This repre
sents one-third of the western coal reserve 



base, although production from Indian coal 
land in 1977 accounted for only 14 percent 
of total western production. Of the 22.9 bil
lion tons of Indian coal mined in 1977, 80 
percent came from the Navajo lands in Ari
zona and New Mexico. The remaining 20 
percent came from the Crow and Cheyenne 
reservations. 

The most important Indian coal owners 
are the Navajo tribes in New Mexico and 
Arizona (5 billion tons), the Crow and 
Cheyenne tribes in Montana (15 billion 
tons; individual tribe ownership data not 
available), and the Three Affiliated Tribes 
in North Dakota (3 billion tons). The 
Southern Ute, Ute Mountain, Jicarilla, 
Flathead, and Blackfeet tribes control 
another 5 billion to 7 · billion tons of 
reserves. The Navajo, Crow, and Three Af
filiated Tribes have all indicated an interest 
in developing their coal reserves. The 
largest uncertainties about future develop
ment of Indian coal center on the 15 billion 
tons of reserves in Crow and Cheyenne 
lands. The Cheyenne do not wish to 
develop their coal reserves at this time, and 
legal battles between the Crow tribe and 
previous purchasers of leases and holders of 
prospecting permits make the future 
development of this coal uncertain. 

State and Local Control of Energy 
Development on Federal Landsz 7 

In anticipation of the potential adverse 
impacts of energy development on federal 
lands in the western U.S., traditionally pro
development western state and local gov
ernments have demanded a greater role in 
the federal policymaking process" and have 
passed laws which place greater restrictions 
on mineral development than have federal 
controls. For example, in addition to fed
eral legislation designed to control the envi
ronmental effects of strip mining, several 
states have enacted considerably more strin
gent laws which purportedly apply to fed
eral lands. z• Similarly, state and local gov
ernments have actively asserted their 
authority to impose land use controls on 
federal lands. And in Ventura County v. 
Gulf Oil Corporation, recently decided by 
the Ninth Circuit Court of Appeals and cur
rently on appeal to the U.S. Supreme 
Court, a local government sought to en
force its zoning ordinances against an 
energy developer using federal lands. 

The property clause of the Constitution 
gives Congress the power to pass laws af
fecting territory owned by the Federal Gov-
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ernment. ' 0 Although the states can also 
pass laws which restrict activities on federal 
lands," federal laws will preempt con
flicting state regulations where Congress 
has supplied a "clear manifestation" of its 
desire to supersede state law .H Relying on 
the property clause, Congress has passed 
several statutes authorizing the develop
ment of energy resources on federal lands. 

In Ventura County v. Gulf Oil Corpora
tion, the Ninth Circuit Court of Appeals 
held that energy development policy, as 
codified by the Minerals Lands Leasing 
Act, prohibits a county from requiring a 
private energy developer on federal land to 
obtain a use permit before engaging in 
energy development under a federal lease. 
The defendant, Gulf Oil, had obtained a 
federal lease executed by the BLM to drill 
for oil on national forest land and had re
ceived the necessary permits for the NFS 
and the Geological Survey. After drilling 
had begun, the county advised Gulf that its 
zoning ordinance required Gulf to obtain a 
conditional use permit by 11 conditons be
fore Gulf could continue drilling on the 
site. When Gulf refused to obtain a permit, 
the county sued for a declaratory judge
ment that Gulf was subject to the ordin
ance, and for an injunction suspending op
erations until Gulf obtained the permit 
from the county planning commission. The 
district court denied both requests and the 
Ninth Circuit affirmed, holding the imposi
tion of the county permit requirement on a 
federal lessee would impermissably sub
stitute local policy for the extensive federal 
scheme for energy development emobdied 
in the Mineral Lands Leasing Act, rejecting 
the county's argument that Section 32 of 
the Act saved its land use ordinances from 
pre-emption. 

The court's conclusion, however, avoid
ed the question of whether the use of fed
eral lands by private energy developers in 
ways that violate state and local laws has ac
tually been sanctioned by federal legisla
tion. The Federal Land Policy and Manage
ment Act of 1976 (FLPMA), which was 
superimposed on the basic procedural 
mechanism of the Mineral Lands Leasing 
Act, may show increased deference to non
federal regulation. 

FLPMA consolidated hundreds of public 
land statutes previously scattered through
out the United States Code. It represents 
the first time the powers and duties of the 
BLM have been spelled out by legislation, 
requiring the Secretary of Interior to devel-



op, maintain and revise land use plans for 
public lands and instructing the Secretary to 
manage the public lands according to these 
plans. FLPMA directly affects two kinds of 
state and local restrictions of energy devel
opment on federal lands-pollution control 
and land use requirements. 

Pollution control laws and restrictions, as 
described previously in this report, are im
portant direct cO Jill ob tluH ~tate C:uld lo~al 
governments may wish to impose on energy 
developers using federal lands. FLPMA 
stipulates that the push tor energy develop
ment on federal lands may not interfere 
with nonfederal pollution control efforts. 
Section 2U2(c)(l!) of the Act declares that 
"in the development and revision of land 
use plans, the Secretary shall ... provide for 
compliance with applicable pollution con
trol laws, including State and Federal air, 
water, noise, or other pollution standards 
ur implt:menlaliun plans."" By this langu
age, FLPMA appears to demand applica
tion of state and local pollution control 
lawo to federal leooeco. 

By contrast, the enactment of FLPMA 
does not require federal planning to follow 
all state and local use plans. Land use re
quirements enforceable against federal 
lessees would give state and local govern
ments more control over the location, size, 
and operation of energy developments on 
federal lands than would the narrower tools 
ot pollution control-ambient pollution 
standards and effluent limitations. But 
while Section 202(c)(9) requires the Secre
tary of the Interior to provide for "mean
ingful" involvement by state and local of
ficials, BLM plans need only be "consistent 
with State and local plans to the maximum 
extent the Secretary tinds consistent with 
Federal law and the purposes of the 
FLPMA. ,,. Thus, the possibility of con
flict between federal and nonfederal plans 
was recognized, and the Secretary of In
terior was given the discretion to preempt 
state and local land use plans inconsistent 
with federal energy development schemes. 
But Section 202(c)(8)'s mandatory incor
poration of nonfederal pollution control 
laws limits the Secretary's discretion. 

Consequently, state and local land use 
laws will more clearly be enforceable 
against federal lessees if they are drafted to 
explicitly identify pollution control as one 
of their major goals. For example, the 
county in the Ventura case might have had 
more success in court had it stressed the 
pollution control motivations of the land 
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use restrictions it sought to enforce against 
Gulf. Although the ordinance imposed pol
lution conditons relating to soundproofing, 
waste disposal, and runoff protection," 
these provisions were submerged in a zon
ing ordinance which contained other more 
general land use provisions probably inap
plicable to federal lands. 

Additional Federal Regulations 
Affecting Energy-Related Land Use 

National Environmental Policy 
Act (NEPA) 
NEPA, which became law in 1970, is 

considered landmark legislation because it 
introduced environmental considerations 
into the governmental decision-making pro
cess. One of the many mandates of this far
reaching law is the preparation and review 
of EISs for all proposed projects that will 
utilize federal funds. The EIS must assess 
all aspects of the proposed action, in
dulling: 
• environmental characteristics of the site; 
• description of the facilities; 
• environmental impacts of the activity; 
• socioeconomic impacts; 
• alternatives; and 
• unavoidable adverse impacts. 

The draft EIS must be reviewed by 
several state and federal agencies and 
finalized through a series of hearings. 
Through the EIS process, NEP A has pro
vided a statutory basis for opposition to the 
development of energy facilities. It also af
fects the facility siting process by enjoining 
a proposed project until all requirements of 
the Act have been fulfilled. These require
ments include an analysis of the impacts on 
land resources and require that environ
mentally preferable alternatives must be 
Identified and discussed. 

Endangered Specie5 Act 
Under the Endangered Species Act of 

1973 (Public Law 93-205), all federal agen
cies are required to cooperate in the conser
vation of endangered and threatened 
species. Section 7 of the Act states that: 

"The Secretary (of Interior) shall re
view other programs administered by 
him and utilize such programs in fur
therance of the purposes of this Act. 
All other Federal departments and 
agencies shall, in consultation with and 
with the assistance of the Secretary, 
utilize their authorities in furtherance 



of the purposes of this Act by carrying 
out programs for the conservation of 
endangered species and threatened 
species listed pursuant to Section 4 of 
this Act, and by taking such action 
necessary to insure that actions 
authorized, funded, or carried out by 
them do not jeopardize the continued 
existence of such endangered and 
threatened species or result in the 
destruction or modification of the 
habitat of such species which is deter
mined by the Secretary, after consulta
tion as appropriate with the affected 
States, to be critical. " 36 

Mechanisms have been implemented for 
determining land occupied by "critical 
habitats"; modification of a critical habitat 
has been redefined to "adverse modifica
tion"; and these concepts have been 
qualified and quantified for enactment of 
this legislation. 

Resource Conservation and 
Recovery Act 
This legislation, enacted in 1976, pro

vides for the control and management of 
solid and hazardous waste disposal. It man
dates the EPA to promulgate standards 
relating to the generation, transportation, 
treatment, storage and disposal of hazard
ous wastes in order to protect health and 
the environment. 

Recently, the EPA classified fly ash, bot
tom ash, slag, and flue gas emission control 
wastes resulting from the combustion of 
fossil fuels as nonhazardous. Utility wastes, 
therefore, are currently exempt from 
RCRA hazardous waste regulations. 3

' In 
light of the characteristics for identifying 
hazardous wastes, however, this nonhaz
ardous classification of utility waste may be 
subject to future change. 

The RCRA specifies four criteria for 
identifying hazardous waste: ignitability, 
corrosiveness, reactivity, and toxicity .37 

Some portions of utility solid wastes may 
exhibit one or more of these characteristics, 
particularly toxicity. If the classification of 
these wastes is changed to hazardous, they 
will be subject to the provisions relating to 
hazardous waste disposal facilities. The 
land use effects of reclassification of ener
gy-related wastes from nonhazardous to 
hazardous would be increased land con
sumption for permanent waste disposal 
sites and the possible prohibition on using 
certain lands for disposal that have high 
leachate qualities. Additional locational 
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restrictions in RCRA are that hazardous 
waste disposal sites shall be located on land 
with a low alternative use value, must be 
more than 200 feet from public roads, and 
shall not be located in "critical habitat 
areas" of endangered species, unless it can 
be ascertained that the species will not be 
further endangered. 

RCRA seems to have a contradictory in
fluence on energy siting decisions. Remote 
sites (especially those in the semi-arid West) 
look attractive in view of the site exclusion
ary criteria listed above. However, to suc
cessfully satisfy Section 5003, which deals 
with the recovery of waste materials, dis
posal facilities must be located near their 
markets, since major waste products are 
heavy and, therefore, expensive to trans
port and yet bring a small return in 
dollars. 38 RCRA may increase the cost of 
siting energy facilities on sandy soils as op
posed to those on or near clay soils due to 
the potential leachate migration from waste 
facilities. RCRA may also increase the at
tractiveness of western coal which has lower 
sulfur and ash contents and thus less waste 
handling problems. 

Atomic Energy Act/Energy 
Reorganization Act 
The Atomic Energy Act established the 

Nuclear Regulatory Commission (NRC) to 
license and promulgate guidelines for lo
cating and operating nuclear power plants. 
The Energy Reorganization Act gave the 
NRC sole responsibility for regulating the 
nuclear energy industry. It requires a two
step licensing procedure for nuclear power 
plants, consisting of a construction permit 
and an operating license, both to be ob
tained through the NRC. These license 
guidelines affect land use by this industry 
both in land requirements and site suitabil
ity as discussed in the next section. 

TOPICS ASSOCIATED WITH 
FUEL CYCLES 

The first subsection of the issue report 
discussed land use topics which tend to im
pact energy development in a generic sense. 
That is, the issues identified can be related 
to most any energy technology and most 
any phase of the fuel cycle associated with a 
specific technology. For example, the dis
cussion of state and local participation in 
energy developments on federal lands is rel
evant regardless of the type of energy devel-



opment that may occur on these lands. 
However, it is obvious that particular en
ergy technologies will have, or have had, a 
greater impact on land use than others. 
And, more specifically, different phases of 
the fuel cycle associated with a particular 
technology will have, or have had, greater 
impact on land use than other phases. 

The purpose of this subsection is to iden
tify and a~sess land use topics associated 
with specific: energy resources and. specific 
cycles a~sociated with developing these re
sources. Essentially, an analytical approach 
is presented in which several energy systems 
an: brokt:n down into their parts, i.e., ex
lradiuu, ~.:uuvt:Isiuu, l.:lJlubusliuu, t:l~.:. 
These subsystems are then analyzed to de
termine the major land use impacts that 
have been experienced in the past and may 
be expected to occur in the future as pro
ducts of alternative DOE energy supply and 
demand scenarios. 

The result of this analysis are summar
ized in Tables 2.2 and 2.3 and discussed in 
detail below. For each fuel or energy source 
in each part of the fuel cycle, the discussion 

describes the kinds of direct and indirect 
land use impacts caused by development ac
tivity and quantifies the area of land re
quired per unit of resource extracted, con
verted, or burned, and per unit of waste 
generated. Finally, the amount of land im
pacted by each activity in the past and po
tential land requirements in the mid-future 
(1990) are estimated and discussed. 

Coal Systems 
Extraction: Surface and Deep 
Mining 

Land Requirements 

The amount of land disturbed by coal 
mining depends on the mining method 
used, the thickness of the coal seam, and 
the density of the coal. The mining method, 
either surface or underground, determines 
the recovery efficiency, which ranges from 
50 percent for underground room and pillar 
mines to 80 or 90 percent for surface mines. 
Extraction of thick seams disturbs less land 

Table 2.2 

Estimated Area Occupied by Energy Activities 
in 1975. as Calculated in Text 

Fuel Cycle Element 

Extractions 
Coal 
Oil 
Natural Gas 
Uranium 
Geothermal 

Converslon8 

Uranium 

Oil Refineries 
Hydro 
Synfuels 

Combustion 
Utilities 

Solid Waste 
Utilities 
Industrial 

Total 

Estimated Area 
(acres) 

51,400 
196,700 
179,000 

2,700 
3.600 

154,300 

327,400 
not estimated 

300 

175,000 

30,900 
6,300 

1,127,600 

8Assume no land devoted to oil shale, biomass. 
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Comments 

Disturbed by surfece mining in 1975 

DisturhAd in 1976 

Milling, conversion, enrichment, fuel 
fabrication, and nuclear power plants 

Pilot plants 

Coal- and oil-fired power plants 

Ufetime disposal area requirement 
Lifetime disposal area requirement 

Does not include land requiring or undergoing 
reclamation; land covered by hydroelectric 
reservoirs; land devoted to activities not listed 
here. 



Table 2.3 

Estimated Additional Area Required for Energy Activities 
by 1990, Assuming High Level of Production in Each Element 

Fuel Cycle Element 

Estimated 
Additional Area 

(acres) 

Extraction 
Coal 

Oil 
Oil Shale 

1,007,400 

23,000 
4,000-16,500 

Natural Gas 
Uranium 
Geothermal 

3,000 
18,1 00-36,000 

69,000-241,000 

Biomass 
Conversion 

Uranium 

Oil Refineries 
Hydroelectric 
·Synfuels 
Oil Shale retorts 
Biomass 

16,880,000-55,740,000 

353,500-363,300 

10,330 
not e!!timated 

24,000 
1,200 

21,000 

Combustion 
Utilities 

Solid Waste 
Utilities 
Industrial 

Total 

110,400 

103,300 
24,500 

18,647,000-57,719,000 

(without biomass) (1,767,000-1,979,0001 

per ton of coal mined, than does the mining 
of dense deposits. Surface mines will 
disturb 21 to 86 acres per million tons of ex
tracted coal in the West where seams are 
thick and recovery is high, 131 to 277 acres 
per million tons in the Appalachians and 
the Midwest, where seams are thinner, and 
up to 400 acres per million tons in the cen
tral states. All surface mines will require ad
ditional acreage for storage of topsoil and 
of overburden from the initial cut, for facil
ities, and for haul roads: Where traditional 
contour mining is practiced (i.e., the Appa
lachians), casting the overburden soil 
downslope can disturb one acre for every 
acre mined. The more stringent reclamation 
laws now in effect will probably ensure that 
most overburden will be replaced in pre
vious cuts. in the future. In underground 
mining, head-of-hollow fills (filling small, 
natural valleys creating flat land) are often 
used for disposing of excess overburden 
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Comments 

Surface mining only; cumulative requirements 
1975-1990 

For shale disposal; assume 0 in 1980, with 
linear increase to 1990 

Cumulative requirements 1975-1990 
E:.:ti'apolate 1990 "'"tiouill11 louru 198!i i:IIIU 2000 
estimates 
Grain tor ethanol; 17 state central region only 

New mills, fuel fabrication facility, power 
plants 

Coal to gas or liquids 

Ethanol from grain; to produce 5.4 billion 
gallons/year 

New coal- and oil-fired power plants 

Ufetime disposal area requirements 
Ufetime disposal area requirements 
Worst case estimate: assumes attainment of 
highest projected energy production levels 
Reported for each fuel and stage of fuel cycle 

where topographic conditions are favor
able. 

The 50 percent recovery ratio given for 
underground mines reflects the fact that 
large amounts of coal must be left in place 
("sterilized") to prevent collapse of the 
mine roof and an associated subsidence of 
the surface. Although numerous precau
tions are taken, and mandated, to prevent 
subsidence, the corrosion of mine pillars 
over time may weaken the support and 
cause subsidence many years after mining 
has ceased. The timing and likelihood of 
subsidence is hard to predict. It has been 
estimated by the Bureau of Mines that 23 
percent of the land undermined for coal has 
subsided. Thus, the actual amount of land 
affected by subsidence is only a small frac
tion of the area undermined using conven
tional methods. If longwall mining methods 
are used, however, almost all of the area 
undermined will subside, but the greater re-



covery efficiency of this method (80-85 per
cent)'0·42 means that less area is under
mined. Subsidence ha~ the potential for 
causing the greatest land impacts in highly 
developed areas but may also affect 
agricultural land uses by altering drainage 
patterns. 

The cleaning of coal mined underground 
generates large quantities of waste rock and 
coal. Wastes from cleaning surface-mined 
coal arc often returned to the open pit, but 
wastes from cleaning underground coal are 
usually not returned to the mine workings. 
Little coal is cleaned in the West, where 
coal sulfur content is lower, but in the Ap
palachians 50 to 99 percent of the coal 
mined underground is cleaned, and almost 
half a ton of refuse is generated for each 
ton of clean coal. In the past, these wastes 
were deposited in unsightly refuse banks 
which were usually not revegetated. Present 
restrictions require planned disposal of 
these waste~. which may be dcpoaitcd in 
head-of-hollow fills or other designated 
sites. The amount of land required for 
waste disposal is determined in large part by 
the type of disposal method used and the 
height of the waste pile. A 1972 Bureau of 
Mines study•• on coal refuse fires tabulated 
data on waste pile size and volume, and de
termined that 214.6 million cubic yards of 
refuse were contained in waste piles cover
ing a total of 2584 acres throughout the 
U.S. At an average refuse density of 100 
lbs/cu ft," this converts to a land require
ment of 8.9 acres per million tons of refuse. 
It is doubtful that this estimate will apply to 
refuse dumped in head-of-hollow fills, 
where topographical considerations make 
area estimates very difficult. 

Estimates of the acreage potentially dis
turbed by coal surface mining in 1990 range 
from 61,700 to 100,000 acres under dif
ferent scenarios. In all cases, the greatest 
amount of land disturbed occurs in the Ap
palachians, the Central West, and the Great 
Plains. Deep mining may undermine an ad
ditional 118,000 to 149,00 acres of land, in 
that year, with the greatest areas affected in 
the Appalachians and the Midwest.' 

Estimates of the acreage disturbed over 
the period 1975 to 1990 can be based on 
assuming a linear increase in production 
from 1975, when the national production 
was 648.4 million tons, to 1990. Assuming 
the same patterns throughout the period as 
are predicted in 1990, estimates of the 
amount of land potentially affected by 
mining range from 732,000 to one million 
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acres for surface mmmg, and 1.4 to 1.5 
million acres undermined. Table 2.4 pro
vides regional projections for surface 
mining and their associated land use im
pacts. 

Potential Land Use Conflicts 

The kinds of land uses likely to be af
fected by ~urfacc mining are eGtimated in 
the preliminary results of a DOE-funded 
land use study being pert'ormed at Argonne 
National Laboratory using n oocnario that 
projects an annual production of 2 billion 
tons by the year 2000." About 1.4 million 
acres of land would be surface-mined be· 
tween 1975 and 2000 nationwide under this 
scenario; 2.5 million acres may be under
mined; and about 25,000 acres (almost all 
of it east of the Mississippi) would be re
quired for coal cleaning waste disposal." 

Forest is most likely to be disturbed in the 
Appalachians and parts of the Midwest; 
cropland is most likely to be disturbed in 
the Midwest, North Dakota, and parts of 
the Central West; and rangeland will prob
ably be most heavily affected in the West. 
The greatest impacts due to underground 
mining may occur in the Midwest, where 
land uses sensitive to subsidence, i.e., crop
land, are likely to be undermined. 

Legal Topics 

Surface mining activities remove surface 
vegetation, disturb the soil, and change ex
isting topography and surface and subsur
face drainage patterns. Adjacent lands not 
directly disturbed by the mining may be af
fected by sedimentation, acid or alkaline 
draina~e from dust and noise from mlnin~ 
equipment and blasting, and/or a disrup
tion of groundwater supplies. The Surface 
Mining Control and Reclamation Act 
which regulates surface mining on private 
and public lands and prohibits mining on 
critical lands is designed to muumize the 
potential adverse effects of surface mining 
by requiring reclamation and imposing 
stringent pollution control requirements. 
Additionally many states have more strin
gent state reclamation laws. Thus, mining 
should be a temporary use of the land. Rec
lamation of croplands will probably take 
5-6 years; rangelands, since they occur in 
the more arid regions of the country, may 
require more than 10 years for reclamation; 
and forests will take 20-30 years or longer to 
develop after mining and revegetation.' 3 

The likelihood of restoring premining pro-



Table 2.4 

Estimates of Acreage Disturbed By Surface Mining- 1990 and 1975- 1990 

LPDO Scenariob EIA Scenario8 

Low High 
Acres Area Area Area 

Mine per Productionb Mined Productionb Mined Productionb Mined 
108 tons8 (108 tons) (acres) (108 tons) (acres) (108 tons) (acres) 

Appalachia 184 96.4 17,738 101.0 18.584 137.2 25,245 
Midwest 148 44.6 6,660 45.5 6,734 39.4 5,831 
Central West 323 65.9 21,285 107.7 34,787 78.9 25,485 
Great Plains 41 291.1 11,935 799.6 32.784 527.8 21,640 
Rest of West 66 62.7 4,138 100.9 6,659 31.8 2,099 

National Total 560.4 61,696 1154.6 99,548 815.1 80,300 
~ Estimated Cumulative, 

1975- 1990 6,648 731,715 11,684 1,007.426 8,819 868,846 

"Source: Robeck, K., et. al., Land Use and Energy, Argonne National laboratory, ANUAA-19, September, 1980. 
bDOE/RA-0009, October, 1978 . 



ductivity levels is still under question, and 
not all surface-mined lands are returned to 
their original use. Forests, for example, 
have often been replaced by pasture lands 
in the Midwest, •• and flat lands suitable for 
urban and industrial development are often 
preferred over the original wooded moun
tainous topography in the Appalachians. 

In addition to surface mining reclamation 
laws, states also may have strict under
ground mining regulations. For instance, 
extensive urbanization has often occurred 
over abandoned underground mines in 
Penrisylvarua which now has srrlct mining 
controls and an active backfilling program 
to alleviate the potential damage caused by 
subsidence. 45 

The 1976 Resource Conservation and Re
covery Act (RCRA) restricts the disposal of 
solid and hazardous wastes. Presently, the 
solid waste produced by coal cleaning is 
classified by EPA as nonhazardous. Coal 
cleaning wastes arc now being landfilled 
rather than deposited in huge refuse banks. 
RCRA siting criteria stipulates that these 
landfills may not be in environmentally sen
sitive areas or pose a hazard to the environ
ment or public health. 

Coal Combustion 

Land Requirements 

In 1975, there were approximately 1.95 x 
10' megawatts of coal-fired power plant 
capacity in the U.S. Assuming existing coal
fired power plant sites use an average of 0.5 
acre/MW, there were a total of about 
97,620 acres of land consumed by coal-fired 
power plants in 1975 (see Table ?..5), 

The permanent, physical structures-the 
powerhouse, fuel handling svstem. air and 
water pollution control systems, stacks, and 
administration and laboratory buildings
occupy only a fraction of the total plant 
area. Coal storage piles, access roads, land
scaping, etc., comprise most of the site. 
Cooling systems can be a major consumer 
of land; mechanical draft and natural draft 
cooling towers only require about 28 acres 
per 1000 MW generated; however, cooling 
lakes require about 1000-3000 acres of pond 
per 1000 Mw.•• Some utilities may prefer 
larger sites to allow for future expansion in 
generation capacity or have a buffer zone 
around the plant. The spatial distribution 
of structures on the site may also be in
fluenced by the site terrain or by a need to 
maximize plume dispersion. 
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Tabla 2.5 

Estimated Direct Land Use by Ex
isting Coal-Fired Power Plunts, 

1975 

RllyiUIIl:i MW A.:. res 

1 2,224 1,130 
2 4,630 2,310 
3 32.968 16.480 
4 56,464 28,220 
5 66,219 33,360 
6 4,945 2,470 
7 14,304 7,160 
8 8,195 4,1Hi 
9 3,414 1,710 

10 1,335 670 

Source: K. Robeck, et al., Land Use and 
Energy, Argonne Notional loboro 
tory ANL/AA-19, September 1980. 

In general, the amount of land required 
per megawatt of plant capacity is not neces
sarily linear with plant capacity. Also, older 
plants, particularly those located in urban 
areas, tend to maximize their usage of the 
site area. The actual amount of land re
quired per facility is highly variable. Table 
2.6 illustrates the range of acreage occupied 
by coal-fired power plants and was used to 
develop the 0.5 acre/MW figure used ear
lier. 

Practically all coal-fired utility and in
dustrial combustion facilities require land 
for disposal of solid wastes, including fly 
ash, bottom ash, scrubber waste, and 

Toblo 2.6 

Range of Land Use by Coal-Fired 
Power Plants 

MW Acres 

500 500- 1,000 
1,000 475- 1,000 
1,000 330 
3,000 220-1,200 

Source: K. Robeck, et. al., Land Use and 
Energy, Argonne National Labora
tory, ANU.AA-19, September 1980 
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sludge from water treatment. Since the 
amount of waste from water treatment pro
cesses is much smaller than the wastes from 
the other three streams, only solid wastes 
from fly ash and bottom ash removal and 
flue gas scrubbers are discussed here. 

There is little uniformity in the acreage of 
land required for sludge and ash disposal, 
because of variability in disposal practices, 
topography, and climate. Available figures 
are mostly based on theoretical calculations 
rather than actual experience. According to 
one study, land requirements for waste dis
posal of a typical utility plant varied, on a 
1012 Btu per year output basis, from 12.8 
acres for eastern coal to 5.9 acres for 
western coal. 

For a 1000-MW coal-fired power plant 
equipped with lime/limestone FGD sys
tems, the production of solid waste, on a 
national average basis, was estimated at 
0.406 X 106 tons/year of sludge. Assuming 
all solid wastes produced are to be disposed 
of on land, the lifetime (30 years) land re
quirement for solid waste disposal for the 
average power plant (1000 MW) is esti
mated at 310 acres, of which 158 acres are 
for ash disposal and 152 acres for sludge 
disposal. 

A recent survey indicated that all of the 
planned facilities had adequate acreage to 
accommodate on-site waste disposal. Even 
in the Northeast, where one might expect 
the greatest difficulties in site selection in 
view of high population densities, the util
ities have been able to assemble 1000 to 
3000 acres to accommodate solid waste dis
posal on sites where planned units will be 
built. These results indicate that assembly 
of large land areas for coal-burning plants 
seem well within the capabilities of the util
ities. The conclusion is, therefore, that 
availability of waste disposal sites will be 
unlikely to constrain in..:reas~:J coal utiliza
tion in the electric utility sector. 

In summary, a hypothetical average 
power plant (1000 MW) would require 740 
acres for plant operation, 28 acres for a 
cooling tower or 1000 acres for a cooling 
lake, and 310 acres for solid waste disposal. 

To estimate the amount of future lands 
that will be directly impacted by coal-fired 
electric utilities, an energy scenario current
ly used by DOE for its impact assessments 
was considered as a basis. The scenario 
chosen was the high world oil price scenario 
from the Regional Issues Identification and 
Assessments (RIIA-11) program. According 
to this scenario, there will be a total of 
about 141,600 MW of new coal-fired capac-
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ity in 1990 occupying 106,350 acres, as ue
lineated by region in Table 2. 7, excluding 
solid waste disposal and cooling require
ments. 

Adding to the 1990 acreage the 1975 
acreage of approximately 97,500 for ex
isting facilities yields a total of 203,500 
acres to be occupied by coal-fired power 
plants, excluding land used for cooling and 
waste disposal. Only four states-Indiana, 
Oklahoma, Pennsylvania, and Texas-are 
expected to have additional direct land con
sumption of more than 5000 acres by 1990. 
Power plant siting in Texas would require 
the largest amount of land, approximately 
15,000 acres (0.01 percent of the land area). 

Total land commitments for utility waste 
disposal (e.g., over the 30-year lifetime of 
all plants) will increase from 30,850 acres in 
1975, to 134,100 acres in 1990. The 1990 
total land requirement will consume 0.0059 
percent of the total land area of the U.S. 
The regions of the country with the largest 
total land requirement for utility solid waste 
disposal are Federal Regions 3, 4, 5, 6, and 
7. 

In 1990, a hypothetical coal-fired electric
ity generating plant will be 70 miles from 
the nearest urbanized area, will be 2000 
MW and will use 1000 acres for operation, 
use a 56 acre cooling tower or a 2000 acre 
lake and require 600 acres of solid waste 
disposal area. 

Potential Land Use Conflicts 

The major land use topics affecting siting 
of coal-fired plants are applicable PSD re
quirements for the proposed area, local, 
rural zoning restrictions, water availability, 
and possible displacement of a small, but 
significant, agricultural area. Impacts on 
agricultural production caused by effluents 
generated by rurally based power plants are 
discussed in the third part of this section. 

If all of the land occupied by fossil fuel 
facilities in each region was cropland, the 
percent of total cropland used by 1990 
would be small for each region. Nationally, 
coal-fired facilities would replace, under 
worst conditions, 203,500 acres of cropland 
which represents 0.03 percent of the total 
1977 cropland. The topic concerning the 
potential conflict between coal-fired power 
plants and agricultural production is dis
cussed in detail in the next subsection. 

Legal Topics 

The Resource Conservation and Re
covery Act (RCRA) mandates EPA to regu-



Table 2.7 

Projected Coal-Fired Power Plants and Land Requirements, 1990 

New Facilities, 1990 

R11yiuu 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

MW 

2,645 
3,573 

11,490 
25,869 
25,629 
36,947 
1~.~14 

16,908 
5,687 

500 

Aoro!l 

1,500 
2,500 
8,900 

17,700 
19,700 
26,900 
i'l,l50 
13,200 
4,300 

500 

Plant Size ~itA Si7A 
(MW) (Acres) 

under 500 300 
500.1,000 500 
1 ,000 - 2,000 1,000 

Average: 0.05 Acres/MW 

Source: K. Robeck et al., Land Use and Energy, Argonne National laboratory, ANL/AA-19, Septem
ber, 1980. 

late the handling and disposal of solid and 
hazardous wastes. Wastes generated by coal 
combustion have been recently classified as 
nonhazardous, a classification which is sub
ject to change should these wastes be shown 
to exhibit toxicity. Such a change in 
classification would impact land use deci
sions on facility siting in terms of balancing 
such variables as maximizing use of low-sul
fur Western coal, the soil leachate proper
ties of the proposed site and distance to ur
ban areas or to critical habitats of en
dangered species. 

RCRA also specifies certain restrictions 
on site location, in addition to land require
ments, for landfills and ponds, even for 
nonhazardous wastes. Landfills and ponds 
are not to be located in certain "enviro
mentally sensitive areas" (ESAs) unless the 
disposal facility is designed, constructed, 
and operated so that it does not pose a 
threat to the environment or to public 
health. Most of the utility plants have been 
and will continue to be sited in n<;>n-urban 
areas. As a result, land availability for 
waste disposal may not be a problem for 
utilities in most areas of the country. Waste· 
disposal does, however, pose significant 
problems for industrial conversions to coal 
combustion. Many industires are or will be 
located in urban areas where competing 
land uses and the inability to meet RCRA 
siting criteria will require these industries to 
haul their wastes to distant landfills. The 
exorbitant costs which could be involved 
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with transporation of these wastes may 
allow industries to obtain exemptions from 
requirements to convert to coal. It is 
presently too early to tell how serious the 
potential conflict may be between the re
quirements of waste disposal and increased 
coal use. 

In addition to the increased land require
ments and the constraints of siting provided 
by RCRA, the Clean Air and Clean Water 
Acts have substantial impacts on coal com
bustion facility land use patterns. These 
acts were discussed in detail in the Legal 
Topics Issue portion of this study. 

The majority of state land use legislation 
relative to energy development concerns the 
siting of coal-fired power plants. Twenty
five states have adopted some form of 
power siting legislation. However, in most 
states, the private sector still makes all 
siting decisions, with only incremental re
view by governmental authorities. State 
agencies review proposed coal-fired electric 
generating facilities for violations of state 
environmental protection restrictions. 
These restrictions relate to such federal acts 
as the Clean Air Act, the Clean Water Act, 
and the Resource Conservation and Re
covery Act. Thus, state reviews tend to be 
fragmental in nature, being directed toward 
separate air quality, water quality, and 
waste disposal concerns, rather than to 
overall compatibility and suitability. 

A summary of the provisions of state 
power plant siting laws is presented in Sec-



tion 4. All but one of the states which have 
adopted a power siting law use a one-stop 
provision. This means that these states have 
one agency which has final authority to ap
prove power plant sites and to issue con
struction permits.' 

Seventeen states require an investigation 
of alternatives, ranging from sites and 
routes to equipment and technologies. Min
nesota and North Dakota, for example, re
quire that alternate primary corridor op
Liuus, as wdl as transmission line routes, be 
considered. Montana requires an assess
ment of alternative energy sources and uses 
(including joint industrial use) of the pro
posed site. California and Wisconsin are 
among the states which require considera
tion of conservation plans as reasonable al
ternatives to capacity expansion.' 

Synthetic Fuels 
Land use impacts induced hy the c:on

struction and operation of a synthetic fuels 
plant are expected to be very similar to 
those caused by conventional coal-fired 
power plants. Approximately the same land 
area is required for direct and indirect lique
faction and high Btu coal gasification 
plants as is necessary for coal-fueled elec
trical generating units. Other similarities 
between these processes include require
ments for a railroad spur, close proximity 
to a water source, adequate coal supply and 
a coal storage pile. In terms of a conversion 
process, direct and indirect coal liquefac
tion and coal gasification technologies 
closely resemble the equipment, plant con
figuration and chemical effluents associated 
with a crude oil refinery. 

As demonstration and/or commercial 
scale facilities are constructed, greater 
knowledge of Lhe JJOleutial impacts un land 
usc and the environment will be acquin:d. 
Until that time, or when more detailed data 
relative to each process are available, the 
land use impact correlations identified 
above will have to suffice. 

The coal liquid processes closest to com
mercialization and, thereby, providing the 
greatest economic, technological and envi
ronmental information, are Fischer
Tropsch, Mobil-M, Exxon Donor Solvent, 
H-COAL, and SRC-1 and II. The first three 
processes convert coal indirectly (i.e., by 
first processing methanol) whereas the lat
ter three are direct processes. The typical 
land requirements for a 50,000 bbl/d coal 
liquids plant fs approximately 500 acres. 
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The same amount of area is assumed to u.:; 

necessary for a 250 MM sefid high-Btu coal 
gasification complex. As with all other 
energy developments, the amount of land 
which the plant occupies depends upon 
ownership, topography, economics, pro
cess noise, availability, expansion and the 
technology configuration itself. 

To date, there has been very little land 
devoted to synthetic fuels production from 
coal. There are pilot plants in: Wilsonville, 
Alabama; Cattlesburg, Kentucky; Ft. 
Lewis, Washington; and Baytown, Texas; 
which occupy less than 300 acres combined. 
The next stage to commercialization is 
demonstration plants; there are seven 
plants planned, located in: Memphis, Ten
nessee; Baskett, Kentucky; Perry County, 
Ohio; Morgantown, West Virginia; New
mank, Kentucky; Muscle Shoals, Alabama; 
and Buela, Mercer County, North Dakota. 
These seven plants will utilize approxi
mately 2000 acres for their plant processes, 
coal piles and auxiliary equipment. The 
draft Environmental Impact Statements on 
several of these facilities identify significant 
variability in land area with ranges between 
100 acres to 700 acres. 

For the commercial scale facilities, ap
proximately 40 plants will be necessary to 
satisfy the 1979 Presidential directive for 
producing 2.5 million oil equivalent bar
rels/day. This industry size would, there
fore, require greater than 22,000 acres of 
land for the direct conversion of coal to li
quids and synthetic gas. If the sites iden
tified in the DOE Feasibility/Cooperative 
Agreements are any indication of the types 
of lands the synthetic fuels industry will im
pact, then the areas will be principally rural, 
coal rich, semi-industrialized, transship
ment-linked locations. 

Oil Systems 
Oil production in the United States has, 

until recently, supplied well over half of the 
domestic oil demand. A maximum produc
tion level of 11.3 million barrels a day was 
reached in 1970 and contributed to 75 per
cent of the total U.S. consumption."' Dur
ing 1970, however, the U.S. excess capacity 
disappeared and production in subsequent 
years declined. Crude oil contains many 
organic compounds, making its end-use 
consumption flexible and diverse. This wide 
variety of oil-based products will continue 
to make oil valuable and ensure its con
tinued production in future years. 



Oil reserves in the U.S. are estimated at 
57 billion barrels of identified resources, 
and from 50 to 127 billion barrels of undis
covered resources48

• Most of these reserves 
are located throughout the Central Plains 
states, so1,1thern California, and the Central 
Gulf states. Significant reserves are also 
found in Alaska and offshore. Reserves in 
the lower 48 states will provide oil additives 
from wells in previously undrilled areas, 
deeper wells, and from additional recovery 
from known fields.•• 

Oil resource development for energy pro
duction requires a sequence of activities, in
cluding exploration, development, process
ing (or refining), and combustion for elec
tricity generation. This portion discusses 
the land use patterns associated with each 
of these phases in the oil utilization fuel 
cycle. 

Exploration and Development 
(Extraction) 

Land Requirements 

Before exploratory drilling takes place, 
the site must be prepared by clearing the 
land, digging small holding ponds for circu
lating fluids and brine, and constructing ac
cess roads. Wells are dug at those locations 
identified by regional and detailed geologic 
surveys as sites with potential oil resources. 
Exploratory drilling is done to search for a 
geologic strata containing enough oil to 
economically justify recovery. For refer
ence, a 100,000 bpd oil field will typically 

require 300 successful holes that will pro
duce oil, and 300 dry holes. •• Land re
quirements for this exploratory phase are 
minimal and include about 2 acres per ex
ploratory well. After drilling, the land can 
be restored to its original condition. 

Development drilling is done in the same 
manner as exploratory drilling, except that 
well spacing and the location of the bottom 
of the holes are more carefully controlled. •• 
Estimates of the amount of land used for 
oil production vary and are not well docu
mented. Hittman and Associates (1974) 
estimate that 3.03- 6.9 acres/10" Btu/year 
are disturbed.'" These figures are based on 
onshore land use ranging from 114 acre to 1 
acre per well and offshore land use of 0-1 
acre/well. Land use from offshore wells is 
much less than onshore wells because the 
only land required for offshore wells is for 
the onshore processing facilities. •• A more 
recent study has estimated land use from oil 
production to be 2,000 acres/100,000 bar
rels per day (9.45 acres/1012 Btu/year). •• 
These figures are based on 5 acres/well for 
cleared areas around the producing well, 
pipeline right-of-ways, separation facilities, 
and roads. 

Domestic oil production in 1975 was 3.59 
billion barrels with an energy equivalent of 
20.09 quadrillion Btus (using 5.8 X 106 Btu/ 
barrel). •• Assuming that 2000 acres of land 
are used for the production of 100,000 bpd 
of oil, then total land used in 1975 for oil 
production was 196,712 acres (307 square 
miles), or 60,872 to 138,621 acres (95-217 
square miles) if Hittman's figures are used. 
Land use for oil production in 1985 and 

Table 2.8 

Oil Production and Estimated Land 
Use Under Alternative 011 Production Scenarios 

1985 1990 

1975 NEP NEA NEP NEA 

Domestic Production 20.09 21.8 20.35 19.48 22.48 
(1016) 

Equivalent Barrels 3.59 3.89 3.63 3.48 4.01 
(billion barrels) 

Land Area Requirements 197 213 199 190 220 
(103 acres) 
(square miles) 307 333 311 298 343 

Hittman Estimates 60-139 66- 150 62- 140 59- 134 68-155 
(103 acres) 

Source: DOE/EIA, Annual Environmental Analysis Report, December, 1977. 
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1990 has been estimated and comparisons 
made for two moderate, but different, oil 
production scenarios. For this study, pro
j~~Liuns from the National Energy Plan I 
(NEP) and the National Energy Supply Sys
tem (NESS) were compared. 

Table 2.8 indicates that production 
levels, and the subsequent land uses, vary 
little between the two scenarios. Land use in 
1990 ranges from 298 square miles to 343 
square miles (190,000 to 220,000 acres), and 
considerably less than that if the Hittman 
estimates are used. Comparing 1985 and 
19lJO, the trend under th.:. NEP i~ fuf a 1c~ 
duction in land use by 35 square miles be
tween 1985 and 1990 while, under the NESS 
the land use would increase through 1990 
because of projected increases in oil pro
duction. 

Potential Land Use Conflicts 

The predominant kind of l~nc;l use likely 
to be affected by oil extraction over the 
mid-term is rangeland in the West and 
Southwest. Oil exploration and develop
ment may also displace smaller amounts of 
ctoplam.l in the Great Lakes and Mississippi 
River delta. 

Oil production disturbs a very small 
amount of land in comparison to other fuel 
extraction cycles. Also, once production 
has ended, a site can be returned to range
land or cropland in a relatively short period 
of time. Reclamation of cropland will prob
ably take 5-6 years; rangelands may require 
10 years, depending on water availability. 

Legal Topics 

In terms of legal topics, environmental 
management programs associated with laws 
such as the Coastal Zone Management Act 
affect oil production siting decisions. In ad
dition, as exemplified by the Ventura Coun
ty v. Gulf Oil Corp. case, state and local 
participation in oil developments on federal 
lands will continue to be an issue as new oil 
exploration leases are granted by the BLM. 

Oil Refining 
Refineries are by nature very complex 

systems with many ~umponent parts. As 
such, it is difficult to characterize a 'typical' 
configuration, size and product mix. Gen
erally, complexity and associated resource 
requirements increase with product mix di
versity. Refineries specializing in one or 
more of the four standard products (gaso-
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line, jet fuel, diesel fuel, and fuel oil) are 
relatively simple and require less land area 
than a diversified refinery producing a wide 
range of products and· petrochemical feed
stocks. As refineries diversify into addi
tional products requiring more processing, 
supplemental units must be incorporated 
into the plant structure. These units and the 
associated storage tanks required to handle 
the intermittent products demand expan
sion of the land acreage. 

Land Requirements 

The long-term land use impacts related to 
a refinery can be associated with: (1) crude 
oil receiving and storage; (2) plant opera
tion; and (3) product storage and shipping. 
There are aspects within each of these activ
ities which may result in a significant 
change in the land use and general environ
ment surrounding the plant. The initial 
direct afid mduect Impacts of these three 
activities coincide with construction of the 
refinery, especially: 
• Ground cleaning and reshaping-those 

operations involving the physical disrup
tion of the ground surface, including 
stripping of vegetation, grading, excava
tion, road building and site restoration. 

• Land committed to facility-the impact 
of the lost opportunities for potential 
uses of the land committed to the devel
opment of the refinery. 
During the operation phase of the plant, 

the important effects influencing land use 
can be categorized by activitiy." 
• Receiving, Storing, and Shipping 

- Hydrocarbon emissions 
- J.e.:~k-s and spills 
- Visual intrusion 
-Accidents 

• Plant Operation 
- All those listed under Crude Oil 

Receiving and Storage 
- Air pollution effluents (SO,, NO,, etc.) 
- Solid wastes 
- Cooling/process water consumption 

and discharge 
Historically, refineries occupied land 

areas ranging from 1500 to 2000 acres per 
100,000 barrels of oil produced. These 
plants were constructed in remote areas 
where land was relatively inexpensive and 
the plant layout could be spaciously ar
ranged. Currently, only 500 acres per 
100,000 barrels are assumed to be re
quired when assessing the site of a 
"grassroots" refinery. Approximately 10 



to 20 percent of the total site is specified 
for process units, 20 to 35 percent for 
tankage, 10 percent for planned expan
sion and the remaining 15 to 20 percent is 
designated for uses such as a structural 
buffer, sound barrier, sludge storage area 
or greenbelt perimeter. 

The location of oil refineries is a func
tion of two countervailing forces. One is 
the necessity of being located close to the 
finished product market or distribution 
system to reduce transportation costs. 
The second is to meet environmental cri
teria related to reduced air quality, aes
thetic and noise impacts, etc. The final 
site selection, though, has become in
creasingly determined by public accep
tance. Therefore, it has been and will be 
important that public opinions and atti
tudes be incorporated into the site selec
tion process, especially with regard to rel
evant air and water quality issues, aes
thetics, conflicting land uses and the eco
nomic impacts on property values and 
taxes. 

Refineries are located in 41 states, but 
are principally concentrated in Califor
nia, Illinois, Kansas, Louisiana, Okla
homa, Pennsylvania, Texas, and Wyo
ming (see Section 4). It is not a coinci
dence that these same states are either 
very large producers of crude oil, have 
favorable deep water port facilities, · 
and/or are principal market distribution 
areas. Those states that have the greatest 

number of refineries also have 70 percent 
of the total crude capacity presently 
available in the United States. 

The amount of land currently occupied 
by existing refineries is summarized by 
Federal Region in Table 2.9 below. The 
total area within the country which is sup
porting oil refinery structures, tankage, 
greenbelt perimeters, sound barriers, envi
ronmental controls and transportation net
works approaches 328,000 acres. Approxi
mately 45 percent of this an:a is concen
trated in Region 6, the South Central Re
gion, particularly the states of Texas and 
Louisiana. 

Table 2.10 exhibits the projected land 
area to be occupied by oil refineries by re
gion, using 500 acres/100,000 barrels of 
crude (also see Section 4). The table illus
trates the dominance of the capacity addi
tions and corresponding land acreage to be 
affected by prospective refineries in Region 
6. Regions 1 and 2 also have large land 
areas, but only as a result of a 250,000 and 
175,000 barrel per day refinery being con
structed in each area, respectively. Given 
this distribution of land impacts, Region 6 
will be expected to absorb the greatest num
ber of refineries and many of the largest, 
and subsequently, will have the greatest ex
pansion in land area utilized for crude oil 
processing. Since many of the areas where 
the prospective plants are to be constructed 
are within close proximity to other refin
eries and probably already classified for in-

Table 2.9 

Region 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Land Area Occupied by Refinery Complexes 
Within Federal Regions 

Number Crude Capacity Refinery Occupied 
of Plants lb/sdl Land Area (acres) 

1 13,000 228 
8 878,978 15,382 

17 1,105,494 19,346 
22 863,079 15,104 
34 2,949,464 51,616 

111 8,337,448 145,905 
13 603,291 10,558 
32 668,952 11,707 
43 2,629,362 46,014 
14 659,460 11,541 

Source: Great Lakes Basin Commission, Energy Facility Siting in the Great Lakes Coastal Zone: Analy
sis and Policy Options, for the Office of Coastal Zone Management, NOAA, DOC, January, 
1977. 
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Table 2.10 

Potential Region Land Area to be 
Impacted by the Construction or cs 

Refinery Complex 

Region Acres 

1 1,250 
3 1,025 

4 1,500 
ti 4,:.1!:10 
8 750 
9 765 

10 750 
National Total: 10,330 

Source: Calculated from Oil and Gas Journal, 
19 May 1980. 

dustrial use, the impact on alternative land 
use should be dampened. Alternatively, 
many of the other refineries proposed will 
be sited in more relatively populated areas 
adjacent to a water body (either a channel, 
major river, or ocean port), and thereby in
duce additional ecosystem and coastal zone 
management impacts. One final point to be 
made is that both within Region 6 and the 
other regions, there are numerous 3,000 to 
4,000 barrel per day plants planned. The 
construction and operation land use im
pacts of these diversified plants and corres
ponding site areas may precipitate more 
widespread land use conflicts than those 
caused hy sever:~] large (150,000-250,000 
bpd) processing facilities. The land use con
sequences/impacts of such a tradeoff is too 
site-specific to generalize. 

Potential Land Use Conflicts 

A potential conflict of substantial public 
interest associated with oil processing is 
over the use of land for disposal of the 
Class I hazardous solid wastes produced by 
refineries. Generalizations about land con
sumption for refinery wastes are difficult to 
develop because land requirements are de
pendent upon two types of management de
cisions - the method chosen for waste water 
treatment, and whether the solid wastes re
maining are disposed of at the plant or at a 
centralized treatment facility. 

Through a variety of waste water treat
ment technologies, refineries separate oil 
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and iron-toxic water from waste streams 
and concentrate all toxic materials in a wet 
sludge. This waste accumulates at the rate 
of 30.7 tons per 10" Btu produced, or per 
189,500 barrels of crude consumed." Dis
posal of hazardous waste, either in-plant or 
by a waste treatment facility, is accomplish
ed by one of three methods: surface im
poundments, burial in secme lanclfills, or 
incineration. 

The ~ccondary impacts associated with 
land use allocations for solid waste disposal 
relate to the issue of public concern over 
contammants migrating to groundwater in 
a given locality. EPA continues to upgrade 
and monitor its regulations over this issue 
through the avenues provided by RCRA, as 
implemented by state water and waste con
trol agencies. Optimistically, this contin
uing interrelationship of legal control serves 
to ameliorate this land use topic. 

Legal Issues 

The process of oil refining produces 
other effluents controlled by the federal leg
islation discussed previously in this report; 
these are RCRA, the Clean Air Act, the 
Federal Water Pollution Control Act, the 
Safe Drinking Water Act and the Coastal 
Zone Management Act. 

At the state level, California's hazardous 
waste control system has been operated by 
the California Department of Health Ser
vice since 1974; California's controls are 
more stringent than those of EPA, and 
Health Services tracks the movement of 
hazardous wastes. The Illinois Pollution 
Control Board implements waste handling 
controls described by the Illinois governor 
as the toughest in the United States; these 
controls exceed RCRA in many respects. 
Texas' legislation, rewritten in 1979, ad
dresses most areas of EPA restrictions, but 
the Texas Department of Water Resources 
does not cont-rol carriers nor control trans
portation of hazardous wastes. 

Oil Combustion 

Land Requirements 

As in the case for coal-fired power 
plants, the physical structures for oil-fired 
utilities occupy only a fraction of the total 
plant site area. For oil-fired utilities, access 
roads, landscaping, buffer zones or 
greenbelts and room for future expansion 



Tabla 2.11 

Land Requirements for Oil-Fired 
Power Plants, 1975 

Region MW Acr~s 

1 11,004 890 
2 5,995 480 
3 11,556 930 
4 13,400 1,075 
5 7,647 620 
6 2,663 215 
7 484 45 
8 330 GO 

'9 24,434 1,955 
10 126 20 

National Total: 77,639 6,290 

Source: K. Robeck, et. al., Land Use and 
Energy, Argonne . National Labora
tory, ANL/AA-19, September, 1980. 

comprise most of the site. The spatial 
distribution of structures of the site may 
also be influenced by the site terrain or by a 
need to maximize plume dispersion (i.e., 
prevent plume building downwash, interac
tion with cooling tower plumes, etc.). 

In 1975, there were approximately 0. 78 x 
10' MW of oil-fired capacity in the United 
States, concentrated mostly in the North
east. The amount of land required per MW 
of plant capacity is not necessarily linear 
with plant capacity. Older plants and urban 
area plants tend to maximize the usage of 
their acreage. Site size has been estimated to 
be approximately 80 acres for a 1000 MW 
oil burning plant and range between 
150-350 acres for a 3000 MW plant (ex
cluding cooling requirements). This esti
mate is based on the assumption of 0.08 
acre/MW. Using this figure. it can be calcu
lated that oil-fired power plants occupied 
6,300 acres in 1975.' Table 2.11 summarizes 
the land occupied by oil-fired power plants 
by federal region. 

To estimate the amount of future lands 
that will be directly impacted by oil-fired 
electric utilities, an energy scenario current
ly used by DOE for its impacts assessments 
was considered as a basis. The scenario 
chosen was the high world oil price scenario 
from the Regional Issues Identification and 
Assessment (RIIA-11) program. According 
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Tabla 2.12 

Estimated Direct Land Use by New 
Oil-Fired Power Plants, 1990 

Rag ions MW Acre$ 

1 1,160 95 
2 2,837 230 
3 1,220 95 
4 4,572 380 
5 3,621 295 
6 3,344 250 
7 0 0 
8 0 0 
9 292 25 

10 175 20 

National Total: 17,221 1,390 

Source: K. Robeck, et al., Land Use and 
Energy, Argonne National Labora
tory, ANL/AA-19, September 1980. 

to this scenario, there will be a total of 
about 17,200 MW of new oil-fired capacity 
in 1990. 

The calculations shown in Table 2.12 in
dicate that the new oil-fired ·power plants 
may require approximately 1400 acres in 
1990 based on an average land requirement 
of 0.08 acre/MW. Added to the 1975 acre
age estimates, the total land devoted to oil 
power plants may be more than 7,500 acres. 
This does not include land required for 
cooling ponds, which could double the land 
measurement in some parts of the country. 
Four regions, South Central, Great Lakes, 
New York-New Jersey, and Southeast, ex
pect to increase their capacity by more than 
30 percent. All of these areas have either 
substantial refining' capabilities or are in 
close proximity to major refined oil 
sources. The largest expected regional in
crease in land consumption is only about 
400 acres in the increasingly populated 
Southeast. This region is also projected to 
increase its coal-fired utility land require
ments by 17,700 acres by 1990. 

Potential Land Use Conflicts 

The potential conflicts of allocating land 
to oil-fired plants are essentially those al
ready discussed regarding coal-fired power 
plants. As with coal combustion, the land 



use conflict of greatest concern is the dis
placed cropland in rural areas. For oil-fired 
power plants, the ratio of facility site to 
cropland is very small. Even if all ot the 011 
combustion generating facilities in 1990 are 
on cropland, these facilities would displace 
only 7,680 acres or .002 percent of tota 
cropland. 

Oil Shale 

According to DOE projections und re
search, the major oil shale deposits in the 
U.S. will likely be recovered in two forms: 
liquid from the Green River Formation and 
ga~ from deep Devonian shale. Any pro
duct r~t~;overy from oil ~hale rc3ourcc3 in the 
mid-future will most likely be liquids from 
the deposits of Colorado and Utah. 

The Western oil shale region is still large
ly an nnclP.Vf':IQpPrl area of de:oerts, canyons, 
~nd gulches, and there is considerable pub
he concern that an oil shale industry will 
adversely affect this natural environment. 
Oil shale development will produce physical 
and chemical changes on the surface and 
subsurface both during and after mining 
and processing. The principal impacts to 
the land will result from the disposal of 
solid waste, construction of the surface pro
cessing facilities, and (for some methods of 
extraction) subsidence. The existing land
forms, soils, and vegetative cover will be 
temporarily or permanently altered by the 
various processing steps. 

Land Requirements 

Oil shale processes present a 1miqne 
problem with regard to land use since in 
particular instances the retort process is in
tegrated with shale extraction. Due to this 
situation, most estimates of land area asso
ciated with shale oil production processes 
inclnde in the tot11l :~creage the amount of 
land needed for extraction. 

Land alterations from oil shale develop
ment will be caused by surface support fa
c!lities, subsidence, and solid waste disposal 
sites. Surface facilities will vary with the 
type of process. At a surface plant, the fa
cilities would include access roads, retorts, 
upgrading structures, warehouses, crushing 
and screening areas, storage tanks, convey
ors, drainage ditches, catchment basins 
and office space. At a modified in sit~ 
plant, the facilities would include access 
roads, mine shafts, headframes, hoist 
houses, storage tanks, power generato:·s, 
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warehouses, a gas treatment plant and of
fice space. The area needed for th~se facil
ities is more related to the production ca
pacity than to the process used. However 
an in situ operation may require large area~ 
for evaporation ponds. For surface mining 
and processing of oil shale, the area oc
cupied by surface facilities for an operation 
that would handle 500,000 tons per day ha~ 
been estimated to be 5,400 acres." 

Subsidence of the 3halc extraction area 
may be initiated by underground mining or 
by dewatering of local aquifers. The detri
mental physical effects of land subsidence 
include ground rupture, cracking and dis
placement of surface structures, failure of 
:-veil casings, loss of aquifer storage capac
Ity, derangement of surface drainage, and 
the initiation of gully erosion. 

Surface subsidence in an area of modi
fied in situ retorts is possible some time 
after the burn because of the porosity 
created by mining and blasting anli lht: loss 
in strength of the burned retorts and their 
supporting pillars. 11 These factors may re
sult in creep and subsidence of large blocks 
of retorts. Further, shrinkage of the rub
blized oil shale within the retorts is possible 
and could cause several lines of pillars to 
fail. Possible control strategies include 
modifying the mine design, backfilling 
abandoned retorts, and establishing criteria 
for selecting suitable sites for modified in 
situ processing. 

The immediate effects of oil shale devel
opment on land use are caused by spent 
shale disposal (see Section 4). Because the 
volume of the shale increases by as much as 
30 percent during the retort process, all of 
the shale cannot be returned to the mine for 
~isposa~. The excess may be disposed of by 
f1llmg m canyons or building up into 
mesas." About 20 million tons of spent 
shale per year are generated by 50,000 bb/d 
surface retorting facility.,. To provide a 
perspective on the volume of spent shale for 
the oil shale development shown in the table 
below, the following assumptions are made: 
• 1.1 tons of spent shale is produced in sur

face reto~t per barrel of oil produced; 
• Compaction of the spent shale produces 

a material density of 90 pounds per cubic 
foot;" 

• 30 percent of shale from a modified in 
situ would be mined. 

If all mined shale were to be disposed of 
above ground, which is the most likely case 
since oil shale will probably be mined 
underground and little backfilling of deep 



Table 2.13 

Oil Shale Site Size 

Tract 

I. Surface Retort 

Process or location 
~i7A by 199(} 

110000's of barrels/day) 

1. Long Ridge (Union) 
2. DOW (Colony Development 

Operation) 

TOSCOII 
TOSCO II 

50 
47 

3. Uintah (White River) 
U-a and U-b 

4. Naval Oil Shale Reserve #1 
5. Uintah-Rio Blanco 

Phillips-SOHIO-SONOCO 
Carfield Country, CO. 
SONOCO, Phillips, SOHIO 
Cleveland-Cliffs 

50 
50 
50 

G. TOSCO Sandwash TOSCO II 50 

Subtotal 
II. Modified In-Situ 

7. Tract C-a (Rio Blauco) 
8. Tract C-b (Occidental-Tenneco) 

Subtotal 

TOTAL 

297 

60 
40 

100 

397 

Source: DOE, "Oil Shale R&D Program Management Plan," June, 1979. 

mines is presently practiced in the U.S., 
projections of the volume of spent shale 
would be: 

360,000 tons per day 
296,000 cubic yards/day 
3300 acres/year at 20 ft. average depth 
1700 acres/year at 40 ft. average depth 
800 acres/year at 80 ft. average depth 
If 70 percent of the mined shale (except 

that from modified in situ) were to be re
turned to the ground, then data on the 
spent shale would be: 

131,000 tons per day 
108,000 cubic yards per day 
1200 acres/year at 20 ft. average depth 
600 acres/year at 40 ft. average depth 
300 acres/year at 80 ft. average depth 
By considering the conservative estimate 

of 40 foot average spent shale depth, the 
amount of land required for spent shale dis
posal is not trivial, especially considering 
the relatively·small area in which oil shale 
production will take place. 

The topic, however, is not only the 
amount of area covered, but also the ability 
of the spent shale to be reclaimed. Methods 
to revegetate the shale piles have been 
studied for several years." The vegetation 
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must sustain itself on a thin mantle of soil 
covering the piles or on the pile itself (with
out soil). It is likely that the revegetation 
process will require irrigation to initiate the 
revegetation of the large areas. However, 
the local water supply may not be adequate 
for the irrigation requirements and the veg
etation may not be able to sustain itself 
without irrigation. In addition, waste dis
posal in canyons would significantly alter 
existing land uses, the natural topography, 
drainage patterns, and the ecology of the 
region. 

Currently, the impacts of oil shale devel
opment are limited to the area of an experi
mental modified in ·situ facility in Col
orado. The sizes of projected facilities are 
listed for both modified in situ mining and 
above ground retort in Table 2.13. 

Potential Land Use Conflicts 

If a mature oil shale industry were oper
ating by 1990, it would be centralized in the 
Piceance Basin of western Colorado with 
some devleopment in the adjacent area of 
Utah. This area is arid and sparsely popu
lated, and the land is often steeply sloping 



from mesas. One of the nation's largest 
migratory deer herds, endangered bald 
eagles, and a wild horse population are 
found in the area. 

Land use in this region consists mostly of 
small non-intensive uses such as grazing, 
wildlife production, hunting, fishing, and 
other dispersed outdoor recreation, to
gether with scattered production of oil and 
gas. Agricultural activities follow the famil
iar western pattern of livestock production 
on privately owned alluvial valleys {hay and 
winter pasture) in company with grazing on 
pub he lands through the granting of grazing 
permits and leases. Such permHs presum
ably couid be cancelled in favor of oil shale 
development {see Sec, 40:2 of P .L. 94-579, 
The Federal Land Policy & Management 
Act of 1976), but such a decision would en
tail changes in the existing ranching econ
omy and probably would be resisted by or
ganized livestock interests. Intensive land 
uses such as for cultivated crops, transpor
tation, and municipal and industrial devel
opment occupy only limited areas, mostly 
in the major valleys. 

Legal Topics 

Oil shale development will produce uni
que environmental and socioeconomic im
pacts which may not be adequately con
trolled under present laws. This section will 
address the current acts and orders which 
affect oil shale facility siting and briefly 
discuss local and state controlled growth 
programs that may be developed relative to 
land management under rapidly changing 
conditions. 

The Federal Government owns most of 
the oil shale lands in Colorado, Utah, and 
Wyoming, which comprise 80 percent of 
commercially developable resources. This 
land is currently managed by the Bureau of 
Land Management. The remaining oil shale 
lands are owned by private interests, Indian 
tribes, and the states. The Bureau of Land 
Management is implementing procedures 
for an equitable exchange of public and pri
vate lands to provide a consolidation of 
holdings necessary for direct and secondary 
construction activities associated with large 
oil shale mining and processing. 

Control and reclamation of the huge 
amounts of spent shale generated by oil 
shale facilities are the most serious 
regulatory issues pertinent to land use for 
this fuel type. Since these solid wastes have 
not been classified as hazardous, their dis-
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posal would be controlled under the aus
pices of SMCRA. 

Environmental anc;i aesthetic consider
tions will require that the disposal piles of 
processed shale be revegetated. On the drier 
sites, as in the Uinta Basin, water harvesting 
practices would be beneficial. On wetter 
sites, such as the Piceance Creek Basin, it is 
generally agreed that the following mini
mum steps would be required where plants 
are to be grown on processed shale: 
• Leach salts from the top layer of the 

shale pile; 
• Apply a soil layer for plants with ad

ditives; 
• Select a mixture of native and imported 

plants; 
• Protect surface with mulches, and install 

fences to ward off grazing animals during 
the early period of growth; and 

• Irrigate the planted areas for two years or 
more to establish a viable root system. 
The crucial issue facing land reclamation 

for an oil shale industry is the long-term ef
fectiveness of the selected control strate
gies. Whatever practices are selected, they 
must be able to with~tallll natUial pruct:sst:s 
that accelerate erosion. A high rate of ero
sion would destroy the vegetative cover and 
expose the processed .shale. Plants grown 
on the processed shale may accumulate tox
ic trace metals that may be damaging to 
wildlife and livestock. Thus, long-term 
management of disposal piles apears to be 
necessary. Periodic maintenance also would 
be needed to remove accumulated sediment 
and salts from impoundments. In sum
mary, it is uncertain that disposal piles of 
processed shale could ever be truly aban
doned without risking some hazard from 
undesirable runoff. 

Natural Gas 

Natural gas has been used as a source of 
fuel in the U.S. for over 150 years, although 
early use was localized. A rapid increase in 
end use consumption of natural gas has oc
curred over the past 30 years due to in
creased pipeline construction, (increased 
from 218,000 miles in 1945 to 980,000 miles 
by 1975),'6 development of new markets, 
such as petrochemicals and fertilizers, and, 
more recently, a demand for low-sulfur 
fuels. •• 

Unlike oil, 85 percent of the natural gas 
consumption in the United States has been 
domestically produced." Nineteen trillion 
cubic feet (tcf) of natural gas were pro-



Table 2.14 

Natural Gas Production and Estimated Land Use 
Under Alternative Natural Gas Production Scenarios 

1985 1990 

197!i NEP NEA NEP NEA 

Domestic Production 
(10'" Btu) 19.8 17.61 18.8 16.68 19.45 

Land Area Require-
ments* (103 Acres) 179 159 170 151 176 

(sq. mi.) 279 248 265 235 274 

*Assumes 1.032 Btu Der cY ft measured at 14.7 psia and 60 °F and 850 acres for each 250,000,000 cu ft 
per day natural gas field. 

Source: K. Robeck, et al., Land Use and Energy, Argonne National Laboratory, ANL/AA-19, Septem
ber 1980. 

duced in 1975, but peak production levels 
were reached two years earlier. Production 
generally is found in the same areas where 
oil drilling occurs." By 1978, gas produc
tion had fallen 12 percent while the level of 
proven reserves fell25 percent between 1967 
and 1978." While new discoveries have not 
replaced what has been consumed, it is gen
erally agreed that enough natural gas exists 
onshore and offshore in the U.S. to sustain 
a yearly consumption rate of 20 tcf for 25 to 
35 years. 47

·'
6 Natural gas is expected to play 

a diminishing energy role in the United 
States, such a decline is a result of complex 
economic and regulation issues and not nec
essarily due to limited near-term supplies. 

Exploration of natural gas is similar to 
that described for oil. For a 250 mmcfld 
gas field, it has been assumed that, for 
every 10 producing wells, 8 dry holes will 
have been drilled. •• Permanent land usage 
for the exploratory phase of this reference 
plant is 30 acres for drilling and roads. 

Land required for the development of 
natural gas is estimated at 850 acres for a 
gas field and processing plant with a capaci
ty of 250 mmcf/d.•• This figure is based on 
7 acres/well for cleared area around the 
well, pipeline right-of-ways, and roads, and 
250 acres for the plant site. 

Using the two scenarios described in the 
Oil Production Section of this report, esti
mated gas production levels in the United 
States are projected to decline by 1990 from 
the 1975 levels. Land use requirements in 
1975 were 279 square miles (179,000 acres), 
but this level may decline to 235 square 
miles (151 ,000 acres) under the NEP scenar-
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ios (Table 2.14). As with oil, unless major 
changes in natural gas production occur, 
changes in land use by 1990 will likely be 
minimal. 

Uranium Systems 

One ton of uranium ore contains, on the 
average, only about four pounds of urani
um oxide, which is delivered to nuclear re
actors as "yellowcake," a milling product 
that is 90 percent uranium oxide." A 1000 
MW reactor requires 250 tons of yellowcake 
per year," which in turn requires about 
112,500 tons of ore. Uranium ore deposits 
are found mainly in the western United 
States. The Colorado Plateau, which in
cludes parts of Utah, Colorado, Arizona 
and New Mexico, and the Wyoming Basin 
contain the majority of the nation's proven 
reserves and potential resources. Two states 
alone, New Mexico and Wyoming (in
cluding the Powder River Basin, which is 
also a major coal producing area), contain 
87 percent of the proven economically re
coverable reserves of uranium oxide," and 
they provided 74 percent of the uranium ox
ide produced in 1978. ' 9 

Extraction 

Land Requirements 

Uranium ore deposits are found in highly 
irregular seams, and the uranium oxide con
tent of the ore in different deposits ranges 
from 0.11 percent to 0.30 percent." :t is 
difficult, therefore, to make a generalized 



Table 2.15 

Estimated Land Requirements 
for Thrae Uranium Mining Methods• 

Method Acres/1000 Tons UsOe Acres/Mine 

Open-pit mining 
Underground mining 
Solution mining 

"Derived in Section 2. 

158-316b 
2- sc 

blower number is for pit alone; higher number includes topsoil storge, haul roads and other associated 
uses. 

"Average mine size = 30 tons U30 8/year. 
dBased-on 25 - 50 acres of well field/year to produce 250 tons/year of yellowcake. 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, ANL/AA-19, Septem
ber, 1980. 

estimate of the amount of land disturbed 
per unit of ore or uranium oxide extracted 
by suttace mimng methods. The potential 
magnitude of the disturbance can be indi
cated by using empirical data on land re
quirements of planned or existing mines. 
For example, a 1000 ton/day operation in 
Converse County, Wyoming, is expected to 
mine 575 acres of land over a five-year 
period . .a This converts to 0.3 acres per 
thousand tons of ore (315 acres per million 
tons, to put it in the same units as presented 
earlier for coal) and 158 acres per thousand 
tons of uranium oxide (assuming a uranium 
oxide content of 0.20 percent, the average 
in New Mexico and Wyoming, the major 
ore producing states). •• 

Additional land is required at a surface 
mine for support facilities, haul roads, and 
topsoil and overburden storge. At the pro
posed Converse County mine it is estimated 
that the mine shop will n:quire 40 acres, 
haul roads and settling ponds will cover 130 
acres, 880 acres will be required for over
burden piles, and 148 acres for topsoil stor
age. •• These values present total require
ments over five years. In some cases the 
same land will be used for several different 
purposes over the five-year period, thus the 
total acreage of 1773 acres (including 575 
acres of open pit) represented by this esti
mate is probably high. It can be assumed 
that the total acreage disturbed at a surface 
mine at any one time may be as much as 
twice the area of the pit. Areas mined in 
previous years that are still undergoing re
clamation also will contribute to the total 
acreage devoted to mining uses. 
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An underground mine carries relatively 
little surface disturbance; one source esti
mated that about 10 acres of surface land 
would be required for a 1500 ton/day 
(547 ,000 ton/year) underground mine. •• 
The average production of the 305 under
ground uranium mines operating in 1978 
was 30 tons/year of uranium oxide'• which 
converts to approximately 15,000 tons/year 
of ore. It will be assumed that 2-5 acres of 
land will be required for surface activities 
associated with the average deep uranium 
mine, since some facilities (e.g., access 
roads, mine offices, etc.) are not propor
tional in size to the size of the mine. A gen
eral estimate of the area undermined cannot 
be made because of the variability of the de
posits, as discussed earlier. 

An in-situ, or solution, mine requires the 
construction of a number of wells through
out the area of the deposit. A leaching solu
tion is introduced into the ore deposit 
through injection wells and is removed, 
along with the dissolved uranium oxide, at 
associated production wells. The wells 
themselves cause a relatively small surface 
disruption, but the entire well field is closed 
to other uses during production. An in-situ 
operation producing 250 tons/year of yel
lowcake requires 25-50 acres of well field 
area per year. •• Estimated land require
ments for the three mining methods dis
cussed above are summarized in Table 2.15. 

About 12,300 tons of uranium oxide were 
produced in 1975; 55 percent of that amount 
came from surface mines, and 43 percent 
came from 121 underground mines. It has 
been calculated that 1300-2700 acres of land 



Table 2.16 

Estimated Land Required 1980 · 1990 for Projected U30s Extraction 

Cumulative 
u.o. land 

Mine Productionb No. HeqUirements 
Scenario8 Type (tons) Mines• (acres) 

Low deep 113,120 377 754. 1885 
surface 58,580 NC1 9256.18511 
solution 14,140 NC 1570. 3139 

Total 202,000d NC 1 1 580 . 23535 • 

Mtluiu111 deep 143,920 680 1360.3-100 
surface 74,530 NC 11775.23551 
solution 17,990 1997.3994 

Total 257,000d NC 1 5, ,.32 • 30,9458 

High deep 173,600 754 1508.3770 
surface 89,900 NC 1 4204 • 28408 
solution 21,700 NC 2409.4817 

Total 310,000d NC 18121 . 35995. 

•see text, Section 2 
bValues for different mining methods calculated on the basis of 56% contribution from underground 
mines, 29% from open pit, and 7% from solution mines. 

•Based on 30 ton/year per mine 
dlncludes production from other sources. 
8Assumes no additional land requirement for production of uranium as a by-product. 
1Not calculated. 

may have been disturbed by uranium min
ing in 1975. 

The RIIA II scenario projects a U.S. nu
clear generating capacity of 12.2 GW by 
1990. Assuming t~at .a 1000 MW reactor re
quires 250 tons/year of yellowcake (90 per
cent uranium oxide), this amount of gener
ating capacity would require an annual pro
duction of 36,500 tons of uranium oxide, 
and a cumulative production" from 1980 to 
1990 of about 257,000. Another projec
tion" estimates an annual 1990 production 
of 40,400 tons of uranium oxide, and a 
cumulative production between 1980 and 
1990 of approximately 310,000 tons. Main
taining the 1978 level of production until 
1990 (assumes no new reactors will come 
online after 1978) would place the 1990 an
nual production at 20,200 tons" and the 
cumulative 1980 to 1990 production at 
202,000 tons. 

The calculations in Table 2.16 indicate 
that 1990 land requirements for uranium 
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mines range from 1835 - 4049 acres for the 
low scenario to 3673 - 8100 acres for the 
high scenario. The open pit of surface 
mines, the most disruptive uranium-related 
land use, constitutes 25-50 percent of this 
total. From 1980 to 1990, 11,580 - 23,535 
acres of land might be used under the low 
scenario and 18,121 - 36,995 acres if the 
high projections are reached. Approxi
mately 40-80 percent of this total would be 
due to the creation of open pits. 

Potential Land Use Conflicts 

If present mining patterns continue, 
about 75 percent of the land disturbed by 
uranium mining will be in New Mexico and 
Wyoming. Most of this arid to semi-arid 
area is covered by native grassland or range
land, and any potential land use conflicts 
arising over uranium extraction will be the 
displacement of rangeland. 



Figure 2.3 

Schematic Diagram of Light Water Reactor Fuel Cycle 
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Source: U.S. NRC Office of Nuclear Material Safety and Safegards, ~ina/ Generic Envi;onmental Impact Statement on Handlir>g and Storege of Spent Light 
Water Power Reactor Fuel, NUREG 0575, Vol. 1, August, 1979. 



Legal Topics 

The Surface Mining Control and Recla
mation Act requires that mined land be re
stored to its original use value or a preferred 
use value. For arid regions, reclamation of 
rangeland can require 10 years. 

Uranium Processing 
The development of a commercial nu

clear electricity generating industry in the 
past two decades has given rise to a number 
of new industries for processing nuclear 
fuel. The full cycle of uranium processing 
includes: milling, conversion, enrichment, 
fuel fabrication, storage, reprocessing, 
~aste management, and transportation 
(Figure 2.3). 

At present, the fuel cycle is open ended 
because no spent fuel may be reprocessed 
commercially to recover usable uranium 
and plutonium.•• Consequently, only mill
ing, conversion, enrichment, and fuel 
fabrication will be addressed in this section. 

Land Requirements 

The largest part of the land disturbed by 
a conventional uranium mill is devoted to 
the disposal of mill tailings, because in ef
fect, nearly the entire mass of ore processed 
by the mill ends up in the tailings. After 
mills are shut down, environmental regula
tions stipulate that the tailing areas be 
covered with earth and planted to prevent 
soil erosion and spread of radioactive mate
rial by wind and water. The covered and 
planted areas are reclaimed to resemble the 
surrounding terrain. Current practice is to 
withhold such land from future unrestricted 
use so as to minimize exposure to the urani
um and radioactive decay process. This 
type of disposal is temporary, pending com
pletion of studies directed toward the devel-

Table 2.17 

Acreage for Uranium Mills, 1979 

Federal Region 4 
Federal Region 6 
Federal Region 8 
Federal Region 10 

10 acres 
10,237 acres 
9,266 acres 
1,200 acres 

Source: Dept. of Energy, Office of Technol
ogy Impacts, DOE/EV-()061/2, Jan
uary, 1980. 
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Table 2.18 

Estimated Uranium Mining 
Expansion 

Region4 
Region 6 
Region 8 

Cnn,.;trur.tinn PntRntilll 
Commitments Construction 

2,250acres 
3,750 acres 
3,750 acres 

1,500acres 
2,250 acres 
6,000 acres 

Source: Dept. of Energy, Office of Technol
ogy Impacts, DOE/EV-()061/2, Jan
uary, 1980. 

opment of acceptable procedures for ulti
mate disposal of mill tailings. Mill sites, in
cluding the area required for tailings dis
posal, cover 400 to almost 2000 acres, de
pending on the capacity of the mill. Ap
proximately 20,000 acres of land, located 
chiefly in Regions 6 and 8, are presently de
voted to conventional milling facilities. The 
acreage devoted to uranium mill sites (in
cluding tailings disposal) in 1979 is sum
marized in the table below. 

For uranium milling, the construction or 
expansion of mill complexes from 1978 to 
1990 is expected to remain proportional to 
what presently exists. States expecting new 
production capacity include: New Mexico, 
Texas, Florida, Louisiana, Colorado, Wyo
ming, Utah, and Arizona. Assuming a 
nominal capacity range of 1200-3000 tons 
per day, new mills may require land as il
lustrated in the table below: 

A uranium mill typically is located in an 
arid, isolated region. The population den
sity, approximately 5-10 people per square 
mile, is less than the average population 
density, 11.5 people/square mile, in the 
four-state mining area of the West. Most of 
the land in this area of the country is BLM
administered public lands where the prin
cipal land use classifications are desert 
shrubland, subhurnid grassland, semiarid 
grazing land, and rangeland. It is expected 
that process modifications in future con
ventional uranium milling operations will 
be directed at improving operating effici
encies, increasing uranium recoveries, and 
decreasing impacts on the environment, es
pecially with respect to land reclama
tion/utilization. 

The conversion of uranium ore concen
trate to uranium hexafluoride (UFo) is cur-



rently performed at only two plants. The 
Allied Chemical facility in Illinois produces 
13,000 tons per year of UF,; the Kerr
McGee facility in Oklahoma produces 9000 
tons per year. Based on these two facilities, 
a model uranium conversion plant is ex
pected to occupy 1400 acres. 

It is believed that no additional capacity 
will be required between now and 1990. If a 
plant were buiit, it would probably occupy 
a larger site than those currently under op
eration and be located near a water source 
that would provide a reliable supply and 
permit final discharge of treated liquid 
wastes and cooling water. Siting near mill 
sites or enrichment facilities would also be 
advantageous. 

The enrichment of uranium above natur
allevels can primarily be done by either gas
eous diffusion or gas centrifuge. Three gas
eous diffusion plants located at Oak Ridge, 
Tennessee; Paducah, Kentucky; and Ports
mouth, Ohio, are currently owned by the 
government and operated by private in
dustry under contract. 

A gaseous diffusion plant is characterized 
by a large number of compressors which 
move UF, though large amounts of pipe in 
separate enrichment stages. The present 
gaseous diffusion plants are among the 
largest industrial facilities in the world with 
respect to land area under roof. The com
bined acreage of these three plants ap
proaches 2000 acres of which 80 percent is 
covered by building structures housing the 
machinery for the 1700 stage enrichment 
process.'' 

There are two major expansion programs 
to enlarge enrichment capacity at existing 
sites. The Cascade Improvement Program 
will provide a significant improvement in 
equipment efficiency. The Cascade Up
grading Program will increase throughput 
of the three gaseous diffusion plants by in
creasing power capability from 6065 to 7380 
MW. Neither of these two programs is ex
pected to affect land use characteristics of 
the area surrounding the respective sites . ., 

Gas centrifuge enrichment technology is 
currently undergoing design and develop
ment. A gas centrifuge facility is expected 
to consume less power and acreage than a 
gaseous diffusion facility but generate more 
hazardous waste in the form of contami
nated machinery parts.'' 

Most of the commercial power reactors 
in use or under development utilize a fuel 
fabricated by loading fertile and/or fissile 
material into fuel rods and assembling these 
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rods into a fuel element. Fuel fabrication 
facilities will have varying impacts on land 
use since they process varying radioactive 
fuel material (by fission content and toxici
ty). Section 4 gives plant size and demogra
phy data for current fabrication plants. 
Land usage ranges from a few acres to 1650 
acres, but plant sites need not be that large, 
and almost all disturbed land can be re
claimed. These facilities are generally sited 
in industrial complexes within populated 
areas. One new fuel fabrication plant is ex
pected to be built before 1990; it will oc
cupy approximately 800 acres in Prattville, 
Alabama. 

Potential Land Use Conflicts 

Much public interest has developed 
around the issue of radioactive waste man
agement of uranium fuel. Of the four com
mercial processing activities discussed, the 
greatest magnitude of land consumption 
for wastes is the disposal of uranium mill 
tailings in covered revegetated landfills and 
retention ponds. A typical uranium mill is 
located in an isolated, thinly populated re
gion of arid grassland or rangeland. Alloca
tion of land for uranium mills must be con
sidered a permanent land use decision, 
given the current 50-year reclamation 
statutes. 

Potential land use conflicts for conver
sion enrichment, and fabrication activities 
are not as severe; these industries together 
currently occupy 10,000 acres, almost all of 
which can be reclaimed if enrichment 
wastes are not ultimately disposed of on
site. Indirect impacts of land use affecting 
uranium enrichment facility siting focuses 
on the availability of water for water heat 
and availability of abundant and inexpen
sive electric power, 6065 MW consumption. 
Presently this generation is fossil fueled and 
these combustion effluents have a much 
more serious land use impact than the en
richment effluents which include a solid by
product UF, currently stored in cylinders 
pending further federal legislation. For fab
rication facilities, to date, there have been 
no off-site detrimental environmental ef
fects, and this temporary land use creates 
no adverse impacts in the industrialized 
complexes where fabrication plants are cur
rently located. 

Nuclear Power Plants 
The generation of electrical power by 

nuclear power plants is similar in technol
ogy to that of fossil-fueled combustion 



Table 2.19 

Cooling System Land Requirements 

Once-Through 
Natural Draft Cooling Towers 
Mechanical Draft Cooling Towers 
Spray Canals 
Cooling Ponds 

Nuclear 

1 
15 
68 

150 
3000 

Fossil Fuel 

1 
10 
45 

100 
2000 

Source: Environmental Technology Assessment, State of Illinois, Power Facility Siting in the State of 
Illinois, Part II - Impacts of Large Energy Conversion Facilities 

plants. A nuclear steam supply system re
places the conventional fossil-fueled boiler, 
and the nuclear fuel core replaces the fossil 
fuel supply. 

There are many site-dependent factors 
which determine the land requirements of a 
facility. The site area is related to local con
ditions (e.g., topography, land use, zoning, 
land cost, taxes, etc.) and the size of the ex
clusionary area required for radiation 
health and safety purposes. There are sev
eral other additional considerations which 
determine the size of the site required. 
Some of these include: (I) additional land 
to provide adequate noise buffering, espe
cially in the case of mechanical draft cool
ing towers; (2) the necessity to restrict the 
potential impact of water vapor plumes 
from the cooling system; (3) multiple use 
areas for controlled public access to shore
line areas and cooling ponds, farming and 
grazing and the use of other inactive areas 
of the site; (4) visual relationships between 
the facility and the setting, the scenic worth 
of the setting, types of surrounding topog
raphy, and vegetative ground cover and 
seasonal variations; and (5) transmission 
line corridors. · 

As with fossil fueled power generation, 
the cooling system can occupy a substantial 
portion of the site area. Land consumption 
for cooling systems is broken out of nuclear 
plant site size and displayed, for compara
tive purposes, in Table 2.19. 

A siting decision must examine the social 
and economic impacts of power plant zon
ing. NRC specifies a three-tiered system of 
population-related locational criteria that 
must be met in siting a nuclear facility. The 
three criteria are:" 
• An exclusion area, which is that area sur

rounding the reactor in which the reactor 
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licensee must have the authority to deter
mine all activities including exclusion or 
removal of personnel and property from 
the area. Activities unrelated to opera
tion of the reactor may be permitted in an 
exclusion area under appropriate limita
tions, but the licensee must be in a posi
tion to clear the area promptly in the 
event of an emergency. 

• A low population zone, immediately sur
rounding the exclusion area in which the 
total number of residents and the popula
tion density are small enough to provide 
a reasonable probability that appropriate 
protective measures could be taken in 
their behalf in the event of a serious ac
cident. NRC's controls do not specify a 
permissible population density or total 
population within this zone because the 
situation varies from case to case. 

• A population center distance, which is 
the distance from the reactor to the 
nearest boundary of a densely populated 
center containing more than about 
25,000 residents. 

The exclusion distances for the 75 existing 
and planned sites range from 0.13 to 1.32 
miles in radius. 

An analysis of existing and proposed 
nuclear power plant sites shows a size range 
of approximately 100 acres to 30,000 acres. 
A 1974 report on land use and nuclear 
power plants found the average size to be 
2730 acres with an average station size of 
·135 acres or roughly 5 percent of the total 
site area. •• 

The table below shows that of the 36,276 
MW of nuclear capacity operating in 1975, 
60,124 acres were occupied by the various 
reactor structures with additional 63,494 
acres dedicated to transmission line cor
ridors, exclusion areas, and barrier space. 



Table 2.20 

Land Area Occupied By Nuclear Reactor Facilities, 19758 

Number 
Number of of Sites 

Megawatt Reactor Sit!! Aroa Total Aroa Within 
Region Capacity Sites (acres) (acres)b SMSA 

1 5753 6 4307 12322 1 
2 3642 4 1987 6801 3 
3 5463 5 3863 13253 3 
4 5400 4 32470 44794 2 
5 10081 10 9931 26201 2 
6 836 1 1164 4880 0 
7 1733 3 1972 7217 1 
9 2506 4 3341 6581 2 

10 862 1 1089 1569 0 

TOTAL 36,276 38 60,124 123,618 14 

QU:ling the RIIAHigh scenario megawatt capacities and siting locations. 
blncludes site area, transmission line corridors and substations, railroad spurs, and water supply facilities. 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, ANL/AA-19, Septem-
ber, 1980. 

Under the RIIA-High Scenario, the pro
jected nuclear capacity is expected to be 
161,421 MW. The distribution of gener
ating capacity is projected in Table 2.21, 
which illustrates that the greatest number of 
reactors and megawatt generating capacity 
may be shared by the Midwest and South
east. It is evident, when comparing Table 
2.20 and 2.21, that all regions experience 
growth of nuclear power plant sites, but 
Regions 4 and 5 grow most rapidly by ex
ceeding a 100 percent increase in land area 
devoted to nuclear power production. Also 
more nuclear power plants are being sited in 
rural areas and, moreover, are tending to be 
larger in megawatt capacity. •• If this trend 
is accurate and the historical siting land uses 
remain stable, more agricultural and graz
ing lands wii be affected by the growth of 
this industry. 

Potential Land Use Conflicts 

Use of land for nuclear power stations, 
cooling systems, effluent control, transmis
sion lines and transportation systems effec
tively withdraws it from other uses. The 
land use in a 5-mile radius of the 75 existing 
and proposed nuclear power sites is either 
agriculture, wooded area, or grassland/un
developed. 63 As indicated above, perma
nent allocation of land for nuclear sites may 
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reach 290,000 acres by 1990, compared to 
the 203,500 acres projected for coal-fired 
utility plants. Use of land for barrier or ex
clusionary zones may be considered a tem
porary land use, assuming that monitoring 
of ambient radiation continues to be mini
mal and that exclusionary zone restrictions 
do not become more strict. If exclusionary 
or buffer zones are judged to be not reclam
able by NRC, then land displacement may 
increase to 470,000 acres by 1990. In a 
worst case scenario. the allocation of crop
land to nuclear sites may displace .12 per
cent of U.S. cropland. 

Indirect land use impacts which may con
flict with alternative land uses or adjacent 
land uses include possible changes in air and 
water quality, water quantity, and weather 
conditions. The depletion of water caused 
by evaporation to cool reactors affects ad
jacent land uses and can be significant if the 
water body is incapable of replenishing sup
ply. This situation can cause ecosystem dis
turbances, water right conflicts and modifi
cations to land uses downstream (or on ad
jacent waterbody properties) due to de
pleting reserves and/or lower flow rates. 

The topic of concern in air and water 
quality is radiation exposure. The two prin
cipal sources of radiation exposure to 
humans and/or biota from a normally 
operating nuclear reactor are: (I) radioac-



Table 2.21 

Potential Land Area To Be Occupied By Nuclear Reactor Facilities, 1990 

Number of 
Megawatt Reactor 

Region Capacity Sites 

1 10822 8 
2 10291 6 
3 16973 8 
4 47723 22 
5 33510 23 
6 13093 7 
7 5183 5 
8 330 1 
9 9595 4 

10 13901 5 

TOTAL 161421 89 

Source: RIIA:II High Scenario, DOE/EIA. 

tive material in gaseous, liquid or solid 
form in the effluents from the radwaste 
treatment system; and (2) direct radiation 
from on-site plant components. Direct radi
ation from the operating facility on the off
site environment is considered minimal due 
to highly shielded structures and other de
sign performance characteristics of the fa
cility. 6 ' 

Solid radwastes generated by the liquid 
radwaste treatment system impose a contin
uous waste disposal burden for the facility. 
It has been stated that since the preparation 
and handling of solid radwastes is a closely 
supervised internal operation of the facility, 
the radiation exposure hazard at the site 
boundary from such material is considered 
nil." 

Geothermal 

Land Requirements 

Geothermal energy is derived from sub
surface occurrences of hot rock and heated 
water or steam. The only commercial gener
ating plant in the U.S. using a geothermal 
energy source is The Geysers in Sonoma 
County, California. Opened in 1960, The 
Geysers was producing 502 MW of electrici
ty in 1975 from generators powered by dry 
steam extracted directly from the earth. 
There is a large potential for expansion in 
The Geysers area-total production may 
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Number 
of Sites 

Site Area Total Area Within 
(acres) (acres) SMSA 

5626 19721 2 
2892 12214 5 

24163 39915 4 
136205 196495 4 
42032 76478 7 
30883 46806 0 
13072 36409 1 
2238 2551 0 

16709 18749 3 
13793 17261 0 

287613 466599 26 

reach 3000 MW by the year 200066 and the 
area has a maximum production potential 
of about 5000 MW. 67 The only other poten
tial vapor-dominated geothermal systems in 
the United States are in Yellowstone and 
Mt. Lasen Volcanic National Parks, which 
are excluded from geothermal development 
under the Geothermal Leasing Act of 
1970.68 Thus, additional geothermal expan
sion will have to depend on the more com
mon liquid-dominated systems, which ex
tract a mixture of hot water and steam. Hot 
rock areas without naturally-occurring 
water can also be exploited by injecting and 
then recovering water · from artifically
induced fractures in the rock. Hot rock sys
tems are not expected to be commercially 
utilized until the late 1980s:• and most geo
thermal resource development in the next 
25 years is expected to depend on the hydro
thermal resources. All locations likely to be 
developed in that time period are located in 
the western third of the nation, ' 0

•
66 in

cluding sites in New Mexico, Utah, Nevada, 
Idaho, Oregon, and several sites in Califor
nia. 66 There are currently 1.8 million acres 
of land identified as "Kno·wn Geothermal 
Resource Areas" in the western states and 
Alaska; and additional9.6 million acres are 
defined as having prospective value. All are 
hydrothermal reservoirs.' 0 

Electricity generation from geothermal 
sources generally depends on a rather large 
field of noninteracting wells. At The 



Geysers, for instance, 75 wells are needed to 
produce sufficient steam for the 502 MW of 
electrical power produced, 15 wells per 100 
MW. 67

•
68 For the same amount of electrical 

output, liquid-dominated systems would re
quire more wells (100 wells per 100 MW) 
and hot rock systems would require consid
erably less (11 wells for 100 MW). 67 How
ever, steam production from the vapor
dominated reservoirs decreases with time, 
and additional wells must be drilled to 
maintain the supply of steam to the gener
i:ltut s; the loli:ll rt:4uin:mt:ut over 30 years 
has been estimated at 356' and at 8068 wells. 

Spacing of geothermal wells depends on 
the porosity and permeability of lln: tt:st:r
voir rocks; the density of wells in existing 
geothermal fields throughout tht: wurh.l 
ranges from one well per 10 acres . to one 
well per 40 acres. 68 The entire producing 
field is closed to other land uses. The con
struction of each well disturbs approximate
ly one acre of land; the operating well con
sumes only a small fraction of an acre. The 
land requirement for the pipeline network, 
service roads, and pumps converts to ap
proximately one-half acre per well. 68 Addi
tionalland requirements at a geothermal fa
cility include the generating plant itself. A 
number of relatively small (e.g., 100 - 110 
MW) generating units must be dispersed 
throughout the resource area to minimize 
heat loss from the water or steam during 
transport. The generating plant at each pro
duction/generation unit will require about 
5 acres of land. 67 It is estimated that gener
ating plants utilizing hot water reservoirs 
will require about 30 acres and those in hot 

dry rock systems would require about lJ 

acres. 68 The land requirements for one pro
duction/generation unit, including well
field and generating plant, are shown in 
Table 2.22. 

All of the land devoted to geothermal 
energy production has been at The Geysers, 
where 167 wells have been drilled with an 
area of over 12,000 acres. 67 Development is 
scattered within that area, and the pro
ducing well fields and generating plants 
probably cover only 3600 acres. 

Projections of U.S. generating capacity 
from geothermal sources range from 2000-
6000 MW for 1985 and 10,000- 39,000 MW 
for 2000. The Geysers may have a capacity 
of about 1700 MW in 198569 and 300 MW 
by 2000. 67 The remainder would have to 
come from new development of liquid
dominated reservoirs, plus a small amount 
from hot dry rock systems by 2000. As
suming production/generating units of 100 
MW, and using the values in Table 2.22, 
this converts to a land requirement in 1985 
of 13,375 to 22,375 acres for 2000 MW and 
54,575 to 183,575 acres for 6000 MW (see 
Table 2.23). In 2000, 88,440 to 1.4 million 
acres could be devoted to geothermal en
ergy. The RIIA II scenario projects only 
4,125 MW of geothermal generating ca
pacity by 1990, of which 3,250 MW are 
sited in California, 375 MW in Nevada, and 
250 MW each in New Mexico and Utah. 
According to this scenario, which is at the 
low end of the ranges discussed earlier, 
34,760 to 100,760 acres of land may be used 
for geothermal energy by 1990. 

Table 2.22 

Land Requirements for 110 MW Production Generation Units 
at Geothermal Facilities 

Acres/ Total 
Resource Type Wells/Unit Acres/Well Generating Unit Acres/Unit 

Dry steam (The Geysers) 158 4QC 5 6058 

35- sob 20d 5 705- 1,605b 
Hot water 100 10-40 30 1,030 - 4,030 
Hot dry rock 11 10-40 15 125- 455 

"Initial requirement. 
bOver 30-year lifetime of generating unit. 
csource: EPA-600/7-79.{)607, U.S. GPO, Washington, D.C., March, 1979 
dAverage density over 30 years; derived from data in: Reed, M.J. and G.E. Campbell, Environmental Im
pact of Development in The Geysers Geothermal Reid, USA Second UN Symposium on the Develop
ment and Use of Geothermal Resources, San Francisco, California, Vol. II, May 20-29, 1975. 
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Potential Land Use Conflicts 

This temporary land allocation for geo
thermal conversion will occur in remote 
areas of the West where population den
sities average only 3.4 persons per square 
mile. •• Geothermal development is most 
likely to conflict with dispersed wildlife 
uses, an impact which may be controlled 
and ameliorated by the requirements of the 
Endangered and Threatened Species Act. 
Rangeland may also be affeded. 

Legal Topics 

Other than state land management pro
grams and local zoning ordinances, the ma
jor legal control deemed necessary at this 
time is the implementation of the Surface 
Mining Control and Reclamation Act 

which requires that all of the land be re
turned as nearly as possible to its original 
condition after the well is plugged. · 

Biomass 
The use of biomass feedstock for energy 

has received much attention recently. His
torically biomass, primarily crop residues, 
timber, and organic residues from the 
lumber industry have provided space heat 
and process heat through direct combus
tion. Continued use of these materials as a 
source of fuel, directly by combustion or in
directly from the produciton of alcohol, is 
viewed as a means of reducing the United 
States' reliance on fossil fuel. Debate over 
the role biomass can play in meeting reduc
ed fossil fuel requirements goals centers 
around whether the various biomass con-

Table 2.23 

Calculation of Land Potentially Devoted to Geothermal 
Energy Productiona 

Year Source Capacity IMWI Land (acres) 

1985- low The Geysers 1,700b 10,285 
Hot-water 300 3,090 - 12,090 

Total 2,000 13,375 - 22,375 

1985 c high The Geysers 1,700b 10,285 
Hot-water 4,300 54,575 - 183,375 

Total 6,000 64,860- 193,660 

2000 -low The Geysers 3,000° 18,150 
Hot-water 6,800 70,040 - 274,040 
Hot-dry rock 200d 250- 910 

Total 10,000 88,440 - 293,1 00 

2000- high The Geysers 3,oooe 18,150 
Hot-water 35,800 378,740- 1,442,740 
Hot-dry rock 200d 250- 910 

Total 39,000 397,140-1,461,800 

1990 "RIIA"" ThP. GP.ysers 2,000 12,100 
Hot Water 1,125 22,660 - 88,660 

Total 4,125 34,760- 100,760 

"Range of projected capacities from a varibty of sources, Ref. 65-£9, land estimates from Table 2.22. 
bBased on units planned for production before 1985, from: Armstead, H.C.H., Geothermal Energy, Spon., 
Ltd., London, Table 7b. 

0 Reed, M.J. and G.E. Campbell, Environmental Impact of Development in The Geysers Geothermal Reid, 
USA, Second U.N. Symposium on the Development and Use of Geothermal Resources, San Francisco, 
California, Vol. II, May 20-29, 1975. 

dAssume post-1990 development at about the same pace as historical development at The Geysers. 
•see text. 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, ANL/AA-19, Septem-. 
ber, 1980. 
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version processes provide a favorable net 
energy balance70 and, secondly, whether or 
not sufficient feedstock exists nationally to 
meet a prescribed energy demand for ethanol 
from grain or methanol from wood. 

Land Requirements 

The level at which ethanol can be substi
tuted for gasoline fuels 1s directly related to 
the availability of grain feedstocks. Most 
reviews of feedstock availability assume 
that compt:titivt: uses of grain will be satis
fied firot and the remainder will be ztvailabk 
for ethanol production. ' 0

·" If, after domes
tic consumption and export, surplus grain is 
not available, the common assumption is 
that set-aside and diverted cropland couid 
be utilized for grain production to produce 
ethanol. If such a resource base were avail
able, the potential production of ethanol 
from corn could reach several billion gal
lons per year, assuming 2.6 gallons ethanol 
per bushel of corn" and 600 to 800 million 
bushels of corn set-aside. •• Reliance on the 
availability of withheld cropland to support 
an alcohol fuels program is tenuous, how
ever. Between 1961 and 1972, the U.S. aver
aged 21.7 million acres of corn land that 
were set aside and diverted (14 million to 27 
million acres). Other grains contributed an
other 9 million set-aside acres during this 
period. Since 1972, a substantial decline in 
grain set-aside and diversion programs have 
occurred with no acreages withheld during 
1974-1977." In 1978, only 6.1 million acres 
of corn land and 8.4 million acres of wheat 
land ·were in set-aside or diversion pro
grams.'• 

Current ethanol production in the U.S. is 
about :ll million gallons per year." A recent 
statement by Energy Secretary Charles 
Duncan, supported by President Carter, ex
pressed a desire "to convert 10 percent of 
unleased gasoline to gasohol within one 
year."" This goal implies an annual t:thauul 
production of 430 million gallons by the 
end of 1980" (based on a 1979 production 
level of 42.7 billion gallons of unleaded gas
oline). Bills introduced in the 96th Congress 
proposed ethanol production levels up to 
920 million gallons/year by 1982." Such 
levels would require 2 million to 4.4 million 
acres of corn which could be easily supplied 
from set-aside cropland (assuming pre-1974 
set-aside levels). 

To produce enough ethanol to substan
tially impact the importation of fossil fuel 
would require more cropland than set-aside 
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or diversion can produce. Soil Conserva
tion Service data indentify pasture, range, 
forest, and other land, by state, that has a 
"high" and "medium" potential for con
version to cropland. ' 9 These figures do not 
include cropland in set-aside or diversion 
programs, nor do they include federal 
lands. Texas, Missouri, and Georgia have 
the greatest number of acres that are rated 
as "high potential'' for conversion to crop
land (Figure 2.4). Eight states have over 5 
million acres of "high" and "medium" po
tential for conversion to cropland (Figure 
2.5). 

To examine the land required for gasohol 
programs, a study was conducted for a 17 
state region in the central United States ex
amining average requirements for grain un
der three demand scenarios for ethanol 
(Table 2.24)" A 100 percent gasohol pro
duct meant that 10 percent gasoline would 
be replaced by ethanol; 50 percent gasohol 
meant 5 percent and 25 percent gasohol 
meant a 2.5 percent iasolim: rP.phu~r.ment. 
Production levels of ethanol under these 
scenarios ranged from 1.3 billion gallons to 
~.4 t>i!lion gallons in 1990 in the 17 st:~tP 
region. This region has 19.4 million acres of 
"high" potential cropland and 52 million 
acres of "medium" cropland.,. If corn 
were grown exclusively on these lands for 
ethanol production, 17.5 million acres with
in the 17 state region would be required for 
a 100 percent gasohol substitution program 
by 2000 (16.9 million acres by 1990). A mix
ture of corn, grain sorghum, and wheat 
would require 26 million acres by 2000 (24. 7 
million acres by 1990). 

National estimates for a 100 percent gas
ohol replacement program have t>een 10 bil
lion gallons' 0 to 12 billion gallons per 
year.'' Such production levels might require 
all 36 million acres of "high" potP.ntillll!nd 
from 12 to 21 million acres of the "medi
um" potential cropland in the nation. Such 
production would result in direct conver
sion of land use of 40 percent of the reser
voir of "high" and "medium" potential 
cropland. Similar estimates of land require
ments have been reported." 

The use of methanol in a gasoline substi
tution program has received attention pri
marily because of the large resource of 
woody feedstock that could be used in the 
conversion process. The nation's standing 
forests contain an energy equivalent of 
nearly 300 quadrillion Btus (above ground) 
with 85 percent of the total in commercial 
forest." Wood biomass that might be avail-



n 
LJ 

111 
rnm 
~ 

II 

0 - 100 

100 500 

500 1000 

1000 2000 

>2000 

Figure 2.4 

Land with High Potential for Conversion to Cropland. 1977 

Source: Robeck, K., et. al. , Land Use and Energv, 
Argonne National laboratory, ANUAA-19, September, 1980. 



Figur:t 2.5 

Land with High to Medium P::>tential .:or Conversion to Cropland, 1977 
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S:>urce: Robeck, K., et. al., Land Use and Energy, 
Argonne National Laboratory, ANUAA-19, September, 1980. 



able without causing major impacts on land 
use include: 
• Unused mill residues (bark, etc., at forest 

products processing plants). 
• Forest residues (branches, broken pieces, 

etc.) at logging sites. 
• Surplus growth (the net annual growth 

minus the timber removed from the 
growing stock). 

• Annual mortality of the growing stock. 
• Noncommercial timber (rough, rotten, or 

dead trees). 
• Timber on noncommercial forest land 

(forest land that cannot yield timber 
crops because of adverse site conditions 
and forest land withdrawn from ~mer
cia! timber use). 
Projections of future availability of these 

resources gives a potential contribution of 7 
quadrillion Btus per year in 1990.80 The de
crease in resource availability is due to an 
increase in timber utilization or decrease in 
surplus growth. The availability of mill 
residues may also decrease because of a pro
jected increase demand for these residues 

for process fuel. The woody biomass re
sources could, in 1990, produce over 57 bil
lion gallons of methanol annually which is 
substantially more than the 10 billion gal
lons per year required for a 100 percent gas
ohol substitution program.80 The only 
waste handling problem in alchohol pro
duction is the sludge from the digestion of 
wood for methanol, which can be treated 
and used for fertilizer. The major regional 
contributors to such a woody biomass pro
gram would be the Pacific, Mountain, and 
Southeast regions; all could contribute over 
a quad per year in 1990. 

Beyond 1990, silviculture energy farms 
could be developed to eventually provide all 
the wood biomass requirod for the gasohol 
program. Such farms could contribute over 
4 quads by 2000 with nearly 80 percent of 
the potential resource from the eastern 
United States. 80 These energy farms would 
require the conversion of pasture, forest, 
range, rotational hay and pasture, hayland, 
and open land. For a wood to methanol 
program, approximately 23 million acres, 

Table 2.24 
Indicative Cropland Requirements In The 17 State Regions 

for ethanol, 1980-2000b 

% Gasohol Use 
Crop Scenario 1980 1985 1990 1995 

1000 Acres 

Corn 
25 4,250 4,179 4,217 4,306 
50 8,503 8,363 8,438 8,612 

100 17,008 16,727 16,880 17,224 

Grain Sorghum 
25 6,950 7,023 7,227 7,574 
50 13,906 14,052 14,459 15,149 

100 27,811 28,105 28,924 30,297 

Wheat 
25 13,642 13,727 13,927 14,202 
50 27,296 27,466 27,865 28,404 

100 54,593 54,593 55,740 56,808 

Three Crop Production 
Weighted Average 25 6,210 6,130 6,190 6,340 

50 12,420 12,270 12,380 12,680 
100 24,840 24,540 24,720 25,360 

2000 

4,384 
8,766 

17,536 

7,841 
15,678 
31,361 

14,963 
29,917 
59,844 

6,500 
12,990 
25,990 

BThe states include Montana, Wyoming, Colorado, Texas, Oklahoma, Kansas, Nebraska, South Dakota, 
North Dakota, Minnesota, Iowa, Missouri, Illinois, Wisconsin, Michigan, Indiana, and Ohio. 

bSource: David, M.L., G.S. Hammaker, R.J. Buzenberg, and J.P. Wagner, Gsshohoi-Economic Fessi-
bility Study, Development Planning and Research Associates, Inc., Manhattan, Kansas, 
July, 1978. 
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Table 2.25 

Land Use Requirements for the Conversion 
of Alternative Feedstocks to Alcohol 

Alcohol 
Feedstock Production Land Requirements Land Requirements 

Facility Requirements (108 gai/yr) Facility (acres) Feedstock (acres) 

Corn Fermentation 
(ethanol) 

Corn and Wheat Residue 
(ethanol) 

wooa Methanol 
Wood Ethanol 

8Assumes 90 bu/acre. 
bAcid hydrolysis. 
0Enzymatic hydrolysis. 

25,000 bbl/dav 

·1 ,bti£ dt/day 

1 ,UUU dt/doy 
1 ,000 dt/day 

dfAedstor.k dAriw~rl frnm P.nf\!•nv filfm. 

20 80 1oo.ooo• 

2b 120" 
140° 

56 210 40,000a 
33 159 40,000d 

Source: Dale, L., R. Opiela, and J. Surles, Alcohol Production from Agricultural and Forest Residues, 
Argonne National Laboratory, ANL-EES-TM-88, May, 1980. 

or about 18 percent of land identified as 
having ;<medium" artd ''high potential" 
for conversion to croplands would be utiliz
ed for silviculture energy farms. 

Table 2.25 provides estimates of land 
used for the operation of model plants that 
convert grain to ethanol, crop residues to 
ethanol, wood to methanol, and wood to 
ethanoL•• 

Potential Land Use Conflicts 

This analysis assumes a static reserve base 
of potential cropland for conversion over 
the next twenty yt:ars, which is ulil't:alistic. 
Between 1967 and 1975, 24.3 million acres 
were converted to mhan and other non
farm uses." Thirt.y-four percent of this 
total was prime farmland and 5.5 million 
acres were converted from crop pro
duction." The national loss of prime farm
land is estimated at 1 million acres per year 
or about 4 square miles per day. Over half 
of this acreage is subdivided or placed into 
residential use. During the 1967-1975 
period, 79.2 million acres of pasture and 
rangeland were added as cropland. How
ever, since 1974, price-cost relationships 
have made it less economical to convert 
land to farm use. 79 If the use of farmland 
continues at this rate, the use of "high 
potential" cropland for energy purposes 
will meet increasing competition with its use 
for food and fiber. The use of crop and 
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lumber residues is not considered by some 
as a viable source of feedstock to meet 
large, near-term levels of alcohol produc
tion, i.e., levels that would contribute 
significantly to a national gasoline substitu
tion program."·" 

Also, the removal of crop and forest resi
dues both uncovers land, making it suscep
tible to erosion, and removes the natural 
decaying process, which may require re
placements with chemical fertilizers. 

Hydroelectric 

Hydroelectric power in the United States 
has developed rapidly during the twentieth 
century, Installed capacity doubled between 
1921 and 1940, and tripled between 1940 
and 1960.86 Since the late 1960s, however, 
the rate of expansion of hydroelectric 
power has declined from these earlier levels 
for several reasons: 
• The most favorable sites were already de

veloped, and undeveloped sites were not 
as attractive when compared to other en
ergy sources. 

• Electrical demand increased rapidly dur
ing the 50's and 60's, while concomitant 
expansion of cheap oil and natural gas, as 
well as optimistic forecasts concerning 
nuclear technologies, led to a decreased 
interest in further development of hydro
electric. 



During the past several years, rising costs 
of fossil fuels and higher costs of meeting 
tough environmental standards for nuclear 
facilities has made hydroelectric power 
more acceptable to both the public and to 
utilities." 

The U.S. Army Corps of Engineers has 
identified about 50,000 existing small dams 
in the U.S. of which less than 1000 are cur
rently producing electricity. Many of the 
dams had, at one time, generated electrici
ty, but had suffered equipment failure or 
became uneconomical to operate. While the 
current capacity of the existing hydroplants 
exceeds 64,000 MW, the Corps suggested 
that an additional 2,100 MW could be ob
tained at these existing sites with additional 
and improved generators. Nearly 34,000 
MW could be generated by converting the 
nonhydropower dams to hydropower.'"·"·" 
The total potential hydropower resource 
base in the United States is, therefore, 
119,000 MW (Figures 2.6 and 2.7). 

The regional distribution of hydroelectric 
plants is variable and, generally, reflects 
both physical and social influences. The 
largest hydroelectric generating capacity in 
the United States is found in the Pacific 
Northwest. The greatest number and densi
ty of small scale hydroelectric plants is in 
the northeast and the Lake Central regions. 
All three of these regions have the greatest 
potential for developing small scale hydro
power." 

Much interest has been directed recently 
toward using pumped-storage hydroelectric 
power. Its greatest value lies in reducing 
peaking costs by using cheap, off-peak 
power to pump the water from a lower res
ervoir to a higher reservoir during off peak 
hours. During peak periods the flow of 
water from the higher reservoir to the lower 
is used to generate electricity. Pumped
storage hydroelectric plants currently pro
vide 10,000 MW of electricity in the U.S." 

Conventional and pumped-storage 
hydroelectric plants typically require stor
age reservoirs, except in those cases where 
water flow is sufficent ("run-of-river") to 
contribute a base load. The size of the reser
voir created by a dam is extremely variable 
and depends on the physical characteristics 
of the area, capacity of the facility, etc. Im
poundments typically inundate large areas 
(often 10,000 to 20,000 acres). Attempts to 
estimate reservoir area by using published 
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data"·89 on maximum storage, dam height, 
or gross static head for individual plants did 
not correlate with actual reservoir size in 
reference plants. Valley shape, or excava
tion configurations are too variable to allow 
a simple calculation of reservoir area using 
storage capacity and dam height or head. 

The large amount of area typically inun
dated by large hydroelectric projects can 
cause land impacts of some magnitude, but 
there are a number of positive aspects. In 
addition to providing electric power, the 
projects often play an important role in 
water supply and flood control and provide 
significant recreational opportunities. 
Thus, unlike most of the other energy-re
lated facilities discussed in this report, 
hydroelectric development provides a dif
ferent range of multiple uses for the land 
rather than reserving the area for a single 
use. Some of these new uses may cause sec
ondary land impacts, however. For exam
ple, increased recreational activities can 
damage vegetation, cause increased ero
sion, or damage wildlife habitat.•• 

Hydroelectric development has, histori
cally, been curtailed by federal legislation. 
Development in National Parks or Monu
ments has generally been prohibited. More 
recently, the Wild and Scenic Rivers Act 
(1968) has designated segments of rivers to 
be included in the National Wild and Scenic 
Rivers systems. These segments are pre
cluded from hydroelectric development. 
The undeveloped conventional hydropower 
capacity on these river beaches is estimated 
to be nearly 4,754 MW at 31 sites, and 1,443 
MW of known pumped storage potential. •• 
The Wilderness Act of 1964 established a 
National Wilderness Preservation System 
on federal lands. Incompatible land and 
water uses such as hydroelectric facilities 
are prohibited in these areas unless special 
authorization is given by the President. 

A 34 percent increase in hydroelectric ca
pacity is projected by 1990 over 1975 
levels."" Most of this increase is projected 
for Washington and Oregon; however, ma
jor increases are expected for California, 
Colorado, Georgia, Idaho, Montana, Ne
braska, New Mexico, Ohio, Pennsylvania, 
Virginia, and West Virginia. The amount of 
land that potentially may be impacted by 
these additions, and the nature of impacts, 
can be estimted only after a site specific 
evaluation. 



Figure 2.6 

National Hydroelectric Power Resources (All Sites) 
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Figure 2.7 

National Hydroelectric Power Resources (Small-Scale Sitesl 
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AGRICULTURAL LAND VS. 
ENERGY ACTIVITIES 

This discussion will address the impor
tant topic of energy development com
peting for land used for growing food and 
fiber and the need for cognizant energy 
facility siting decisions which encompass 
the possible chan(les in this crucial resource. 
Included will be direct farmland displace
ment in terms of permanent and temporary 
use of land by energy developments, the in
direct impacts on adjacent cropland, the 
regulatory control over use of agricultural 
lands, and conclusions. 

Concern over this topic centers on the 
possible loss of prime agricultural lands. 
The Soil Conservation Service in their 
"capability classes" defines prime agricul
tural lands as soils on which row crops can 
be grown using a minimum of conservation 
practices or special equipment.19 SCS is cur
rently quantifying this definition so as to 
complete an inventory of 1200 high priority 
counties by 1981. This inventory will bal
ance such variables as soil moisture, tem
perature, humidity, drainage, and $lOpe, 
Currently, prime agricultural land includes 
nationally or regionally unique farmlands, 
such as Michigan's sour cherry orchards or 
California's vineyards. 

This resource is undergoing constant con
version to urban and non-farm uses. The 
loss of prime farmland is estimated at 1 mil
lion acres per year or 4 square miles per 
day. Over half of this acreage is subdivided 
or placed into residential use, a non-recov
erable, permanent reallocation of land. 80 

Currently agricultural land management 
and control of agricultural land conversion 
is the responsibility of local and state agen
cies. There is no federal legislation for 
farmland preservation, but bills were intro
duced into Congress in 1979 for federal 
agencies to consider agricultural values in 
decision-making. Some agricultural land 
may be released either for energy activities 
or replacement for lost farmland through 
the leasing structure of federal lands. In ad
dition, an interagency National Agricul
tural Lands Study was recently announced 
by the Council on Environmental Quality 
and USDA. That study, to be completed in 
1981, will investigate the causes and extent 
of the conversion of agricultural land to 
nonagricultural uses, and assess the role of 
the Federal Government in influencing this 
conversion. 91 Their preliminary reports on 
increasing domestic production of energy 
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and its impact on agricultural uses discusses 
this topic and stresses the need for conscien
tious preservation of agricultural resources. 9 ' 

The indirect impacts of energy land uses are 
controlled to minimize detrimental effects 
by the regulatory legislation discussed in the 
first part of this section (e.g., Clean Air and 
Water Acts, SMRCA, and RCRA). 

Many states have developed programs 
aimed at restricting the development of ag
ricultural land. Although the nationwide 
impact of these programs on energy siting 
may be slight, in certain states the impact 
will be significant. The land use programs 
are listed by type and state in Table 2.26. 

Zoning ordinances are used by munici
palities to control and restrict land use. 
These ordinances normally pertain to types 
of development, size and location of 
buildings, use of open spaces, etc. Indus
trial land uses may be further regulated 
through building codes, perrnit systems, 
and air and water pollution controls. Most 
states, however, may use their power of 
eminent domain to invalidate zoning ordi
nances in order to construct energy facilities 
that are considered to be in the public's gen
eral welfare. A municipality may not con
sider the regional or national impacts of 
such conversions. Disruption of critical or 
unique prime farmland may affect food 
production beyond the local zoning respon
sibility. 

To define the scope of land requirements 
for energy activities by 1990 in comparison 
with available cropland, Table 2.27 was de
veloped, and quantities the issue of crop
land consumption for energy development. 
This is a worst-case scenario since it com
pares only available cropland to be con
sumed by energy activities. The earlier part 
of this section, land use by fuel type and cy
cle, explained in further detail that most 
future land requirements will be met by dis
placement of arid rangeland, pastureland, 
forestland, or land currently zoned for in
dustrial use. To summarize potential land 
use conflicts, surface mining is expected to 
disturb cropland in the Midwest and Cen
tral West, forestland in Appalachia, and 
rangeland in the Great Plains and the re
maining West. Although surface mining 
may disturb only 41,000 acres of cropland 
in 1990, 40 to 50 percent of the strippable 
reserves in these regions may be covered by 
prime agricultural lands. Coal and oil com
bustion for electric utilities will occur in in
dustrial areas, if PSD increments are avail
able; or in rural, possibly agricultural, areas 
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State Programs for Preservation of Farmland, by Type of Program 
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where local or state zoning for power plants 
permit the new siting. Synfuels, oil extrac
tion, oil shale, and uranium extraction will 
be predominantly in the West, displacing 
rangeland and possibly federal lands with 
low probability of conversion to cropland. 
Oil refineries will be sited predominantly 
near seaports in heavy industrially classified 
areas such as the coasts of Texas, Louisi
ana, ann New Jersey, and the lakeside of IJo 
linois. For uranium processing, agricultural 
lands mo~t lik.t:ly Lo be impacted are those 
which will be devoted to milling and mill 
tailings disposal, an activity which will con
tinue to occur in arid, thinly populated 
rangeland. Potential geothermal produc-

tion will also be located in arid western 
regions. 

Thus, the greatest potential impacts to 
cropland reserves arises from the projected 
development of nuclear power plants, sur
face mining in certain regions, coal-fired 
utility plants in rural areas (which will be 
much more prevalent than oil-fired plants) 
and biomass production. These industries 
can be divided into two land use catc::gories: 
permanent land allocation ann tP.mporary 
land use. 

Nuclear power plants represent a perma
nent land use; however, the buffer zone or 
exclusionary zone represents 80 percent of a 
nuclear plant site. After. further study, this 

Table 2.27 

Estimated Additional Area Required for Energy Activities 
by 1990~ und Percentage~ uf Available Cropland. a Scenario 

19n Cropland- 412,619,000b 
Non-farmland with "high" and "medium" conversion potential - 126,989,000b 
Loss of prime farmland to urban/residential use - 500,000 ac./yr. - 6,500,000c 
Remaining available cropland, 1990-406,119,000 
~""'"'luluy ovolloble r>ot.!:nloal<.!uiJiaml- 110,4A9,00u 

Energy Activities %of Remaining 
Fuel Type & Cycle 1975-1990" Available Cropland 

Coal 
Extraction 1,007,4006 0.248 
Combustion 211,0001 0.052 
Synfuels 24,000 0.006 

Oil 
Extraction 23,000 0.006 
Pror.P.l'l.'lino 10,300 0.002 
Combustion 7,700 0.002 

Oil Shale 5,:.100- 17,7009 0.001 - 0.004 
Natural Gas -3,000 
Uranium 

Extraction 18,1 00 - 36,000 0.004 - 0.009 
Processing 20,300 0.005 
Nuclear Power Plants 343,000h 0.080 

Geothermal 69,000 - 241,000 0.016- 0.059 
Biomass 16,901,000- 55,761,000; 4.162- 13.730 
National Total 18,639,700-57,702,100 4.6- 14.2 

"Assuming high level of production 
bSource: 1977 Soil Conservations Resources Inventory, USDA, February, 1980 
csource: Environmental Reporter, May 16, 1980 
dDerived from text, hydroelectric not estimated, see Table 2.3 
6 Surface mining only 
11ncludes solid waste 
91ncludes retorts 
hr otal site area 
;Grain for ethanol plus processing requirements, 17 region only 
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%of Remaining 
Available 
Potential 
Cropland 

0.836 
0.175 
0.020 

O.Q19 
0.008 
0.006 

0.004 - 0.015 

O.Q15 - 0.030 
0.020 
0.285 

0.057 - 0.200 
14.027 - 46.280 

15.5-48.0 



Jand may be found to be reclaimable or 
even usable for farming while the plant is 
operating if it can be evacuated with dis
patch. The high scenario projection of 
343,000 acres for nuclear power plants is 
also tenuous, as further development of this 
energy form is beleaguered with controver
sy. 

Figures 2.8 through 2.11 graphically de
pict the potential of displacement of crop
land by surface coal mining. Table 2.28 
identifies counties where specialty crop pro
duction may conflict with surface mining. 
Although surface mining is projected as one 
of the largest consumers of land for poten
tial energy development, it is to be a tem
porary use of land. Mining regulations at
tempt to minimize the short- and long-term 
impacts of mining on the environment and 
the land . Federal and state laws are de
signed to ensure that all lands mined be re
claimed in a manner to reduce water quality 
impacts and return land to a usable condi
tion. SMCRA requires that lands be re
stored to at least 90 percent of their original 
productivity. Pre-mining and post-mining 
land use need not be the same, and local 
preferences in land uses may cause a perma
nent change from the pre-mining use . Wild
life habitats may be altered, and some 
unique lands for production of specialty 
crops may not be reclaimable. 

When used for coal-fired power plants, 
agricultural or pasture land will be effec
tively lost from all future agricultural pro
duction. Given a typical power plant life
span of over 30 years, it is doubtful that re
clamation of a used utility site will ever be 
attempted . Coal ash and flue gas desulfuri
zation disposal ponds will generally need to 
remain isolated from agricultural use once 
plant operation is completed because of the 
potential for trace metals to bioaccumulate 
in crops and other vegetation. Whether or 
not these losses can be confined to just the 
acreage used for a disposal site is a site
specific problem that depends upon many 
factors in the ambient environment, on how 
well the disposal site is managed, and on 
whether ecologically sensitive areas such as 
animal migration paths or nesting grounds 
exist. It should be noted, however, that the 
relative area requirements for fossil power 
plants are small in comparison to other en
ergy activities such as surface mining. 

The use of biomass as an energy source 
will require that large acreages of land be 
devoted to crop production for energy uses. 
Millions of acres may be converted from 
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other rural uses, potentially making bio
mass the largest energy-related consumer of 
land. Of the land requirements for energy 
activities shown in Table 2.27, 90 percent of 
the projected land requirement is for bio
mass, a conversion of prime agricultural 
land. However, the resources are available 
for development of this temporary land 
use. The second interim report of the Na
tional Agricultural Lands Study gives an in
teresting analysis of the economics of such 
~.:on version: 

"If gasohol crops are to be produced by 
farmers within the structure of U.S. agri
culture, energy use of crops simply in
creases existing demand for these crops, 
strengthening the market and enhancing 
profitability of farming . Presumably, 
this enhances agriculture's ability to com
pete successfully with non-agricultural 
uses contending for the same land base. 
On the other hand, if gasohol crops are 
produced outside the agricultural struc
ture-for example, by the oil indus
try-the competing demand would not 
necessarily enhance the competitive posi
tion of farmers producing commodities 
for food and fiber as traditionally de
fined. Policy prescriptions that would 
"protect" agricultural land in the face of 
national energy initiatives t-hus are not 
immediately apparent.,., 
Allocation of cropland to either biomass 

or food and fiber production is a decision 
that can be renewed annually for grain to 
ethanol programs. The use of soil manage
ment practices and high yield tree farms, as 
in the forest industry, should keep soil fer
tility impacts minimal . Biomass produces 
very little indirect land use impacts relative 
to water and air quality, but water availabil
ity may cause conflicts between energy 
farms and other farming and biomass may 
increase sedimentation in local streams. 

The indirect impacts of energy develop
ment on farming are more serious for other 
energy industries . A major concern associ
ated with the refining and combustion of 
fossil fuels is the possible impact of air pol
lutant emissions on crops and natural vege
tation. Effects of both chronic and acute 
levels of sulfur dioxide and other gaseous 
pollutants on crop yields is well docu
mented. 93 Crops and natural vegetation 
sensitive to sulfur dioxide and reported in
jury values have been identified and sum
marized;94·9' however, the synergistic or an
tagonistic effects that have been observed 
from combinations of poJlutants make the 



Figure 2.8 

Conflicts Between Wheat and Surface Mining of Coal 
Coal From 1990 TAD Scenario 

Wheat From 1974 Census of Agriculture 
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Source: Olson, R.J ., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental Database for the Coterminous Unitec States, Oak Ridge 
National Laboratory, ORNLfTM-7351, ESD Pub. No. 1537, September, 1980. 



Figure 2.9 

Conflicts Between Tobacco and Surface Mining of Coal 
Coal From 1990 TAD Scenario 

Tobacco From 1974 Census of Agriculture 
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Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental Database for the Coterminous United States, Oa( Ridge 
National Laboratory, ORNL/TM-7351 , ESD Pub. No. 1537, September, 1980. 



Figure 2.10 

Conflicts Between Soybeans and Surface Mining of Coal 
Coal From 1990 TAD Scenario 

Soybeans From 1974 Census of Agriculture 
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Source: Olson, R.J., C.J. Emerscn, M.K. NLngesser, Geoecology: A County Level Environmental Database for the Coterminous United States, Oak Ridge 
Nat ional laboratory, ORI\LITM-7351, ESJ Pub. No. 1537, September, 1980. 



Figure 2.11 

Conflicts Between Corn and Surface Mining of Coal 
Coal From 1990 TAD Scenario 

Corn Form 1974 Census of Agriculture 
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Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental Database for the Coterminous United States, Oa Ridge 
National Laboratory, ORNL!TM-7351, ESD Pub. No. 1537, September, 1980. 



State 

Alabama 

Arkansas 

Colorado 

lllinni ~ 

Indiana 

Kentucky 

Maryland 

Missouri 

Montana 

North Dakota 

Table 2.28 

Conflicts Between Surface Mining 
And Specialty Crops* 

County Specialty Crop 

DeKalb Collards 
Pimentos 
1 urnip l:Jteens 

Franklin Pimentos 
Jefferson Collards 

Cowpeas 
Okrct 
Turnip Greens 

Walker Turnip Greens 

Franklin Cowpeas 
Grapes 

Johnson Peaches 

Montrose Onion - Dry 

Pt~vriot Mu5lcmclon:; 
Pumpkins 

St. Clair Eggplant 
Okra 
Turnips 

Vermilio Asparagus 
Pumpkins 
Sweet Corn 

l(nox Cantaloupe 
Muskmelons 
Watermelons 

Sullivan Pumpkins 
Watermelcms 

Butler Pimentos 
Pulaski Pimentos 

Allegheny Black Raspberries 
Garrett SnCip Beans 

Henry Black Walnuts 
Vernon Pecans 

Richland Barley 
Sugar Beets 

McHenry Barley 
Oats 
Rye 

Mclean Oats 
Stark Oats 

62 

Hiilrvest /\cro& 
Rank in Nation 

AA 
9 

59.5 
28 
46.5 
63 
42 
33 
31 

33 
51 
99 

58 

!:i3 
13 

100 
79 
96 
15 
11 
29 

22 
15 
37 
90.5 
R.l 

52 
41 

20 
91 

59.5 
100 

97 
61 

100 
41 
52 
84 
74 



Ohio 

Oklahoma 

Pennsylvania 

Tennessee 

Texas 

Table 2.28 (Cont'd.) 

Conflicts Between Surface Mining 
And Specialty Crops* 

Columbia Black Raspberries 
Red Raspberries 
Strawberries 

Holmes Black Raspberries 
Jackson Black Raspberries 
Mahoning Muskmelons 
Meigs Cabbage-Head 
Muskingom Black Raspberries 
Stark Beets 

Endive 
E&carole 
Onion·-Green 
Lettuce 
Spinach 

Washington Peppers 
Wayne Black Raspberries 

Red Raspberries 

LeFlore Cowpeas 
Spinach 

Okmulgee Pecans 

Allegheny Eggplant 
·Endive 
Escarole 
Kale 
Nectarines 

Armstrong Grapes 
Columbia Broccoli 

Snap Beans 
Luzerne Broccoli 

Cauliflower 
Pumpkins 

Schuylkill Cabbage-Head 
Nectarines 
Other Nut Trees 
Pumpkins 

Cumberland Snap Beans 
Fentress Snap Beans 

Anderson Watermelons 
Atascosa Cantaloupe 

Cowpeas 
Onion-Green 
Peppers 
Squash 
Turnips 
Watermelons 

Bastrop Blackberries 

63 

24 
41.5 
n 
68 
38 
84.5 
90.5 
47 
57 
7 
8 

33 
43 
72 
89 
31 
80.5 

19 
24 
24 

92.5 
55 
40.5 
60.5 
53 
96 
94.5 
80 
68 
80 
86 
80 
57 
15 
43 

21 
62 

91 
95.5 
60.5 
39 
75 
15 
55.5 
47 
70 



Table 2.28 (Cont'd.) 

Conflicts Between Surface Mining 
And Specialty Crops* 

Texas (cont.) 

Washington 

Bexar 

Milam 

Robertson 
Rusk 
Van Zand 
Wood 

Lewis 

Thurston 

~Booed upon the TAD coal extraction seenerio. 

Beets 81.5 
Cauliflower 40 
Carrots 86 
(;o11Arl1:<. 62.5 
Cowpeas 74.5 
Eggplant 35.5 
Endive 39 
Onion-Green 38 
Mustara Greens 1 I 
Okra 29.5 
Pecans 00 
Peppers 99.5 
Turni~o~~ 80 
Pecans 82 
Watermelons 70 
Wotcrmclons 73 
Watermelons 48 
Cowpeas 42 
Watermelons 46 

Walnut-Black 59.5 
Filberts and Hazelnuts 13 
Green Peas 78 
Hed Haspberries 40 
Strawberries 67.5 
Blueberries 42.5 
Red Raspberries 29 
Strawberries 62 

Source: U.S. Department of Agriculture, 1974 Census of Agriculture. 

problem of predicting impacts complex. 96 

Decreases in productivity, especially in na
tural communities, could result in long
term changes In species composition and, 
consequently, changes in society's percep
tions of how the land should be used. 

Also of concern is the dfed of add pre
cipitation on <.:rops. A number of air pollu
tants, including sulfur oxides, nitrogen ox
ides, and parti<.:ulates, undergo long-range 
transport of several hundred kilometers and 
are further oxidized to more acidic species. 
Sulfur dioxide is responsible for about two
thirds of the acidity in precipitation. There 
is. substantial evidence that acid rainfall is 
harmful to crops. While the subject of acid 
precipitation is currently under extensive 
study, it is believed that increased coal com
bustion by electric utilities is a major contri
butor to the overall increase in rainfall 
acidity in the Northeast. 97 

Because of their extensive need for cool
ing water, nuclear and fossil fueled power 
plants may conflict with availability of 
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water for farming uses. A 1000 MW coal
fired plant with cooling towers operating at 
60 percent annual load fac;tor would con
sume about 7HUU - 11,300 acre-feet per year 
of water. For those using cooling ponds, 
the consumption would be 9600 - 16,000 
acre-fest/year. 98 Use of such large amounts 
of water may affect the productivity of 
croplands not directly removed by con
struction. 

In conclusion, the resources are available 
for increasing domestic energy production 
and reducing reliance on foreign sources 
without loss of food production levels, if 
such development is properly managed ac
cording to its land use impacts. Siting deci
sions become a necessarily complex balanc
ing of alternative land uses, length of reallo
cations, and impacts on concurrent, adja
cent land uses. The introduction of a feder
al role in this balancing designed to help 
preserve the availability of cropland for 
food would be comparable to other legis)~-



tion which preserves the quality of our envi
ronment. Although sometimes time-con
suming and complicated, federal control al
lows national and regional production goals 
to proceed within parameters that manage 
and greatly minimize long-term adverse im
pacts. A national energy program must ad
dress the issue of protecting food produc
tion, particularly m development policies 
for biomass, mining, and coal-fired and nu
clear electricity generation. 
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3. DATA DESCRIPTIONS 

As illustrated graphically in Figure 3.1, 
land use issues associated with energy 
developments occurs when there is either a 
conflict between a proposed use for a parcel 
ot land and an existing use or when federal, 
state or local land management policies or 
regulations effectively preclude the in
troduction of energy developments. The 
data presented in Section 4 have been 
selected with the intention of providing in
terested readers with a means by which land 
use and energy issues can be fully 
understood and, to some degree, become 
predictable. 

The data in Section 4 are arranged in four 
categories. The first category consists of na
tional and regional maps and tables that 
describe the natural physical characteristics 
of land forms in the United States. The se
cond group of data provides a current 
baseline description of the major uses of 
land in terms of agricultural uses, existing 
energy and minerals development, and ur
ban uses . The data in the third category 
describes federal and state land manage
ment policies as reflected in national maps 
and in tables while the fourth group con
sists of tabular data specifying the land re
quirements for development of future 
energy fuel resources. None of the data sets 
contained in any of these categories are all
inclusive. Rather, the data presented 
represents a compilation of existing data 
that were available at the time of this prin
ting. New data will be added as this docu
ment is updated. 

PHYSICAL LAND 
CHARACTERISTICS 

Physical land characteristics include 
aspects of the environment related to 
topography, geology, water resources, 
biota, seismology, and ecology. The data 
presented in this portion of Section 4 are 
limited, however, to those characteristics 
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which either have had or may potentially 
have an impact on energy development, 
particularly those which affect energy facili
ty siting decisions. 

Land Surface Forms r 
( 

The overall shape and slope of land sur-
face forms are extremely significant factors 
affecting energy facility siting decisions . 
While modern transportation, drilling and 
mining technologies have enabled energy 
developers to explore for and extract energy 
resources under the most severe topo
graphical conditions, the development of 
any energy technology that includes the 
construction of large physical structures, 
such as a power plant, requires a uniform 
and relatively flat land surface. 

The data concerning land surface forms 
include a series of regional and national 
maps which provide measurements of slope 
and elevation. A deliberate attempt was 
made to illustrate the different kinds of 
data available to measure these factors. As 
a result, the subsection includes classical 
relief-type maps, land-surface maps and 
computer generated elevation maps, which 
indicate ranges of elevation for every coun
ty in the southern United States . 

While relief and elevation maps are 
rather simplistic in nature, land-surface 
forms maps can be rather difficult to inter
pret requiring constant consultation with 
the key . The rather complicated scheme of 
classification includes distinct symbols for 
slope, local relief, land profile type, plains, 
tablelands, plains with hills or mountains, 
open hills and mountains, sand covering, 
water covering, irregular peaks and cones, 
crests, and escarpments and valley sides. 
Slope, land profile type, sand covering and 
water covering are measured in terms of 
percentage while plains, tablelands, plains 
with hills or mountains, and hills and 
mountains are measured by adjectives such 
as, flat, smooth, irregular, moderate, high, 
low, etc.' 



Figure 3.1 

Concep1ualization of the Relationship Between Land Use and Energy Development 
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Soils 
Soil characteristics, such as nutrient con

tent, drainage patterns, and thickness, can 
be extremely important factors in siting 
waste disposal sites and in reclaiming land 
which has been surface mined. In siting 
waste disposal sites, special care must be 
taken to ensure that the leaching 
characteristics of the soils do not permit the 
contamination of groundwater or surface 
water supplies. Although regulations pro
mulgated under RCRA often stipulate the 
disposal method for certain wastes, soil 
characteristics can be important factors af
fecting the cost of site preparation. 

Although soil characteristics rarely dic
tate decisions regarding sites for surface 
mining operations, they are extremely im
portant factors affecting the cost of 
reclamation. SMCRA requires that over
burden removed in surface mining opera
tions be stored according to soil horizons so 
that it can be replaced in the same con
figuration that occurred naturally before it 
was disturbed. In addition, soil 
characteristics are key factors affecting the 
rate by which surface mined lands can be 
revegetated and returned to their original 
productive capacities. 

In addition to the U.S. Geological Survey 
and the Soil Conservation Service, exten
sive surveys of soil characteristics and rates 
of erosion are made by state and county 
governments.' These surveys classify soils 
according to their color, composition (i.e., 
clay, oxides, peat, muck, etc.) temperature 
and moisture content. Section 4 contains a 
series of regional maps which identify soil 
characteristics according to the following 
classifications:' 

• Alfisols: Soils with gray to brown surface 
horizon, medium to high base supply, 
and subsurface horizons of clay ac
cumulation. Formative element: a/f. 

• Aridisols: soils with pedogenic horizons, 
low in orgainc matter, usually dry. For
mative element: ent. 

• Entisols: Soils without pedogenic 
horizons. Formative element: ent. 

• Histosols: Organic (peat and muck) soils. 
Formative element: ist. 

• Inceptisols: Soils with weakly differen
tiated horizons showing alteration of 
parent materials. Formative element: ept. 

• Mollisols: soils with nearly black, 
organic-rich surface horizon and high 
base supply. Formative element: oil. 
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• Oxisols: soils that are mixtures principal
ly of kaolin, hydrated oxides, and quartz. 
Formative element: ox. 

• Spodosols: Soils that have accumulation 
of amorphous materials in subsurface 
horizons. Formative element: od. 

• Utisols: soils with horizons of clay ac
cumulation and low base supply. For
mative element: ult. 

• Vertisols: Cracking clay soils. Formative 
element: ert. 

• Miscellaneous land types: Bare rock, salt 
flats, ice fields, and some included soils. 

The classes of soils can be further disag
gregated to the following subclasses:' 

Class Momsols 
• Subclass Borolls: Black surface 

horizon used for small grain, hay 
and pasture agriculture in the north
central states, and for range, 
woodland, and some small grain fur
ther west. 

• Subclass Aquolls: Seasonally wet 
soils with a thick, nearly black sur
face horizon. These soils are used 
for pasture and, where drained, for 
small grains, corn and potatoes. 

Class Rntisols 
• Subclass Orthents: Loamy or clayey 

soils that rapidly decrease in organic 
matter with depth. These soils are 
used for range or irrigated crops in 
dry regions and for general farming 
in humid regions. 

• Subclass Psamments: Loamy fine 
sand or coarser sand used for 
woodlands and small grains in warm 
and moist parts of the region, and 
for range or irrigated crops in warm 
and dry areas. 

Class Alfisols 
• Subclass Boralfs, Uda/fs, Aqualfs, 

Usalfs: Contain medium to high 
base levels and have grey to brown 
surface horizon. 

Class Histosols 
• Wet organic soils (swamps and mar

shes) including peat and muck 
located in northern portions of the 
region. While used mostly for 
woodland, when drained, they 
become suitable for truck crops. 

Class Inceptisols 
• Subclass Aquepts: Seasonally wet 

with a light-colored or thin black 



surface horizon and used for pasture 
and hay production. 

Class Spodosols 
• Subclass Orthods: with low base 

composition, but high levels of iron 
and aluminum, these soils are used 
for hay, pasture, woodland, and 
fruit production. 

Class Utisols 
• Subclass Udults: Located in 

southt:m Missouri, these soils are 
basically moist with relatively littlt: 
soil organic matter in the subsurface 
horizon. These soils are used t"or 
general farming, pasture, woodland, 
and in some areas, tobacco and cot
ton production. 

Geology 
Geologic characteristics, particularly 

seismic activity, are extremely important 
factors in siting energy facilities, especially 
fossil-fired and nuclear power plants. 
Similarly, rock structures and character
istics are significant determinants of costs 
involved with fuel resource exploration and 
extraction. In the case of oil shale, geologic 
conditions partially dictate the type extrac
tion technology-i.e., surface retorting ver
sus modified in-situ, etc.,-that will be 
utilized to separate the kerogen from the 
shale. 

Geologic data presented are arranged in 
two sets. The first set of data consists of 
several regional maps which categorize 
sedimentary rocks into classical groupings 
according to age-pleistocene, pliocene, 
miocene, cambrian, pre-cambrian, quater
nary, upper nnd lower tcrciary, cretaceous, 
the paleozoics, etc. (see Table 3.1). A 
computer-generated map of the geology of 
the southern United States is also presentt:d 
as a means of illustrating different classi
fication and mapping techniques. This map 
provides county level bedrock informtion 
classified according to four categories: ig
neous, metamorphic, consolidated sedi
mentary, and uconsolidated sedimentary. 

The second set of geologic data presented 
pertains to seismic activity. In order to il
lustrate the various means by which seismic 
activity can be exhibited in graphic form, a 
series of maps have been compiled which 
demonstrate different aspects of seismic ac
tivity. Maps of the Rocky Mountain region 
and Alaska identify the major seismic 
faults. A second type of map presented il
lustrates the Nuclear Regulatory Commis-
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sion's (NRC) designations of seismic risk 
-high, medium, or low. Finally, the NRC 
designations are translated into tabular 
form indicating the acreage of the three 
designations by state. 

Wetlands and Wildlife 
Until recently, water resources planning 

and management efforts have focuserl 
almost exclusively on permanent water 
resurces, such as rivers, streams, lakes and 
groundwater aquifers. During the past 
decade, however, government agencies and 
the public have given increased attention to 
protecting the existing natural and 
economic value of lands periodically flood
ed or otherwise saturated by surface or 
groundwater-floodplains and wetlands. 
Unwise development in such areas has 
resulted in increasing loss of life and pro
perty and in reduction of uses compa~ible 
with periodic inundation, such as agncul
turc nnd forestry, recreation, fish and 
wildlife habitiat. In order to discourage 
federal support of unwise development in 
floodplains and wetlands, and to provide 
federal leadership in preserving and enhanc
ing the beneficial use of such areas, Presi
dent Carter issued executive orders in May 
1977 on floodplain management and wet
land protection.' Similarly, the President 
has proclaimed numerous additions to the 
Wildlife Refuge System bringing the total 
area covered to 46 millin acres. (These acts 
are discussed in greater detail under the 
Land Use Management subsection.) 

In essence, the growing concern for 
weltands and floodplains and wildlife 
habitat has effectively closed these areas to 
any kind of energy development. The data 
presented in Section 4 under this category 
consists of national maps which illustrate 
the location of natural wetlands, wildlife 
habit loss, and various biota ecoregions. 

Finally a map is presented that describes 
the potential natural vegetation that would 
exist today if man were removed from the 
scene and if the resulting plant succession 
were telescoped into a single moment. The 
map reveals the geographical distribution of 
the types of vegetation in their settings on 
the continent and in their relation to one 
another. 

LAND USAGE 

The purpose of the data presented in the 
land usage subsection is to provide a base-



line scenario of the major uses of land in 
the U.S. upon which a scenario of future 
energy development can be overlaid. By 
consulting this data, one can easily identify 
the amount of land currently occupied by 
energy facilities as well as the area where 
potential conflicts may arise between future 
energy develoment and existing land use. 

The data are divided into two groups. 
The first group contains generic and crop
specific maps of major agricultural uses, 
pastureland, and non-federal forest land. 
In addition, the data in this group inlcude 
state and regional tables of major uses of 
land and principal commercial crops culti
vated in the U.S. The second group includes 
tabular data of land area occupied by ex
isting energy facilities, including fossil and 
nuclear power plants, coal surface mines, 
uranium mills, oil refineries, etc. In addi
tion, tabular data concerning acreage 
disturbed by non-fuel minerals develop
ment is presented. 

Agricultural Land Use 

One of the most significant issues 
concerning energy and land use involves the 
potential diversion of prime agricultural 
lands to energy uses. Lands devoted to the 
cultivation of corn, wheat, tobacco and 
soybeans are mapped on a county basis. 
these maps indicate the percentage of a 
county's area which is currently devoted to 
the cultivation of each of these crops. 

Similar maps are presented for non
federal forest lands which indicate the 
percentage of the counties' acreage which is 
devoted to silviculture. Also included in this 
group are maps of pastureland, forest range 
and croplands in general. Finally, tables are 
presented which indicate state and regional 
land uses (in acres) for: 
• cropland - total acreage in crop rotation; 
• grassland and other nonforested pasture 

and range in farms excluding cropland 
used only for pasture, plus estimates of 
open or nonforested grazing land not in 
farms; 

• forest land excluding reserved forest land 
and some unreserved areas; 

• urban, transportation, recreational and 
other special uses of land; and 

• miscellaneous areas such as marshes, 
open swamps, bare rock areas, deserts 
and special uses not. inventoried by the 
Federal Government. 
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Energy and Nonfuel Minerals 
Land Use 

The data presented under this heading in 
Section 4 present a compilation of tables 
and charts which directly supports the 
issues delineated in Section 2 under the fuel 
cycle discussion. The purpose of these 
tables is to provide the reader with a ready 
reference from which an understanding of 
baseline energy land usage can be obtained 
and to identify areas that contain fuel 
resources. 

In addition to energy land use, a sum
mary of land areas dedicated to the extrac
tion of nonfuel minerals resources is also 
provided from a historical perspective. The 
purpose for inclusion of this data is to pro
vide perspective of how energy-related ex
traction land use relates to the overall min
ing industry in the United States. It can be 
seen from these data that while coal extrac
tion is the largest single extraction-related 
consumer of land, the total area dedicated 
to the open-pit nonfuel mining industry is 
far larger than that dedicated to fuel extrac
tion. As a result, it should be noted that 
future allocation of lands to energy uses 
(particularly extraction) will represent a 
small percentage of the land potentially 
disturbed by the domestic mining industry, 
particularly as more and more attention is 
shifted to relieving the nation's dependence 
on foreign sources of critical minerals and 
materials. 

The data presented in Section 4 includes 
tables of: 
• acres of land utilized for mining selected 

nonfuel commodities in leading mining 
states, 1930-71; 

• land disturbed by surface and open-pit 
mining, 1930-71; 

• land disturbed by coal surface min.ine, 
1975; 

• land occupied by oil refineries by state 
and region, 1975; 

• acreage occupied by uranium mills by 
state and type, 1979; 

• fuel fabrication plant site size and 
demography; 

• land occupied by fossil-fired and nuclear 
power plants, 1975; 

and maps of land with high and medium 
potential for conversion to cropland for 
biomass production and of land containing 
major fuel reserves. 

Lands dedicated to energy uses, mineral 
uses and agriculture, as sw;nmarized in this 



ERA PERIOD ----

QUAIIRNAIY 

I 
v 
0 
N 

0 
z .. 
u 

I 

TERTIARY 

CRETACEOUS 

I 
v 

0 
N I IURASSIC 0 

"' ~ 
~ 

I 
TRIASSIC 

--
PERMIAN 

PENNSYlVANIAN 

MISSISSIPPIAN 

DEVONIAN 

" 
SILURIAN 

ORDOVICIAN 

CAMBRIAN 

Table 3.1 

Geological History 

EPOCH 

R~e~nt 
(ltOIOCfNI) 

PIEI!IOC!NI 

PliOCENE 

MIOCENE 

OliGOCENE 

lOaN! 

PAUOCENI 

/./ 

135.000,000 

1 80,000.000 

230,000,000 

Ahsoluteoge 
in yeanbt
fort pnsent 

10,000 

Malo< geologic •""" In United Statn 
gl ... ln ocH- of incroasing oge 

Disfindive !eotulft of plant 
ond onlmollife 

Minu• ..:houg.s iu lun.J IUTnJs b1 •u1k ul I RiM of civilir:otlona 
1treamt. ""aves, wind 

four doges of spread of continental ice 
sheets and mountain glaciers 

Development of man; 
extinction of large 
mammal• 

:r 
Mon 

1,000.000 ~::o:~a,:;~:?:';:;;ft~::c:~:a~:~.s;:;,~ *--------4-----i 
tatty evolution of man; 
dominance of elephants, 
hUi)oH, unJ h,.,~ 
carnivores 

13,000,000 

25,000,000 

36,000,000 

Marine sediments deposited on Attontic 
and Gulf coastal plain; dream deposits 
spread over Greet Plains and Rocky 
Mountain basin~; thick marine sediments 
deposited in Pacific coaltol region 

Development of wholes, 
bats, monkeys 

Riut of anthropoid• 

Development of primi
tive mammals; rise of 
granos, ceroab, fruih 

Ago 
of 
Mom
mol• 

&l,OOO,OOO Earliest horses • ~ 
58,000,000 .-........ ~--- I 

Morino sediment deposition over Atllli'\lk um.l Gutf 
coastal plain and in geosyncline of Rocky Mountain region 

Nevadian orogeny: Intrusion of batholith of Sierra 
Nevada region 

Marino sediment deposition in seas of western United 
States; desert sands deposited in Colorado Plateau 

£xtinction of dinosaurs; 
development of flower· 
ing plonh 

Culmination of dino
saurs; fint birdt appear 

Polisodion disturbance: Block faulting in ea~otern United ~----------1 
States 

Fin! dinosaurs; fint 
Deposition of red beds in fault basins of eastern United primitive mammals; 
States and in shallow basins of western United States tpread of cycads and 

conifers 
Appalachian orogeny: Folding of Paleozoic strata of 
Appalachian geosyncline 

Deposition of red shales and limestones in southwestern 
United States; much salt and gypsum {glaciation of 
southern hemisphere continents) 

Conifen abundant; rep· 
tiles developed; spread 
of insects and amphi· 
biens; trilobihn become 
extinct. 

"•· of 
Reptilft 

280,000,000 -----------------+--------1 
Widespread forosh of 
coal-forming spar• 
bearing plants; first rep· 

Age 
of 
Amphi
bians 

Deposition of cool-bearing strata in eastern and central 
United State!. 

310,000,000 tiles; abundant insects 

3•5.000,000 ···--

405,000,000 

425,000,000 

500.000,000 

Oepollll6h btl•iny, shaly sed•menh 1n widespread, 
shallow seas of central and eastern United States Spread of sharks: cui· 

minotian of crinoids 

Acod;on ••ogeny, Fold;ng ond ;goeo•• .ock ;"""';on \ I I I 
in New England J 

Fint omp.hibiu,.os; io\uu, 
rnrnl'; Pnrlio•t fnre•h 
:.ptcad o·oer lond1. 

lJepas•tion ol thick marine strata in geosynclines ol 
easterl"' Ol"'d ... esteff• UoiteJ 5h:o~tes Fil\t land planh and 

a.r·breathing ani!"al1; 

Taconian orogeny: Folding of rocks in eastern United development of r.shei 
Stotei, Nevada. and Utah 

Oepo~oition of thick marine ttrato in geosynclines of 
eastern and western United States 

life only in seas; spread 
ur mullusu; culmination 
of trilobites 

Trilobites predominant; 
many mor'lne inverte· 
hrnfes 

Ago 
of 
fithes 

Age 
of 
Marine 
Inverte
brates 

~--+-----...J 600.000,000 ----------------+-------l----1 
Precambrian time; age goe1 bock · 
to over four billion yeou 

Many periods of sediment depo~oition alternating with 
orogeny 

Earliest known forms of 
life; few fossils known 

Source: U.S. Geological· Survey, The National Atlas of the United States of America, 
Washington, D.C., 1970. 

74 

·~ 
I 

\ 



report, not only compete among themselves 
for land resources but also compete with 
other demands for land, such as residential 
development, transportation networks, 
recreation, etc. For example, although birth 
rates have decreased from the highs of the 
1945-1959 "baby boom," the U.S. popula
tion increased by almost 2 million people in 
1978.' Illegal immigrants, not counted in 
the official census estimates, may add an 
additional several hundred thousand to 
population growth each year. 6 All increases 
in population place additional burdens on 
the land. The magnitude of these land use 
impacts depends on many factors, in
cluding the rate of growth; the distribution 
of the new residents across the country; and 
population characteristics such as age, sex, 
race, mobility, education, employment, in
come, and household composition. 

In the 1970's, two demographic trends 
have become particularly important in all 
parts of country: the trend toward smaller 
households and population dispersal to 
rural areas. The Council on Environmental 
Quality (CEQ) case studies of five rural 
areas suggest that these growth trends are 
affecting land use patterns profoundly and 
are straining local service and critical 
lands.' Although impacts such as these are 
beyond the scope of this report, it is recom
mended that the reader consult sources such 
as CEQ, in order to keep the land use im
pacts of energy development in a proper 
perspective with other changes occurring in 
the U.S. 

LAND MANAGEMENT 

As noted in the regulatory issue discus
sion, the federal, state, and local govern
ments possess numerous mechanisms by 
which land use can be managed and in some 
cases, planned. These mechanisms consist 
of direct and indirect controls over land 
utilization as dictated by numerous laws 
and regulations. Examples of direct land 
management controls are those promul
ga~ed under the Federal Land Policy and 
Management Act (FLPMA), the National 
Parks and Recreation Act, and the Coastal 
Zone Management Act (CZMA). Indirect 
land management controls include those 
implied under environmental legislation 
and regulations such as the Clean Air Act, 
the Federal Water Pollution Control Act 
(Clean Water Act), and the Resource Con
servation and Recovery Act (RCRA). 
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The purpose of land management por
tion of Section 4 is to provide readers with 
data concerning the magnitude of these 
controls and a geographical perspective as 
to where they are most prevalent. Just how 
they impact energy development is discuss
ed at length in Section 2. 

The data are divided into two parts. The 
first part deals with federal land manage
ment policies and is composed of numerous 
maps, charts, and tables that indicate the 
land areas under control of the Federal 
Government and Indian tribes, the size of 
these areas and recent trends in their 
growth. In addition, indirect land manage
ment policies stipulated under the nonat
tainment and prevention of significant 
deterioration (PSD) provisions of the Clean 
Air Act are graphically displayed. The se
cond group of data concerns state land 
management policies and mechanisms, in
cluding summaries of state power plant 
siting laws, state programs to preserve 
farmland, state protection of significant 
natural resources under the CZMA, and 
state laws affecting management of coastal 
development. 

Federal Land Management 
The Federal Government owns and ad

ministers 760 million acres of land, one
third of the land area of the United States. 
The Bureau of Land Management (BLM) 
and the National Forest Service (NFS) have 
the prime responsibility for managing the 
bulk of the federal lands, with jurisdiction 
over 62 percent and 25 percent of the total, 
respectively. • These areas are illustrated on 
a national map. In addition, a table in
dicates the amount of land controlled by 
the BLM and NFS; estimates of lands with
drawn from mineral uses are also provided. 

The largest contiguous blocks of non
federal coal found in the western U.S. are 
those owned by Indian tribes. Section 4 
provides a generic map of these Indian 
lands as well as a map which indicates the 
amount of strippable coal reserves found 
on these lands. 

Parks, Wilderness Areas and 
Refuges 
In response to public sentiment that more 

of the nation's especially scenic and wild 
undeveloped lands be give permanent 
federal protection, a number of legislative 
proposals were put before Congress in 1978 
and 1979. On November 10, 1978, Congress 
passed the National Parks and Recreation 



Act, which made major additons to the na
tion's Wild and Scenic River System and 
the first additions to the Scenic Trails 
System since the system was created over a 
decade ago. The Act also created eight new 
wilderness areas covering almost 2 million 
acres, and added to the National Park 
System. Data included in Section 4 graphi
cally describes where these areas are and 
summarizes in tabular form designated and 
proposed wilderness and scenic river 
segments. 

The largest and most controversial wil
derness issue over the past few years has 
been the Forest Service's Roadless Area 
Review and Evaluation Process (RARE II). 
In June 1977, the NFS initiated a special 
review of all roadless areas in the National 
Forest System in order to determine 
whether some of these lands should become 
part of the Wilderness System rather than 
be retained for multiple use. RARE II 
surveyed 2,919 wild and untouched tracts 
of National Forest and National Grass
lands, totalling 62 million acres. In the 
RARE II Final Environmental Impact 
Statement, released January 4, 1979, the 
Department of Agriculture recommended 
that 15 million acres of national forest land 
be designated as wilderness. Of this, 9.5 
million acres are in the lower 48 states and 
Puerto Rico. Additionally, 10.8 million 
acres were designated to receive further 
study, and 36.2 million acres were allocated 
to nonwilderness (28.6 million acres ex
cluding Alaska). 9 

Additions during 1978 brought the Na
tional Wildlife Refuge System to 392 
refuges covering 46 million acres. Although 
the system inCludes several different types 
of refuges, mammal and bird refuges and 
naliunal monumt:nls ~.:ornprise most of the 
system. Section 4 contains a series of charts 
which provide an historical perspective of 
the growth in the refuge system since the 
early 1900s, the growth in acreage of the 
system and the numbers, by type, of the na
tion wildlife refuges in 1978. 

Indirect Federal Land 
Management 

Numerous federal laws have been 
enacted over the past decade that, while in
tended to protect certain sectors of the 
physical and human environment, function 
in effect as land management policies. Of 
particular concern to energy development 
are the PSD and nonattainment provisions 
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of the Clean Air Act. As discussed in 8ec
tion 2, PSD are those areas where the air is 
cleaner than the National Ambient Air 
Quality Standards (NAAQS). Additional 
pollutants in these areas are limited to 
specified amounts (or increments), calcu
lated relative to a baseline air quality. Three 
classes of PSD areas are defined: an area 
can be Class I, or "pristine," with a 
minimal increment alloted; Class II, with 
increments large enough to accommodate 
moderate economic growth; and Class III, 
with increments for maxium growth. Cer
tain areas, such as the national parks and 
wilderness areas previously described, are 
set aside as mandatory Class I. A map 
which indicates the counties in the U.S. that 
contain PSD Class I areas is presented in 
Section 4. 

Nonattainment areas are those areas 
where the air is currently dirtier than the 
NAAQS. While PSD increments have only 
been established for two criteria pollutants 
(TSP and SO,), nonattainment areas have 
been designed for five pollutants: SO,, 
TSP, NO,, CO and 0,. Maps illustrating 
counties containing nonattainment areas 
are provided in Section 4 for each of these 
pollutants. 

State Land Use Management 

As discussed in Section 2, substantial ex
pansion of the legal framework for deci
sion-making concerning the location of 
energy facilities has occured at the state 
level only with the last decade. In most 
states, the private sector still makes all 
siting decisions, with incremental review by 
governmental authorities. An assessment of 
site suitability must consider the physical 
characteristics, such as soil suitability, 
flood potential, and air increments, as well 
as economic and technological variables. 
Site compatibily generally refers to the site's 
relationship to a wider geographic area. It 
takes into account normal site suitability as 
well as energy needs, public attitudes envi
ronmental controls, and legal and political 
restraints. '• 

Organizational mechanisms used at the 
state level for utility siting can be broken 
down into three categories: 
1. Siting authority rests exclusively with the 

comm1ss1on which regulates public 
utilities. This approach capitalizes on the 
expertise of an existing regulatory entity. 
State review of siting decisions is primari
ly needed only to certify public conve-



nience and necessity and thus to provide 
the construction permit. This state review 
may be concerned only with energy 
needs, as in Virginia and West Virginia, 
or it may also include an environmental 
assessment, as in Illinois. 

2. Siting authority is vested in environmen
tal and ener~y a~encies. In these states, 
an environmental protection agency is 
mandated to participate or consult in the 
review of site permit applications. Gen
erally, then, two certificates are required: 
one is the construction permit, and the 
other is a certificate attesting en
vironmental compatibility. This structure 
exists in Kentucky, where the state en
vironmental agency consults with the 
utility regulatory agency, which issues 
both of the necessary certificates. 

3.An independent utility siting agency or 
an energy planning agency has siting 
authority. This agency theoretically exer
cises total jurisdiction over the utility 
siting and construction within the state. 
Normally, however, an interdisciplinary 
commission, consisting of member from 
public and state commerce, environmen
tal, health, and energy agencies, certifies 
the site. Such an organizational structure 
exists in Ohio. 
A matrix is presented which summarizes 

the provisions of the 25 state power plant 
siting laws which are currently in effect in 
the U.S. This table provides a ready 
reference from which information regard
ing site certification authorities, the size and 
composition of siting panels, methods of 
acquisition, utility forecasting require
ments, and alternative site consideration 
can be obtained. 

Many states have developed other land 
use programs that, while they do not speci
fically address energy development, may 
have a significant impact on energy facility 
siting decisions. Most notable of these pro
grams are those that deal with the preserva
tion of farmland. Although the nationwide 
impact of these programs on energy devel
opment may be slight, in certain states the 
impact will be significant. A table appears 
in Section 4 which summarizes these pro
grams as inventoried by the National Con
ference of State Legislatures (NCSL) for 
CEQ." The NCSL inventory found that 
although 48 of the 50 states had adopted · 
farmland preservation measures, most 
states had dealt with the issue primarily 
through provisions allowing preferential 
property tax assessment, that is, taxation of 
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farmlands at a lower rate than land used for 
residence or other purposes. Among other 
types of preservation programs highlighted 
in this survey, three continued to attract the 
most attention in the states: purchase of 
development rights, agricultural districting, 
and transfer of development rights. 

In addition to farmland, states are pro
viding an increasing level of protection to 
critical resource areas. Many of these in
itiatives have been in direct response to re
quirements of the Coastal Zone Mange
ment Act (CZMA). 

Thirty-one of the thirty-five eligible states 
and territories have either adopted new 
statutes and regulations protecting wetlands 
or improved implementation of existing 
laws as part of state coastal zone program 
planning. Because wetlands are prime floral 
and fauna habitats, most wetlands statues 
provide habitat protection as well. In addi
tion, 21 states have special management 
programs that deal with unique plant and 
animal species protection. Two tables are 
presented that summarize the status of state 
coastal zone management programs and the 
protection of historic and cultural resources 
under the CZMA. 

States also exercise land use controls 
through the state implementation planning 
(SIP) provisions of the Clean Air Act, the 
Resource Conservation and Recovery Act 
and the Clean Water Act. Although all of 
the SIPs could not be summarized in this 
report, these plans may have significant im
pacts on energy facility siting decisions. 

MEASURING FUTURE 
LAND USE IMPACTS 

Obviously, one unit of measure used for 
estimating land use impacts of energy devel
opment is acres. An acre equals 4,840 
square yards or 43,560 square feet. The 
data which appears under the measurement 
of land use impacts heading consist of 
tables designed to provide readers with a 
reference of values used in calculating the 
area that can potentialy be affected by dif
ferent types of energy development. For the 
most part, these tables are self-explanatory, 
simply indicating past experience with land 
areas consumed by various sizes of energy 
facilities. The facilities for which land use 
values are provided include: 
• Coal surface and deep mining 
• Fossil-fueled power plants (ranges and 

trends) 



• Oil refining complexes 
• Uranium mining 
• Nuclear power plants 
• Power plant cooling systems 
• Geothermal facilities 
• Solid waste disposal from oil shale 
• Soild waste disposal from utilities 
• Conversion of alternative feedstocks to 

alcohol. 
The variables which affect the land use re
quirements for the facilities listed above are 
discussed at length in Section 2. Since it is 
beyond the scope of this report to explain 
the specific methodologies used to deter
mine the values presented in these tables, it 
is suggested that interested readers consult 
the sources provided for each table for 
descriptions of these methodologies. 
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Source: 

Figure 4.1 

Shaded Relief: Physiographic Features of Alaska 
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U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970 
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Figure 4.2 

Shaded Relief: Physiographic Features of California and Nevada 
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U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970 
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Figure 4.3 

Classes of Land Surface Forms: Rocky Mountain Region 

~._..._ ·.:..- . _._ ..... _ ......... ·-..P. ... _ c--.fll_...,.._. ....... .,._ ............. ---·-·---· ·---··" ...... ~ ... 
•o--.6· 

. ..-...... , ......... ··-" .... , ....... ............ .. 
·~-·:-::..,.., ....... 

~ ... ---~-IZ!LJ--CLJ----cr:J--

---------...... a-
[=:J~~:. .. -
63J:::..":!..
c::J :::.."'";:::..-:'-. 
~=-~ ... 
~-
I2Z!J ........... --
=: .. "':.:.......... ....... .... J..':.." __ ..... 

Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
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Source: 

Figure 4.4 

Classes of Land Surface Forms: Great ILakes Region 

U.S. Geological Survey, The National Atlas of the Unitec! S&ates of America, Washington, 
D.C., 197•). 
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Figure 4.5 

County Elevation Classification: Southeast and South Central Regions 
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U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C. , 1970. 



Table 4.1 

Areas of Excessive Slope By State 

Area in Which Less Than 20% of Area in Which Less Th:m 20% of 
Surface is in a Slope of Less Total Area Surface is in a Slope of Less Total Area 

State Than 8%, % of Total Land Area (mi2) State Than 8%, % of Total Lane Ar:ta (mi2 ) 

Alabama 0 51,609 Nebraska 0 77,227 
Arizona 2 113,909 Nevada 0 110,540 
Arkansas 15 53,104 New Hampshire 22 9,304 
California 38 158,693 New Jersey 0 7,836 
Colorado 21 104,247 New Mexico 13 121,666 
Connecticut 0 5,009 New York 6 49,576 
Delaware 0 2,057 North Carolina 8 52,586 
Florida 0 58,560 North Dakota 0 70,665 
Georgia 2 58,876 Ohio 27 41 ,222 

00 Idaho 34 83,557 Oklahoma 1 69,919 
0\ Illinois 0 56,400 Oregon 27 96,918 

Indiana 0 36,291 Pennsylvania 27 45,333 
Iowa 0 56,290 Rhode Island 0 1,214 
Kansas 0 82,264 South Carolina 0 31 ,055 
Kentucky 40 40,395 South Dakota 5 77,047 
Louisiana 0 48,523 Tennessee 14 42,244 
Maine 3 33,215 Texas 2 267,339 
Maryland 0 10,577 Utah 9 84,916 
Massachusetts 0 8,257 Vermont 10 9,609 
Michigan 0 58,216 Virginia 5 40,817 
Minnesota 0 84,068 Washington 44 68,192 
Mississippi 0 47,716 West Virginia 87 24,181 
Missouri 16 69,686 Wisconsin 0 56,154 
Montana 20 147,138 Wyoming 23 97,914 

United States 12 

Source: Hammond, Edwin H. , " Classes of Land Surface Form," University of Wisconsin, 1963. 
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Figure 4.6 

Soils: Great lakes Region 

Key on Next Page 

U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 



Figure 4.6 (cont.) 

Key for Soils: Great Lakes Region 
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Figure 4.7 

Soils: Alaska & Northwest Region 

Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. . 
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Figure 4.8 

Soils: California, Nevada, and Hawaii 
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Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970, 
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Source: 

Figure 4.9 

Soils: Rocky Mountain Region 

U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 
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Figure 4.10 

Key for Soils: Western United States 
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Figure 4.11 

Geology: Great Lakes Region 
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Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 



Figure 4.12 

Geology: Alaska and Northwest Region 
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Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 
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Source: 

Figure 4.13 

Geology: Rocky Mountain Region 

U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 
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Figure 4.14 

Key for Northwest and Rocky Mountain Regions 
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Figure 4.15 

Geology: California, Nevada and Hawaii 
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Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 
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Figure 4.16 

Geology: Southeast and South Central Regions 
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Source: U.S. Geological Survey, The National Atlas of the United States of America, Washington, 
D.C., 1970. 
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Figure 4.17 

Restricted Land Use From Wet Soils 
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Figure 4.18 

County Seismic Suitability Classification: Southea~t and South Central 
Regions 

Source: 
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U.S. Nuclear Regulatory Com11ission, Nuclear Energy Centt~r ~lte Survey - 1975, Vol. 5, 
NUREG 0001 , Washington, D.C., Jan., 1976. 



Figure 4.19 

Areas of Relative Seismic Suitability: California and Nevada 
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Figure 4.20 

Seismic Zoning Map, Mercalli Intensity Scale 
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Figure 4o21 

Principal Faults and Seismic Zones of Alaska 
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Figure 4.22 

Anticlines and Faults: Rocky Mountain Region 
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Figure 4.23 

Areas of Relative Seismic Suitability for Nuclear Energy Centers 
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MAK[ II IM'-'RACTICAL 10 CONSIDER THIS ZONE FOR 
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1" = 325 miles 

0 325 650 

Source: U.S. Nuclear Regulatory Commission, "Resource Availbility and Site Screening," Nuclear 
Energy Center Site Survey, Vol. 5, NUREG 0001, Jan., 1976. 
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Figure 4.24 

Proba1bility of Earthquake Damage: Great Lakes Region 
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r=J 1-MINC•R 

I<' > l 2- MODERATE 
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Aplin, C.L. and G.O. Argall, Jr., Tailing Dispo:rd Today, Proceedings of First lnternatic·nal 
Tailing Symposium, San Francisco, CA, Miller ·;reemen Publications, Inc., 1973. 
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Source: 

Figure 4.25 

Seismic Risk: Washington, Oregon, and Idaho 

IDAHO 

ZONE 1- M•nur damage. llis1an1 eanhquakes may cause c.Jamaye 10 uructures wilh fundamental peuods 
grea1er than 1.0 second; ~;oue~ponds 10 inlensities V anti VI ot 

ZONE 2 
ZONE 3 

'M.M 

I he M.M. • Scale. 
Modr.rate damage; corrc\P(Jr'Kb lo in1ens1ty VII ol lhe M.M.' Scale. 
Ma1o' dMn.,e; couespon<h to intem.•ly VIII and hi.,.er of lhe M.M. 4 Scale. 
Mc..M..hlied Merulll lnaenstly Scale; see lable Ill· 1. 

Bonneville Power Administration, The Role of BPA in the Pacific Northwest Power Supply, 
U.S. Department of Interior, Washington, D.C .. 1977. 



Table 4.2 

Areas of Relati".te Seismic Suitability By State 

Seismic Zone SeismiC' Zone 
(%of areal Total 1% of areal Total 

State II Ill (mi21 State I II Ill (mi21 

Alabama 43 57 0 51,609 Nebraska 83 17 0 77,227 
Arizona 0 97 3 113,909 Nevada 0 41 59 110.540 
Arkansas 19 70 11 53,104 New Hampshire 0 100 0 9,304 
California 0 41 59 158,693 New Jersey 62 38 0 7,836 
Colorado 19 81 0 104,247 New Mexico 17 83 0 121,666 
Connecticut 0 100 0 5,009 New York 18 82 0 49,576 
Delaware 97 3 0 2,057 North Carolina 62 38 0 52,586 
Florida 100 0 0 58,560 North Dakota 100 0 0 70,665 

0 
Georgia 44 56 0 58,876 Ohio 83 17 0 41,222 

00 Idaho 0 n 23 83,557 Oklahoma 30 70 0 69,919 
Illinois 54 23 23 56,400 Oregon 0 98 2 96,981 
Indiana 42 50 8 36,291 Pennsylvania 27 73 0 45,333 
Iowa ·oo 0 0 56,290 Rhode Island 0 100 0 1,214 
Kansas 84 16 0 82,264 South Carolina 0 87 13 31,055 
Kentucky 55 32 13 40,395 South Dakota 87 13 0 n,047 
Louisiana ·oo 0 0 48,523 Tennessee 33 41 26 42,244 
Maine 0 100 0 33,215 Texas 90 10 0 42,244 
Maryland 15 85 0 10,577 Utah 0 53 47 84,916 
Massachusetts 0 100 0 8,257 Vermont 0 100 0 9,609 
Michigan 100 0 0 58,216 Virginia 24 76 0 40,817 
Minnesota iOO 0 0 84,068 Washington 0 72 28 68,192 
Mississippi 54 46 0 47,716 West Virginia 17 183 0 24,181 
Missouri 30 43 27 69,686 Wisconsin 100 0 0 56,154 
Montana 16 74 10. 147,138 United States 44 47 9 

Source: Nuclear Regulatory Ccrnmission, Nuclear Energy Site St.rvey-1975: Resource Availflbility and Site Sueenirg, NUREG 00011, Vol. 5, Table 4.3, 
January, 1976. 
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Figure 4.26 

Natural Wetlands 
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Source: Geraghty, van der Luden, Miller, and Troise, Water Atlas of the United States, Water Infor
mation Center, Inc., Huntington, New York. 



Figure 4.27 

Wetland Wildlife Habitat loss 

LEGEND 
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• Urban cor indumial encroacnmen1 on we1lands. 

• \\.ellao'.d~ de~lroyed by conslruclion or highways and water facililies. 

Source: "Preliminary Water Resources Problem Statements," 1977 National Conference on Water, 
St. louis, Mo. U.S. Water Resource!! Council, Washington, D.C. 
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Figure 4.28 

Wetland Wildlife Habitat Loss, California, Nevada, & Hawaii 1955-1975 

111\11 Wlterfowl breeding habitat needing protectiOn 
VJ'A Waterfowl wintering llabltat needing protection 

e Ulllln ar lndul~ encroadvrilnt 
• ~ ~ hlghw1y conatructlon llld wattr 11c111t1a 

Source: Council on Environmental Quality, Environmental Quality Annual Report· 1977, U.S. GPO, 
Washington, D.C. 1977 
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Source: 

Figure 4.29 

Wetland Wildlife HQbitat !..oss: Northwest Region - 1955-75 

wATERFo~~~~~;g~~~o~:~~i~~ I I: I 
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NFI'niNG PROTFr.TION 

DESTROYED BY HIGHWAY 
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WATER FACILITIES • 

U.S. Council on Environmental Quality, Environmental Quality Annual Report- 1977, U.S. 
GPO, Washington. D.C. 1977 
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Figure 4.30 

Bailey's Ecoregions 

·-.-·:----<~. ~~ 

Bailey, R.C., Ecoregions in the United States, U.S. DA Forest Service, Washington, D.C., 
1976. 
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Figure 4.30 (cont.) 
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Major Uses of Land in the United States, 1900-74 
(millions of acres) 
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Forest Land excludes reserved forest land in parks, wildlife refuges, and other special-use 
areas. Specialized Land is urban and built-up areas (including cities and towns, rural highway 
and road rights-of·way, railroads, airports, and public institutions in rural areas) and nonur
ban special-use areas (including Federal and State parks and other rural parks, recreational 
areas, Federal and State wildlife refuges, national defense sites, flood-<:ontrol areas, Federal 
industrial areas, farmsteads, and farm roads). 

U.S. Department of Agriculture, Economics, Statistics, and Cooperatives Service, Major 
Uses of Land in the United States Summary for 1974, draft, June, 1978, Table 3, p 3a; U.S. 
Department of Agriculture, Economic Research Service, Major Uses of Land and Water in 
the United States, Summary for 1959, Agricultural Economic Report No. 13, pp. 10, 11; U.S. 
Department of Agruculture, Economics, Statistics, and Cooperative Service, unpublished 
data. 
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Table 4.3 

Major Uses of land, By State and Region, 1974 
(1,000 acres) 

Grassland, Pasture Forest Special Other Approximate 
State and Region Crcpland' and Range• ·Land' Use• Lar,d" Land Area• 

Federal Region 1 2,214 557 32,024 3,528 1,366 40,239 
Connecticut 240 47 1,846 673 306 3,112 
Maine 666 156 17,505 787 675 19,739 
Massacusetts 263 45 2,848 1,289 564 5,009 
New Hampshire 174 56 5,046 311 190 5,777 
Vermont 841 248 4,384 169 189 5,931 
Rhode Island 30 5 395 199 42 671 

Federal Region 2 6,653 1,278 16,753 7,214 3,527 34,925 
New Jersey 678 49 1,856 1,628 607 4,313 
New York 5,975 1,229 14,897 5,586 2;925 30,612 

Federal Region 3 15,139 4,185 49,154 7,609 1192 77,279 

00 Delaware 547 24 390 196 111 1,268 
District of Columbia 0 0 0 39 0 39 
Maryland 1,908 207 2,925 1,044 246 6,330 
Pennsylvania 5,996 809 17,638 3,777 563 18,778 
Virginia 4,925 2,282 16,075 1,961 216 25,459 
West Virginia 1,763 863 12,126 597 56 15,405 

Federal Region 4 53,760 18,644 13,884 18,807 6,812 236,907 
Alabama 5,885 2,410 21,748 1,909 500 32,452 
Florida 3,773 5,834 17,753 4,794 2.464 34,618 
Georgia 7,103 1,275 25,157 2,747 885 37,167 
Kentucky 9,810 1,871 11,887 1,524 284 25,376 
Mississippi 8,394 2,864 16,892 1,290 829 30,269 
North Carolina 6,480 1,216 20,224 2,693 618 31,231 
South Carolina 3,663 979 12,403 1,614 685 19,344 
Tennessee 8,652 2,195 12,820 2,236 547 26,450 

Federal Region 5 .96,288 12,058 66,343 18,912 1:{,369 206,470 
Illinois 25,089 2,429 3,745 3,240 1,176 35,679 
Indiana 14,143 1,656 3,870 2,051 1,382 23,102 
Michigan 8,445 1,264 19,000 3,909 3,745 36,363 
Minnesota .23,759 2,579 18,415 4,016 • ,976 50,745 
nhin 1? ROO 1.829 6,422 3,014 ::!,159 26,224 



Table 4.3 (cont.) 

Major Uses of Land, By State and Region, 1974 
(1,000 acres) 

Grassland, Pasture Forest Special Other Approximate 
State and Region Cropland' and Range• Land' Use• Land" Land Area• 

Federal Region 6 74,466 167,484 83,825 17,830 7,884 351,489 
Arkansas 10,202 2,895 18,237 1,501 410 33,245 
Louisiana 5,962 2,674 15,342 1,803 2,974 28,755 
New Mexico 2,259 50,566 17,256 5,358 2,264 77,703 
Oklahoma 16,036 16,599 8,926 2,142 317 44,020 
Texas 40,007 94,750 24,064 7,026 1,919 167,766 

Federal Region 7 104,184 46,663 17,486 8,307 4,612 181,252 
Iowa 28,040 2,218 2,430 2,060 1,054 35,802 

\0 Kansas 31,826 16,016 1,363 2,245 894 52,344 
Missouri 20,796 6,404 12,661 2,353 1,943 44,157 
Nebraska 23,522 22,025 1,032 1,649 721 48,949 

Federal Region 8 80,863 184,137 62,010 22,018 18,259 367,287 
Colorado 10,473 29,571 19,387 3,272 3,707 66,410 
Montana 16,035 49,741 19,899 4,673 2,828 93,176 
North Dakota 29,695 11,233 419 1,854 1,138 44,339 
South Dakota 20,007 24,622 1,700 1,636 646 48,611 
Utah 1,932 22,945 14,720 5,200 7,744 52,541 
Wyoming 2,721 46,025 5,885 5,383 2,196 62,210 

Federal Region 9 13,828 112,773 66,127 32,414 21,956 247,098 
Arizona 1,794 40,292 17,420 8,720 4,361 72,587 
California 10,879 22,856 39,826 15,834 10;676 100,071 
Hawaii 372 987 1,626 617 510 4,112 
Nevada 783 48,638 7,255 7,243 6,409 70,328 
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Table 4.3 (cont.) 

Major Uses of Land, By State and l=tegion. 1974 
(1,000 acres) 

Grassland, Pasture Fores.t Special Other Approximate 
State and Region Cr::~pland' and Range• Land' Use• Land" Land Aree,• 

Federal Region 10 19;607 53,435 186,432 42,598 217,519 519,591 
Alaska 18 1,624 118,276 30,529 212,069 362,516 
Idaho 6,166 22,073 18,030 4,051 2,593 52,913 
Oregon 5,145 22,756 29,387 2,520 1,74S 61,557 
Washington 8,278 6,982 20,739 5,498 1,108 42,605 

u.s. 467,002 601,214 719,038 179,237 297,096 2,262,587 

'Total acreage in the crop rotation. 
2Grassland and other nonforested pasture in tarns excluding cropland used only for oasture, plus estimates of open or nonf:Jrested grazing land not in farms. 
'Forest land, excluding reserved foresc land and some unreserved areas duplicated ·,, parks and other special uses of 1and. 
•urban, transportation, recreationa. and other special uses of land. 
"Miscellaneous areas with low agricultural use value, such as marshes, open swamps, bare roE:k areas, deserts and tundra. 
"Approximate land area as developed by the Bureau of the Census in conjunction wit'l the 1979 Census of Population (19n). Includes all dryland and land tem
porarily or partially covered with water, such as marshland, swamps, and river floot plains; screams, sloughs, estuaries, anc canals less than one-eighth mile 
wide; and lakes, reservoirs, anc ponds less th;;n 40 acres in area. 

Source: Department of Energy, Assistant Secretary for Environment, Regional Ener!}'l Data Bodes (Six Regional Volumes), DOT,fTIC-1 0114/1-6, October 1978. 
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FARM 
PRODUCTION 
REGIONS& 
STATES 

Nootheast 
Connecticut 
Delaware 
Maine 
Maryland 
Massachusetis 
N ..... Ham~re 
N ..... lersey 
New York 
Pennsylvani;a 
Rhode Island 
Vermont 

·rou~ 
Northeaot 

Appaladllan 
Kentucky 
North Carolina 
Tennessee 
·virginia 
West Virginia 

-Toul 
Appalachian 

CroplanJ 

Nonirrigaled lrrigaltd 

193 8 
505 37 
885 22 

1,638 39 
264 18 
273 0 
622 155 

5,894 75 
5.651 10 

30 0 
590 7 

16,545 371 

5,419 9 
5,926 271 
4,902 26 
3,127 82 

981 10 

10,355 J98 

Table 4.4 

Agricultural Land Data Sheet 

------------------------------------------~----~ 

USE STATUS l W NUN~fOEIV\1. LAND :\YAILAillE FOK AGKICULTURE 

Pd~l~rcla,,d R.:~n~~d.uul F~)n-st Lmd (llher Land in Farms 

Wilh 1'\'ilh Wilh Wilh 
Farmsleads Tolal 

Total Cropland Tut.:tl Cft.lpb••ll r"'"' Cr.,pland Tolal Cropland 
Converjiun C:>JWCI:oiOII Conversion Conversion 
Potenlidl Polenli.JI f-'ul~nlic~l Polenlial 

112 30 0 l) 1.~ lo 55 50 15 l<i 1.795 
H 19 ll 0 _I(>() 9J 4 ~ 13 942 

249 83 &) 0 16.520 IOI 39 10 45 17.770 
486 187 0 0 2.1~8 325 74 6 91 4.476 
91 38 0 () 2.756 104 38 6 24 3.191 
95 5J ll &) .l:no 160 4 12 4.363 

144 81 0 0 1,9o5 230 81 52 52 3,019 
U86 726 0 Ll 15A~5 444 609 240 215 24.524 
1.797 5~ u 0 1V49 54(1 531 100 257 22.595 

18 0 Ll .lui 12 3 0 3 355 
534 IJo,j 0 () . 3,<,128 73 22 6 16 5.097 

5,835 . 1,939 u 0 63,16~ 1,1!17 1,458 501 744 88,Jl7 

5,735 2.424 I) &) 10.<'~8 644 130 28 282 22.2l3 
2.030 978 &) I) lo.813 .l.89.l 114 92 328 25.482 
5.474 2,3o3 0 I) ll.o.\8 1.319 64 60 287 22.391 
3,274 82J I) u 13.2.1) I.Z62 83 Jl 208 20.007 
2.037 299 0 Ll 9.Su5 113 25 19 76 12.934 

18,550 6,887 0 II o2,1J7 7,231 416 131 1.181 103,037 
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FARM 
PRODUCTION 
REGIONS& 
STATES 

Northull 
Connecticut 
Delaware 
Maine 
Maryland 
Massachusetts 
New Hampshire 
New jersey 
New York 
Pennsylvania 
Rl1ode Island 
Vermont 

TWI 
Northeast 

Appalachian 
Kentucky 
North Carolina 
Tennessee 
Virginid 
West Virginia 

Tolal 
AppaJ.uhian 

Table 4.4 (cont: 

Agricultural Land Dc:ta Sheet 

NONFEDERAL LAND UNI\VAJLI'.BLE FOR AGRICULTURE 

Urban& Rural Other 
Built-Up Transport.nion Nonf•rm 

. 
971 56 244 
lSI 20 95 
433 224 1,173 

1.196 139 310 
1,243 106 385 

337 89 230 
1,176 67 367 
2.994 603 1.982 
3.370 609 1.360 

248 12 46 
316 100 114 

11,435 2.025 6.306 

1,22! 450 255 
2,151 651 709 
1.698 5~3 370 
2,074 321 574 

798 211 304 

7,943 2,210 1,212 

Weller T,,t.ll 

39 Ulll 
14 2~0 

109 1.939 
50 1.695 
51 1.785 
50 7Uo 
37 l,ci-17 

157 5.836 
169 s.5ug 

9 315 
18 558 

813 21,579 

154 2.t181 
291 3.8U2 
151 1.602 
195 3.164 
77 U9tl 

86~ 13,239 

ACI· •ClJU lJRt\1. 
LAND CONVERT£1 l 
Tll i~RBAN & 
BUIUT-UP, 
TRAt<SPt)R fATION 
&W,-\HR 
1967'1977 

Joel 
oO 
<I 

78() 
30\) 
19ll 
140 
~Ill 

l.l~O 

ISO 
llll 

~.290 

700 
t.28u 

770 
1.4(ltl 

480 

4,1>90 

~--"R_IM __ E_F_A_R~_1_L_A_N_D __ ~I IL _________ LAN ___ D_AR __ E_A ________ _J 

394 
350 
853 

1.262 
44~ 

144 
1.249 
4.000 
4.448 

64 
374 

13,600 

5.994 
5.o06 
6.447 
4,Ji4 

502 

22,873 

In Cropldn2 
Use 

133 
276 
324 
814 
169 
86 

502 
2,286 
2.351 

23 
128 

7,1)92 

J.J34 
2,729 
3.076 
1,508 

285 

10,934 

-:-otal 

3,1U 
l.l6C 

:19,843 
o.323 
5,05D 
5.778 
4.809 

30.589 
28.746 

677 
5,931 

112,120 

!5,399 
Jl.206 
!6.403 
!5,477 
~5.404 

113,691 

FederJIIy 
Owned 

~ 

38 
134 
152 
75 

709 
143 
219 
643 

27o 

2,4U 

1.095 
1,924 
1,210 
2,306 
1,080 

7,615 

NonfederJI 

3,105 
1.222 

19.709 
6.171 
4,970 
5.Uo9 
4.006 

30,360 
28,103 

670 
5.655 

.109,706 

24.304 
29.264 
25,193 
23,171 
14 . .124 

a 16,176 



Table 4.4 lcont.) 

Agricultural land Data Sheet 
,.....--------------·---------· 

USE STAIUS lW N< >NFEDEI·:.~I.t.NJt> AVAILABLE FOR AGRICULTURE 

FARM 
PRODUCfiON 
REGIONS~ 
STATES 

Other La."td in Farms 

Farmsteads 

Kdllhd.JIIJ 1-

.-----,-----11------,,----:-----1 
With ~ With With 
'- "wt...l"'"'' 1 I tll.tl Cn1pl-1nd Total Cropland 
Ctluvcr;ion Conversion Conversion 
l',•lc••I•JI Poh:nliol Potmtt.l 

Cropl•nd Pa;turcl.tllt.l 

Will1 

NonirrigateJ Irrigated Tot•l C'l"l.lploli.J 
(' OllVCI :iillll 

Potenli.tl 

--- -·-·- .. 
Soutbeosl 

Alabama 4.401 n uu J..JO<) 0 0 19.7Y2 1.763 96 24 231 28,740 
Florida l469 t.720 5.483 2.121 J,lll7 o40 1_2.1-lll 814 238 38 117' 24.184 
Georgia 
Soulh Caro~· 

5.851 636 3.234 1.888 
3.287 44 1.242 700 

0 " 21.S6o 3.1!61 41 
0 0 10,770 1.515 33 

29 242 31.570 
29 121 15,497 

ToW 
Soulhusl 15,069 1,U7 14,1181 7,069 J,017 o4o 6Uo8 7,95J 408 110 711 99,991 

Lake Stal<l 

N· Michigan ~.256 228 1.230 642 0 0 15.323 894 962 278 315 27,314 
w Minnesota 22.518 398 2,889 J.4oJ 110 15 13.8116 1,919 1,080 314 698 41.499 

Wisconsin 11,401 340 2,738 1.110 0 IJ.25Y 1;353 1.275 127 350 29;367 
Total 
Lake Stain . U,175 966 6,857 J,lll 114 15 U,J88 U66 J,J17 719 1,J6J 98,180 

ComBeh 
Illinois 1.3,770 66 3.070 1.22o " 0 3.ll28 497 527 212 501 30.962 
Indian.> 13,180 140 2,147 1,001 v 0 3,534 596 418 197 384 . 19,803 
Iowa 26,356 75 4.530 1.803 0 0 1.487 183 215 179 708 33;371 
Missouri 13.797 776 12,823 5.764 35 23 hl.tUl n1 216 86 422 38.901 
Ohio li.719 43 2,615 1.077 ,, ,, 5.865 629 384 162 J66 20.992 

ToW 
ComBeb 88,811 1.100 15,185 10,871 J5 1J 14,746 1,6Jl 1,760 8.)6 l,J81 1U,Ol9 

Della States 
ArkAnsas 5.547 2.443 5.628 1.906 H8 47 14,ll72 1.194 99 74 197 28.234 
lDuislana 4,738 1.161 2,945 1.344 32o l) 12.595 J..r;j\} 58 26 162 21.985 
Mississippi 6.948 354 4,041 1.8116 30 0 14.412 1.916 92 44 240 26.123 

Total 
DeltaStal .. 11,133 3,958 12.6U 5,110 604 47 41,(179 4,660 149 144 605 76,J41 



FARM 
PRODUCTION 
REGIONS. 
STAlCS 

$oulheul 
Alabamo 
florida 
Georgia . 
South CaroliiM 

Total ·.·. 

. ~oulheatl 

i..ws-. 
Michigan 
Minne;ola 
Wisa>nsin 

Totol 
........ Slain 

-Com Belt 
Illinois 
Indiana 
Iowa 
Missouri 
Ohio 

Totol 
Com Belt 

Della Stateo 
Arhnsas 
loui5iana 
Mississippi 

Totol 
Delta States 

Table 4.4 (cont.) 

Agricultural Land Data Sheet 

NONFEDERALLAND l>JNAVAILABllE FOR AGRICULTURE 

Urban&: Rural Other 
Buill-Up Transportation Nonfarm 

1.7111 '60s '151' 

4.273 CiOO l.Ul 
l.OUI 439 693 
1.543 439 533 

9,570 1.083 !,9U 

3.287 798 ~680 

1J97 1.072 3,105 
1.602 724 ~198 

6.1116 1.594 5.983 

2.662 8JO 483 
1.834 518 J06 

857 1.062 163 
IJ7S 1.056 328 
3,532 626 542 

111.160 4.1191 1,811 

1,049 516 148 
999 434 3.862 

1J89 521 229 

3,437 1,Dl t.U9 

Water T<~•l 

m 2.818 
490 7,601 
396 3,554 
178 2.693 

1.198 16,866 

211 5,976 
406 5,91!0 
246 3,770 

86.1 15,726 

Ul4 4.239 
161 2.819 
222 1,3()4 
372 3.131 
2ll2 4,9<Jl 

1,111 17,395 

257 1,970 
358 5,653 
412 2.55 I 

1.017 10,174 

AGRICULTUKAL 
LAND CONVERTED 
TOURB'IN& 
BUILT-UP. 
TKANSPORTATIUN 
& WATER 
1967-1971 

.----.. ---'---'---, 

890 
3,470 
1.400 

920 

1.2ZO 
490 
190 

1.900 

1.060 
740 
440 
460 

UIO 

4.0JO 

370 
250 
720 

I,J40 

PRIME FARMLAND II LANi:· AREA ,___ ___ --J ..._, _____ ____, 

Nonfedel-il In Cropla~ [ Total Fec..,-ally 
Total u Owoed 

~----~~~----~· -------L-------L------~ 
7.856 
1.417 
7.767 
J,484 

:j0,5~4 

8J81 
19.51J 
IOJI9 

J8,1U 

11,400 
14,162 
19.117 
15.067 
11.11!0 

81.006 

IJ,lSO 
9J53 

10,227 

ll.8l0 

'i91J; , 

4~; i 
J,O~,! 

11$ 

f.51Jj_ 

5.6'15 
15JO.l 
6,475 

19,100 
11.515 
16,875 
9.544 
9.210 

66,150 

6,633 
5.267 
5.200 

17,100 

' 

Jl.434 676 31,558 

34.413 !,1(83 31,985 
37,160 !PJ6 35,124 
19.l01 1.'111 18,190 

\'!U.l61 e-.sn 116,857 

J6,J64 J.074 33.290 
SO.b911 J.219 47,479 

l4,844 1,707 33,JJ7 

'~11.- 5.000 11l.-

J5,661 460 35.201 
ll.(J87 465 22.622 
J5.828 ]53 35.615 
4UUI 2,;)94 42,032 
Ul,l95 301 25,894 

•'tM.897 :,117J 161,414 

JJ.29l J;J87 30,204 
28,74(> l.l08 27,638 
.10,2.25 1,551 28,674 

•91.U2 !·,:146 86.516 



Table 4.4 (cont.) 

Agricultural Land Data Sheet 

I USE STATUS Of' NON FEDERAl. LAND AVAIL ABLE FOR ACRICUL TURE 

FARM 
CropLmd PastureL.nd KJngdanJ Furest Land O:her Land in Farms PRODUCTlON 

REGIONS. With With With With STATES 
Nonirrigated Irrigated ToUI Cropland Total Cropl••l<l Total Cropland T-~tal Cropla"" 

Farmsteads To~l 

Conversion Conversior, Conversion Conversion 
Potential Putrnlial Potential fot~l ' 



N 
0\ 

FARM 
PRODUCTION 
REGIONS& 
s·;Ans 

Northem PWna 
Kansas 
Nebr.sk.o 
North Dakota 
South Dakota 

Twl 
Noothem Plains 

Soutbem Plains 
Oklahoma 
Texas 

Twl 
Soulhem Plains 

Mountain 
Arizona 
Colorado 
Idaho 
Monlana 
Nevada 
New Mexico 
Utah 
Wyoming 

ToW 
Mounbln 

Table 4.4 (cont.) 

Agricultural Land Data Sheet 

NONFEDERALLAND UNAVAILABLE FOR AGRICULTURE 

Urban & Rural Oth•r 
Buill-Up Transportation Nonfarm 

141 1.0119 310 
509 814 55 
1Hl 986 ISO 
250 733 474 

1,781 3.611 989 

1.132 745 283 
5.171 2.0118 \.599 

6,303 2,833 1,881 

900 153 1.384 
827 584 1.010 
377 232 381 
438 71)5 1.091 
235 t06 1.254 
717 334 1.748 
564 157 1.1195 
222 320 913 

U80 2.591 10.676 

Water Total 

293 2.439 
172 1.550 
;181 1.786 
110 I.o79 

1.1161 7,4H 

312 1.472 
685 9.543 

997 11,015 

II 2.448 
136 2.557 
67 1.057 

249 2.483 
19 1.614 
52 l.851 
35 3.651 
97 1.552 

666 18,213 

ACRiCUL TLIK:\1. 
I.AND CONVERlH· 
TOLIRBAN & 
BUll T-UP. 
TRANSPOKT ATIU~I 
& W;HER 
1967 1977 

<I 
250 
320 
530 

1.100 

250 
2.260 

1,510 

320 
400 
190 
350 
<J 
290 
290 
-::1 

1,640 

PRIME FAKMLAND IIL _____ LAN __ D_AR_E_A ____ _~] 

Total 
In Croplanc 

Total 
Federally Nonfederal Use Owned 

27.318 19.520 52.3H 638 51.716 
14.203 11.899 48,97! 648 48.324 
13.915 12.701 44.30J 1.723 42.580 
5.071 4.312 48.5611 2.784 45.784 

60,507 A8,4Jl 194,19,. 5,79J 188,404 

15.622 8.390 43.92(1 1,099 42.821 
37.498 17,631 167.781 2.898 164.1184 

53,110 16.0l1 111,704; 3,997 107,705 

1.161 1.086 72.58i 31.888 40.699 
1.760 1.613 66.40i 23,607 42.800 
3.512 2.998 52.73S 33.287 19.452 
1.240 589 93.131 27.115 66.016 

31)3 243 70.318 59.682 10.636 
524 504 77.720 26.416 51.304 
650 641 52.531 35,933 16.604 
259 224 62.140 29.488 32.652 

9,409 8.198 547,579 167,416 180,163 



N _, 

Cropland 
FARM 
PRODUCTION 
REGIONS& 
STATtS 

Nonirrigated Irrigated Total 

Podftc 
Alask.l' 46 0 
California 1,920 8,15J 1,127 
Hawaii' IJ9 154 992 
Oregon J.IJ9 2.009 1,767 
Wo~shington 6,179 1,772 1,252 

Total 
Pad&< ll,UJ 11.088 5,1J9 

~~~- 357,%11 55,758 IJ1,706 

EXPLANATION OFT ABLE COLUMN 
HEADINGS AND ELEMENTS 

FARM PRODUCTION REGIONS 
Grouping nf st.1te-;; uSt.od by USDA J~encit."S to 
preseul n.Jiural a1lJ rdated resource d.lta. 

LAND AREA 
a .. seJ on Bureo~u of the Cmsus data .and adjush.-d 
for (I) new wd.tcr bodies b'Teater than 41J .tCrt'S in 
size (l) changes in FeJcral ownership. 

USE STATUS OF NONFEDERAI. LAND 
AVAILABLE FOR AC~.ICUL TURE 
The definitions of the l.md use and cove'!' co~te:.,.;orM.-s 
o~re those of the USDA Soil Conservo~ti .. m Sr..'fvice':a 
1977 National Ki:SOurce lnvenhnies. Dcf1nitioas of 
rangdo~nd o~•.d foresllo~nJ o~re used l>y bolh I~ 
USDA Forest Servin: and the Stltl C1nservJ.Iion 
Service. 

Table 4.4 (cont.) 

Agricultural Land Data Sheet 
-----·----------------------. 

lJ!>E S'l AlliS 1 >I' NIINITDIK~I. I.ANil AVAILAHLE FllK ACKICULTURE 

F01t.-:;l LmJ Other Land in Farms 

With w.tt. With Wilh Farmsteads Total Cropl.mJ Told! CroplanJ Tot.:~l CmplanJ Total t,oplanJ 
Conversillll Convt.,.sion Conversion Cl)l"'version 
Potential l,olcnl1.1l 

u o,27o u 0,900 

OIJ 17.55.1 1.769 9.855 
74 ,, 0 I.HJ 

512 h.J.l hl J9U I!J.Uoo 
-ltSll o.tl·ll Oll5 12 . .\~2 

1,079 J9,9tSJ l,7U -10,646 

51..417 }8,917 l7cdl5 

CIUpl.mJ 

lauJ u:.t=J In p1oJm:e .IJ.J.llr.."-1 ChiJ'S fu• h.tl\•r..-:.1. 
cttlter .llliiiC or in r~•IJliun with W.J,':Ol":. .Ju,) k~ull\t":. 
Cropl.tnJ pHlllucti .. u• u~r..·lu .. tt":. row l:ul~. dtlje 
gwwn field .. :wps. h.1y l:hl~. nlf..tllllll l1.1y .mJ 
p.~:>lur~ uuhl'fY l:HIJ'S. t~~cll.lrJ <:ruJJ:>, Ju,J ,,11,,., 
simii.H :.Vt-"'.:i.thy lhJf~. :.1111\IHCr f.~ll.wv. ,,nJ .. 1tlu.•f 
l:l'upi.JI'Ill md harvt-:;h.-..1 t•r pJ:.Iur .. ,l 

J',l:.huci.JIIlJ 
LdnJ:. p1tlo.!ucing iu1.1he pl.111b, pnul'll)..tlly 
intuxhiCl.J s~i .. -:; fur dllimJI consumpti .. ln In 
adJ.tion to r ... ,.;ulo~hn~ the infcn:.ity ,,f grJ.t.illM. 
m.t•Ybf:IIICIII prJdu.:l"':. typil:.tlly induJe ;,,d, 
culturallic.Jiment; dS ,~,..Jin~ •c•u..vahtlll 
ra":.f.tbli,lmu:ut, mowi11}-l. w~,.,_.,J of hl'u:>h conliul. 
limiug 01 fcrtiliz.Jiion. I'.Jslurd.JOJ nuy 1~ on 
,lr.tu~ ur in•~.Jit..J buds. Al:;o induJr...J in 
~l.i~lmd.JnJ. •eg.Jr .. lt.~s of hc.lfmt-ttl. j·,l.tnJ L.o.·inh 

III.Jil.lt;t'l..i lu t:":>I.JI•I•:.-h olf m.Jinl..tin :.l.Jn ... b ,,f ~ld::>:>l".> 
:.Hl'h .J~ hlu .. ~r.l:.:;.ltlollll};I.J:o:-. '". hcunuJ.1 )o.;IJS:.. 
cillt,.•r .1lulll.' 111· 111 mi .. hul~ w1lh d .. v .. ·: 01 tllhcl 
l...l-\llllll.":'. 

Ptllential 

124 
OJ 
II 

219 

4.l0 

847 

J0.9JI 

Pc4enti.ol 

0 0 IJ.2H 
281 112 257 J9,14:t' 

90 J 2.821 
127 12 151 27.369 
17J 3.1 2.\4 28.0.\J 

671 160 646 110,594 

J,tU 10,920 l.J58,890 

Kan~dcmJ 

Lmd on which the pdential or natural v'-bt.idtion 
climax spedes are prc..iomirwntly grasses. ~fdSS-Iike 
plants. (orbs. or shrub"i. lncludc.J are lands 
reveg.elated cither n.Jt.rally or artificially anJ 
managed lo Juplicale native vegetation Ran~dJnJs 
include nalur.tl ~rdSSI~nds. Solvannahs. shruhlantls, 
most J~erls, lun..lra. alpine rommunitit":j, co.tslal 
m.usht'S. an,) wet me.lJ.ows. They induJe IJrlo.t with 
less thdn 10 percent slllCkin~ with ioresltrn~ ,,; any 
SiLe. 

R.1n~elanJs in .AJask.d .• ue domin.mlly huuJ1a JJ.d 
alpine communifit."S. There is some use of the ro~n~e
lo~•lll hy carihou anJ adso s.1me lim1teJ reindeer 
ht-rJin).;. 

Ft•rcst Land CWt'klo.IJJ,·J) 

Land with .11 lrust .l 25-perccnllree canopy cuver or 
I.JnJ atl,•asl IO·perccnl slud:ai hy f01esllrl'ei of 
.my si.t.e, including l.1rJ furm~ly lwvin~ such lrr..-c 
covcr anJ :.uitdhle for rwtural or o~rtificial 
lf'ftlrOIJiiun. 



N 
00 

Table 4.4 (cont.) 

Agricultural Land Data Sheet 

I NONFEDER~.l LAND UNA'/ AllABLE FOR ACRICLIL TURl ---1 [}•KIME ~ARMLAND I Lj ______ L~ __ D_~_·:E_A ____ ~ 

FARM 
PRODUCTION 
REGIONS& 

Urb.n& Rural STATES 
Built·Up T ransp.:wtation 

P•dfic 
Al.a,ska' 8J 157 
CalifOl"nid 4,110 850 
Hawaii' IJ9 18. 
Oregon 788 315 
Wasl1ington 1 . .168 431 

Tol.ll 
Padfic 6,494 :,881 

1!~-v- I I 611,789 1!:,408 

Other L.md in Fo~rms 
L.mJ r~eJ for wildlife .t1td wiuJO,e .. Ls. 1w..t 
Jm.-ctly .t~:K'I:'i • .deJ with f~rm~tcaJs. lrK:IW._"'" COm· 
merci.tl ft.'l'\.Jk~ots. t;rt.'enhou-jt":;, .an~l nur';>ml~. 

Farmslt>dd; 

I .11w..l f~..w dwdl.ngs. building:.. b.uu~. pt:n .•. COir.JI::. 
fannSit'..IJ windbr~dk5. f.1rnily g.:u Llt'lti, d ·ld othc1 
u~ confl('(teJ with Opt!r.Jiing f..~rms dlk. r.Jm:hes. 

Poh:'lllidl f,w Cropl.wd of N77 l'oJ:.IUid.antl, R.JnJ.;c· 
l.md. For~t Lmd. AnJ (. 1th(., l..1nJ In F.rrrn~ 
Dt.'termuwtions of crupldnd pul~llidl fonedch ddl..l 
lltlinl were IO.Jtle by d gr~..1up rt1>rt.".:it'lllin; d VJI il."ty 
nf USDA d).tt'llCif'::'. Tht-y wtn• mJ,Ic t•n ·he h.JSIS; d 
197o Clln1mod1ty prices. d.'i well .I:> dt'Vt>lvplllt'lll a1d 
produC'Iion cosh. A ·J,igh potenii.Jr r.Jii•·~ 1~Un1..J 
f.Jvordble physicdl ch.Jracl~n::>lll'S dnd dl~• evLdt·ncr 
of sim1ldr Lmd being cunvel'lt."-11·.• l"IUpl.tud durin~ 
tht-1.~-;tlhrre yedrs. A "mtJium J•otenliat r.1ling 
rl'\.luireJ f:wor.1ble physic.:~ I ch.u-.Jdt.>IISI~e:=j, but 
Keocr.tlly rtlflvero;ion co:;ts wclt.' C'Xpt'('l~ to be 
hi~cr thou tho:.e for soil~ with .J hi~h poJtenh.Jl 
r.Jtin){ 

Od1er 
Nonfarm 

405 
9.35~ 

79(' 
557 
389 

11,496 

49,510 

Water Toto.~l 

31 77o 

139 1 •. 5o0 

~s• 
I h) 1.760 
15. 2.3H 

s•1 10,·112 

AG~ICIII. n IK.-\1. 
I.AND CONVIXI W 
'1\lllKBAN & 
BUIJ.T.UP. 
TRANSI't.1K I A fll.lN 
& WAllR 
1967·1~77 

<I 
1.5'-"1 

oO 

l7tl 
o.hl 

0 
7.11<.15 

117 
2.37.1 
2.01o 

12,421 

In Cropland 
Use 

0 
6.545 

184 
1.813 
1.453 

10,005 

Total 

36!.510 
100.07-> 

4,112 
61.462 
4!.595 

570,761 

Feder~ :ly 
OwnOO 

348.5 :~ 
46_ht9 

-'-'1 
31.''.3 
12.2.::•J 

4J9.~!-5 

9,356 I SJ,07J I I lu.s•o . -] IL_l_u_,s_•_o ___ =_.o_ll _ __,ll U61,68J 

l'tllt>nll.tli.tllll,..;:o ilu :\I.J:-1.....1 w•·•~ m.uJt" hy llll' ~l.al~: 
liSDA l.111~lll='c c .. nuull.'\.'. 1 ht>y h'pu·:n:nl 
f•u•ver:-hlll:. It• ~·•••pl.u,~l.auii••P..tk,ll•y 1")8~ 

A1c.t:. lVIII• ... ·,upl.w.l jltlkiiii.Jiu,du.lc .JO.II.'.J~l':> 
l.lh.'d .1::> kH'IIl~ ~h,];l•~ •U ·uu-..lnun"p••l,·nh.ll fhl.')' 
ll.'Jllt':•nll .J pouholllnllhl· jl.l~lurd.llhl l.lll~d_.n,f. 
fliH":>II,ttlof Jn,J nlh..:1 J.Jnlflll l.11111 .Uil'..ol;l":>, .\ll,J 
thu:. .Jil.' ,,,, ... '"u'l'"''..:"t,,f tho.: "I<~IJ.I:o· ,,f 11•111 

f~..·dl'l,il•l.lii•J.l\'.JII.JJ•J,. f,., .J~IIl'uflwl.' 

N< lNill li.K.~I 1.·\NI I I IN.W.~II .. '.III.[ I< II( 
Al;I(ICliJ IIJKI. 
TJ;._. ,lduulhol> ••ii.JIIol u:-t.· .ulol ~~·\·~·•. 1 .1h1;•llh':o .Jil' 
'"')';,"-" .... ,.,, l>y ,,,.._. ~ ... ll'llll:•t'l\',lhllll ~.n1\"l<l' Ill •b 
1•1/7 N,,,,,,,.,,J/\.(.,o,.,,,-, J,,,,·ut,,.,, .• 

Urban & Bu1lt Up 

l...1nJ U::>t..J ior roiJeuC'c:., mJu~lridl >les. CUiilllller· 
ci.1l SliL'"j, con::>huctou sites. r.Jiln:wJ ~.uJs. :;11Jll 
pdrk; .._,f lt.'SS llldll 0 •Cit~ within urldn JnJ hmlt
u~ drc.ts. cemt'tcrie;, o~irj)\lrto;, ~plf t:otll::oC";;. ·~· .. 1il.1ry 
J ... ,k.l fills. ::il'V'o'd};l.' hedtmtnl pldnl:;. Wo'llet Ct-dl'lll 

:.lrudure::> .Jnd o;p,llw.rys. sh.."ll.l!in~ fdlil};l";> .J,'li.:J :;n 
f01th. The ri};hls-ul-w.ly 1..1f higl.w.Jy:.- r..1ilrc.!Js .11111 
t•the• lrdn:.,_-.ooddlitYl (.,ciliht"S drc inchnleJ i.: !hey 
die within urhdn d "'J built-up dre.:~s. En 197 ?. dus 
t:.Jit.'hnry inchlcJ I&IUr milium .tl"fc.J o~f ·sm .. dl" 
hu1ll-up .ue.t:. ~~f fr•.lnl 1h to 10 Jt.Yt.";> h ::>lt.t"_ 

l<w.JI fr..1n-.pwi.Jh1-1n 

l...1nd u:.t.J fur ro.Jcs .tnd rdiiHl.JJs in rur.JI .aoe.J::.. 
Ccm.-rdlly. I hi:. i1u.:I~Jt"::i the ll"'llirt' rih~,t-~,,f.~· .. :t-

Nonfeder.JI 

14.0<.10 
53.707 

3.775 
19.14~ 

30.375 

131,006 

1,511,963 



Other Nonf.rm 
L111J used for wecnbelts. large unwooded parks 
and other nonfarm uses not dsewhere defined. 
This category also includes land in strip mines, 
quarries, ~awl pits. and borrow pits that have not 
been reclaimal for other U5e5. Bdween 2 and J 
million ~cres have cropland conversion potential. 

Water 
WJter bodies less than 40 acres in size and streams 
le;s than •;, mile wide. 

Source: 

Table 4.4 (cont.) 

Agricultural Land Data Sheet 

I'RIME FARMI.ANP 
Pnmc farml.n"i b lh~ l'lt.-,1 ldnd tor f..trminH. 1-'rimc 
acres are A.ll ur ~enlly rollulg, .Jfk.t ~usct.-ptiLie to 
little or no soil erosion. They Me our mOo:>l energy
efficient acrtS, proouong the ono;t f,,,J, k ... >d. fiber. 
for .tHe and oils~J (fl>p:i w1lh the lea~l ..amount of 
fuel. fertilizer and labur. 

Their ~il quality. gn.wving ~chon .and moisture 
supply Jssure continuous. lut!h proJuctivity w1thout 
dcgrdding the environment. 

Prime f.uml11nd utcluJt.-:, cror·ldnJ. pd~turd.1nd . 
range and forest lanJs. II J oes not ond11J" land 
cooverlL-d to urbdn. mJu~lll.l l. lran~porlatlon or 
wo~ter. 

"-GRICUL TURAL LAND CONVERTED TO 
J RBAN. BUll T-UP, RURAL 
TRANSPORTATION & WATER 1967- 1977 
DJta sources and definioons 4re those of the USDA 
19o7 CouStroolli.m Nads /uvtnlol) and the JSDA 
SCS 1977 No•lioMI Rtsourm llfllo'odorits. There are 
some differences in the inventory proc«ilres used 
to determine the extent of urban. built-up. rural 
transport.ltion and waler in these two in.,entories. 
Therefore, the "converted" acre•ges should be inter
preted as estimates rather than preci;e rreasures of 
land use change over the perio-1 

National Agricultural Lands Study, "Interim Report No.2," Washington, D.C., June, 1980. 



Source: 

Figure 4.32 

Cropland 

li 10 1 0 1~1'[11(( 111 

Olson, R.J ., C.J . Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNUTM-7351, ESD Pub. No. 1537, September, 1980. 
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Source: 

Figure 4.33 

Distribution of Corn in the United States % of county .,... 

0 no corn 
[] 0.0 - 250 

~ l 50 - 50.0 

II :10.0 ·- 750 

Olson, R.J. , C.J. Emerson, M.K. Nungensser, Geoecology: A CoUiffy Level Em·ironmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNL!TM-7351, ESD Pub. No. 1537, September, 1980. 



Source: 

Figure 4.34 

Distribution of Soybeans in the United States 
"of county wee 

0 I>U soybe.t.n:s 
[ill 00 - 2~0 

~ ~5 0 - 50.0 • 50.0 - 750 

Olson, R.J, C.J . Emerson, M.K. Nungensser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNL 'TM-7351, ESD Pub. No. 1537, September, 1980. 



Source: 

Figure 4.35 

Distribution of Tobacco in the United States 
0 

"of county•n 
no t o bacco 

0 0.0 - 25 0 

~ Z5.0 - 50.0 • :;o.o - ?5 0 

Olson, R.J., C.J. Emerson, M.K. Nungensser, Geoecology: A County Level En'Vironmental 
Database for the Coterminous United States, Oak Ridge National !Laboratory, 
ORNUTM-7351 , ESD Pub. No. 1537, September, 1980. 



Source: 

Figure 4.36 

Distribution of Wheat in the United States 
" of county .,.. 

0 no wheal 

0 00 -

~ 25 0 -• 500 -

Olson, R.J , :.J. Emerson, M.K. Nungensser, Geoecology: A County Level Environmental 
Database tJr the Coterminous United States, Oak Ridge National Laboratory, 
ORNL'TM-7351, ESD Pub. No. 1537, September, 1980. 

25.0 

50.0 

75.0 



Table 4.5 

Land Use for Harvested Corn, 1975 
(hectares) 

Harvested State 
State Area Area Percent 

Alabama 609810 32596892 1.8/ 
Alaska N/A N/A N/A 
Arizona 21177 72680320 0.03 
Arkansas 29183 33468152 0.09 
California 353678 99584966 0.36 
Colorado 1524844 65887360 2.31 
Connecticut 50762 3127056 1.62 
Delaware 158655 1265883 12.53 
Washington, D.C. N/A N/A N/A 
Florida - 322854 33730240 0;96 
Georgia 1756008 37121953 4.73 
Hawaii N/A N/A N/A 
Idaho 114416 52933030 0.22 
Illinois 9950090 35765625 27.82 
Indiana 5311243 23131769 22.96 
Iowa 12706571 35838903 35.45 
Kansas 1975682 52425277 3.77 
Kentucky 1130086 25510880 4.43 
Louisiana 54468 28468908 0.19 
Maine 42451 19847680 0.21 
Maryland 618882 6318969 9.79 
Massachusetts 37409 4968725 0.75 
Michigan 2378270 35806107 6.64 
Minnesota 6050574 503030!)5 12.03 
Mississippi 178163 30250140 0.59 
Missouri 2817492 44235332 6.37 
Montana 87670 91402923 0.10 
Nebraska 6436708 49020574 13.13 
Nevada 2788 70096640 0.00 
New Hampshire 21469 5768578 0.37 
New Jersey 111037 4810475 2.31 
New Mexico 66962 77757010 0.09 
New York 1063841 29423020 3.62 
North Carolina 1455255 31083026 4.68 
North Dakota 495926 44442126 1.12 
Ohio 3421942 26205601 13.06 
Oklahoma 128562 43819111 0.29 
Oregon 38758 61587460 0.06 
Pennsylvania 1386632 28804480 4.81 
Rhode Island 3312 676419 0.49 
South Carolina 494094 19338269 2.55 
South Dakota 3634336 48611904 7.48 
Tennessee 559408 26443526 . 2.12 
Texas 873413 170923080 0.52 
Utah 73332 52721550 0.14 
Vermont 94412 5936820 1.59 
Virginia 750147 25358421 2.95 
Washington 71533 ·42615550 0.17 
West Virginia 91561 15060660 0.61 
Wisconsin 3451032 34779460 9.92 
Wyoming 85303 62308985 0.14 

Note: N/A = not available. 

Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNL/TM-7351, ESD Pub. No. 1537, September, 1980. 
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Table 4.6 

Land Use for Harvested Soybeans, 1975 
(hectares) 

Harvested State 
State Area Area Percent 

Alabama fllm4fi1 32596892 ?48 
Alaska N/A N/A N/A 
Ari~ona 726 72660320 0.00 
Arkansas 3805841 33468152 11.36 
C4ililoruii:l J33 99584966 0.00 
Color;u1o 648 O!:i007300 O.Ou 
Connecticut 77 3127056 0.00 
l)el<~ware 2()!}!)77 126!5883 16.59 
Washington, D.C. N/A N/A N/A 
Aorida 2174.~q 33736240 0.04 
Georgia 785367 37121953 2.12 
Hawaii N/A N/A N/A 
Idaho N/A N/A N/A 
Illinois 8317180 35765625 23.25 
lndiann 373'1160 2~131759 16."i4 
Iowa fiBO!iR47 36838903 19.:Z7 
Ki!!"!S<IS 9'311'35 52425~77 1.7a 
Ktmtucky 874551 25510880 3.43 
Louisiana 1607010 28468908 5.64 
Maine N/A N/A N/A 
Maryland 334389 6310909 15.20 
Massachusetts N/A N/A N/A 
Michigan 570683 35806107 1.59 
Minnesota 3323124 50303095 6.61 
Mississippi 2075772 30250140 6.86 
Missouri 4065228 44235332 9.19 
Montana N/A N/A N/A 
NahrRslc<~ 1048372 49020~74 2.14 
Nevada N/A N/A N/A 
New Hampshire 27 5768578 0.00 
New Jersey 96774 4810475 2.01 
New Mexico 1103 77757010 0.00 
New York 12385 29423020 0.04 
North Carolina 1208909 31083026 3.89 
North D11knta 161911 44442126 0.34 
Ohio 3095563 26205601 11.81 
Oklahoma 215276 4.'Yl19111 0.49 
Oregon 31 61587460 0.00 
Pennsylvania 52677 28804480 0.18 
Rhode Island N/A N/A N/A 
South Carolina 1081703 19338269 5.59 
Suutlr Dakota 339969 48611904 0.70 
Tennessee 1401705 26443526 5.30 
Texas 222214 170923080 0.13 
Utah 22 52721550 0.00 
Vermont 107 5936820 0.00 
Virginia 421462 25358421 1.66 
Washington 499 42615550 0.00 
West Virginia 2309 15060660 0.02 
Wisconsin 194962 34779460 0.56 
Wyoming N/A N/~ N/A 

Note: N/A = not available. 

Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 

. ORNUTM-7351, ESD Pub, No. 1537, Septamber, 1980. 
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Table 4.7 

Land Use for Harvested Tobacco, 1975 
(hectares) 

Harvested State 
State Area Area Percent 

Alabama 533 32596892 0.00 
Arkansas 2 33468152 0.00 
Connecticut 4956 3127056 0.16 
Aorida 11219 33736240 0.03 
Georgia 65051 37121953 0.18 
Indiana 6100 23131759 0.03 
Kansas 15 524252n 0.00 
Kentucky 179078 25510880 0.70 
Louisiaua 201 28468908 o.oo 
Maryland 20459 6318969 0.32 
Massachusetts 1568 4968725 0.03 
Michigan 1 35806107 0.00 
Minnesota 33 50303095 0.00 
Missouri 2072 44235332 0.00 
New Jersey 12 4810475 0.00 

· North Carolina 366842 31083026 1.18 
Ohio 10279 26205601 0.04 

. Pennsylvania 10393 28804480 0.04 
South Carolina 71102 19338269 0.37 
Tennessee 49491 26443526 0.19 
Virginia 67312 25358421 0.27 
West Virginia 1228 15060660 0.01 

·Wisconsin 9196 :W779460 0.03 

"Source: Argonne National Laboratory, Land Use Data Base, compiled under contract to the Office of 
Environmental Assessments, U.S. Department of Energy, 1980. 
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Table 4.8 

land Use for Harvested Wheat, 1975 
(hectares) 

Harvested State 
State Area Area Percent 

Alabama 84270 325!)6B!J~ 0.2G 
Alaskil N/A N/A N/A 
Arizona "17573/ 72680320 0.24 
Arkan~E> · 294nl5fi 33,68162 0.88 
California 702932 99584966 0.71 
Culurilllu bti731Uti 65887360 8.61 
Connecticut 62 3127056 0.00 
Delaware 41216 1265883 3.26 
Washington, D.C. N/A N/A N/A 
Florid(] 12058 33736240 0.04 
Georgia 117268 37121953 0.32 
Hawaii N/A N/A N/A 
Idaho 1413811 52933030 2.67 
Illinois 1678393 35765625 4.69 
Indiana 1178919 23131759 5.10 
Iowa 59874 35838903 0.17 
Kansas 11040335 52425277 21.06 
Kentucky 331421 25510880 1.30 
Louisiana 15092 28468908 0.05 
M.aine 1921 19847680 0.01 
Marylofld 1319!!1 oJitrub~ 2.09 
Massachusetts 41 4968725 0.00 
Michigan 810197 35806107 2.26 
Minnesota 2586938 50303095 5.14 
Mississippi 103618 30250140 0.34 
Missouri 1237112 44235332 2.80 
Montana 4729604 91402923 !;17 

Nebraska 2823818 49020574 5.76 
Nevada 28169 70096640 0.04 
New Hampshire 8 5768578 0.00 
New Jersey 48521 4810475 1.01 
New Mexico 205119 77757010 0.26 
New York 205634 29423020 0.70 
North Carolina 248308 ~1083026 O.RO 
North Dakota 10189207 44442126 22.93 
Ohio 1384591 26205601 5.28 
Oklahoma 5934410 43819111 13.54 
Oregon 1249448 61587460 2.03 
Pennsylvania 267810 28804480 0.93 
Rhode lslilnd 95 676419 0.01 
Sn11th r:suolina 101067 19JJ0209 0.52 
South Dakota 3018578 48611904 6.21 
Tennessee 241891 26443526 0.91 
Texas 3488327 170923080 2.08 
Utah 264168 52721550 0.50 
Vermont 252 5936820 0.00 
Virginia 258366 25358421 1.02 
Washington 3022861 42615550 7.09 
West Virginia 9779 115060660 0.06 
Wisconsin 77463 34779460 0.22 
Wyoming 302986 62308985 0.49 

Note: N/A = not available. 

Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNUTM-7351; ESD Pub. No. 1537, September, 1980. 
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Source: 

Figure 4.37 

Pasture and Rangeland 

D s 1"[11 C(ltl OA l(SS BJ s TO 10 PHI CE NT - 1010251'[1'1(['11 11 2!> IOSOPfACfl'l! II so 1"(1'1 CENT OA ~OAE 

Olson, R.J., C.J . Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNLfTM-7351, ESD Pub. No. 1537, September, 1980. 
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Figure 4.38 

Non-federal Forest Land 

Qsi'EI\ CE NT IIfi LESS [l1 5 10 TO J>EPI CE NT - L01D2SPE II C[ NI - 25 10SOPf ii ([NI 

Source: Olson, R.J ., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNL/TM-7351, ESD Pub. No. 1537, September, 1980. 
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Source: 

Figure 4.39 

Distribution of Forest-range 

U.S. Department of Agriculture, Forest Service, "The Nation's Renewable Resources - An 
Assessment, 1975," Forest Resource Report Number 21, U.S. Government Printing Office, 
Washington, D.C., June, 1977, p. 121 . 



Figure 4.40 

Urban Land Use 

nll'(ll((to'IORL[SS ~IIOi'. Sf'[R([ JO m;,~"J 11! .? . 5 TOSP(II([ttl II 510 LO P£11((1il Ill tO P[A ([NT 011 !tORi 

Source: Olson, R.J., C.J. Emerson, M.K. Nungesser, Geoecology: A County Level Environmental 
Database for the Coterminous United States, Oak Ridge National Laboratory, 
ORNLJTM-7351, ESD Pub. No. 1537, September, 1980. 
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Figure 4.41 

Strippable Coal Reserves 

Strippable Reserve 10t1 Tons 

No Coal 

0.0 - 100 

100 1000 

1000 5000 

> 5000 
Source: Robeck, K. et.al., Land Use and Energ:t, Argonne National Laboratory, ANUAA-19, 

September 1980. 



Source: 

Figure 4.42 

Oil Fields in the United States 

Cerillo, T.D., et.al., An Evaluation of Regional Trends in Power Plant Siting and Energy 
Transport, Argonne National Laboratory ANUAA-9, July, 1977. 
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Source: 
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Figure 4.43 

Movement of Crude Oil 

\ 

Carillo, T.D., et.al., An Evaluation of Regional Trends in Power Plant Siting and Energy· 
Transport, Argonne National Laboratory ANUAA-9, July, 1977. 
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--Producing Area 

Source: 

~ \ 
1b ROCKY 

~ MOUNTAIN 

[' AREA 

~· ~~~' rP 

10 (I 
·~ Q ·tj 

~ 

TEXAS 
GULF 

COAST 

Figure 4.44 

Cerillo .. T.D., et.al., An Evaluation of Regional Y"rends in Powe1 Plant Siting ana EneriJy 
Transport, A!gonne National Laboratory ANUAt.-9, July, ·1977. 



• 

Figure 4.45 

Distribution of U.S. Oil Shale Resources 

• 
Deposits on the 

Green River for
mation, including 
all identified high
quality resources 

~ Other deposits 

Source: Duncan, D.C., and V.E. Swanson, Organic Rich Shale of the United States and vVorld Land 
Areas, U.S. Geological Survey Circular 523, U.S. GPO, Washington, D.C., 196E>. 



Figure 4.46 

Oil Sh~l~ Areas in Colorado, Utah, and Wyoming 

~AREA OF 011. SHAL.E 
faa DEPOSITS 

~AREA OF 25 GAL.../TON 
~ OR AICHER OIL. SHAL.E 
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A L.OCATION OF FEDERAL. 
L.iA·SE TAAt:;T!\ 

0 50 

Source: U.S. Department of the Interior, Rna/ Environmental Statement for the Prototype Oil Shale 
Leasing Program, 6 vols., U.S. GPO, Washington, D.C. 1973. 
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Source: 

Figure 4.47 

Uranium Deposits in the Western United States 

Nuclear Assurance Corporation, U.S. Uranium Economics and Technology, Atlanta, 
Georgia, Nuclear Assurance Corp., NAC-1, p. VI~ 
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Figure 4.48 

Distribution of t.J.S. Geothermal Reso...-ces 

• Hydrothermal Reservoirs 

~ Geopressured Brines 

Source: L: .S. Department of the Interior, Final EnvironfTif:ntal Statemont for the Prototype Oil Shale 
Leasing Program, 4 Vols., U.S. GPO, Washingtc·n, D.C. 18::. 



Source: 

Figure 4.49 

National Hydroelectric Power Resources (All Sites) 

(illarn1110 

(Iilll-=u~~BTIL 

D-

U.S. Corps of Engineers, National Hydroelectric Power Resources Study, Prelimtnary Inven
tory of Hydropower Resources, 1979. 
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Figure 4.50 

National Hydroelectric Power Resources (Sma'II-Scale Sites) 
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U.S. Corps of Engineers, Natio.1af Hydroelectric Power Resoll'Ces. Study, Preliminary lnv,n
tory of Hydropower Resources, 1979. 
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Table 4.9 

Acres of Land Utilized for Mining Selected Commodities in Leading Mining States, 1930-71 

All Commodities Sand and 
State (except coal) Copper Iron Phosphate Clay Uranium Gravel Stone 

California 226,970 2,720 10,400 5 81,000 31,300 
Minnesota 136,000 80,300 560 28,400 3,880 
Pennsylvania 134,000 770 11,700 16,500 6,260 
Arizona 101,780 84,000 5 620 10,800 2,140 
Michigan 98,940 4,800 4.470 6,700 40,500 33,200 
New York 96,300 1,830 4,670 30,600 28,300 
Florida 88,800 47,900 1,710 5,970 22,100 
Ohio 85,000 17,300 31,300 35,500 
Texas 77,230 5' 1,010 11,600 240 27,400 28,800 

Vl Utah 63,480 38,900 3,310 1,530 840 20 8,990 2,560 ..... 
Illinois 63,000 7,880 31,700 21,900 
Tennessee 49,900 940 30 16,200 4.420 6,420 19,100 
Wisconsin 49,900 1,740 440 29,900 14,000 
Iowa 46,700 3,390 14,000 25,200 
Idaho 41,290 30 5 8,220 120 5 7,350 2,070 
Nevada 41,100 12,800 540 30 10 5,830 1,360 
Colorado 40,170 30 50 1,590 330 14,700 5,630 
New Mexico 39,540 13,000 30 230 6,670 6,950 1,690 
Montana 35,980 10,900 10 2,660 300 5 12,300 3,310 
Georgia 34,260 370 13,700 2,580 15,000 
Washington 34,530 110 5 890 350 20,500 10,400 
Alabama 30,200 7,540 6.390 5,280 10,700 
Wyoming 18,200 1,430 650 3 .. 900 4,300 5,640 1,850 

Source: Bureau of Mines Information Circular 8642 11 974). Land Utilization and Reclamation in the 
Mining Industry, 1930-71, Table 9, p.20. 
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Source: 

Table 4.10 

Land Disturbed by Surface and Open-Pit Mining, 1930-71 

Mineral 

Coal 
Sand and GravP.I 
Stone 
Miscellaneous Commodities 
Clay:J 
Copper 
Iron Ore 
N'03jjh&te nod: 
Uranium 

Acres Disturbed 

1,500,000 
660,000 
!i1n.OO 
'180,000 
167,000 
166,000 
108,000 

77,300 
12,800 

U.S. Department of the Interior, U.S. Bureau of Mines, Land Utilization and Reclamation in 
the Mining Industry, 1930-71, U.S. GPO, Washington, D.C., 1974. 

THI..olv 4.11 

Land Area Occupied by Refinery Complexes Within Federal Regions 

Region 

1 
2 
3 
4 
5 
t) 

7 
8 
9 

i() 

Number 
of Pienta 

1 
8 

17 
22 
3.4 

"!"1"1 
13 
32 
43 
14 

Crude Capacity Refinery Occupied 
b/od band 1\raa (ac:resl 

13,000 228 
878,978 15,382 

1,105,494 19,346 
863,079 15,104 

2,949,464 51,616 
8,337,448 145,905 

603,291 10,558 
668,952 11,707 

2,629,362 46,014 
65!:1,460 11,b4"1 

Source: Great Lakes Basin Commission, Energy Facility Siting in the Great Lakes Coastal 
Zone: Analysis and Policy Options, for the Office of Coastal Zone Management, NOAA, DOC, 
January, 1977. 
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Table 4.12 

land Area Allocation for Existing Refinery Complexes. January, 1980 

Average Refinery 
Number Crude Capacity Crude Capacity Occupied Land 

State of Plants (b/sd*) (b/sd*) Area (acres) 

Alabama 6 144,700 24,117 2,432 
Alaska 4 120,410 30,103 2,107 
Arizona 1 6,315 6,315 111 
Arkansas 4 67,150 16,788 1,175 
California 41 2,618,547 63,867 47,000 
Colorado 3 59,500 19,833 1,041 
Delaware 1 150,000 150,000 2,625 
Florida 1 14,000 14,000 245 
Georgia 2 24,000 12,000 420 
Hawaii 2 119,894 59,94e 2,098 
Illinois 11 1,274,156 115,832 22,297 
Indiana 6 641,787 80,223 11,231 
Kansas 11 486,131 44,194 8,507 
Kentucky 4 252,500 63,125 4,419 
Louisiana 30 2;129,610 80,984 42,!)16 
Maryland 2 29,999 15,000 525 
Michigan 6 143,816 23,969 2,417 
Minnesota 3 224,905 74,968 3,936 
Mississippi 7 371,564 53,081 6,502 
Missouri 1 111,000 111,000 1,943 
Montana 6 162,000 27,000 2,835 
Nebraska 1 6,160 6,160 108 
Nevada 1 4,500 4,500 79 

., New Hampshire 1 13,000 13,000 228 
New Jersey 5 732,578 146,516 12,820 
New Mexico 9 133,139 14,793 2,330 
New York 3 146,400 48,800 2,462 
North Carolina 1 12,495 12,495 219 
North Dakota 3 68,200 22,733 1,194 
Ohio 7 618,000 88,286 10,815 
Oklahoma 12 577,145 48,095 10,100 
Oregon 1 15,789 15,789 276 
Pennsylvania 10 849,395 84,940 14,864 
Tennessee 1 43,820 43,820 767 
Texas 56 5,130,504 91,616 89,784 
Utah 8 172,668 21,584 3,022 
Virginia 1 55,000 55,000 963 
WashinRton 7 403,367 57,624 7,059 
West Virginia 3 21,100 7,033 369 
Wisconsin 1 46,800 46,800 819 
Wyoming 12 206,584 17,215 3,615 

295 18,708,528 62,992 327,399 

*Barrels/Stream Day 

Source: Great· Lakes Basin Commission, Energy Facility Siting in the Great Lakes Coastal 
Zone: Analysis and Policy Options, for the Office of Coastal Zone Management, NOAA, DOC, 
January, 1977. 
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Table 4.13 

Acreage for Uranium Mills by State and Type, 1979 

Conventional Mills 

Wyurning 
.Utiih 
Texas 
Colorado 
lllew Mexh.:u 
Washington 

Tons Ore/Day 

13,200 
2,150 
3,200 
1.750 

21,000 
2.450 

43.750 

Production 

Tons Ore/Year 

16,000 - 18,000 

Solution, Phosphoric Acid Byproduct, and Heap Leaching Mining 

Wyoming 
Utah 
Texas 
Colorado 
Louisiana 
Florida 

1,200 - 2,000" 

"Capacity distributed equally to calculate acreage, assume 300 operation days/year 

Source: Office of Technology Impacts, DOE/EV-<l061/2, January, 1980 

!56 

Acreage. 

6,300 
1,200 
1,900 
1,200 
U,2GO 
1,200 

20,500 

9 
19 
82 
38 

5 
10 
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Plant Location 

Babcock & Wilcox 
Lynchburg, Va. 

Combustion Eng. 
Windsor, Conn. 

General Electric 
Wi)mington, N.C. 

Gulf United Nuclear 
Hematite, Mo. 

Gulf United Nuclear 
VI New Haven, Conn. -.I 

Jersey Nuclear 
Richland, Wash. 

Keer-McGee 
Crescent, Okla. 

Nuclear Fuel Services 
Erwin, Tenn. 

NUMEC 
Appollo, Pa 

Westinghouse 
Columbia, S.C. 

Table 4.14 

Fuel Fabrication Plants Site Size and Demography 

Population 
Site Size, Population Density of nearby 

Acres i'eople/sq. mi. (1972) City Cities (1972) 

506 40 Lunchburg 54,DOO 

532 62D East Granby 3,500 
Windsor 22,500 

1650 50 Castle Hayne 700 
Wilmington 46,000 

150 300 Hematite <2,500 
St. Louis 622,000 

Hartford 158,000 
76* 620 New Haven 138,000 

160 20 Richland 26,000 

1000 110 Crescent 1,600 
Oklahoma City 363,000 

58 110 Erwin 4,700 
Johnson City 33,800 

5 420 Apollo < 2,500 
Pittsburgh 520,000 

1140 140 Columbia 113,500 

*Shared by manufacturing and reseach divisions of Olin Corportation and naval reactor fuel operations of 
United Nuclear Corp. 

Source: Atomic Energy Commission, Environmental Survey of the Uranium Fuel Cycle, 
WASH·1248, April, 1974. 
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Table 4.15 

Estimated Direct Land Use by Existing Fossil Fuel Power Plants, 1975 

Coal Oil 

Regions MW Acres MW Acres 

1 2224 1130 11004 890 
:.1 4630 2310 599!; 400 
3 32968 16480 11556 930 
4 56464 28220 13400 1075 
5 titiZl~ 43360 7647 020 
6 4945 2470 2663 215 
7 14304 7~ti0 484 45 
8 819!; 4110 330 60 
9 3414 1710 24434 1955 

10 1335 670 126 20 

National 194698 97620 77639 6290 

Source: Robeck, K., et. al.. Land Use and Energy, Argonne National Laboratory, ANUAA-19, 
September, 1980. 

Table 4.16 

Land Area Occupied By Nuclear Reactor Facilities, 197& 

·Number 
Number of of Sites 

Megawatt Reactor Site Area Total Area Within 
Region Capacity Sites (acres) (acres>" SMSA 

1 5753 6 4307 12322 1 
2 3642 4 1987 61301 ~ 

3 5463 5 3863 132!;3 3 
4 5400 4 32470 44794 2 
5 10nR1 10 9931 26201 2 
6 030 1 1164 4880 0 
7 1733 3 1972 7217 1 
9 2506 4 3341 6581 2 
10 862 , 1U~ 1!569 0 

TOTAL 36,276 38 60,124 123,618 14 

•using the RIIA·High scenario megawatt capacities and siting locations. 
blncludes site area, transmission line corridors and substations, railroad spurs, and water supply facilities. 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, ANUAA-19, 
September, 1980. 
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Figure 4.51 

Land with High Potential for Conversion to Cropland, 1977 

Robeck, K., et. al. , Land Use and Energy, Argonne National Laboratory, ANUAA-19, 
September, 1980. 
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Figure 4.52 

Land with High to Medium Potential for Conversion to Cropland, 19n 

F'Dbeok, K., " · ol., Lon<t lk;e and En"flv. kgoooe """''"' t.oo,,..,,y, ANUAA-19, 

September, 1980. 



Table 4.17 

Potential for Cropland of 1977 Pasture, Range, Forest, 
and Other Land, by State 

(1000 acres) 

High Medium Conversion Zero 
State Potential Potential Unlikely Potential Total 

Alabama 1,084 3,083 7,428 12,923 24,498 
Arizona 155 216 3,625 34,327 38,323 
Arkansas 657 2,634 9,243 7,868 20,402 
California 800 2,009 5,029 30,591 38,429 
Colorado 365 2,369 7,570 19,856 30,160 

Connecticut 23 69 306 1,420 1,836 
Delaware 28 87 186 194 495 
Florida 1,117 2,534 11,022 8,754 23,427 
Georgia 2,120 3,670 / 8,484 11,502 25,776 
Hawaii 39 62 543 2,674 3,318 

Idaho· 525 916 1,727 9,318 12,486 
Illinois 582 1,385 2,414 3,228 7,609 
Indiana 804 1,008 2,068 2,909 6,789 
Iowa 700 1,488 2,144 2,771 7,103 
Kansas 1,893 3,673 5,593 9,622 20,781 

Kentucky 1,302 1,801 2,936 11,011 17,050 
Louisiana 1,129 1,864 6,272 10,663 19,948 
Maine 29 286 9,093 8,621 18,029 
Maryland 145 382 1,116 1,466 3,109 
Massachusetts 33 144 764 2,353 3,294 

Michigan 561 1,409 5,750 11,790 19,510 
Minnesota 1,108 2,845 8,516 9,219 21,658 
Mississippi 1,306 2,491 4,934 10,319 19,050 
Missouri 2,226 4,395 7,154 10,881 24,656 
Montana 1,339 4,360 11,264 32,306 49,269 

Nebraska 1,083 2,871 7,260 14,916 26,130 
Nevada 50 238 1,669 7,212 9,169 
New Hampshire 27 217 1,996 2,080 4,320 
New Jersey 116 310 701 1,482 2,609 
New Mexico 474 822 8,638 37,985, 47,919 

New York 358 1,352 4,569 14,258 20,537 
North Carolina 1,398 3,661 5,932 9,001 19,992 
North Dakota 984 1,898 4,581 6,568 14,031 
Ohio 528 1,394 3,490 4,360 9,772 
Oklahoma 1,683 4,119 7,564 15,483 28,848 

Oregon 325 862 3,042 18,549 22,778 
Pennslyvania 270 1,160 4,328 12,536 18,294 
Rhode Island 5 18 54 294 371 
South Carolina 629 1,635 6,128 4,307 12,699 
South Dakota 1,090 4,403 7,602 13,328 26,423 
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Table 4.17 (cont.) 

Potential for Cropland of 1977 Pasture, Range, Forest, 
and Other Land, by State 

(1000 acres) 

High Medium Conversion ·zero 
~tate Potential Potential UnlikAiy Pnt~;~nti!!l Total 

rennessee 1,428 . 2,351 3,626 10,428 17,833 
Texas 3,534 10,727 46,960 65,280 126,501 
Utah 73 447 1,166 12,347 14,033 
Vermont 45 168 931 3,470 4,614 
Virginia 546 1,605 5,732 9,489 17,372 

Washington 506 1,049 3,247 15,669 20,471 
West Virginia 64 388 1,302 10,493 12,247 
Wisconsin 
Wyoming 
Carribbean 

Total 

Source: 

618 2,041 7,582 8,583 18,624 
253 1,688 5,064 22,038 29,043 
78 150 77 1,140 1,445 

36,215 90,774 268,422 587,902 983,313 

1977 Soil Conservation Resources Inventory, U.S. Department of Agriculture, February, 
1980. 
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Figure 4.53 

Distribution of Federal Land 

7. of County in Federally 

No Federal Land 

0.0 25.0 

25.0 - 50.0 

50.0 - 75.0 

75.0 - 100.0 

Source: Robeck, K., et. al. , Land Use and Energy, Argonne National Laboratory, ANUAA-19, 
September, 1980. 



Federal Reserved 
State % of Area 

Alabama 3.8 
Arizona 18.5 
Arkansas 10.2 
California 28.1 
Colorado 23.7 
Connecticut 0 
Delaware 0 
Florida 6.9 
Georgia 4.9 
Idaho 40.5 
I 11 i noi s 2.0 
Indiana 1.8 

01 Iowa 0 01 
Kansas 6.6 
Kentucky 5.7 
Louisiana 1.6 
Maine 0.4 
Mury1and 0 
Massachusetts 0 
Michigan 14.5 
Minnesota 7.6 
Mississippi 7.6 
Missouri 6.6 
Montana 21.5 

Note: 

Source 

Table 4.18 

Public Lands By State 

Other Fublic Total Area Federa 1 R:ser·1ed 
% of Area (mi 2 ) State % of Area 

1.3 51 ,609 Nebr~ska 0.7 
50.5 113,909 Nevada 10.6 
2.2 53,104 New Hampshire 13.4 

26.2 158,693 New Jersey 13.2 
20.7 104,247 New Mexico 13.4 
0.0 5,009 New York 9.6 
2.4 2,057 :~orth Caro 1 ina 0 
5.4 58,560 North Dakota 0.2 
3.5 58,876 Ohio 0.6 

26.9 83,557 Oklahoma 0.9 
0.6 56,400 Oregon 27.9 
2.1 36,291 Pennsylvania 1.7 
0.6 56,290 Rhode Island 0 
1.4 82,264 South Carolina 6.9 
2.8 40,395 South Dakota 3.4 
5.0 48,523 Tennessee 6.5 
7. 1 33,215 Texas 1.5 
2.2 10,577 Utah 15.9 
2.4 8,257 VetmJnt 10.2 

13.8 58,216 Virginia 13.2 
14.9 84,068 Washington 26.7 
1.4 47,716 West Virginia 21.4 
1.3 69,686 Wisconsin 5.6 

30.3 147,138 Wyordng 20.9 

United States 10.6 

Includes only those Jublic lands with areas greater than 8,000 acres. 

Ramsey, Wlliam, Some Considerations of Economic and Environmental Cc•st for Use in 
Power Plant Siting 5creening Methodologies, U.S. NRC, March, 1975. 

othe~ PuJlic Total Area 
% oJf A~ea (mi2) 

1. 6 77,227 
.31.4 110,540 
0.2 9,304 
6.4 7,836 

29.2 121,666 
9.5 49,576 
3.0 52,586 
8.1 70,665 
0.2 41,222 
4.2 69,919 

30.5 96,981 
0.5 45,333 
0 1 ,214 
3.3 31 ,055 

14.3 77,047 
4.0 42,244 
1.0 267,339 

52.3 84,916 
1.3 9,609 
1.7 40,817 

15.7 68,192 
0.4 24,181 
2.8 56,154 

42.8 97,914 
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Table 4.19 

Federal Acreage Withdrawn from Mineral Uses as of June 1, 1980 
(millions of acres) 

Government facilities and installations not open to public entry 34.48 

National park service lands 

Rshlife and wildlife refuges 

Wilderness areas in national forests 12.9C 

Wild and scenic rivers in national forests 0.3c,d 

RARE II lands recommended for designation as wilderness 15.5" 

RARE II lands under further study 10.5" 

BLM potential wilderness study areas 57.08 

1978 designation of Alaskan national monuments 56.08 

20-year withdrawal of Alaskan lands 40.0" 

TOTAL 282.0 

"Source: Federal Register, Vol. 45, No. 98, Monday, May 19, 1980. 
bA£ of June 30, 1976. 
Source: U.S. DOl, Bureau of Land Management, Public Land Statistics 1976, U.S. GPO, Washington, 

D.C. (no date). 
cAs of Sept. 30, 1977. 
Source: USDA, Forest Service, Land Areas of the National Forest System as of September 30, 1977, 

File 1380 (5400), February, 1978. 
dAdditional wild and scenic river acreage can be found outside of national forest lands. 
•see text. · 
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Indian Lands 

Source: 

Figure 4.54 

U.S. Counties Containing l•1dian Lands 

Robeck, K., et. al., Land Use and Energy, Algonne National Laboratory, ANUAA-19, 
Septembe', 1980. 
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Figure 4.55 

National Park System, 1975 

....... .. ... ......... ..._ ... ....... _..._ - ... ..,_...,.._.., - NAnQM.t.l, .. tC*CifTI 
Kot.lli()MM_I'()IIKAl, ..... - MAI'IOfiW.--..,WOM ....... - MAftCliiW. ac.«: ....... AY 

-"'*""'~, ..... ·- ----- -JIIQMAI.--.JflllffP,_ 

...... 1ICIMAL .. m..w..o-
_..,.. .... m,.,w..o, ..... 

MAI'IOMollltM~ 

USDA Forest Service, The Nation's Ref!ewab!e Resources - An Assessment. Report 21, 
1977. 



...... 
0 

Sourc;;: 

Figure 4o56 

National Forest System, 1977 
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Figure 4.57 

National Wild and Scenic Rivers System, 1979 

-
Source: U.S. Department of the Interior, Heritage Conservation and Recreation Service. 
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Figure 4.58 

National Scenic and Historic Trails. 1979 
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U.S. Department of the lrrterior, Heritage Conservation and Recreation Servioe. 



Table 4.20 

River Segments Included in the National Wild and Scenic Rivers System 

River Administering Wild Miles by Classification Total Miles Total Acres • 
Agency 

Scenic Recreational 

Middle Fork Clearwater, Idaho USFS 54 131 185 55,651 
(P.L.90-542--10/2/68) 

Eleven Point, Mo. USFS 44.4 44.4 14,195 
(P.L. 90-542--10/2/68) 

Feather, Cal if. USFS 32.9 9.7 50.4 93 19,873 
(P.l. 90-542--10/2/68} 

Rio Grande, N. Mex. BLM/USFS 51.75 1 52.75 16,880 
(P.L. 90-542--10/2/68) (USFS) (43.90) (0.25) (44.15) 

(BLM) (7.85) (0.75) (8.60} 
Rogue, Oreg. BLM/USFS 33 7.5 44 84.5 25,999 

(P.L. 90-542--10/2/68) (USFS) (20) (27) (47) 
(BLM) (13) (7.5) (17) (37.5) 

St. Croix, Minn. and Wis. NPS/FS 181 19 200 62,695 

..... (P.L. 90-542--10/2/68) 
w Middle Fork Salmon, Idaho USFS 103 104 32,000 

(P.L. 90-542--10/2/68) 
Wolf, Wis. NPS 25 25 5,516 

(P.L. 90-542--10/2/68) 
Allagash Wilderness Waterway, Maine State of Maine 95 95 22,840 

(Secretarial Oesignation--7/19/70) 
Lower St. Croix, Minn. and Wis. NPS 12 15 27 7,845 

(P.L. 92-560--10/25/72) 
Little Miami, Ohio State of Ohio 18 48 66 3,202.5 

(Secretarial Oesignation--8/20/73) 
Chattooga, N.C., S.C •• and Ga. USFS 39.8 2.5 14.6 56.9 16,424 

(P.L. 93-279--5/10/74) 
Little Beaver, Ohio State of Ohio 33 33 2,637.4 

(Secretarial Designation--10/23/75) 
Snake, Idaho and Oreg. USFS 32.5 34:4 66.9 17,546 

(P.L. 94-199--12/31/75) 



Table 4.20 (Cont'd.) 

River Segments lnclud-ad in the 
National Wild and Scenic River Systems 

Rapid, Idaho USFS 24 24 8,382 
(P.L. 94-199--12/31/75) 

'\. 
New, N.C. State of North Caro· 26.5 26.5 1,900 

(Secretarial Designation-4/13l76) llna 
Lower St. Croix, Minn. and Wis. States of Minnesota <:5 25 6,065 

s(Secretarial Designation--6/1': /76) and Wisconsin 
Misouri, Montana BLM 72 18 !:9 149 131,838 

(P.L. 94-486-10/12/76) 
Flathead, Mont. FS/NPS 97.9 40.7 80.4 219 57,400 

(P.L. 94-486-10/12!76) 
Obed, Tenn. NPS/State of Ten· 45.2 45.2 6,451 

(P.L. 94-486-10/12/76) nessee 

Segments Added·ln :t978 

Pere Marquette, Mich. USFS 66.4. 66.4 13,000 - (P.L. 95~25--11/10/78) i!· Rio Grande, Tex. NPS 95.2 96 191.2 30,592 
(P.L. 9~25--11/10/78) 

Skagit, Wash. USFS 99 58.5 151.5 34,650 
(P.L. 95~25--11/10/78) 

Upper Delaware, N.Y. and Pa. NPS 25.1 50.3 75.4 75,000 
(P.L. 95~25--11/10/78) 

Middle Delaware, N.Y., Pa., and NJ. NPS 35 35 
(P.L. 95~5--11/10/78) 

American (North Fork), Calif. USFS/BLM 38.3 38.3 13,430 
(P.L. 95~5--11/10/78) (USFS) (26.3) 

(BLM) (12) 
Missouri, Nebr. and S.D. Interior/Corps 59 59 14,941 

(P.L. 95~5--11/10/78) of Engineers 
Saint Joe, Idaho USFS 26.6 46.2 72.8 21,803 

(P.L.95~25--11/10/78) 

Total 841.15 774.2 702.4 2.3ll.75 718,756..81 

aFinai boundaries far 311 areas not estab ished. Thus, figur·3 should be considered approximate. 
blocated V\olithin the Delaware Water Gsp National Recreillion Area. · 

Source: U.S. Department o(the Interior, Heritage Conservation and Recreation Service. 



Table 4.21 

Designated and Proposed Wilderness, 1964-76 
(millions of acres) 

Designated Proposed/Under Study 

Annual System Annual Syslam Grand 
Year Addition Total Addition Total Total 

1964 9.244 9.244 37 37 46.24 
1965 0 9.244 .0 37 46.24 
1966 0 9.244 0 37 46.24 
1967 0 9.244 0 37 46.24 
1968 .788 10.032 0 37 47.03 
1969 .159 10.191 0 37 47.19 
1970 .204 10.395 .21 37.21 47.60 
1971 0 10.395 .55 37.76 48.15 
1972 .631 11.026 .20 37.96 48.99 
1973 0 11.026 0 37.96 48.99 
1974 .354 11.380 .62 38.58 49.96 
1975 1.336 12.716 .27 38.86 51.57 
1976 1.738 14.454 .65 39.50" 53.95 

"In addition, the 1976 BLM Organic Act includes approximately 174 million acres of BLM lands which are 
under consideration for Wilderness designation. 

Source: U.S. Department of Agriculture, Forest Service, August 1, 1977. 
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Table 4.22 

Areas Added to the National Wilderness Preservation System in 1976 

Wilderness Agency State Public Law Acreage 

Agassiz FWS Minnesota 94-997 4,000 
Alpine Lakes FS WRshinotnn 94-357 303,508 
~adlands NPS South Dakota 94-567 64,250 
B;mciP.IiP.r NPS New Mexico 94-567 23,267 
Big Lake FWS Arkansas 94-557 2,600 
Blctck Cctnyon of NPS Colorado 94-567 11,180 

th"' Gw,niion 
Chassahowitzka FWS Florida 94.557 23,360 

· Chiricahua NPS Arizona 94-567 9,440 
Crab Orchard FWS Illinois 94-557 '1,050 
Eat~les Nest FS Gnlnrllo:ir:> 9'1-J62 133,010 
FitZpatrick FS Wyoming 94-557 197,600 
Fort Niobrara FWS Nebraska 94-557 4,635 
Great Sand Dunes NPS Colorado 94-567 33,450 
Haleakala NPS Hawaii 94-567 19,270 
Hercules-Glades FS Missouri 94-557 12,315 
Isle Royale NPS Michigan 94-567 131,880 
.I N "nino" narlino FIN II Florida 94557 Z,OZG 
Joshua Tree NP::; California 94-567 429,690 
Kaiser FS California 94-557 22,500 
Lacassine FWS Louisiana 94-557 3,300 
Lake Woodruff FWS Florida 94·6G7 1,146 
Medicine Lake FWS Montana 94-557 11,366 
Mesa Verde NPS Colora9o 94-567 8,100 
Mingo FWS Missouri 94-557 8,000 
Pinnacles NPS California 94-567 12,952 
Point Reyes NPS California 94-567 25,370 
Red Rock Lakes FWS Montana 94-557 32,350 
Saguaro NrS Ari.rtona 94-567 7'1,4UO 
San Juan Islands FWS Washington 94-557 355 
Shenandoah NPS Virginia 94-567 79,019 
Simeanof FWS Alaska 94-557 25,141 
Swanquarter FWS North Carolina 94-557 9,000 
Tamarac FWS Minnesota 94-557 2,138 
Ul Bend FWS Montana 94-557 20,890 

Added 1976 Total 

Agency Arf.lt~S ~~ Area:~ Acreage 

FS 5 669,833 92 12,605,405 
NPS n 919,268 17 1,120,213 
FWS 16 155,156 52 718,087 

Total 34 1,744,257 161 14,443,705 

Source: U.S. Council on Environmental Quality, Environmental Qua/ity-1977, Annual Report, U.S. 
GPO, Washington, D.C., 1977. 
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Figure 4.59 

Growth in Acreage of National Wildlife Refuge System, 1900-78 
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8CMR = Charles M. Russell Refuge. 

Source: U.S. Department of the Interior, Fish and Wildlife Service. 
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Figure 4.60 

Numbers, by Type, of National Wildlife Refuges, 1978 
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Source: U.S. Department of the Interior, Fish and Wildlife Service. 
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Figure 4.61 

Acreage, by Type, of National Wildlife Refuges, 1978 
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Source: U.S. Department of the Interior, Fish and Wildlife Service. 
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Figure 4.62 

Growth in National Wildlife Refuge System, 1900-78 

8 LWCF = Land Water Conservation Fund. 
bMBCA = Migratory Bird Conservation Act. 

Source: U.S. Department of the Interior, Fish and Wildlife Service. 
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Figure 4.63 

U.S. Counties Containing PSD Class I Areas 

PSD Clas~ I Areas 

Source: Robeck, K., et. al., Land Use and Energy, Argqnne National Laboratory, ANUAA-19, 
September,· 1980. 
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Figure 4.64 

U'.S. Counties Containing Primary TSP No,,attainment Areas 

Nonattahament Areas 

Source: Robeck, K., et. al., Land Use and Energy, Argonne Matibr.al laboratory, .ANUAA-19, 
Se~ember, 1980. 
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Figure 4.65 

U.S. Counties Containing Primary SOz Nonattainment Areas 

Nonattahament Areas 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, ANUAA-19, 
September, 1980. 



Figure 4.66 

U.S. Counties Containing Primary Ox Nonattainment Areas 

Nonattainment Areas 

Source: Robeck, K., et. al., Land Use end Energy, Argonne National Laboratory, .6-NUAA-19.. 
September, 1980. 
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Figure 4.67 

U.S. Counties Containing Primary CO Nonattainment Areas 

Nonattaiument Areas 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, .ANUAA-19, 
September, 1980. 



Figure 4.68 

U.S. Counties Containing Primary NO_. Nonattainment Areas 

Nonattalu'ment Areas 

Source: Robeck. K., 9t. al., Land Use and Energy, Argonne rJatibnal laboratory, ANUAA-19, 
September, 1980. 



Table 4.23 

Provisions of State Power Plant Siting Laws 

Site Size and Annual State Consideration State 
One-Stop Certification Composition of Method of Utility Approval of of A 1 tern ate Inventory 

State Provision Authority Site Panel Acquisition Forecast Forecast Sites Required of Sites 

CT Yes Power Facility 9 Governor Eminent Domain 10-20 yr No No No 
Evaluation Appointments 
Council 

HA Yes Electric Power 9 Governor Eminent Domain 10-yr Yes Yes Yes 
Siting Council Appointments 

NH Yes Public Utilities 13 Governor Eminent Domain None N/A Yes No 
Commission Appointments 

HJ* No Coomissioner of Coastal Area Permit None, 4-yr No Yes No 
Environmental Review Board state plan 
Protection 

00 
-.1 IIY Yes Power Siting 5 Governor Certification by 10-yr No Yes No 

Board Appointments Siting Board 

Fl Yes Department of 5 Governor ·Certification by 10-yr Yes Yes No 
Pollution Appointments Environmental 
Control Compatibility 

Ill Yes Public Service Size of P.S.C. Environmental 10-yr No Yes Yes 
Connission Trust Fund 

AK 2 stop Public Service Size of P.S.C. Eminent Domain 2-yr No Yes No 
Coomission 

AZ Yes Arl zona Power 11 State Certification of 10-yr No No No 
Plant Siting Officials Envi ronment-31 
Committee 7 others Compatibility 

HT Ye's Board of Natural Size of Board Application to 10-yr Yes Yes No 
Resources and Site Authority 
Conservation 

* Coastal Zone Only 



Table 4.23 (ContJ 

Provisions of State Power P ant Siting Laws 

Site ·;ize and Annual ·State Cons i dera tlc•n State 
One-Stop Certification Comoos it ion of Method of !gt il i ty Approval ·Jf of Alternate Inventory 

State Provision Authority S.ite Panel Acquisition =orecast Forcecas t Sites Required of Sites 

HV Yes Public Service Si?e of P.S.C. Penni t L~one N/A Yes No 
Commission 

HH Yes Public Utilities She. of P.U.C. Eminent Domain olone N/A No No 
Commission 

WY Yes Industrial Siting 9 6o..,ecrnor Certification of ~-yr No Yes No 
Commission ApJoirotments Environmental 

Compatibility 

CA Yes Energy t~esources 5 (iO'Vernor . Application to :i-1D-2D-yr Yes Yes Ye~ 
ConservHion and ApJoirotments Site Authority 
Oeve l opment 
Commission 

00 
00 

OR Yes Governo- 9 fovernor Eminent Domain 10-yr No Yes Ye~ 
.Appointments 

WA Yes Governor 16 'Go¥ernor Eminent Domain !;one N/A Yes No 
Appointments 

MN Yes Env i ronnen tal Size :Jf 
2uali~l Council Eminent Domain !5-yr No Yes Yes 
ounc1 

sc Yes Public :iervice Size of P .U.C. Eminent Domain nO-yr No No No 
Commission 

OH Yes Power Siting 5 ;overnor Eminent Domain 10-year No Yes No 
Commission Appointments 

KY Yes Public Sen· ice Size of P.S.£. Certification -lone N/A No No 
Commission of Environmental 

Compatibility 

Source: Cirillo, R. R. et, al., An Evaluation of Regional Trenas in Power and Energy Transport, ~.rgon -.e 
National Laboratory, ANUAA-9, July, 1977. 



Table 4.24 

State Programs for Preservation of Farmland, by Type of Program 
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Alabama 
Alaska 
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Arkansas 
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North Dakota s 
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South Dakota s 
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Source: Davies, Bob and Joe Belden, A ·Survey of State Programs to Preserve Farmland, 
(Washington, D.C.: Council on Environmental Quality, 1979). 
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State 

Alabama 
Alaska 
California 
Connecticut 
Delaware 
Florida 
Georgia 
Guam 
Hawaii 
Illinois 

·.a Indiana ·:::> 
louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 

Table 4.25 

Summary of State Laws Affecting Managenent of Coastal Development 
(by type of activity or area affected) 

Source; 

Erosion· Prone Floodplains Subsidence IEn~rgy Priori~ to 
Areas and/or Fac·ility Water· ep. 

Saltwater Sit ng Uses 
Intrusion 

p p X X 
X X X < X 
X X < X 

p 
X X 

X < 
X X :< 

X 
X X X X 

X 
X 

p p p < 
X X :< 
X X I( :< 
X X I( :< 
X X :< 

Natibnal Oceanic and Atmospheric AdministratiOn, Offii::e ::>f Coastal Zone Management, 
The First Frve Years of Coastal Zone Mana~ment, U.S. Department of Conmeroe, 
Wa~'hington, D.C., March, 1979, Table IV, p. 31. 

locating Offshore 
Dredge Oil & Gas; 

Dispc·sal Sand & Gravel 
Sites Extraction 

X 
X 

X 

X 
X 
X 

X X 
X X 
p p 

X 

X X 
X 



Table 4.26 

Summary of State Protection of Significant Natural Resources 
Under CZMA 

State Wetlands 

Flora & 
Faunal 

Habitats 
Beaches 
& Dunes 

Barrier 
Islands Reefs 

Alabama 
Alaska 
California 
Connecticut 
Delaware 
Florida 
Georgia 
Guam 
Hawaii 
Illinois 
Indiana 
Louisana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
New Hampshire 
New Jersey 
New York 
North Carolina 
N. Marianas 
Ohio 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 
(Am.) Samoa 
South Carolina 
Texas 
Virgin Islands 
Virginia 
Washington 
Wisconsin 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

p 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

p 
X 
X 
X 

p 
X 
p 
X 
X 

X 

X 

X 
X 

p 

X 

X 
X 
X 
X 
X 
X 

p 

X 
X 
X 

X 
p 
p 

X 

p 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

p 
X 

X 
p 

X 

X 

X 

X 

X 
X 
X 
X 
X 

X 
X 

X 
X 

p 

X 

X 
X 

X = Pre-existing law or program incorporated in. Coastal Management Program or new or 
. expanded law or program directly attributable to CZM participation. 

P = Proposed law or program to be part of CMP., 

Source: National Oceanic and Atmospheric Administration, Office of Coastal 
Zone Management, The First Five Years of Coastal Zone Management, 
U.S. Department of Commerce, Washington, D.C., March, 1979, Table 
II, p. 20. 
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Table 4.27 

Summary of State Protection of Historic and Cultural Resources Under CZMA 

Protection/ Protection/ 
Open Restoration of of Scenic 
Beach Historic Areas/ 

Required Laws ur and Provision Urban 
Dedication Court Cultural ot Visual Waterfront 

Stat;, ur A..:;.:..:.ss At..:tiun RttsUult..:tts A"""ss Prujon;ls 

Al.,l.rarna p p p 
Alaska X X 
California X X X 
Connecticut X New Haven, 

Stamford, 
Norwalk 

Clt>laware X Wilmington, 
Newcastle County 

Florida Miami, Sarasota 
Georgia X p Brunswick, 

St. Mary's 
Guam X X 
Hawaii X X X X Honolulu 
Illinois X X Chicago-

Waukegan 
Indiana 
Louisana Moon Walk, 

X Lincoln Park 
Maine Calais 

X South Portland, 
Vinalhaven 

Maryland X X Cambridge Creek 
Massachusetts X X 
Michigan X X Detroit 
Minnesota Duluth 
Mississippi Gulfport 
New Hamp5hire p p PortGmouth, 

p p Exeter 
New Jersey X X Jersey City 
New York p X Buffalo 
North Carolina X Wilmington 
N. Marianas 
Ohio 
Oregon X X X 
Ponncylvania p p 
Pu~rlu Ai<:u X X San Juan 
Rhode Island X X 
(Am.) Samoa 
Suulh Carolina X X 
Texas X 
Virgin Islands X X X X 
Virginia Alexandria, 

Norfolk, Newport 
News, and 
Virginia Beach 

Washington X X Seattle 
Wisconsin X X Milwaukee, Kenosha 

X = Pre-existing law or program incorporated into Coastal Management Program or new or expanded law or program directly at-
tributable to CZM participation. 

p = Propo~ed·law or program to be part of CMP. 

Source: National Oceanic and Atmospheric Administration, Office of Coastal Zone Management, The First Five Years of Coast-
al Zone Management, U.S. Department of Commerce, Washington, D.C., March, 1979, Table V, p. 39. 
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Table 4.28 

Values Used In Calculating Area Affected By Coal Mining 

Average Coal 
Average Seam Thickness Area Dist•rbed or Undermined 

(feet) (acr~s/million tons) 
Density 

Coal Region (tons/acre-f;:) Deep Surface Deep Mining Surface Mining 

N. Appalachia .. 1800 5.0 4.2 227 171 
MD, OH, PA, N. WV 

Cent. Appalachia, 1800 4.6 4.2 248 175 
E. KY, IN, VA, S. WV 

S. Appalachia, AL 1800 4.7 2.5 236 2n 

\0 Central West, 1800 2.5 2.0 483 367 
""' AR, 10, KS, MO, OK 

Midwest, IL, IN, W. KY 1800 6.2 4.7 183 148 

Gulf, TX 1750 6.7 6.7 171 104 

NE. Great Plains, 1750 12.1 12.1 94 52 
NE. MT, ND 

NW. Great Plains, 1no 14.3 21.4 93 34 
N. CO, SE. MT, WY 

Rockies, CO, UT 1800 7.4 8.3 162 76 

Southwest, AZ. NM 1no 13.9 13.9 84 46 

Northwest, WA 1no 8.0 8.0 141 88 

Source: Robeck, K., et. al., Lend Use and Energy, Argonne National Laboratory. ANUAA·19, 
September, 1980. 



Table 4.29 

Estimated Land Requirements 
for Three Uranium Mimng Methods8 

Method 

Open-pit mining 
Underground mining 
Solution mining 

"Derived in Section 2. 

Acres/1000 Tons llaOo 

158. 316b 
2-5° 

blower number is for pit alone; higher number incudes topsoil storage, haul roads 
and other associated uses. 

CAVtllilijtl milltl si<:tl = 30 lUllS u.Osfytlar. 
dBased on 25 · 50 acres of well field/year to produce 250 tons/year of yellowcake. 

Source: Robeck, K., et. al., Land Use and Energy, Argonne National Laboratory, 
ANUAA-19, September, 1980. 

Table 4.30 

Proposed Refinery Complexes: Location, Capacity, Land Area 

Crude 
Company Location Region Capacity lb/sdl 

Alaska Petrochemical Valdel, AK 10 150,000 
Apex Oil Company Luling, LA 6 100,000 
Barbour Energy Brownsville, TX 6 150,000 
Brunswick Energy Brunswick 

Corp. County, NC 4 150,000 
Dow Chemical Brazoport, TX 6 180,000 
Hampton Roads 

Energy Portsmouth, VA 3 175,000 
MacMillan Ringfree Carson, CA 9 40,000 
Mobil Oil Corp. East of Rockies 8 150,000 
Novex, Inc. Houston, TX 6 30,000 
Petromay Refining Houston, TX 6 30,000 
Petrounited, Inc. Sunshine, LA 6 40,000 
Pittson Eastport, ME 1 250,000 
Solar Vistas Assoc. Phoenix, AZ. 9 3,000 
Sooner Refining Egan, LA 6 6,000 
Tiber Petroleum Corp. Harvey, PA 3 30,000 
Refinery Corp. Magnolia, LA 6 200,000 
UCO Oil Martinez, CA 9 10,000 
Ventech Refining Knotz Springs, LA 6 22,000 
Wallace & Wallace 

Chemical & Oil Corp. Tuskegee, AL 4 150,000 

Source: Oil and Gas Journal, May 19, 1980. 
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Table 4.31 

Range of Land Use by Existing
Fossil-fired Power Plants -

MW Fuel Acres 

500 CoaL 500- 1000" 
1000 Coal 475- 1000b 
1000 Coal 330" 
3000 Coal 200- 1200u 
3000 Oil 150- 35011 

1000 Oil so• 

•source: U.S. Department of Energy, Environment Characterization Information Report: Coal-Fired 
Power Plant, Draft, April, 1980. 

bSource: Levine, E.P., M.J. Senew, and R.R. Cirillo, Comparative Assessment of Environmental 
Welfare Issues Associated with Satellite Power System Development, Argonne National 
Laboratory, O,;;tober, 1979. 

csource: Dvorak, A.J. et al., The Environmental Effects of Using Coal for Generating Electricity, 
Argonne National Laboratory, March, 1979. 

dSource: U.S. Environmental Protection Agency, Development Document for Effluent Limitations 
Guidelines and New Source Performance Standards for the Steam Electric Power 
Generating Point Source Category, EPA-440/1-74-029a, October, 1974. 

•source: Cirillo, R.R., T.D. Wolske, et al., An Evaluation of Regional Trends in Power Siting and 
Energy Transport, Argonne National Laboratory, ANUAA-9, July, 1977. 

Fuel 

Coal 

Oil 

Source: 

Table 4.32 

Power Plant Land Consumption Factors Used 
in Calculating Future Land Requirements 

Plant Size Range, MW 

500 
500-1000 

1000-2000 
All 

Site Si:lR 

300 acre 
500 acre 

1000 acre 
0.08 acre/MW 

(minimum 10 acres/sitP.) 

Calculated from "Range of Land Use for Fossil-fired Power Plants," and 
"Trends in Site Sizes for Fossil Fueled Power Plants." 
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Table 4.33 

Trends in Site Sizes for Fossil-Fueled Power Plants 

Site Size, MW 

1974 New Sites 

Region Median Maximum Median Maximum 

New England 150 1650 400 450 
(CT, ME, MA, NH, Rl, VTI 

Middle Atlantic 450 2300 850 2500 
(NJ, NY, PAl 

South Atlantic 500 2900 1300 3700 
(DE, DC, Fl, GA, MO, NC, SC, VA, WVI 

East North-Central 320 3050 1050 2600 
(IL, IN, Ml, OH, Wll 

East South-Central 550 2550 1000 2650 
(Al, KY, MS, TN) 

West North-Central 100 2350 700 3000 
(lA, KA, MN, MO, NB, NO, SO) 

West South-Central 250 2250 850 3000 
(AR, LA, OK, TN) 

Mountain 150 2200 800 3000 
(AZ, CO, 10, MT, NV, NM, UT, WYI 

Pacific 200 2100 500 500 
. (CA, OR, WAI 

National 250 3050 850 3700 

Source: Cirillo, R.R., T.D. Wolska et al., An Evaluation of Regional Trends in Power Plant Siting and 
Energy Transport, Argonne National laboratory, ANUAA-9, July, 19n. 

Table 4.34 

Cooling System Land Requirements 

Once-Through 
Natural Draft Cooling Towers 
Mechanical Draft Cooling Towers 
Spray Canals 
Cooling Ponds 

Nuclear 

15 
68 

150 
3000 

Fossil Fuel 

1 
10 
45 

100 
2000 

Source: Environmental Technology Assessment, State of Illinois, Power Facility Siting in the State of 
Illinois, Part II - Impacts of Large Energy Conversion Facilities 
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10 
00 

Facility 

Corn Fermentation (ethanol) 

Corn and Wheat Residue 
(ethanol) 

Wood Methanol 

Wood Ethanol 

"Assumes 90 bu/acre. 
bAcid hydrolysis. 
0Enzymatic hydrolysis. 
dFeedstock derived from energy farm. 

Table 4.35 

land Use Requirements for the Conversion 
of Alternative Feedstocks to Alcohol 

Alcohol 
Feedstock Production Land Requirements 

Requirements 110" gal/yr) Facility (acres) 

25,000 ibbl.'day 20 80 

1 ,562 dt/day 25 120b 
140" 

1 ,000 dt/day 56 218 

1 ,000 dt/day 33 159 

Source: Dale, L., R. Opiela, and J. Surles, Alcohol Production from Agriculture and ~rest Residues, 
Argonne National Laboratory, ANL-EcS-TM.aB, May, 198D. 

Land Requirements 
Feedstock (acres) 

100,000" 

40,000d 

40,000d 



Table 4.36 

Land Requirements for 110 MW Production Generation Units 
at Geothermal Facilities 

Resource Type WellS/Unit Acres/Well 

Dry Steam (The Geysers) 15a 40c 5 605a 

35 - sob 20d 5 705 - l,605b 

Hot water 100 10 - 40 30 1,030 - 4,030 

Hot dry rock 11 10 - 40 15 125 - 455 

alnitial requirement. 

bover 30-year lifetime of generating unit. 

cSOURCE: EPA-600-7-79-0607, U.S. GPO. Washington, D.C., March, 1979 

dAverage density over 30 years; derived from data fn: Reed, M.J. and G.E. Campbell, 
Environmental Impact of DeveloTOOnt in The Geysers Geothermal Field, USA, 

Second UN Symposium on the Deve opment and Use of Geothenr~i Resources, 
San Francisco, Cal ifomi.a, Vo 1. II, May 20-29, 1975. 
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Table 4.37 

Solid Wostcs From Coal-Fired Utilitiesc 

Tons per 1012 Btu Output Energy 

Eostin'ii Coolo 

Without 
Scrubber 

With Lime 
Scrubber 

Without 
Scrubber 

With Lime 
Scrubber 

Bottom Ash 2201.4 
8676.4 

0 

2201.4 
8676.4 

15247.0 

2441.1 
8735.2 

0 

2441.1 
8735.2 
2511.0 

Fly Ash 
Scrubber Sludge 

"Based on a North Central Appalachian coal with a heat content of 11,500 Btu per pound, 2.3 percent 
sulfur content, and 9.2 percent ash content, and assuming a 34.13% thermal efficiency. 

bBased on a Western Rocky Mountain Province coal with a heat content of 10,000 Btu per pound, 0.6 
percent sulfur content and 7.7 percent ash content, and assuming a 34.13% thermal efficiency. 

0$0t~rce: U.S. Department of Ener~;~y, Environmental Data-Energy Technology Characterization: Coal, 
DOEiEV OOSi/3, Woohington, O.C., January 1~BO. 

Region 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Source: 

Table 4.38 

Rates of Solid Waste Generation and Disposal Area Requirements, 
Utility Sector 

Land Required FGD Land Required 
Ash for Ash Disposal Sludge, for Sludge Disposal 

(10" tons/yr/GWI (acres/yr/GWI 110" tons/yr/GWI (acres/yr/GWI 

0.68 13.08 1.20 46.00 
0.47 8.94 0.38 14.53 
1.72 32.76 1.00 38.33 
2.14 40.92 1.53 54.67 
, .31 24.98 1.31 49.20 
1.53 29.21 0.48 18.42 
1.12 21.34 1.28 48.92 
1.64 31.40 0.39 15.02 
1.01 19.21 0.22 8.41 
2.18 41.59 0.33 12.68 

Derived from data given in Le, T., P.M. Meier and H. Tostoker, National Coal Utilization 
Assessment, The Sol1id Waste Impacts of Increased Coal Utilization. Brookhaven National 
Laboratory, Upton, New York, BNL 24786, 1978. 
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Table 4.39 

Area Requirements for Disposal of Solid Wastes from 
Industrial Fossil Fuel Combustion8 

Solid Waste Lifetime 

10" tons (dry) Land 
Requirement. 

Fuel Burned Ash FGD Sludge Total acres 

1975 

Coal, 1012 Btu 0.004836 0.003160 0.007996 4.589 

1990 

Coal, 1012 Btu 0.005626 0.003030 0.008656 4.966 
Oil, 1 0'" Btu 0 u.uu~ 0.003488 3.996 

"These data were derived from Le, T., P.M. Meier and H. Tostoker, National Coal Utilization Assessment, 
The Solid Waste Impacts of Increased Coal Utilization_ Brookhaven National Laboratory, Upton, New 
York, BNL 24786, 1978. 

All mined shale 
disposed of 
above ground 

70% mined shale 
of mined shale 
returned to 
mine 

Assumptions: 

Sources: 

• 

Table 4.40 

Calculating Area for Oil Shale Solid Wastes 
for 50,000 bpd Surface Retorting Facility 

Acreage of Acreage of 
Spent Shale Spent Shale Spent Shale 

(tons/day) 20'seam 40'seam 

360,000 3300 ac./yr. 1700 ac./yr. 

131,000 1200 ac./yr. 600 ac./yr. 

Acreage of 
Spent Shale 

SO' seam 

800 ac./yr. 

300 ac./yr. 

1.1 tons of spent shale is produced in surface retort per barrel of oil produced. 

Compaction of the spent shale produces a material density of 90 pounds per cubic 
foot. 

30% of shale from MIS would be mined. 

U.S. DOI-FES, "Colony Development Operation, 1978," In: Kevin Markey, The 
Costs of Oil Shale, Friends of the Earth. 

Brown, A., et. al, Water Management in Oil Shale Mining, Vol. I - main text, U.S. 
DOC, PB 276 085, 1977 . 
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Table 4.41 

Oil Shale Solid Wastes Produced by the Colony Development Operation at 
Grand Valley, Colorado 

Annual 
Production Major 

Source ot ~olid waste (tons) Cuusliluunt 

Pyrolysis unit 

Processed shale 19,418,UUU Processed shale 
Clarifier sludge from wet 

scrubbers-preheat system 313.900 Raw shale dust 
B<!ll r::iu.:o.JI,:,Iiro.-. systr;.m 23,725 Prooo&&ed &hale dust 
Procelilied shale 

moisturizing system 15,695 Prnr.P.ssed shale dust 

Crushing unit 

Primary crusher 9,152 Raw shale dust 
Final crusher 118,625 Raw shale dust 
Shale storage silo 27,375 Raw shale dust 

Upgrading units (hydrotreatersl 

Naphtha 75 Spent HDN catalyst 
Naphtha 6()..80 Proprietary solid 
Ga' ell 2~0 r.l'lt:nt HI)N tmtnlynt 
Gas oil 300-500 Proprietary solid 

Hydrogen unit 

Hydrodesulfurizer 18.3 Spent HDS catalyst 
Guard bed 6.7 Spent ZnS catalyst 
Shift converter 

(High temperature) 10 Spent Fe-Cr catalyst 
Shift converter 

(Low temperature) 16.7 Spent Cu-Zn catalyst 

Sulfur unit 

Claus unit 80 Spent alumina catalyst 

Gas treating unit 

DEA filter 214.5 Diatomaceous earth 
OI!A lillt~l 214.5 Doaotivotod carbon 

Coker unit 292,000 Green coke 

Water Treatment 219 Ume and alum flocculants 
9 Proprietary coagulant aid 

Source: Surface Mining of Non-Coal Minerals, "Appendix II: Mining and Processing of Oil Shale and Tar 
Sands," National Academy of Sciences, 1980. 

202 ( 



Acre-foot: the quantity of water required to 
cover 1 acre to a depth of 1 foot; equal to 
432,560 cubic feet or 325,851 gallons. 

Air quality standards: rhe prescribed level 
of pollutants in the outside air that cannot 
be exceeded legally during a specified time 
in a specified geographical area. 

Alluvial valley Doors: unconsolidated, 
stream-laid deposits with water availability 
suffi cient for subirrigation or flood irriga
tional activities. 

Appropriation doctrine: the system of 
water law adopted by (and dominant in) 
most western states. The basic tenets of the 
appropriation doctrine are (1) that a water 
right can be acquired only by diverting the 
water from a watercourse and applying it to 
a beneficial use and (2) in accordance with 
the date of acquisition, an earlier acquired 
water right shall have priority over other 
later acquired rights. The first in time of 
beneficial use is the first in right, and the 
right is maintained only by use. Water in ex
cess of that needed to satisfy existing rights 
is viewed as unappropriated water, avail
able for appropriation by diversion and ap
plication to a beneficial use. (See riparian 
doctrine.) 

AQMA: air quality maintenance areas set 
up by SIPs to prevent significant deteriora
tion of a given area. 

Aquifer: a saturated underground body of 
rock or similar material capable of storing 
water and transmitting it to wells or springs. 

Barrel (oil): a volumetric unit of measure
ment equivalent to 42 U.S. Standard 
gallons. 

bbl/d: barrels per day. 

bcf: billion cubic feet. 
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5. Glossary 

Best available control technology: the most 
advanced control technology that can be 
used for new sources of pollution. Required 
for nonattainment regions by the Clean Air 
Act. 

Best known technology: for water pollution 
control is a shorthand term to describe 
those techniques and methods known by 
the NWC staff to be under consideration in 
the spring of 1972 when the Commission's 
estimates of cost of various pollution con
trol measures were prepared. Does not neces
sarily bear any relationship to the term 
"best available technology" as used in the 
Federal Water Pollution Control Act 
Amendments of 1972. 

Biota: the flora and fauna of a region. 

BLM: Bureau of Land Management, a 
federal agency. 

bpd: barrels per day. 

British thermal unit (Btu): the amount of 
heat required to raise the temperature of 1 
pound of water 1 degree F at its point of 
maximum density. 

b/sd: barrels per stream-day. 

CEQ: U.S. Council on Environmental 
Quality, established by NEPA. 

Class 1: for air quaility, a "pristine" area 
allotted minimal PSD increments. 

Class II: for air quality, an area with PSD 
increments sufficient for moderate indus
trial growth. 

Class III: for air quality, an area with PSD 
increments allowing maximum growth. 



Coastal zone: as defined by the Coastal 
Zone Management Act of 1972, PL 92-583, 
coastal waters, land under waters, and adja 
cent shoreland, islands, and transitional 
areas of the participating states; for Great 
Lake states, extends to Canadian border; 
for other states, seaward to outer limits of 
U.S. territorial water; extends landward as 
ut:~o:t:~~ary to control shorclanda. 

Carbon monoxide (CO): a colorless, 
odorless, highly toxic gas that is a normal 
byproduct of incomplete foEsil fuel com. 
bustion. CO, one of the major air pollut
ants, can be harmful in small amounts if 
breathed over a certain period of time. 

CZMA: Coastal Zone Management Act. 

DOE: Department of Energy, a federal 
agency. 

DOl: Department of the Interior, a federal 
agenoy. 

dwt: deadweight ton. 

Effluent: a discharge from a pollution 
source that is relatively self-contained, 
generally referred to in regard to discharges 
into waters but can also mean discharges 
into air. 

Environmental impact statement (EIS): a 
detailed statement setting forth the environ
mental effects and considerations antici
pated by a proposed action, policy or pro
ject which has been determined to be a 
"major federal action significantly affec
ting the environment" under the provisions 
of the National Environmental Policy Act. 

Eminent Domain: a right of a government 
to take private property for public use by 
vi1tue of the superior dominion of the 
sovereign power over all lands within its 
jurisdiction. 

Emission standard: the maximum amount 
of a pollutant legally permitted to be 
discharged from a single source, either 
mobile or stationary.~ 

Endangered: any species, sub-species, or 
sub-population of animal which is threat
ened with extinction resulting from very low 
or declining numbers, alteration and/or 
reduction of habitat, detrimental en
vironmental changes, or any combination of 
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the above. Continued survival in this state is 
unlikely without implementation of special 
measures. 

EPA: Environmental Protection Agency, a 
federal agency. 

Exclusionary zone: designated by the 
Nuclear Regulat.-.ry C:ommission on site
specific basis; area surrounding a nuclear 
reactor for which plans on evacutation of 
all personnel in event of an emergency must 
be .~nhmitterl. 

FGD: flue gas desulfurization. 

Floodpluin: O!l defined by Executive OrciF:r 
11988, lowland and relatively flat areas ad
joining inland and coastal waters, including 
offshore islands, subject to a one percent or 
greater chance of flooding in a given year. 

FLPMA: Federal Lands Policy Manage
ment Act. 

Flue gas: gas resulting from combustion of 
a fuel. 

Fly ash: fine, solid particles of noncom
bustible material residue carried from a bed 
of solid fuel by combustion gas. 

Gasification of coal: the conversion of solid 
coal into a gaseous form by various chem
ical reactions with steam, a synthetic fuels 
technology. 

Hazardous waste: as defined by the 
Resource conservation and Recovery Act 
of 1976, PL 89-272, a solid waste or com
bination of solid wastes which, because of 
its quantity, concentration, or physical, 
d~t:uii(;al, or infectious characteristics, may 
(l) cause, or significantly contribute to an 
increase in mortality or an increase in 
serious, irreversible, or incapacitating 
reversible illness; or (2) pose a substantial 
present or potential hazard to human health 
or the environment when improperly treated, 
stored, transported, disposed of, or other
wise managed. 

Hydrocarbons (HC): a type of air pollution 
including organic acids, aldehydes, unsatu
rated hydrocarbons, and aromatics. 

Head-of-hollow fills: filling of a small in
dentations in land contour; the top surface 
of the fill, when computed, is at approx-



1mately the same elevation as the adjacent 
ridge line and no significant drainage occurs 
into the fill area. 

Hydrogen sulfide (H,S): a type of air pollu
tion. 

Kerogen: the organic oil-yielding material 
present in oil shales. It is not a definite com
pound but a complex mixture varying from 
one shale to another. 

Kilowatt-hour (kWh): the amount of 
energy equal to I kilowatt for I hour. It is 
equivalent to 3,4I2 Btu. 

Light water reactor (LWR): reactor using 
ordinary water as a coolant instead of heavy 
water. 

Liquefication of coal: the conversion of 
'i' solid coal into condensed aromatic liquids 

by thermal fracture of carbon-carbon and 
carbon-oxygen bonds, a synthetic fuels 
technology. 

Long-wall mining: the ore seam is removed 
in one operation along a working face that 
may be several hundred yards long. The 
mine roof collapses as the working face ad
vances through the ore body. 

mmcf: million cubic feet. 

Modified in-situ: a portion of oil shale is 
mined, remainder is fractured with explo
sives to create a highly permeable zone 
through which hot liquids can be circulated. 

NAAQS: National Ambient Air Quality 
Standards prescribed in the Clean Air Act 
Amendments of I977, PI 95-95. 

NEP A: National Environmental Policy Act 
(1969). 

NFS: National Forest Service, a federal 
agency. 

Nonattainment areas: areas which contain 
more sulfure dioxide, particulates, nitrogen 
dioxide, oxides, carbon monoxide, and ox
idants than the NAAQS -prescribe. These 
areas are managed by SIPs. 

NO : either nitrogen dioxide or nitrogen 
X • • • 

oxide, also referred to as mtnc OXIdes . 
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NSPS: New Source Performance Standards 
limiting all new sources of pollution and set 
by SIPs. 

NRC: Nuclear Regulatory Commission, a 
federal agency. 

OCS: Outer Continental Shelf. 

Oil shale: a sedimentary rock containing 
solid organic matter from which oil can be 
obtained when the rock is heated to a high 
temperature. 

Once-through process: the withdrawal of 
water from a water body for use in cooling 
or processing and subsequent return of that 
water, usually at a higher temperature or 
other altered condition, into the same body 
of water from which it came. Contrasts 
with water recycling PTQC~sses. 

Overburden: material of any nature which 
overlies a coal deposit, excluding topsoil. 

Ox: total oxidants. 

Particulate: liquid or solid material in the 
air, either organic or inorganic, including 
dust, fly ash, dirt, smoke, soot, and 
metallic fume. 

PSD: prevention of significant deteriora
tion. 

PSD increments: in those areas where air is 
cleaner than the NAAQS, additional air 
pollutants are limited to specified amounts 
(PSD increments) of TSP and sulfur di
oxide, calculated relative to a baseline air 
quality, managed by SIPs. 

Rad: radiation absorbed dose, the basic 
unit of absorbed dose of ionizing radiation. 
A dose of I rad means the absorption of 
I 00 ergs of radiation energy per gram of ab
sorbing material. 

Radwaste: radioactive waste; liquid, solid, 
or gaseous waste resulting from mining of 
radioactive ore, production of reactor fuel 
materials, reactor operation, processing of 
irradiated reactor fuels, and related opera
tions, and from use of radioactive materials 
in research, industry, and medicine. 

RARE II: Roadless Areas Review and 
Evaluation, Survey II, conducted by the 
NFS for areas over 5,000 acres that may 
warrant preservation as wilderness areas. 



RCRA: Resource Conservation and 
Recovery Act. 

Reclamation: as defined by the Department 
of Interior's Office of Surface Mining and 
Reclamation Enforcement, actions taken to 
restore mine land to a postmining use as ap
proved by the regulatory authority. 

Retorting: raw oil shale is heated to obtain 
crude shale oil. 

Riporion dOctrinOI thQ EyEll;'!!! •;.f W:lti"T J:~w 

historically recognized by the eastern states. 
The riparian doctrine protects landowners 
adjacent to lakes and streams from with
drawals or uses that unreasonably diminish 
water quantitiy or quality. Under the 
riparian doctrine, individuals have the right 
to make reasonable use of the stream waters 
flowing by lands thP.y own so long as the use 
does not substantially diminish either the 
quantity or the quality of the water passing 
to landowners downstream. Where diver
sions or uses have been unreasonable, they 
either have been enjoined or riparian 
owners adversely affected have beert com
pensated for interference with their rights. 
(See appropriation doctrine.) 

Room-and-pillar mining: some material 
(e.g., coal, shale) is removed to form large 
rooms, and some is left in place, as pillars 
to support the mining roof. 

SCS: Soil Conservation Service, a federal 
agency. 

SIP: State Implementation Plan for preven
tion of significant air quulily u~:lt:lioration 
as required hy the Clean Air Act Amend
ments of 1977 (PL 95-95). 

SMCRA: Surface Mining Control and 
Reclamution Aot. 

Sole source aquifer: as regulated by EPA in 
implementing the Safe Drinking Water Act, 
PL 93-523, a sole or principal drinking 
water source which, if contaminated, would 
create a significant hazard to public health. 

Solution mining: the extraction of soluble 
minerals from subsurface strata by injec
tion of fluids, and the controlled removal 
of mineral-laden solutions. 
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SO,: sulfur dioxide, a heavy, pungem, 
colorless gas formed primarily by the 
combustion of fossil fuels. SO, damages the 
respiratory tract as well as vegetation and 
materials and is considered a major air 
pollutant. 

SO,: sulfur trioxide, a form of air pollu
tion. 

sO~: sulfur oxides; either sulfur uiuxiut: Of 

sultur trioxide. · 

Standard Metropolitan Statistical Area 
(SMSA): an integrated economic and social 
unit with a large population nucleus. There 
are over 245 SMSAs in the United States. 

tcf: trillion cubic feet. 

Threatened species: any species or sub
species of wildlife not in hnmediate jeoparuy 
of extinction, by vulnerable because it exists 
in such small numbers or is so extremely 
restricted throughout all or a significant 
portion of its range that it may become en
llangen:u. 

TSP: total suspended particulates. 

Wetlands: as defined by Executive Order 
11990, areas inundated by surface or 
ground water with a frequency to support 
vegetative or aquatic life that requires 
saturated or seasonally saturated soil condi
tions for growth and reproduction. 

USDA: Department of Agriculture, a 
federal agencv, 

USGS: United States Geological Survey, a 
federal agency. 

U,O,: uranium oxide, the international 
st:~ndard for the form in which uranium 
concentrate is marketed. 

Uranium: a metallic element, highly toxic 
and radioactive, which ignites spontane
ously in air and reacts with nearly all 
nonmetals; used in nuclear fuel and as the 
source of U-235 and plutonium. 

Yellowcake: product of uranium mills that 
is 90 percent uranium oxide; one ton of ore 
produces four pounds of yellowcake. 



i 

United States 
Department of Energy 
Washington, DC 20585 

Official Business 
Penalty for Private Use, $300 

Postage and Fees Paid 
U.S. Department of Energy 
DOE-350 

FIRST CLASS MAIL 




