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ABSTRACT 

1976 is aThe Resource Conservation and Recovery Act (RCRA) of 

and hazardousmultifaceted approach to the management of both solid 

waste. The focus of this research is on the RCRA mandated proposed 

facilities, Thisregulations for the siting of hazardous waste disposal 

waste disposalresearch is an analysis of the interactions among hazardous 

issues.facilities, energy supply technologies and land use 

regulationsThis study addresses the impact of RCRA hazardous waste 

A literature and legislativein a descriptive and exploratory manner, 

to identifyreview, interviews and letters of inquiry were synthesized 

and the sitingthe relationship between RCRA hazardous waste regulations 

The results of this synthesisof selected energy supply technologies, 

land usewere used to determine if and how RCRA influences national 

issues. 

It was found that the interaction between RCRA and the siting of 

supply technologieshazardous waste disposal facilities required by energy 

All energy supply technologieswill impact national land use issues, 

reviewed generate hazardous waste, The siting of industrial functions 

such as energy supply facilities and hazardous waste disposal facilities 

The micro-level impactswill influence future development patterns, 

will produce afrom the siting of hazardous waste disposal facilities 

developing aroundripple effect on land use with successive buffer zones 

land sectors.the facilities due to the interactive growth of the use 
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CHAPTER I 

INTRODUCTION 

. . . matter can neither be created nor destroyed 
II1 

cannot beAccording to the Law of Conservation of Mass, matter 

of matter orcreated or destroyed, only transformed into other forms 

Solid waste is a form of matter, which, contrary to popular 
energy, 

when it is taken from the site of generation.belief, does not "go away 

on land, Of the sixIt must go somewhere and that somewhere is usually 
the United States,billion tons of solid waste generated each year in 

Of this six billion tons. 
more than 90 percent is disposed of upon land, 

(EPA) indicaterecent estimates by the Environmental Protection Agency 

The consequencesthat more than thirty-five million tons are hazardous, 

specifically,of hazardous waste disposal are examined in this research, 

interaction of thethe impacts on land use issues which stem from the 

Waste RegulationsResource Conservation and Recovery Act of 1976 Hazardous 

with energy supply facility siting. 

History and Background 

society since itsThe disposal of solid waste has been a problem for 

Most of man's activities consume resources and/or contaminatebeginnings, 

the environment, For the early cave man, it was simply a matter of moving 

The situation iswhen his cave or den became too cluttered with debris. 

Van Nostrand's Saientifio Enayalopedia• >^Douglas M. Considine, ed 
• > 1976), p. 655.(New York: Van Nostrand Reinhold Co 
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and can no longerdifferent now. People have run out of places to clutter 

simply move to a new site.^ 

problem.Our society must come to grips with the waste disposal 
the Love CanalDamage caused by the disposal of chemical wastes at 

Chemical Waste Landfill in Niagara Falls, New York, requiring the 

one example ofrelocation of more than one hundred families, is just 

An Assistant Dean at theinadequate disposal of hazardous waste.^ 

while fishingUniversity of Southern Mississippi died of asphyxiation 

in 1969. The gas hadwhen his boat drifted into a pocket of propane gas 

More than 200,000 fish werebeen discharged from a petroleum refinery, 

an alkaline wastekilled at Norris Lake in 1967 when a dike containing 

released approximatelylagoon for a steam plant in Virginia collapsed and 

400 acre feet of fly ash into the Clinch River."* The disposal of 

hazardous waste without careful planning and management presents an 

immediate danger to human health and the environment. 

or create otherThe solutions to pollution problems often increase 

As awareness of environmental protection evolved inpollution problems, 

the United States, air and water pollution were the first problems 

air andidentified. Seen as common resources shared by all the people, 

University. The^Environmental Quality Forum, East Tennessee State 
Nation's Environmental — Problems and Action (Johnson City, TN: East 
Tennessee State University, 1970), p. 71. 

How to^United States Comptroller General, Report to the Congress: 
p. 2.Dispose of Hazardous Waste, CED-79-13, December 1978, 

''International Conference on Hazardous Materials Management: 
Proceedings (Detroit, MI: n.p., 1978), p. 2. 
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Whilepublic,water pollution were recognized as harmful to the general 
control of air andlegislation has been enacted and implemented for the 

pressures onwater pollution, this same legislation tends to increase 
or emitted

land, Hazardous materials which were once dumped in our water 

into the air have ended up on land. 

whichLand has traditionally been viewed as "private property," 

did not injureowners could use as they pleased, provided that they 

health and theothers. Citizen awareness of the serious harms to public 

do with theirenvironment, as a result of what private property owners 

land use regulationland, has led to the realization that more effective 

determine what isis essential.^ The tenet that each individual should 

best for him or her - within the laws of society - is deeply imbedded in 

the Western culture. But in the realm of pollution, often the individual 

either lacks or refuses to utilize the information necessary for the 

protection of human health and the environment. 

land are merelyRegardless of land ownership, the occupants of the 
it for futureits custodians, obligated to hold it in trust and preserve 

Since individuals cannot be relied upon to provide adequategenerations, 

elaborate system of laws and regulationsprotection of the environment, an 

has been developed.® 

®Elaine Moss, ed.. Land Use Control in the United States (New York: 
The Dial Press, 1977), pp. 1-2. 

®William E. Small, Third Pollution: The National Problem of Solid 
p. 45.Waste Disposal (New York: Praeger Publishers, 1971), 
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Current Status 

by securingThe legal system in this country seeks to achieve goals 
It is a method of socialcompliance to a formal system of regulation, 

the protectioncontrol. Members of society accept regulations to insure 
for theof their welfare. The support of the community is necessary 

It is society's support of the politicalpolitical system to survive, 
the disposal ofsystem that enables the federal government to regulate 

solid and hazardous wastes. 

were primarilyIn the past, regulations for the disposal of wastes 
Some of the more specific localadministered at the local level. 

hazardous wastes statutes that exist today were enacted in response to 

environmental incidents resultingprevious potential public health or 
waste substances.from improper management and disposal of hazardous 

impact on humanWith the advent of increased awareness of the possible 
other levels ofhealth and the environment of hazardous waste disposal, 

of waste disposal.government have also become involved in the regulation 
RecoveryWith the Solid Waste Disposal Act of 1965 and the Resource 

of recognizingAct of 1970, the federal government maintained a policy 
The Resourceproblem.solid v/aste disposal as primarily a state or local 

multifaceted approachConservation and Recovery Act of 1976 (RCRA)« is a 

of Ohio’Battelle, Columbus Laboratory, Final Report on State 
Hazardous Waste Management Plan; Hazardous Waste Management Program, 

1978), p. 38.Part II (Columbus, OH: Battelle National Laboratory, 
3251 et seq..®Resource Conservation and Recovery Act, 42 U.S.C. 

PL 94-580. 
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of solid wastes.^to solving the problems associated with the disposal 
of the growing problemRCRA signifies the federal government's recognition 

of solid waste management and disposal. It greatly expands the role of 

disposal and managementthe federal government in the realm of solid waste 
waste, 

1 0 RCRA
with particular emphasis on the regulation of hazardous 

hazardous waste. 
11 

establishes the principle of systematic control of 

became directlyWith RCRA, for the first time the federal government 

involved in solid waste control. 

of solid waste;^Section 1004 of RCRA gives the following definition 

The term "solid waste" means any garbage, refuse, 
sludge from a waste treatment plant, water supply 
treatment plant, or air pollution control facility and 

other discarded material, including solid, liquid, 
semisolid, or contained gaseous material resulting from 

industrial, commercial, mining, and agricultural 
operations, and from community activities, but does not 

include solid or dissolved material in domestic sewage, 
or solid or dissolved materials in irrigation return 
flows or industrial discharges which are point sources 
subject to permits under section 402 of the Federal 
Water Pollution Control Act. as amended (86 Stat. 8801. 
or source, special nuclear, or byproduct material as 
defined by the Atomic Energy Act of 1954, as amended. 
(68 Stat. 923) 

^°Thomas F. P. Sullivan, Resource Conservation and Recovery Act: A 

Inc., 1979),Compliance Analysis (Washington, DC: Government Institutes, 
p. 5. 

of hazardous1^Section 1004 of RCRA gives the following definition 
waste: 

The term "hazardous waste" means a solid waste, or^ 
combination of solid wastes, which because of its quantity, 
concentration, or physical, chemical, or infectious 
characteristics may -

"(A) cause, or significantly contribute to an increase 
orin mortality or an increase in serious irreversible, 

incapacitating reversible, illness; or" 
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Statement of the Problem 

issue, It is
Hazardous waste disposal is an extremely complicated 

groundwater, andcomplex in that it involves not only air. surface and 
gases to liquidsland, but also the entire spectrum of waste types from 

It involves diverse methods for treatment andto semi sol ids and solids, 

or recycling, anddisposal such as landfills, incineration, processing 
complicated by thedeep well injection. These restrictions are further 

its introduction intofact that earlier environmental regulations prevent 

the air or water. RCRA addresses where and how to dispose of solid and 

hazardous waste. 

One of the objectives of RCRA is to promote the protection of health 

storage.and the environment ... by regulating the treatment, 
have adversetransportation, and disposal of hazardous wastes which 

II 1 3

effects on health and the environment. The implementation of this 

Regulations dealing withobjective will impact national land use issues, 
factor in the sitinghazardous waste management will serve as a limiting 
supply facilities.of a number of economic activities, including energy 

1 4 from current and proposedThis study focuses on hazardous waste streams 

"(B) pose a substantial present or potential hazard 
to human health or the environment when improperly 
treated, stored, transported, or disposed of. or otherwise 
managed." 

^^Sullivan. pp. 45-91. 

“RCRA. Section 1003. 

1 4 flow in theFor this report the term "waste stream" refers to mass 
liquid stream,engineering process sense and not necessarily to a The 

of residualswaste stream for energy supply technologies is composed 
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siting of 
energy supply technologies which could limit the locational 

sector (e.g.,energy facilities proposed or anticipated by the private 
• 9 the Department of Energy). Theutilities) and the public sector (e.g 

land use patterns.siting of these facilities will in turn impact national 

In this research analysis it is important to understand the 

interconnections of hazardous waste disposal facilities, energy supply 

supply technologies reviewedtechnologies and land use issues. The energy 

st be disposed of in permitted hazardousgenerate hazardous waste which mu 

waste disposal facilities, Both energy supply facilities and hazardous 

The locational sitingwaste disposal facilities have siting constraints, 
land use issues.of these facilities, because of the constraints, impact 

was largelyControl of land use and facility siting in the past 

interests (e.g..based on decisions by local officials and private sector 

upon theutilities). Decision making was focused almost entirely 
and enhancement ofmaintenance of public health, and the preservation 

economic values, Control of land was traditionally viewed as "private 
1 6 However, recentproperty" which owners could use as they pleased, 

and environmental concerns) islegislation (forced by public awareness 

in the hands of theindirectly placing some aspects of land use control 
Policy Act, thethe federal government, e.g., the National Environmental 

of systemresulting from extraction and processing, manufacturing 
of thecomponents, generation of energy, and decommissioning/disposal 

energy system. 

4th ed.i5j Gordon Arbuckle et al., Environmental Law Handbook^ 
9 1976), p. 189.(Washington, DC: Government Institutes, Inc • 

i^Moss, p. 1. 
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Act. FederalClean Air Act, and the Federal Water Pollution Control 

need to be aware ofagencies, including the Department of Energy (DOE), 
influence,the consequences of legislative actions, for they ultimately 

supply facilities andeither directly or indirectly, the siting of energy 

the commercialization of emerging energy supply technologies. 

overseeingCurrently DOE is the federal agency responsible for 

Included in this responsi-energy technology research and development. 

proposed energybility is the task of reviewing site locations for 

examinedfacilities. In order to facilitate this task, the criteria were 

which will influence the siting of energy supply facilities. 

technologiesIt is expected that the waste streams of some energy 

will be included in the RCRA hazardous waste lists. Currently, some of 

waste" by EPAthe energy supply waste streams are classified as "special 

drilling muds and oil(i.e., utility waste, mining waste, and gas and oil 

The Environmental Protection Agency (EPA) proposesproduction brines), 

to regulate these high volume low hazard wastes with special standards. 
1 7 

will be a determiningDepending on the method and site of disposal, RCRA 

factor in energy supply facility siting, The process and final 

determination of site selection will have an impact on local, regional, 

state, and national land use issues. 

Role of Energy Planning 

States,In view of current energy supply problems in the United 

study for plannersenergy planning is a necessary and viable subject of 

17 Federal Register^ 43: 58946-59028; December 18, 1978. 
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and decision makers, For the purpose of this research, energy planning 

to energy policyis defined as the application of the planning process 

formulation, Planning is the process of preparing a set of decisions 

by preferablefor action in the future, directed at achieving goals 
111 8 andFor energy planning this includes (1) the identificationmeans. 

of objectives intoanalysis of policy objectives, (2) the translation 
of alternativeneeds and requirements, (3) the development of a set 

and (4) implementationstrategies and the selection of a desired strategy, 

of the policy strategy chosen. 
federalThe planning process applied to energy planning enables 

complexdecision makers to focus on various dimensions of the 

government must dorelationships influencing energy policy options. The 

If they don't acceptthe planning, at least from the action standpoint, 
can. 

1 9 
This specificthe responsibility and do the planning, no one else 

influences onresearch effort provides information about legislative 

energyland use issues necessary for the development of alternative 

strategies. 

conversion, andThe amount of land allocated to energy production, 

This increase willuse is expected to rise markedly over current levels, 
of crude oil andbe relatively insensitive to changes in the world price 

It will be felt in all regions ofto the choice of strategies chosen. 

^®Andreas Faludi, ed., A Reader in Rlanning Theory (New York: 

Pergamon Press, 1973), p. 330. 

^^Arnold W. Reitz, Jr., Environmental Law, 2nd ed. (Washington, DC: 
North American International, 1972), p. 25. 
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the country. Much of this increase is due to solid waste pollution 
12 Btu will be

(e.g., according to MITRE environmental data, 9.3 acre/10 
highsolid waste disposal for fluidized-bed combustion ofrequired for 

that the relationship of waste disposalsulfur coal), It is imperative 

probable effectsto energy supply facility siting be explored to indicate 
use planning areon national land use, because energy planning and land 

inevitably linked. 
20 

Other Research 

the area of federalConsiderable research has been conducted in 

result of the National Environmentalfacility siting, primarily as a 

Policy Act's (NEPA) requirement for an environmental impact statement 

(EIS) on major Federal actions significantly affecting the quality of 

II 2 1 There have also been research efforts exploringthe human environment, 

et al 1978).• Jfederal legislation and energy facility planning (Shreeve 
variables covered inIn fact, there are previous studies on all the main 

this research, i .e • federal legislative impact on facility siting and> 

and hazardousland use issues, energy supply technologies and facilities, 

waste disposal. The unique feature of this research effort is that the 

What will beinteraction of these variables with each other is explored. 
regulations withthe impact of the interaction of RCRA hazardous waste 

energy supply facility siting on land use issues? 

(Lexington, MA:2“Thomas H. Tietenberg, Energy Planning and Policy 
D. C. Heath and Co., 1976), p. 54. 

^‘Moss, p. 18. 
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.lustification 

federalRCRA is not the latest, the last, nor the most important 
However, it is anticipated thatlegislation which will affect land use. 

exclusionary constraints willits impact on national land use issues via 
waste facilitiesbe significant. For example, in some states, hazardous 

areas, If thecannot be located within a certain distance of residential 
kinds of development,energy supply facilities are in place before other 

regulation (i.e.,this will result in a form of ex post facto land use 
site itself),after the fact because of the spatial location of the All 

either permanentlyland converted to hazardous waste management uses would 
Some agricultural, forest. 

or temporarily change existing land uses, 
from their existinggrazing, recreational and other lands could be removed 

22 
uses. 

wasteRCRA provides for the enforcement of adequate hazardous 

Information concerning the impact of RCRA on national land
disposal. 

energy policy analystsuse issues will be relevant to planning officials, 

The decision model involved in the sitingand federal decision makers, 

property owners.of major energy supply facilities begins with local 
and then to 

goes through local government to state and regional bodies 

the federal government, 
23 The application and enforcement of criteria 

24 
states.for nonhazardous waste is the responsibility of the 

Solid Waste,22U.S., Environmental Protection Agency, Office of 
DraftSubtitle C, Resource Conservation and Recovery Act of 1976: 
PrintingEnvironmental Impact Statement (Washington, DC: Government 

Office, 1979), p. 7:201. 

^^Arbuckle, pp. 221-214. 

^'♦Sullivan, pp. 9-10. 
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wait and see attitude regardingThough some states are adopting a 
other states arefuture EPA RCRA regulations before drafting their own, 
hazardous wastedrafting regulations prior to the enactment of federal 

RCRA has directed that state plans be coordinated withguidelines, 
25 

26 Therefore it is
planning for regional solid waste management services, 

a commonimperative that planning officials at all levels employ 
in a logicalinformation base. Planning must be conducted and utilized 

process. 
manner by all actors who provide input to the decision making 

which should beThe purpose of this research is to identify issues 

considered. 

Approach 

waste regulationsThis study addresses the impact of RCRA hazardous 

First, it is necessary toin a descriptive and exploratory manner. 

regulations andidentify the relationship between RCRA hazardous waste 
Secondly,the siting of facilities of various energy supply technologies, 

waste regulations arean investigation is required of why RCRA hazardous 
It is expectedassociated with the siting of energy supply facilities, 

in the siting ofthat land use issues will emerge as a major constraint 
land use issues willenergy supply facilities, and in turn, that certain 

This research found thatdevelop as a consequence of this constraint, 
Hazardous waste disposalthere is an independence of land use and energy. 

^^Battelle, Columbus Laboratory, Part II, p. 34. 

2®RCRA, Section 4002 (a). 
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their proximity tofacilities will impact land use issues depending upon 

the facility. 

Legislative Activities 

Act. 
27 Prior

RCRA essentially replaces the 1965 Solid Waste Disposal 
not direct federal regulation of theto the enactment of RCRA, there was 

Both the 1965 Act and 1976 RCRA legislationdisposal of hazardous waste, 

are reviewed as a means for determining what changes in exclusionary land 

been made at the national level in hazardous wasteuse constraints have 

At the state level, the review will focus on pre-RCRAmanagement 

legislation, and new or proposed post-RCRA legislation. 
Based on the December 18, 1978, "Hazardous Waste; Proposed 

II 2 8
and Listing,Guidelines and Regulations and Proposal on Identification 
of RCRA are 

as a primary reference document, exclusionary constraints 
2 9

enumerated, In order to facilitate a comparison of state programs, a 

legislation at thematrix/table is used to compare pre-RCRA and post-RCRA 
hazardous wastestate level according to the presence or absence of 

legislation formanagement program elements. This matrix compares state 

California, Connecticut, Tennessee and Texas, 

Investigation of the differences between state legislation permits 

management ofan examination of approaches taken by states in the 

27 89-272.Solid Waste Disposal Act, 42 U.S.C. 3251 et seq., PL 

Federal Register3 43: 58946-59028. 
not be^^Final hazardous waste regulations have not and will 

forthcoming during the research effort. 
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intended to be anhazardous waste. The state legislative review is not 

programs butall inclusive survey of state hazardous waste management 

RCRA.rather an abbreviated summary of state response to 

in hazardousTo better understand the present position of the states 

have been used,waste management, letters of inquiry and interviews The 

to state hazardousletters of inquiry included questions directly relevant 

However, it also had questionswaste management (see Appendix A), 
3 0 

Telephone interviewsprovided by other RCRA researchers, were 

administered with state hazardous waste management personnel and 

and the Nationalrepresentatives of the National Governors Association 
the review of RCRAConference of State Legislators who are involved in 

The letters and interviews indicated state responsivenesslegislation. 

to RCRA. 

legislationAdditionally, the research includes a review of federal 

Section 1006which must be considered in the implementation of RCRA. 

provisionsdirects ERA to integrate provisions of RCRA with appropriate 

Water Act, the Cleanof other Acts of Congress, e.g., the Safe Drinking 

Subtitle C of RCRA stipulates that RCRAAir Act and the Clean Water Act. 

waste shall beregulations concerned with the transportation of hazardous 
Act. Otherconsistent with the Hazardous Materials Transportation 

in RCRA, is examinedrelevant federal legislation, mentioned specifically 

and disposal theyto determine if through hazardous waste management 

Oak Ridge^“This project was performed under contract for the 
National Laboratory, Office of Integrated Assessment and Policy Analysis 

impacts of RCRA onas part of a task to examine a variety of potential 
energy technology. 
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This examinationinfluence the siting of energy supply facilities, 

preliminary sitingserves primarily as a guide to coordinate action in 
overview of federalactivities. The intent of Chapter 2 is to provide an 

not a detailedlegislation with which RCRA is to be coordinated and 

analysis of each act. 

Energy Supply Technologies 

shale,Specific energy supply technologies inspected are oil 
biomass, solarpetroleum refineries, coal combustion, geothermal, 

collectors and photovoltaics. These technologies were examined to 

and sitingprovide an indication of some of the different technology 
energy directly orcharacteristics: (1) whether the technology supplies 

generated in aindirectly, (2) whether the technology's energy is 

the technology'scentralized or decentralized fashion, and (3) whether 

the RCRA policyfuel is renewable or nonrenewable. Data generated by 

what stage the energyanalysis project members were used to determine at 

If the waste stream doessupply technology waste stream is hazardous, 

not include hazardous material, the wastes will be regulated under 

3 1 Section 4004,Subtitle D of RCRA (State or Regional Solid Waste Plans). 
of nonhazardous"Criteria for Sanitary Landfills," will determine disposal 

solid waste, This information is the basis for evaluating the effect of 

The set ofhazardous waste siting limitations on energy supply options, 

of an energyenergy supply technologies examined in the development 

^^Radioactive waste resulting from energy production are regulated 

by the Atomic Energy Act of 1954, as amended (PL 83-703). 
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the basis of the cost of generated energypolicy must bo compared on 
production,rather than solely on the basis of the cost of hardware This 

includes the cost of waste disposal. 
32 

Methods of Hazardous Waste Disposal 

areOwners and operators of hazardous waste disposal facilities 

regulated by Section 3004. 

deposit,Disposal of hazardous waste involves the discharge, 
any ofinjection, dumping, spilling, leaking, or placing of 

waste orthe waste into or on any land or water so that such 
any constituent thereof may enter the environment or be 

emitted into the air or discharged into any waters, including 

groundwaters. 
3 3 

several avenues forThe generator of hazardous wastes can choose among 

disposal of these wastes, including 

• Incineration 

• Landfills 

• Surface impoundments 

• Landfarming 

• Underground injection 

• Resource recovery 

the site of generationAll of the above methods may be utilized either at 

(on-site) or transported to a separate facility (off-site). 

MA:^^Neil L. Goldman, Photovoltaic Decision Analysis (Cambridge, 
Massachusetts Institute of Technology, 1977), p. i. 

”U.S ERA, Office of Solid Waste, Draft Environmental Impact^• 9 

pp. 5:35-5:36. 
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Incineration. Incinerators for hazardous wastes are defined as 

combustion devices, EPA believes that incineration of hazardous waste 

has foundshould be actively encouraged. This disposal method been to 

and it reduces orbe technically feasible and environmentally sound, 

eliminates the volume and/or toxicity of waste to be disposed on the 

less landland. 34 By using incinerators to reduce the volume of waste, 
the amounts of landwill be needed for final disposal, thereby decreasing 

preempted from other land use functions. 

in a landfillLandfills. EPA cannot predict how long hazardous waste 

will remain hazardous, Therefore, to fulfill the mandate to protect human 

landfills behealth and the environment the EPA is requiring that 

are minimized ordesigned, constructed and operated so that discharges 

do not occur. Leachate collection is required to monitor the landfill 

While theand prevent the possibility of ground water contamination. 

discouragementAgency does not categorically ban liquids from landfills, 

EPA's strategy forof the landfilling of liquids is another element of 

maximizing the containment of wastes, Liquids are required to be 

modified and/or treated to a nonflowing consistency prior to landfilling 

or in situ, EPA feels it is important to discourage the landfilling of 

the likelihood thatliquid hazardous waste because such waste increases 

hazardous materials will enter the environment. 
3 5 

Federal Register^ 43: 58989. 

35ibid. 
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Surface impoundments. Basins and surface impoundments may be used 

A "basin" is an uncovered abovegroundto hold, treat or dispose of waste. 

used to retaindevice constructed of artificial materials which is 

Surface impoundments arehazardous waste as part of a treatment process, 

or dikeany natural topographic depressions, artificial excavations, 

treatment or disposalarrangements which are used primarily for holding, 

of waste, constructed above, below, or partially in the ground or in 

navigable waters, Surface impoundments are usually built by constructing 

are linedearth dikes around the impoundment area. Most impoundments 

either with soil or synthetic materials, RCRA regulation of surface 

structuralimpoundments serves primarily to ensure the impermeability, 

stability, and integrity of dikes, soil barriers, and synthetic liners. 
3 6 

Landfarming. Provided certain operating and design parameters are 

method for hazardousused, landfarming is an environmentally acceptable 

onwaste disposal. RCRA regulations require that landfarms be located 

OH as defined byareas of fine grained soil types (OH, CH, MH, CL and 

the Unified Soil Classification System), Soil monitoring determines the 

soil conditions at a landfarm. Certain types of hazardous waste should 

or environmennot be landfarmed (e.g., excessively volatile substances 

tally persistent organics), One objective of RCRA regulations on 

landfarming is to prevent the conversion of large tracts of productive 

land to land with limited potential use. The proposed RCRA objective 

be returned torequires that the soil of the treated area of a landfarm 

36 
Ibid., pp. 58989-58990. 
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operations cease.its previously existing condition when landfarming 

waste land farmsHowever the growth of food chain crops upon hazardous 

is prohibited. ERA deems a general prohibition of the growth of food 

levels of 
crops on such land warranted due to the possibility of high 

be landfarmed, thetoxic constituents in the hazardous waste which might 

in theseabsence of adequate information on crop uptake of contaminants 

wastes, and the lack of data on management control necessary to allow 

growth of food crops. 
37 

Underground injection, Disposal of hazardous waste by underground 

this activity isinjection is not covered by proposed RCRA rules where 

Since most undergroundregulated by the Safe Drinking Water Act. 

hazardous waste priorinjection facilities involve aboveground storage of 

to injection, some of those facilities will have to comply with both RCRA 

standards and the Underground Injection Control (UIC) regulations to be 

closurepromulgated under the Safe Drinking Water Act (including 

procedures). 
3 8 However, ERA "Rroposed Consolidated Rermit Regulations 

and Clean Air(for the RCRA, Safe Drinking Water Act, Clean Water Act 

hazardous waste intoAct) propose to regulate the activity of injecting 

underground injection wells. 
39 

Resource recovery. Resource recovery of any waste, including 

hazardous waste, is the most desirable method for treatment/disp osal. 

37 
Ibid., pp. 58990-58991. 

3 8 
Ibid., p. 58993. 

Federal Register^ 44: 34255: June 14, 1979. 
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Conservation of resources through recovery and recycling technologies is 

of the Secretaryencouraged and provided for in RCRA (Subtitle E - Duties 

ERA believes it is necessary toof Commerce in Resource and Recovery), 

if necessaryregulate hazardous waste used to make commercial products, 

are currently noto protect human health and the environment. There 

standards covering products made from hazardous waste except for 

radioactive special waste, In the December 18, 1978, proposed regulations 

made from a hazardousit was suggested, as an alternative, that products 

waste which do not pose a threat greater than the threat posed by the 

waste for purposesvirgin product it replaces would cease being hazardous 

of Subtitle C of RCRA and thus no longer subject to Subtitle C regulations. 

hazardousThe classification and regulation of recovered material as will 

resource recovery.tend to discourage existing and future options for 

waste managementRemoving a substance from compliance with hazardous 

regulations will serve as an incentive for industries to explore and 

develop new recovery techniques and uses. 

Limitations and Assumptions 

aware of inThere are several assumptions and limitations to be 

reviewing this study. To make the research project manageable, the topic 

a broaderwas tightly defined. Although it was possible to accommodate 

that would be anview, time and resource limitations dictated a product 

view of thein-depth review of a narrow topic as opposed to a broad 

"universe." 

thatAt various stages in the research process it is inevitable 

assumptions are made. In any evaluation involving regulatory activities. 
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Therefore, onethe specific answers to some questions are not available, 
with the research.must assume an answer, state the assumption and proceed 

finalized,Because RCRA hazardous waste regulations are not yet 

research effort.assumptions have been made in order to complete this 

This research is an attempt to focus on a "moving target." 
condition is assumed.When in doubt, a conservative "worst case 

energy supplySpecifically, if a stage of the waste stream of an 

special waste," this researchtechnology is currently classified as 

and disposed ineffort assumes that special wastes will not be managed 

Also, if there iscompliance with all RCRA hazardous waste regulations, 
waste streama question of whether a particular stage of the hazardous 

is assumed to beis regulated by other federal legislation, the waste 

regulated by RCRA. 

Organization of Thesis and Analysis 

Based on the introductory and background information given in this 

to substantiatechapter, the remainder of the thesis will give evidence 

waste regulationsthe proposition that the interaction of RCRA hazardous 
use issues, Thewith energy supply facility siting will impact land 

synthesized toresults of the literature and legislative review was 

The impact ondetermine if and how RCRA influences land use issues, 

reviewed andland use is developed from an analysis of the literature 

interviews. 

regulationsIn Chapters II and III a review of legislation and 

andindicates the current status of hazardous waste regulations 

exclusionary siting constraints. In Chapter II a comparison of pre-RCRA 
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addition to an overview of other federallegislation and RCRA, in 

Chapter III is a review andlegislation related to RCRA, is presented. 
activities with each other, andcomparison of selected state legislative 

with federal policy. 

two purposes.The chapter on energy supply technologies (IV) serves 

this research andA brief description of the technologies included in 

Secondly, thetheir role in the energy supply network is presented, 

hazardous wastestage of each energy supply technology generating a 

stream is indicated. 

"land use ; andChapter V first identifies what is meant by the term 
hazardous wastesecond, what are some of the interrelationships between 

Included in this chapter is adisposal facilities and land use issues, 

hazardousproposed hierarchical model of land use functions surrounding 

waste disposal facilities. 

Identification of the types of land use impacts caused by specific 

waste is given inenergy supply technologies which generate hazardous 
various

Chapter VI. Depending upon the technology, energy waste may cause 

land use impacts, 

presented.In the concluding chapter, major research findings are 

waste disposalRecommendations regarding RCRA, the siting of hazardous 

for thesefacilities and energy supply facilities, and the planning 

facilities are made, Such recommendations will be useful to DOE and 

of energyenergy industries in preliminary planning for the siting 

regional and localfacilities. They will also be beneficial at the state, 

levels where it is necessary to assess the limitations (and the 

local land use.significance of the limitations) of RCRA in terms of 
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The importance of this research is not necessarily resolution of 

of land usecurrent hazardous waste disposal problems but identification 

It is theissues impacted by future energy supply facility siting, 

awareness and intelligent use of information that will enable energy and 

land use planners and policy makers to provide adequately for protection 

the futureof the public health and environment without jeopardizing 

energy needs of the country. 



CHAPTER II 

FEDERAL LEGISLATIVE ACTIVITY 

by affecting theThe federal government plays a complex policy role 
legislativebehavior of energy and waste disposal industries through 

of environmentalrequirements. In recent years there has been an influx 
The combination of theselegislation from the federal government, 

demands onlegislative requirements sometimes imposes conflicting 
supply industry.industry. These conflicts are also felt in the energy 
with environmentalFor example, the energy industry, in an effort to comply 

project lead times.regulations for new plants have (1) increased their 

(2) elevated environmental factors in planning decisions, and 

their initial plans(3) recognized a need for contingency plans in case 

were unacceptable.^ Although RCRA is just one of numerous legislative 

energy supply andstatutes that must be complied with in the siting of 
legislativehazardous waste disposal facilities, as a new and developing 

and private sector.requirement which is not well understood by the public 

it may be quite important. 

affect theTo better understand common operating constraints that 

this chapter examinesimplementation of RCRA hazardous waste regulations, 
First is a summary review of otherfederal legislative activities, 

relevant federal legislation, Next, pre-RCRA and post-RCRA regulatory 

constraints are examined at the federal level. 

Plants,‘John Quarles, "Federal Regulation of New Industrial 
p. 2.Environmental Reporter (Monograph No. 28), 10 May 1979, 

24 
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Relevant Federal Legislation 

of the legislative review is to assess theThough the main purpose 

of energy supplyimpact of RCRA hazardous waste regulations on the siting 
reviewed, Section 1006facilities, other relevant legislation must also be 

legislation.requires the integration of RCRA with other federal 
in environmentalSecondly, the requirements and definitions of terms 
A review of otherlegislation is often based on previous legislation, 

understanding ofrelevant environmental legislation facilitates a better 

which energy plannersthe complexity of the institutional environment in 

and decision makers must operate. 

specificallyThe legislative Acts reviewed in this report are those 
and Regulations andmentioned in "Hazardous Waste: Proposed Guidelines 

43: 58946-Proposal on Identification and Listing" {Federal Register, 
RCRA regulations59028). In addition to legislative Acts, the proposed 

These statements aremust also conform with applicable Executive Orders, 

the goals ofnonstatutory provisions used by the President to further 

their administration. 

disposal wereThe proposed rules for hazardous waste management and 
as amended bydeveloped in accordance with Executive Order (EO) 11821, 

Budget (0MB)Executive Order 11949, and Office of Management and 

The executive directivesCircular A-107, and Executive Order 12044. 

impacts ofrequire the review of economic, environmental and regulatory 
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These analyses have beenproposed rules, regulations and guidelines, 

completed in draft form.^ 
on November 27,Executive Order 11821, signed by President Gerald Ford 

It requires all major1974, is entitled "Inflation Impact Statements, 

by the executivelegislative proposals, regulations and rules issued 
that thebranches of government to include a statement certifying 

been carefullyinflationary impact of such actions on the Nation has 
Executive

considered. This order was to expire December 31, 1976. 

11821 to readOrder 11949, also signed by Gerald Ford, amended EO 

and extended its requirements to December 31,Economic Impact Statements 

1977. 

OrderOn March 23, 1978, President Jimmy Carter signed Executive 
This EO, effective until12044, "Improving Government Regulations. 

procedures to improveJune 30, 1980, directs executive agencies to adopt 

It is intended to improve the qualityexisting and future regulations, 

0MB Circular A-107 wasof executive agency regulatory practices, 

1977. This document,superseded by the Executive Orders as of October 31, 
of the inflationaryan EPA policy statement, was concerned with evaluation 

and rules.impact of major proposals, legislation, regulations 

This Act, signed into lawNational Environmental Policy Act (NEPA). 

legislation. 
on January 1, 1970, is the foundation of federal environmental 

Waste,^U.S., Environmental Protection Office, Office of Solid 
(1) DraftSubtitle C, Resource Conservation and Recovery Act of 1976: 

Economic Impact Analysis, (2) Draft Environmental Impact Statement, and 
Office, 1979).(3) Appendices (Washington, DC: Government Printing 
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and contains actionNEPA establishes general federal environmental policy 
• > Department offorcing provisions affecting federal agencies (e.g 

Act is theEnergy). One of the most important provisions of this 
(EIS) for "majorrequirement that an environmental impact statement 
of the humanFederal actions significantly affecting the quality 

Because of the EIS requirement, environmentalenvironment" be prepared. 

must be considered before action is taken.^consequences 

is twofold.The initial impact of NEPA on energy facility siting 

by an EIS. Secondly,First, any project undertaken by DOE must be preceded 
hazardous wastefor those states where EPA retains the authority over 

an EIS. All
management, the granting of a federal permit may necessitate 

hazardous wastedoe energy supply facilities, with or without on-site 
In addition, all energy supply facilitiesdisposal, will require an EIS. 

management authority.with on-site disposal, in states without hazardous 

disposal facilitieswill require an EIS. EPA permits for hazardous waste 
future 

are not subject to the formal requirements of NEPA, although 

litigation may challenge this holding.** 

Air Act to setClean Air Act (CAA). EPA is authorized by the Clean 

It is founded on the concept ofstandards for hazardous air pollutants, 

These(NAAQS).achieving specified national ambient air quality standards 
to preventstandards define the quality of air which must be achieved 

adverse public health or environmental effects.^ 

^Moss, pp. 18-19. "Federal Register, 44: 34247. 

^Quarles, p. 3. 
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The Clean Air Act may affect the siting of energy facilities in 

violated, In theseareas where any ambient air quality standard is being 

be constructedareas, no major new source of potential pollution can 

without a permit, This permit imposes stringent control requirements 

to assure progress toward compliance.^and requires sufficient "offsets 
lie 

the Clean Air ActHazardous waste management facilities must comply with 

requirements in addition to RCRA facility siting requirements, All 

facilities must be located, designed, constructed and operated so as to 

a violation ofprevent air emissions from these facilities from causing 
the Clean Air Act.regulations or standards promulgated as a result of 

Clean Water Act (CWA). Prior to the 1972 amendments to the Federal 

endorsed the practiceWater Pollution Control Act, federal legislation had 

by permittingof allowing certain waters to remain severely degraded 

industrial and other uses, The 1972 amendments abandoned this interpreta-

to pollute - thattion and adopted the notion that "no one has the right 

not because of anypollution continues because of technological limits, 

purpose of disposinginherent right to use the nation's waterways for the 

of wastes. 
II 8 

1977, prohibitsThe FWPCA, further amended by the Clean Water Act of 

unless authorizedthe discharge of any pollutants into public waterways 

Conditions are set forth in the permit which requireby a permit, 

National Pollutantadequate pollution control. The permit program, the 

6 II existingOffsets" means the reduction in emissions from other 
sources. 

68.^Quarles, p. 15. Moss, p. 
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originally administered byDischarge Elimination System (NPDES), was 
are conducting theirEPA, but now thirty-two states have taken over and 

This Acts' restrictions impacts the siting ofown permit program.^ 

hazardous waste disposal facilities because it: (1) prohibits discharge 

the promulgationof hazardous materials into navigable waters, (2) requires 

includingof EPA guidelines for the pretreatment of some pollutants; 

disposal, andplant site runoff, spillage or leaks, sludge or water 
source performancedrainage from new material storage, (3) deals with new 

from discharges,standards, (4) protects navigable waters and shorelines 

of sewage(5) requires a permit by EPA for the disposal or relocation 
gives the EPAsludge that could affect navigable waters, and (6) 

one who contributesAdministrator the authority to bring suit against any 

to public health orto a pollution source which may cause eminent danger 

welfare. 
1 0 

EPASafe Drinking Mater Act (SDWA). This Act requires the 

and control theadministrator to establish a permit program to regulate 

adverse effectscontamination of public water systems which could have 

on public health. The main significance of this Act in relation to 

injections.hazardous waste disposal is its control of underground EPA 

the underground(or the State, where it has effective programs) regulates 

sources of drinking water. 
11 Additionally, a facility cannot be located 

^Quarles, pp. 22-23. 

1 0 U.S., EPA, Office of Solid Waste, Draft Environmental Impact^ 

pp. 2:14-2:15. 

11 Ibid • » p. 2:15. 
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by the Safein the recharge zone of a sole source aquifer as designated 

Drinking Water Act. 

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). FI FRA, 

as requires labelingamended by the Federal Pesticide Control Act of 1972, 

of pesticides,of pesticide containers, classification and registration 
12 

Itand certification of applicators who use restricted pesticides, 

procedures andalso requires the Administrator of EPA to establish 

and theirregulations for the storage and disposal of pesticides 

containers, Farmers, as generators of hazardous waste from pesticides. 

The FIFRA is used to control theare exempted from RCRA provisions, 

disposal of excess pesticides and their containers. 

Toxic Substances Control Act (TSCA). This 1976 legislation 

TSCA requiresregulates hazardous substances before they become waste, 
chemical substances.testing and necessary use restrictions on specific 

manufacturing,The Administrator of EPA may prohibit or limit the 

The disposalprocessing, distribution or disposal of certain substances, 
a hazardous wasteof polychlorinated biphenyls (PCB's) (which constitute 

pursuant to TSCA.product) are regulated by requirements promulgated EPA 

standards and TSCAis considering the option of integrating RCRA disposal 

rules for other special chemicals also. 

This ActMarine Protection, Research, and Sanctuaries Act (MPRSA). 

of materialsregulates the transportation for dumping, and the dumping 

1 2 
Ibid., p. 2:17. 
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into ocean waters, The Administrator of EPA is authorized to issue 

alternatives topermits for ocean dumping, but must consider other 
impact on the public.disposal including land based alternatives, and the 

waste, 
1 3 That activityRCRA does not regulate ocean disposal of hazardous 

Research andwas preempted by the regulations of the Marine Protection, 

Sanctuaries Act of 1972. 

Endangered Species Act, The Endangered Species Act of 1973, as 

which endangered andamended, provides a way to preserve ecosystems upon 

In concurrence with this Act, RCRA prohibitsthreatened species depend, 

which are likely tothe location of hazardous waste facilities in areas 

threatened speciesjeopardize the continued existence of endangered and 
of their criticalor result in the destruction or adverse modification 

habitat, pursuant to the Endangered Species Act. 

authorityHazardous Material Transportation Act (HMTA). By the 

(DOT)granted in the 1974 Act, the Department of Transportation 
and specificpromulgated regulations which list hazardous materials 

materials. Anyprocedures to be adhered to when transporting those 
must be handledmaterial which meets DOT criteria of hazardous material 

Standards set forthaccording to DOT regulations, including waste, 

standards.under RCRA (subparts B and C) are consistent with HMTA 

Depending on DOT'S actions, EPA may jointly promulgate
proposed,regulations with DOT, modify regulations previously 

or adopt forthcoming DOT regulations. EPA and DOT intend to 

^^Battelle, Columbus Laboratory, Part II, p. 31. 
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jointly enforce any DOT regulations governing transportation of 

hazardous waste. 

Atomic Energy Act (AEA). As amended, this Act authorizes the Atomic 

(NRC) toEnergy Commission — now the Nuclear Regulatory Commission 
by both themanage radioactive waste generated in fission reactors 

Uranium mill tailings, radium.federal government and private industry, 

are not subjectradioisotopes, and other naturally occurring materials 
1 5 The requirements of proposed RCRAto regulation under this Act. 

to source, specialhazardous waste management regulations do not apply 

Energy Act ofnuclear, or by-product material as defined by the Atomic 
II 1 6

1954, as amended. 

The Secretary ofFederal Occupational Safety and Health Act (OSHA). 

workers fromLabor is authorized to set mandatory standards to protect 

This includes hazards associated withoccupational hazards by this Act. 

contact with hazardous materials, The specific relationship between OSHA 

Hazardous waste storage tanks andand RCRA are standards for storage, 

for the occupationalcontainers must meet OSHA regulations which provide 

hazardous wastesafety and health of all employers and employees of 

management operations. 

14Federal Register, 43: 58971. 

Solid Waste^^U.S., Environmental Protection Office, Office of 
Hazardous WasteManagement Programs, Report to Congress: Disposal of 

p. 15.(Washington, DC: Government Printing Office, 1974), 

^^Federal Register, 43: 58996. 
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Freedom of Information Act (FOIA). The Freedom of Information Act 

and personalprovides standards for the dissemination of public 

information. Title 5 of the Code of Laws of the United States of 

Officers andAmerica applies to Executive Departments and Government 

under
employees. It regulates what information can be made public and 

what constraints. As it applies to RCRA, Sec. 552 of FOIA stipulates 

the public informationagency (ERA) responsibility for making available to 

concerning publication of proposed regulations and guidelines in the 

otherFederal Register, and makes available for public inspection 

pertinent information, However, the legislation does consider proprietary 

information confidential. 

be inSummary of relevant federal legislation. As can seen the 

Acts directlyreview of legislative activities, other environmental 

waste, The Acts withinfluence RCRA's authority in regulating hazardous 

the Clean Air Act; Cleanmajor impact on hazardous waste management are: 

Water Act; Safe Drinking Water Act; Federal Insecticide, Fungicide, and 

Hazardous MaterialsRodenticide Act; Toxic Substances Control Act; and 

Transportation Act. These Acts either preempt RCRA's authority over the 

management of certain substances, the methods of disposal, or regulation 

of transportation of hazardous materials. 

Federal Waste Legislation 

A comparison of pre-RCRA legislation - the Solid Waste Disposal Act 

of 1970 - with RCRAof 1965 and its amendment, the Resource Recovery Act 

Waste:legislation and post-RCRA administrative rules - "Hazardous 
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Identification andProposed Guidelines and Regulations and Proposal on 

Listing - reflects the magnitude of change in federal involvement with 

documentshazardous waste disposal. The sections of these legislative 
facilitywhich deal with hazardous waste disposal (more specifically, 

siting) are reviewed and compared. 

Pre-RCRA legislation. Primary responsibility for handling solid 

traditionally in thewaste — collection, processing, and disposal — was 

However, passage of thehands of individuals or the local government. 

federal interventionSolid Waste Disposal Act (SWDA) of 1965 authorized 

and local govern-in solid waste activities, but only to assist state 

1 7 waste
ments. This Act recognized the interrelationship between solid 

It established policiesmanagement and water pollution control, 

which are essentialconcerning regionalization and area wide approaches 
assistancein developing adequate solid waste management and authorized 

1 8 

management programs.to states in organizing and installing solid waste 

by theIn 1970 the Solid Waste Disposal Act of 1965 was amended 

This amendment further extended SWDA andResource Recovery Act. 

redirected federal emphasis, It stressed the importance of resource 

the area of resourcerecovery, and authorized assistance to the states in 
Resource 

recovery. The Solid Waste Disposal Act and its amendment, the 

program withRecovery Act, were "to authorize a research and development 

'"Small, p. 31. 

1 8 andLynton K. Caldwell, Man and His Environment: Policy 
1975),Administration (New York: Harper and Row Publishers, p. 113. 
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In Sec. 202(a)(4), Congress found:respect to solid-waste disposal, 

solidthat inefficient and improper methods of disposal of 
wastes result in scenic blights, create serious hazards to 

the public health, including pollution of air and water 
andresources, accident hazards, and increase in rodent 
landinsect vectors of disease, have an adverse effect on 

values, create public nuisances, and otherwise interfere 
with community life and development. 

of solidThough SWDA recognized that improper methods of disposal 

wastes could result in health and environmental hazards, it dealt primarily 

with nonhazardous wastes and resource recovery. This Act provides for 

activities and(1) research, demonstration and training in solid waste 

resource recovery (Sec. 204 and 205); (2) encouraged interstate and 

the promulgation ofinterlocal cooperation (Sec. 206); (3) recommended 

grants forguidelines for waste management (Sec. 209); (4) provided 
facilities andplanning, resource recovery systems, improved disposal 

thattraining projects (Sec. 207 and 208); and (5) required a comprehensive 

sites for storage andreport and plans for a system of national disposal 

(Sec. 212).disposal of hazardous wastes be submitted to Congress The 

study was due inSec. 212 requirement of the national disposal sites 

to June 30,1972. However, EPA requested and received a time extension 

1973, for submission of that report. 
19 

Section 212 of SWDA provided the initiative for EPA "Report to 

This 1973 report was the firstCongress: Disposal of Hazardous Waste, 

hazardous wastemajor assessment of the seriousness of the Nation's 

problem. One of its major conclusions was that "hazardous waste 

1 9 U.S., EPA, Office of Solid Waste Management Programs, Disposal of 
Hazardous VlastOj p. 1. 
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solution of the problem of mismanaged waste."legislation was a key to 
not a viable wasteIt also concluded that "national disposal sites were 

II 2 0 It wasn't until passage of the Resourcedisposal strategy. 

waste managementConservation and Recovery Act of 1976 that hazardous 

was specifically addressed as a national problem. 

RCRA legislation, With RCRA, for the first time the federal 

control, 
21 

Bygovernment became directly involved in solid waste 

replacing the Solid Waste Disposal Act of 1965, RCRA was: 

developTo provide technical and financial assistance for the 
ment of management plans and facilities for the recovery of 

and forenergy and other resources from discarded materials 
the safe disposal of discarded materials, and to regulate the 

(emphasis added)management of hazardous waste. 

the protection ofThe basic thrusts of this legislation are to promote 

material and energyhealth and the environment and to conserve valuable 

accomplishedresources According to Sec. 1003, these objectives are to be 

by: 

State and(1) providing technical and financial assistance to 
local governments and interstate agencies for the development 

recoveryof solid waste management plans (including resource 
and resource conservation systems) which will promote improved 

solid waste management techniques (including more effective 
organizational arrangements), new and improved methods of 

and thecollection, separation, and recovery of solid waste, 
environmentally safe disposal of nonrecoverable residues; 

^“Wallace H. Fuller, ed • >. Residual Management_ by Land Disposal: 
(Washington, DC:Proceedings of the Hazardous Waste Research Symposium 

Government Printing Office, 1976), p. 32. 

^^Sullivan, p. 2. 
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(2) providing training grants in occupations involving the 

design, operation, and maintenance of solid waste disposal 
systems; 

requiring(3) prohibiting future open dumping on the land and 
which dothe conversion of existing open dumps to facilities 

not pose a danger to the environment or to health; 

(4) regulating the treatment, storage, transportation, and 

ondisposal of hazardous wastes which have adverse effects 
health and the environment; 

solid(5) providing for the promulgation of guidelines for
andwaste collection, transport, separation, recovery, 

disposal practices and systems; 

(6) promoting a national research and development program for 

improved solid waste management and resource conservation 
techniques, more effective organizational arrangements, and 

andnew and improved methods of collection, separation, 
recovery, and recycling of solid wastes and environmentally 
safe disposal of nonrecoverable residues; 

application(7) promoting the demonstration, construction, and 
of solid waste management, resource recovery, and resource 
conservation systems which preserve and enhance the quality of 
air, water, and land resources; and 

State,(8) establishing a cooperative effort among the Federal, 
and local governments and private enterprise in order to 

recover valuable materials and energy from solid waste. 

regulatorySubtitle C (Hazardous Waste Management) is the main 

The initial thrust of the hazardous waste managementprogram of RCRA. 

which wastes 
program, contained in this Subtitle, is to identify and list 

and theare hazardous, in what quantities, qualities and concentrations, 

hazardous (i.e..disposal methods which may make otherwise benign waste 

in a hazardousthe mixing of certain nonhazardous wastes may result 

waste). The ERA Administrator is required to promulgate regulations 

of hazardous waste. 
22 

applicable to generators, transporters and disposers 

22 
Arbuckle, p. 326. 
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examined moreThe siting restrictions for disposal facilities, when 

waste regulations with theclosely, indicate an interaction of hazardous 

siting of energy supply facilities. 

Comparison of SWDA and RCRA. A comparison of SWDA and RCRA 

regulations regarding hazardous waste management illustrates the 

A review of their wastesubstantial redirection of federal concern, 

facilities isdefinitions and regulations for the siting of disposal 

indicative of the magnitude of the change. 

SWDA defines solid waste in Sec. 203(4) as: 

includinggarbage, refuse, and other discarded solid materials,
solid-waste materials resulting from industrial, commercial, 
and agricultural operations, and from community activities,

domesticbut does not include solids or dissolved material in 
sewage or other significant pollutants in water resources,
such as silt, dissolved or suspended solids in industrial 

returnwaste water effluents, dissolved materials in irrigation 
flows or other common water pollutants. 

However, in theThis Act gives no concise definition of hazardous waste, 
for the nationaldiscussion of hazardous wastes in Sec. 212's requirement 

chemical, biological,disposal sites study, it included "radioactive, toxic 
welfare."and other wastes which may endanger public health or 

wastes (ref.RCRA gives definitions for both solid and hazardous 

The solid waste definition is expanded toChapter 1 and Sec. 1004). 

plant, water supplyinclude such wastes as sludge from a waste treatment 

and liquid, semisolid.treatment plant, or air pollution control facility, 

Hazardous wastes have an extendedor contained gaseous material, 

definition which includes wastes which may increase mortality, illness, 

and the environment.or substantial or potential hazard to human health 
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waste.Proposed RCRA regulations also have a category of "special 

These large volume wastes are hazardous within Subtitle A (General 

subject toProvisions, i.e., definitions) standards and are therefore 

EPA haveSubtitle C (Hazardous Waste Management) regulations. does not 

or degree ofadequate information on the composition, characteristics 

However, the limited information availablehazard posed by these wastes. 

indicates that these special large volume wastes pose relatively low 

potential hazards, For the time being, all facilities which handle 

and the treatmentspecial waste will be exempted from the storage standards 
II 2 3

and disposal standards. 

Both special and hazardous wastes must be disposed of in permitted 

manifestdisposal facilities and be tracked by a "cradle-to-grave" 

facilitiessystem. Special waste can be disposed of in RCRA regulated 

Hazardous wastewhich meet environmental and performance standards. 

standards in additiondisposal facilities must meet operating and design 

to environmental and performance standards. The primary difference in 

management of special waste as compared to hazardous waste is groundwater 

monitoring requirements, Though water coming into contact with the waste 

may leach soluble components which could alter water quality, groundwater 

facilities.monitoring is not required for special waste disposal 

The siting of hazardous waste disposal sites is not regulated in 

materials wasthe SWDA. A report on methods of disposal for hazardous 

of Hazardousincluded in the Sec. 212 "Report to Congress: Disposal 

23 
Federal Register, 43: 58991-58992. 
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It is important to note,Wastes," but these were not requirements. 

planning of wastehowever, that the SWDA, Sec. 207 provides grants for 

While the resulting plans would not require particulardisposal systems, 

the actualsite selection features, they could influence indirectly 

include hazardoussiting of the disposal facilities - some of which may 

waste. 

and OperatorsSection 3004 of RCRA (Standards Applicable to Owners 

Facilities) requiresof Hazardous Waste Treatment, Storage, and Disposal 

establishthat the ERA Administrator promulgate regulations which 

of hazardousperformance standards for treatment, storage, and disposal 
construction

waste. These standards are to include location, design, and 

facilities.of hazardous waste treatment, storage and disposal 

andThe "Hazardous Waste: Proposed Guidelines and Regulations 

facility standardsProposal on Identification and Listing" list general 

The guidelinesfor the siting of hazardous waste disposal facilities, 

these disposalinclude exclusionary constraints for the siting of 

or otherfacilities (operating and design standards), administrative 

process tolegislative restrictions, and a mechanism in the permitting 

and performanceprovide flexibility for facility siting (environmental 

facility sitestandards). Exclusionary constraints are those disposal 

locations made unacceptable by RCRA. Only two of the constraints are 

floodways.totally exclusionary - active fault zones and regulatory Some 

to deviate fromof the constraints allow the EPA Regional Administrator 

and environ-a specific standard if an equivalent degree of containment 

Other siting limitations are the resultmental protection is achieved. 
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Water Act, andof previous legislation (e.g., the Clean Air Act, Clean 

(e.g., publicSafe Drinking Water Act) or an administrative requirement 

numerous potentialparticipation). As can be seen in Table 1, there are 

may in turn limitsiting constraints for hazardous waste facilities which 

energy facility siting. 

TheseRCRA also requires closure and postclosure standards. 

must do afterstandards specify what facility owners and operators 

The potentialcloseout (the time when wastes are no longer received). 

land uses allowed after closure are affected by the closure and post 

of theseclosure standards. Depending on the adequacy and enforcement 

standards, some land use options may be closed. Therefore, though 

constraint"closure and postclosure standards are not an "exclusionary 

of where a hazardous waste disposal facility can be located, they do 

on whatinfluence the land use of the area because of limitations 

use is notactivities will be allowed in the future (e.g., residential 

allowed but recreational is). 

Summary of Federal Waste Legislation 

hazardousBefore RCRA was enacted in 1976, solid waste (including 

waste managementwaste) was regulated by the SWDA. However, hazardous 

was insufficient under the SWDA. An ERA initiated report to Congress in 

1973 gave notice of the seriousness of the hazardous waste problem, With 

involved in thethe passage of RCRA, the federal government became 

regulation of hazardous waste management, In order to protect public 

health and the environment, RCRA required the promulgation of regulations 
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from itsproviding for comprehensive control of hazardous waste 
to its finalstorage -generation - through transportation, treatment and 

disposal. Chapter III is a sample indicator of state responsiveness to 

The focus of the remainder of this study is upon theRCRA legislation, 

facilities will haveimpact RCRA regulations for hazardous waste disposal 

on national land use issues. 



CHAPTER III 

STATE LEGISLATIVE REVIEW 

it isAt this point in the EPA process of formulating regulations 

California.important to know the kinds of state action to expect. 

andConnecticut, Tennessee and Texas hazardous waste regulations 

and with federalstatutes were reviewed and compared with each other, 

It is obvious that these states are not totally representativepolicy. 

However, thisof regional characteristics found in the United States, 

The naturewas not the purpose of reviewing state regulatory behavior, 

actions of eachof state response to RCRA, rather than the specific 

and decision makersstate, indicates the type of activities that planners 

need to be aware of when attempting to site hazardous waste disposal 

facilities. 

States were chosen not because of a particular characteristic, but 

rather to provide a general representation of different regions of the 

to thecountry, These states have unique as well as common approaches 

In each state, there havesiting of hazardous waste disposal facilities. 

been actual or proposed legislative and administrative changes which 

reflect the influence of RCRA. The importance of this review of state 

hazardous wastelegislation is not an all inclusive survey of state 

management programs, This descriptive research is an attempt to further 

to RCRA.explore the context of decisions made in state response 

theA state hazardous waste management program should include 

following six elements in order to be substantially equivalent to RCRA: 

44 
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(3) published criteria(1) legislative authority, (2) adequate resources, 
surveillance andand standards, (4) established permit mechanisms, (5) 

enforcement, and (6) a manifest system, The presence of these elements 

regulations andestablishes the state programs as equivalent to federal 

state control overtherefore establish grounds for EPA authorization of 

state regulations,hazardous waste management. The following review of 

were present.statutes, and programs helps determine if these elements 

three methods:Information utilized in this review was obtained by 

(2) letters of(1) review of literature, legislation, and regulations; 
The literatureinquiry (see Appendix A), and (3) telephone interviews. 

Both pre-RCRA andreview provides background information on the states. 

determine the magnitudepost-RCRA statutes and regulations were examined to 

of change in state programs, Letters of inquiry were sent to hazardous 

information aboutwaste officials in all four states to obtain additional 

interviewshow the state program was actually managed.^ The telephone 

states are actuallyprovided by far the greatest insights into what the 

doing, State hazardous waste management officials were very helpful in 

The informationproviding information and insight about their programs, 
to RCRA hazardousgathered did allow for an overview of state response 

and Texas.waste regulations in California, Connecticut, Tennessee, 

^Battelle, Columbus Laboratory, Final Report on State of Ohio 
Part III (Columbus,Hazardous hJaste Management Plan: Executive Summaryj 

OH: Battelle National Laboratory, 1978), p. 12. 

was a letter^However only three states responded and one of those 
hazardous wasteexplaining that until the federal government has its 

to completemanagement program in order, the states find it difficult 
their programs. 
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California 

of 22,294,000According to 1978 data California, with a population 

It has a predominately urbanhas the largest population of any state, 

encompassing 158,693settlement pattern and is the third largest state, 

its innovativesquare miles.^ This EPA Region IX state is noted for 

legislation, In fact, California was under contract to EPA for a pilot 

to a considerableprogram in the treatment of waste, and RCRA was patterned 

extent after California legislation. 

in California isThe principal regulatory agency for hazardous waste 

the Department of Public Health. It will be responsible for an estimated 

In fiscal year 19783,760,000 metric tons of hazardous waste by 1980. 

of its hazardousCalifornia had $1,489,000 available for the operation 

waste program, This included a staff of 29 persons. However, state 

officials said they needed funding in the amount of $2,220,000 and a 

staff of 46 to adequately manage their hazardous waste program. 

California is one of the few states which presently charge fees for 

and Marylandhazardous waste disposal permits —$100 per ton (California 

have model fee systems).® 

^American Institute of Planners, State Land Use Activity (Springfield, 
VA: Department of Commerce, 1976), p. 439. 

of Health“Phone interview with Wade Cornwell, California Department 
Services, Sacramento, CA, 20 March 1979. 

®"1979 Landfill Practices Survey, mste Age, January 1970, p. 49. 
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the hazardousIn California, 97 sites accommodate some portion of 

waste generated, Furthermore, California expects that all 97 of these 

RCRA.®sites will meet the anticipated requirements under 

Waste ControlThe California State Department of Health, Hazardous 

Law was passed in 1972 and amended in 1977.'^ The 1972 legislation has a 

for disposal, and haspermit mechanism and manifest system, charges a fee 

a means for enforcement. The Department of Health was given the authority 

to enforce them. 
8 

to adopt regulations for hazardous waste management and 

The 1977, Title 22: Environmental Health" state administrative 

waste managementregulations provides for a more comprehensive hazardous 

are moreprogram.^ The published standards and management criteria 

Theclearly defined, thereby reinforcing other elements of the program. 

1977 regulations establish a permit mechanism, manifest system, enforcement 

and surveillance functions, and the disposal fee system which helps to 

offset some of the costs. 

The current regulations insure more complete protection of public 

health, safety, and the environment, When compared with the 1972 

evaluatedregulations, the 1977 regulations establish more criteria to be 

in the approval process for the siting of a hazardous waste disposal 

®Ibid. 

^California, Hazardous Waste Control Law (1977), Health and Safety 

Code, Division 20, Chapter 6.5. 

8 California, Hazardous Waste Regulations (1972), California 
Government Code, Title 22. 

^California, Hazardous Waste Regulations (1977), California 
Government Code, Title 22. 
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of waterfacility. These include, but are not limited to, consideration 
current land

quality, air quality, special environmental considerations, 
use and material features, and operation plans. 

waste disposalThe actual process for selecting sites for hazardous 

facilities is basically subjective. The Department of Health Services 

and utilizesevaluates the permit application, meets with the operators, 

a decision on whetherthe personal knowledge of their inspectors to make 

or not to grant a permit. The operators of the facility must obtain a 

The Statelocal Land Use Permit from the County Board of Supervisors. 

a permit toWater Resources Control Board is responsible for granting 

will be handleddispose of waste on land. By looking at how the waste 
Control Boardand the air quality of the area, the State Air Resources 

None of the above decisionsalso has input into the permitting process, 

are totally objective, Each is basically a subjective - though often 

1 0 Therefore, it is the judgement of these stateconservative — decision, 

stringent theand local decision makers which actually decide how 

California hazardous waste management program will be. 

hazardous wasteCalifornia has one of the more comprehensive state 

management programs, This state's political climate has allowed the 

though many ofdevelopment and passage of effective regulations. Even 
this state seemsthe actual decisions are based on subjective judgement, 

It is expected thatto have adequate personnel to make these decisions, 

waste disposal facilities inthe requirements for the siting of hazardous 

regulations.California will closely parallel RCRA hazardous waste 

^°Phone interview with Wade Cornwell, 15 June 1979. 
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Connecticut 

activity,Manufacturing is Connecticut's most important economic 

in the state. The
providing 97 percent of the value of goods produced 

of which 77 percent1978 population of the Region I state was 3,099,000, 

live in urban areas. 
11 In view of the potential impact of siting of 

that this state hashazardous waste facilities, it is important to note 

of rivers. 
1 2 

618 miles of tidal shoreline, including bays and mouths many 

of EnvironmentalSolid waste disposal is regulated by the Department 

This state has about 22Protection in the state of Connecticut. 

3 of these work inpersonnel in their solid waste program, however, only 

State officials say they needthe area of hazardous waste management, 

Though operating withabout 10 people in their hazardous waste program, 

that they needa budget of $50,000, hazardous waste officials feel 

not acceptFurthermore, Connecticut has indicated that it may$240,000. 

program withoutthe responsibility for a state hazardous waste management 

adequate federal funding, If they do not have an adequate state program 

for the 950,000for hazardous waste management, EPA will be responsible 

in that state inmetric tons of hazardous waste expected to be generated 

1980. 
1 3 

of theConnecticut has ten sites which accommodate some portion 

not know how manyhazardous waste generated. Connecticut officials do 

i^"1979 Landfill Practices Survey, p. 46. 

^^American Institute of Planners, p. 1. 

i^United States Comptroller General, Report to the Congress: Hazardous 
January 1979,Vaste Management Programs Witt Hot Be Effective, CED-79-14, 

pp. 23-26. 
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wasteof these will meet anticipated RCRA criteria for hazardous 
14 waste

facilities. Current regulatory statutes do not provide hazardous 

regulations or guidelines. 

WasteThe 1975 Department of Environmental Protection, "Solid 

Regulations, do notManagement Regulations," and slightly amended 1978 
1 5 Themanagement,specifically address comprehensive hazardous waste 

They will beregulations were developed for solid wastes in general, 

reviewed together since they are so similar. 

For solid waste management, both the 1975 and 1977 regulations 

certificationrequire permits for the operation of solid waste facilities, 

operation andfor the operators, and establish requirements for the 

waste facilities.management of solid waste, and the closing of solid 

Included in these requirements for permits, certification, operation and 

Some of the criteria whichmanagement are criteria which must be met. 

must be followed take into account: 

• Water quality 

• Engineering plans and specifications 

• Operation and management plans 

• Rainfall or surface runoff 

• Flood plains 

• Erosion control 

^‘*"1979 Landfill Practices Survey, p. 49. 

Connecticut^^Connecticut, Solid Waste Management Regulations (1975), 
through 19-524-12;Department of Environmental Protection, Section 19-524-1 

and Connecticut, Solid Waste Management Regulations (1978), Connecticut 
through 19-524-14.Department of Environmental Protection, Section 19-524-1 
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• Access roads 

• 20-year Solid Waste Management plan 

hazardous wastes:These regulations give the following definition of 

Hazardous wastes mean solid and liquid wastes in the following 
classifications: 

(a) explosives 

(b) pathogenic wastes 

(c) radioactive wastes 

(d) Chemical wastes which either create an immediate 
safety hazard to persons disposing of the waste or 
which by virtue of their chemistry and/or the 
method of disposal present a threat, as determined 
by the Commissioner, to the quality of ground or 
surface waters, 

(e) hospital operating room wastes. 
1 6 

With specific regard to hazardous wastes, those 

causewastes which are toxic or hazardous to handle or may 
excludedcontamination of ground or surface waters shall be 

thefrom the solid waste disposal area or disposed of under 
direction of the (Connecticut) Department of Environmental 

1 7

Protection and with written approval from the Commissioner. 

at this timeAs can be seen in this review, Connecticut does not 

Also, Connecticuthave an adequate hazardous waste management program. 

zoning, landlegislation allows local governments to prohibit, through 

used for hazardous waste disposal, Both the local planning and zoning 

Protection mustboard and the Connecticut Department of Environmental 

altered. Accordinggive approval before a disposal site can be built or 

i^Ibid., Section 19-524-2(b)(12). 

^’Ibid., Section 19-524-6. 
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Protection, that 
to the director of the State Department of Environmental 

grantlaw reasonably guarantees that local governing bodies will not 

purposes,approval for sites to be used for regional disposal The 

towns should not beadvocates of this legislation maintain that smaller 

other communities. 
1 8 

forced to serve as dumping grounds for wastes from 

it could severelyIf all states were to pass this type of legislation, 

therefore somelimit the siting of hazardous waste facilities (and 

energy supply facilities). 
whichRecently, the Connecticut legislature passed new legislation 

authority to writegives the Department of Environmental Protection the 
At the time this report wasregulations for the implementation of RCRA. 

to sign it intowritten, state officials were waiting for the governor 

a copy oflaw. Their hazardous waste personnel were unable to provide 

the new regulationsthat legislation for review, but did indicate that 

would substantially support RCRA provisions. 
1 9 

Tennessee 

in urbanSlightly more than half of Tennessee's population lives 

live in the state'sareas. About 49 percent of the 4,357,000 residents 

Tennessee'sfour SMSAs - Memphis, Nashville, Knoxville and Chattanooga, 

of inland water.land area, 42,244 square miles, include 878 square miles 

the Rresident and‘^Resource Conservation Committee, Third Report to 
(1978),Congress: Status Report on Solid Waste Disposal Change Analysis 

p. 8. 

of^^Phone interview with John Houseman, Connecticut Department 
Hartford, CT,Environmental Protection, Hazardous Materials Management, 

15 June 1979. 
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Since 1943, the Tennessee Valley Authority (TVA) and the U.S. Army Corps 

andof Engineers have constructed many dams along the Tennessee 

Cumberland rivers and their tributaries, The artificial lakes formed by 

these dams have more than doubled the inland water of the state. 2 0 

The Tennessee Department of Public Health is the regulatory agency 

for solid and hazardous waste management in this Region IV state. At 

It was estimated thatpresent there are 33 professionals on their staff. 

the hazardous40 percent of these professionals were associated with 

of five staffwaste program. Tennessee officials anticipate an increase 

members per year over the next five years. Four out of every five new 

staff members to be added will be devoted to the hazardous waste program. 

metric tons ofThese people will be necessary to manage the 3,580,000 

hazardous waste expected to be generated in Tennessee in 1980. 2 1 
While 

the salaries forthe overall level of funding is adequate ($200,000^^), 

thethe professional personnel are so low that it is difficult to obtain 

of a hazardousquality of professionals necessary for implementation 

23
waste program. 

wasteIn reviewing the funding and staff needs for the hazardous 

program it is also important to note that of the 120 sites which currently 

^“American Institute of Planners, p. 217; and "1979 Landfill 

Practices Survey," p. 46. 

21 
U.S. Comptroller General, Hazardous Waste Management Programsj 

p. 24. 

22 
Ibid., p. 26. 

23 
Interview with Mike Apple, Tennessee Department of Public Health, 

Division of Sanitation and Solid Waste Management, Nashville, TN, by 
J. Roth. 
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only 12 areaccommodate some portion of the hazardous waste generated, 

expected to meet anticipated RCRA criteria. 
24 

At the present time solid waste is regulated by the "Regulations 

II 2 5 
TheseGoverning Solid Waste Processing and Disposal in Tennessee, 

the Tennessee Wasteregulations, developed to insure implementation of 

Disposal Act, were designed primarily for the disposal and processing 

se.of solid waste in general, not hazardous waste per 
26 

According to 

Rule 1200-1-7-.01 , Hazardous Waste - Includes, but is not necessarily 

materials, andlimited to, explosives, pathological wastes, radioactive 

certain chemicals which shall be determined by the Department" (of 

in aHealth). Special wastes, i.e., hazardous, can be disposed of 

sanitary landfill only if special provisions approved by the Department 

of Public Health are made for their disposal. 

the intent ofThe Tennessee solid waste regulations do not reflect 

RCRA hazardous waste management, though this state does have a relatively 

adequate solid waste program, All processing and disposal facilities. 

and potential sites must make application for and receive acknowledgement 

from the Commissioner of Public Health before operating or maintaining 

such facilities. These applications include a feasibility study, site 

evaluation, design and construction review, and operation requirements. 

2411 
1979 Landfill Practices Survey," p. 49. 

25 andTennessee, Regulations Governing Solid Waste Processing 
Disposal in Tennessee. 

26 Tennessee, Solid Waste Disposal Aat^ Code Annotated (1969), 
Sections 53-4301, 53-4315 and 53-4321. 

https://1200-1-7-.01
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facilitiesThe review process for the siting of waste disposal 

Solid Wasteentails (1) a preliminary review by the Division of 

Management staff, (2) review by a geologist (for consideration of impact 

on water quality and geological features, and (3) review of engineering 

plans (to insure adequate access, fencing, drainage, etc.)* 
27 

The Tennessee Hazardous Waste Management Act was passed in 1977. 2 8 

of Tennessee toThis Act declared it to be public policy of the State 

regulate hazardous waste management in order to protect public health, 

environment.safety and welfare, and to prevent degradation of the 

According to this Act, hazardous waste is defined as: 

a waste or combination of waste, not generated within a 

residence or farm, which because of its quantity, concentra 
tion, or physical, chemical, or infectious characteristics 
will 

in(A) cause or significantly contribute to an increase 
mortality or an increase in serious, irreversible or 
incapacitating reversible, illness; or 

(B) pose a substantial present or potential hazard to 

human health or the environment when improperly treated, 
stored, transported, or disposed of, or otherwise managed. 

the TennesseeWith passage of the Hazardous Waste Management Act, 

Department of Public Health was given the authority to prepare 

hazardous waste management criteria and standards, establish permit and 

manifest systems, provide for surveillance and enforcement, and require 

the posting of bonds by hazardous waste facility owners and operators. 

27 
Phone interview with Mike Apple, 18 June 1979. 

^®Tennessee, Hazardous Waste Management Act (1977), Chapter 175. 
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of Solid WasteThe Tennessee Department of Public Health, Division 

regulations. 
29 

Management has developed Draft Hazardous Waste Management 

they willThe regulations have not been approved, but if they are, 

establish a state hazardous waste program substantially equivalent to 

RCRA. 

If the draft regulations pass, they will provide for: 

(1) a classification of hazardous waste in Tennessee; 
disposal(2) adequate storage, transportation, treatment, and 

of hazardous waste; 
(3) manifest and reporting requirements; 
(4) a fee system for treatment and disposal of hazardous 

waste and the posting of a bond by an applicant for 
registration of hazardous waste facilities; 

(5) registration of facilities and sites; 
(6) procedures for administrative and judicial review. 

It is anticipated that the proposed regulations will be approved in 

criteria for thethe fall of 1979. According to state guidelines, the 

siting of a hazardous waste disposal would require (1) a preliminary 

review, Both thereview, (2) a geological review, and (3) an engineering 

facility andpresent 1977 regulations for siting a solid waste disposal 

the proposed regulations for siting a hazardous waste facility necessitates 

3 0 Because of thisa subjective judgement in the decision making process, 

subjective nature, the quality of the disposal sites could vary depending 

on who made the decisions. Also important in the review of hazardous 

into the decisionwaste disposal sites is the provision for local input 

making process. There is no state legislation which gives local 

29 Tennessee, Hazardous Waste Management Regulations (Draft) (1978). 

*°Phone interview with Mike Apple, 18 June 1979. 
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the authority to prohibit the siting of disposal facilities.jurisdictions 
sites before itHowever, land must have proper zoning to allow disposal 

ill be passed by the State Department of Public Health. 
3 1 

wi 

Texas 

with nearlyTexas is one of the world's great petroleum storehouses, 

It accounts for almost half of this country's15 billion barrels of oil. 

of 13,014,000known supply. This Region VI state, with a population 

ranks second only to California in electric power production, The 

determinant inavailability of fresh groundwater has become a major 

finding suitable locations for urban expansion in Texas. 
32 

the auspices of theIn Texas, the State Solid Waste Agency is under 
3 3 However, Industrial Solid WasteTexas Board of Health Resources. 

are the responsibilityManagement regulations, including hazardous waste, 
Resources, 

3** It isof the Texas Water Quality Board, Department of Water 

for 3,580,000expected that by 1980 this department will be responsible 
in Texas. 

3 5

metric tons of hazardous solid waste to be generated 

^^Phone interview with Mike Apple, 11 April 1979. 

Landfill32American Institute of Planners, p. 325; and "1979 
Practices Survey, p. 46. 

of Revised^^Texas, Solid Waste Disposal Act (1977), Article 4477-7 
Civil Statutes. 

^‘‘Texas, Rules of the Texas Water Development Board Pertaining to 
156.22.01.001-.014.Industrial Solid Waste Management (1978), Sections 

Programs^®^U.S. Comptroller General, Hazardous Waste Management 
p. 24. 
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staff of 48. 
3 6

The current waste management program in Texas has a 

hazardous wasteSeventeen of the professional staff are devoted to 

management, 
37 While Texas funding to manage hazardous waste is $482,122, 

officials feel they need $753,122. 
3 3 This additional funding takes into 

account the 512 sites which currently accommodate some portion of the 

hazardous waste generated, 
39 There are 25 permitted commercial industrial 

waste facilities in Texas, Eighteen of these are Class I (hazardous) 

waste management facilities. 
4 0 

The 1975 "Industrial Solid Waste Management Regulations identify 

of industrial solidhazardous waste as "any solid waste or combination 

administrator ofwastes identified or listed as hazardous waste by the 

to the Federalthe United States Environmental Protection Agency pursuant 

II 4 1

Solid Waste Disposal Act. These regulations apply differently to 

The Texas Solid Waste Disposalon-site disposers as opposed to off site. 

Act allows the disposal of hazardous waste without a permit if it is 

on site {defined as within 50 miles of the generator's facility from 

^^Letter from Jack Carmichael, Division of Solid Waste Management, 

Department of Health, Austin, TX, 13 July 1979. 

37 of WaterLetter from Jay Snow, Solid Waste Unit, Department 
Resources, Austin, TX, 29 June 1979. 

^®U.S. Comptroller General, Hazardous Waste Management Programs, 

p. 46. 

39 Ibid. 

4 0 II 1979 Landfill Practices Survey, pp. 49-50; and U.S. Comptroller 
General, Hazardous Waste Management Programs, p. 46. 

4 1 Texas, Regulation of Industrial Solid Waste Management (1975). 



59 

which the waste is produced). All other hazardous waste disposal sites 

require a permit. The 1975 regulations required notification of plans 

to dispose of hazardous and industrial wastes by all generators. Before 

a permit is issued, the permit applicant must submit to the Water Quality 

Board detailed plans and specifications for construction, operation and 

insure that the siteclosing, and engineering plans and specifications to 

and related facility would be in compliance with all pertinent state and 

local air, water and solid waste statutes and regulations. A public 

hearing is held on each permit application, After a permit is issued. 

other financialthe permitee is required to execute a bond or give 

assurance to insure the satisfactory closing of the facility. 

Current regulations, "Rules of the Texas Water Development Board 

pertaining to Industrial Solid Waste Management, were issued in 1977. 

The rules have many of the same requirements as the 1975 regulations 

including permits, application procedures, and notification requirements. 

These rules are enforced by the Texas State Department of Health and 

the Texas Water Quality Board. The actual permitting process involves 

(1) the submission of an application; (2) evaluation by the Department of 

Water Resources; (3) issuance of a draft permit, which may include 

specific requirements, by the Department of Water Resources; (4) a public 

hearing conducted by the Texas Water Commission; and (5) a decision by 

the Texas Water Commission as to whether or not to grant a permit. At 

several points in this process, the decisions made are subjective 

judgements, thereby making the quality of the decision dependent upon 
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Texas officialsthe competence of those individuals making the decisions, 

feel that their decisions have basically been good. 
42 

when RCRAState hazardous waste personnel have indicated that 

waste withoutregulations are passed, the on-site disposal of hazardous 

periodia permit will be prohibited. The Department of Water Resources 

insure compliance withcally reviews all hazardous waste notifications to 

the regulations. Thus, when RCRA regulations are passed, the state of 

are located. 
4 3 

Texas will already have a record of where the wastes 

There are several potential problem areas for Texas in the siting of 

hazardous waste disposal sites, There is no state legislation giving local 

jurisdictions the authority to preempt the siting of disposal facilities. 

to issue a permitHowever, the Department of Water Resources is reluctant 

exclude such ato site a facility in a location which has been zoned to 

to constructuse. If a municipality anticipated the request for a permit 

area to exclude sucha hazardous waste disposal site, they could zone the 

a use; or if it was close to the municipality but not actually within its 

zone it to suitboundaries, the municipality could annex the area and 

their purposes, Also, if local citizens object enough at the public 

hearing, this could influence whether or not a permit was actually 

issued. 
44 

42 
Phone interview with Greg Tipple, Texas Department of Water 

Resources, Austin, TX, 18 June 1979. 

43 
Ibid. 

44 
Ibid. 
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Summary of State Legislation 

to RCRA atTable 2 is an abbreviated indication of state response 

and Texas. Boththe present time by California, Connecticut, Tennessee 

California and Texas have passed regulations regarding the management of 

Connecticut willhazardous waste disposal. If the governor signs it, 

does nothave the authority to promulgate regulations. Tennessee 

currently have hazardous waste regulations, but their Department of 

Public Health has prepared a draft version and are trying to get them 

approved. Table 2 data assumes that the Tennessee draft regulations will 

surmised that theirbe passed. However, for Connecticut, it can only be 

criteria.regulations will in fact conform to RCRA regulatory 

then allIf the Connecticut legislation is signed by the governor, 

four states will have the legislative authority to implement RCRA. As 

indicated earlier, the states reviewed all lack adequate resources (e.g • 5 

have mechanismsfunding and staff) to implement RCRA (though they do 

which could be used to obtain additional resources). The states have. 

to varying degrees, published criteria and standards for implementation 

(again with the exception of Connecticut), However, they are not "hard 

and fast" rules; they often utilize subjeotive judgement on the part of 

decision makers. California, Tennessee and Texas all require some form 

of permitting and a manifest system. Again, because of lack of adequate 

andresources there may be a problem with adequate surveillance 

enforcement. 

At the present time, some states are drafting regulations prior to 

final RCRA hazardous waste regulations. Others have been adopting a 
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It remains to"wait and see" attitude regarding future EPA regulations, 

be seen just how many states will have a hazardous waste program 

control, Bothequivalent to RCRA, and how many will opt for federal 

federal and state level hazardous waste programs are characterized by a 

lack of funding and staff. It is estimated that about 20 states will have 

EPA operated programs because the states either did not apply for or are 

not eligible to operate their own programs. The problem is that even 

neither doesthough the states do not have enough funding and staff, 

EPA.
4 5 

All states have some sort of waste disposal law, and some incorporate 

the early 70's. Justproposed RCRA guidelines while others date back to 

as there is a wide variation in the states themselves, there is a wide 

range of approaches to managing hazardous waste. RCRA provides for state 

meet federalhazardous waste control programs if the state programs 

standards. For a state hazardous waste program to be authorized, it must 

be judged equivalent to the federal program. Though the state program 

cannot be lesscan be more stringent than the federal program, it 

theirstringent. States must also provide for adequate enforcement of 

theprogram, EPA promulgated guidelines are to assist states in 

development of their own programs, The original intent of RCRA was that 

the states would manage their own programs and not operate under federal 

programs run by EPA. 

45 
U.S. Comptroller General, Hazardous Waste Management Programs, 

p. 14. 
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the staff toEPA officials in all ten regions say they do not have 
Nor canprograms,authorize, review, and monitor state hazardous waste 

the state programs.they provide technical assistance needed to initiate 

help for developingIn eight of the regions, they cannot supply adequate 
industry and thestate regulations or provide assistance in orienting 

Six regions indicated that they dopublic on regulatory requirements, 

disposal sitesnot have enough staff to provide assistance for reviewing 

to determine if they are environmentally sound. 
46 

have enoughEPA regional officials feel that most states do not 

waste programs.staff to operate substantially equivalent hazardous 

they intend toHowever, the officials in two regions have stated that 

try to operate thegrant interim authorization to the states rather than 

program themselves, 
47 Evidently the philosophy is that some regulation 

is better than none at all. 

activitiesFrom the brief analysis of selected state legislative 

level hazardousregarding hazardous waste it is apparent that state 

The state legislative overview waswaste management is insufficient, 

of state response tointended to be a descriptive overview of the nature 

in specific states.RCRA rather than an examination of precise activities 

other than thoseIf hazardous waste management activities in states 

Connecticut,reviewed are similar to the activities in California, 

may not beTennessee and Texas, the public health and environment 

California, Tennessee and Texas doprotected as a result of RCRA. 

9 
46 

Ibid., p. 11. 
47 

Ibid • pp. 11-12. 
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management programsinclude necessary elements in their hazardous waste 

probably willfor effectively equivalent state programs (and Connecticut 

fundingalso). But, as it stands now there will not be adequate 
programs.available to implement and enforce the hazardous waste 

not end withEffective response to hazardous waste management does 

of the decision makingstate legislative activities; it is only one stage 

wereAt the federal level RCRA was enacted and regulationsprocess. 

provide adequate protectionproposed. Assuming that RCRA guidelines will 

of the environment if state hazardous waste management programs are 

must also passsubstantially equivalent, state level decision makers 

Local decisionBut it doesn't stop there.compatible legislation, 

implement, andmakers must be adequately informed so as to understand, 

of publicenforce those programs which are necessary for protection 

To use the term used so often by the Tennesseehealth and the environment. 

The general publicValley Authority (TVA), "grass root" support is needed, 

must be informed and educated about their rights and responsibilities in 

clean and healthyhazardous waste management. They have a right to a 

to support thoseenvironment, but they also have the responsibility 

federal and stateactivities necessary to achieve that goal. Although 

local decisionlevel response to hazardous waste management is important, 

makers and the general public must also be involved. 



CHAPTER IV 

ENERGY SUPPLY TECHNOLOGIES 

so free ofNo existing or proposed energy supply technology is 

the dilemmaenvironmental liabilities so as to resolve satisfactorily 

and its rolebetween energy's role in creating and enhancing prosperity, 

social) impacts.in undermining it through environmental (including No 

1 Environmental controlenergy supply technology is completely benign, 

reliability.technologies and waste management systems have uncertain 

the hazardousFor the energy supply technologies under consideration 

waste streams must be adequately managed to minimize public health and 

environmental risks. 

energy supplyThis chapter provides a general description of each 

technology, Also indicated is the stage of each energy supply technology 

As mentioned earlier, whilewhich produces a hazardous waste stream. 

as specialEPA, at this point, considers some energy supply waste 

assumes that hazardouswaste" subject to a case-by-case review, this paper 

disposal process forwaste regulations will apply to the management and 

each technology which does not "pass the proposed Sec. 3001 regulations. 

shale,The energy supply technologies to be reviewed are oil 

biomass, solarpetroleum refineries, coal combustion, geothermal, 

a mixture of energycollectors and photovoltaics. Although they represent 

Promises*Marc W. Goldsmith et al., New Energy Sources: Dreams and 

p. 1.(Framington, MA: Energy Research Group, Inc., 1979), 

66 
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sources, it is obvious that the total future energy supply for the United 

Review of theStates will not be limited to these supply technologies, 

of some of the energyselected technologies provides a general indication 

supply technologies which produce hazardous waste. 

Organizing Supply Principles of Energy 
Technologies 

Energy is not a variable that can be evaluated in isolation from 

other influencing factors, It is a product generated and distributed by 

a centralized or decentralized system. As a product, the resources for 

Thethe production of that product may or may not be renewable, 

must be reviewedcombination of factors influencing the supply of energy 

as a prereguisite to understanding the energy supply technology. 

Centralized or decentralized. Whether an energy source is generated 

or distributed in a centralized or decentralized manner affects how it is 

used, its potential for commercialization, and the extent of governmental 

control and regulation that can be expected, For some of the energy 

are bothsupply technologies reviewed, generation and distribution 

centralized and decentralized. However, the expected predominant use is 

emphasized in this report. 

A centralized energy supply concentrates its production and marketing 

in a centralizedcapabilities by placing the generation plant itself 

The decentralizedlocation. From there, energy is distributed to users. 

for the actualenergy supply technologies have dispersed facilities 

• J solar collector panelsgeneration of energy (at the point of use, e.g 

on residential units). Of the energy supply technologies reviewed in 
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combustion, andthis report, oil shale, petroleum refineries, coal 

The moreenergy,geothermal are predominantly centralized sources of 

recently developed technologies, solar collectors and photovoltaics, are 

primarily decentralized, The generation and distribution characteristics 

of energy from biomass depends on how the energy is produced. Biomass 

whileenergy techniques such as wood burning stoves are decentralized, 

centralizedthe production of gaseous products from biomass necessitates 

generation and distribution. 

in theCentralized energy sources are more conducive to use 

commercial/industrial arena than decentralized energy (though this may 

As centralizedchange as new technological processes are developed). 

area ofsources, an energy supply technology with a concentrated 

to market thatproduction also has a concentrated area from which 

commodity. Centralized energy sources, often characterized by the 

support of large enterprises (because of the large amounts of capital 

initially needed), are more likely to be subject to governmental control 

with concentratedand/or regulation. The fact that they are centralized, 

easier.production facilities, makes governmental regulation 

forGovernmental control and/or regulation is less plausible 

track of numerousdecentralized energy sources. The logistics of keeping 

small generators make it highly unlikely that the federal government will 

choose to regulate these energy supply technologies as closely as they 

do the centralized sources. The manufacturing of necessary components 

for decentralized systems, however, may well be centralized (e.g., copper 

or aluminum for solar collectors). A decentralized energy supply 
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consumers, i.e.,technology is more likely to be used by individual 

residential solar cooling and heating, The cormercialization of 

decentralized energy supply technologies will occur at the marketing and 

merchandising stage rather than the source of energy generation. 

ofRenewable or nonrenewable. Another influencing characteristic 

an energy supply technology is whether or not the resource supplies for 

of the Unitedthat energy source are renewable. For an overall view 

States' energy options this variable must be seriously evaluated. Though 

there may be adequate resource supplies now, the country's planners and 

decision makers must start now to prepare for the future when some 

commonly used resources are no longer available, Some of the major 

resources.energy supply technologies are dependent on nonrenewable 

Researchers must continue to develop alternative energy sources. The 

full-scale development and commercialization of a technology requires a 

thelead-time. and an advance warning and preparation period to get 

"bugs" worked out of the system, It is imperative that this country does 

not limit its future potential as a leader among the world's nations by 

lack of preparation - preparation for the transfer of energy dependence 

from nonrenewable to renewable energy sources. 

bothEnergy supply options considered in this report include 

renewable and nonrenewable energy sources. Oil shale, petroleum 

refineries, coal combustion and geothermal energy supply technologies 

are based on nonrenewable resources, while the solar collector. 

photovoltaic and biomass supply technologies depend upon renewable energy 
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resources. The energy production capabilities of some of the energy 

supply technologies are not very large at the present time, However, 

each of the energy supply options reviewed will supply energy for the 

United States for some time to come. Therefore, their impact on this 

country must be assessed. 

Energy Supply Technology Description 

Though the purpose of this report is to assess the impact on land 

use of the interaction of RCRA hazardous waste regulations with energy 

supply technologies, a brief description of each of the technologies is 

provided to familiarize the reader with the technology itself, Included 

in this summary information is a brief description of the energy supply 

technology, an account of stages of development leading to its use, how 

the technology supplies energy and its potential use as a future energy 

supply for the United States. 

Oil shale. Oil shale is a fine sedimentary rock which, when crushed 

and heated, decomposes a solid, organic material called kerogen into a 

form of crude oil. This crude oil can be upgraded and refined. Oil 

shale is produced by strip mining or underground mining. After mining. 

it is crushed and then fed into a kiln where it is heated. This process 

(retorting) produces a thick crude oil, gas which can be used to fire the 

kiln, and waste shale. A synthetic crude oil is produced when the thick 

crude oil is upgraded" to thin it, and to remove excess nitrogen and 

sulfur.2 

^Ibid., p. 4. 
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andThis report considers oil shale in its extraction (mining) 

initial refining (retorting and upgrading) stages. This stage generates 

hazardous waste residuals.^ About 3000 acres of land each year will be 

This scale ofmined for a mill ion-barrel-a-day oil shale industry. 

millionproduction would also necessitate the disposal of 700 tons of 

waste shale each year.** Both of these major land uses have potential 

for significantly impacting the environment. However, one of the biggest • 

constraints on oil shale development is the amount and availability of 

the Green Riverwater needed, especially in shale-rich areas such as 

formation in the semiarid land of the western United States. 

As an energy technology, oil shale supplies energy indirectly. It 

be asundergoes a conversion/transformation process before it can used 

an energy source. Oil shale produces fuel for energy generation but 

does not actually generate energy itself. The sequence of events, from 

extraction to actual consumption, also increases the potential for 

Oilgovernmental intervention because of centralized distribution.® 

shale is a nonrenewable resource. 

Oil shale development is an expensive venture, But the increasingly 

higher prices of conventional fuels should make oil shale a commercially 

feasible endeavor. By 1985, projections indicate that 0.1 quads 

of the Resourae^Dennis W. Weeter and Hugh T. Carson, The Impaat 
Conservation and Recovery Act upon Renewable and Oil Based Energy 
Technologies (Oak Ridge National Laboratory, forthcoming), p. 40. 

“Goldsmith, p. 4. 

York: St.®David Howard Davis, Energy Rolitics, 2nd ed. (New 
Martin's Press, 1978), p. 48. 
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of oil shale(10^® Btu's) of energy will be produced as a result 

development.® Increased oil shale development will preempt the land 

mined and used for waste disposal from some other uses. 

Petroleum refineries. Petroleum refineries are characterized by 

Thecentralized energy generation and indirect energy conversion. 

resource fuel for these facilities is nonrenewable. Refineries require 

advanced utilization technology and significant amounts of capital. 

oil feedstock toEssentially, a petroleum refinery reduces the crude 

but notusable products for petroleum based industries including, 

limited to, energy supply facilities, The actual process of a particular 

refinery depends upon the type of crude taken in (the feedstock) and the 

desired end products, There is considerable variation in the demand for 

of crude oilvarious petroleum products as well as types and quantities 

feedstocks.^ 

The stage of hazardous waste generation for petroleum refinery 

crude is extractedindustries is extraction and refining. The petroleum 

from the ground and then processed (refined). Currently, pollution 

costs ofcontrol equipment adds 10 to 15 percent to total investment new 

refineries. Both air and water pollutants are discharged. However, 

there are several refinery and wastewater treatment solids classified as 

from DOE's PIES®This and subsequent energy supply projections are 
and SEAS models; Goldsmith et al.; and DOE's Environmental Readiness 

Documents. 

^Weeter and Carson, p. 44. 
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hazardous waste (e.g., DAF sludge, kerosene filter cakes, lube oil 

filtration clays, slop oil emulsion solids and exchange bundle cleaning 

solvent). 
8 

anPetroleum refineries, as an energy supply technology, are 

indirect source of energy. As with oil shale, petroleum refineries 

produce fuel which will be used for energy generation, but they do not 

generate energy, Crude oil is extracted, processed, sent to a centralized-

distributed, The needsgeneration facility, and from there electricity is 

for advanced technology and large amounts of capital favor petroleum-

based advanced technology, and large amounts of capital favor petroleum 

resource development by large corporations, Government officials try to 

monitor the petroleum industries in order to prevent monopolistic 

oilpractices. This is especially important in view of the fact that 

(a petroleum product) provided more than 40 percent of the energy consumed 

in this nation in 1977. Of that amount, 52 percent of U.S. petroleum 

consumption is by the transportation sector, This amounts to 25 percent 

of total U.S. energy consumption.® By 1985 petroleum refineries will 

account for an estimated 39.16 quads of energy. 

of coalCoal combustion. Coal combustion is literally the burning 

to produce energy. Coal is extracted by surface or deep (underground) 

mining. It is then pulverized, chemically processed to remove some of 

8 
Weeter and Carson, p. 47. 

®TRW, Envirormental Characterizations for Energy Technologies and 

End Uses: Energy End Use Sectors^ Vol. V (McLean, VA: TRW, 1978), p. 1:1. 
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the pollutants if it is low quality, and transported to large fossil 

heat for a steampower plants. There, it is combusted (burned) to supply 

stream from coalpower cycle to produce electricity. The solid waste 

combustion includes fly ash, bottom ash and scrubber sludge, all of 

II1 0

which are considered as "special waste. 

is anAt the scale evaluated in this report, coal combustion 

indirect energy source (i.e • » from coal to steam to electricity for 

and distributedconsumer use). Energy produced from coal is generated 

for aboutfrom centralized locations. Currently coal is responsible 

coal is nonrenewable19 percent of U.S. energy consumption. Even though a 

resource, presidential policy is to encourage U.S, dependence on coal, 

because of its availability in this country and to lessen dependence on 

will accountimported oil. By 1985 it is projected that coal combustion 

for 21 quads of electricity. 

Geothermal. The earth contains vast amounts of heat which is 

constantly flowing toward the surface, This heat originates from decay 

of radioactive elements, chemical reactions, and areas of friction. 
11 

fluids forThis report reviews the technology of using geothermal 

electric power generation. 

in existenceIf the outlets for geothermal resources are not already 

wells are(e.g., geysers at Yellowstone National Park), geothermal 

drilled. The geothermal steam is used to turn turbines which in turn 

generate electricity. This process involves the conversion of geothermal 

^'^Federal Register^ 43: 58992. 
11 
Goldsmith, p. 8. 



75 

steam into electrical power, an indirect energy source, (The use of 

plant in awaste process heat from a geothermal electric power 

of theco-generation facility would improve the overall efficiency 

hazardous waste.)technology but would generate no additional solid or 

occur in four majorEnvironmental impacts from geothermal power plants 

areas: land use (the land area varies with reservoir type and land 

subsidence may occur due to the removal of fluids); air quality (such 

and noise 
as hydrogen sulfide emissions); water quality (waste water); 

Geothermal, like the fossil fuels, is a(the steam venting process), 

nonrenewable source of energy. There is a given amount of heat stored in 

as a directthe earth which can be utilized. Though it can be used 

that thesource of energy (e.g., space heating), it is anticipated 

will be indirectpredominant use of geothermal energy in this country 

For future U.S.centralized power facilities to produce electricity, 

energy supply, geothermal power is expected to provide about 1 percent 

of the country's energy by 1985. 

inBiomass. Biomass as an energy supply technology is considered 

two forms, Wood can be used directly as a heating source, and organic 

plant matter can be converted into gas. Methane gas (similar to natural 

absence of air.gas) is produced when plant material decays in the 

Biomass fuel is a renewable resource. 

As an energy source, gas and wood have different characteristics . 

there are someWood is used directly in a decentralized manner (although 

experimental and planned centralized uses where large quantities of wood 
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are burned to drive a turbine to produce electricity). Energy from 

biomass/gas is an indirect process. This energy is likely to be generated 

from a centralized location. 

The use of wood and other organic plant matter as an energy source 

land and water.would compete with agriculture for available productive 

of the land areaSince solar power plants only require about one-tenth 

be a better choice onused for biomass energy farms, they would probably 

marginal or submarginal land, 
12 

The 1985 projection of quads of energy 

produced by biomass is only 0.004. 

Solar collectors. The ability to directly harness the sun's energy 

is one of the most often hypothesized solutions to current energy 

problems. Recent sharp rises in fuel prices have caused a resurgence of 

The center of theinterest in solar heating and cooling of buildings. 

collector. Atypical solar space heating system is the flat plate 

collector basically consists of an absorber surface attached to pipes. 

Liquid (e.g., water, ethylene glycol) or air circulates through these 

pipes to carry away heat. These collector panels are usually placed on 

and heat thea sloping roof facing the sun, absorb solar radiation 

transfer fluid in the pipes, The liquid (or air) is first pumped to a 

large storage tank (or bin of crushed rock if air is used), then 

circulated through the building as needed. Storage capacity is required 

because of the need to store heat for nights and cloudy days. 
1 3 

12 1 3

Ibid., p. 7. Ibid., pp. 16-17. 
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The working fluid or storage media for solar collectors may contain 

toxic chemicals. A leak in the system could cause an environmental health 

and soil, Also,hazard by contamination of surface water, groundwater 

the air emissions from material production includes suspended solids. 

These emissions are significantly lower than those produced from utilizing 

nuclear-electric or fossil energy for cooling and heating purposes. 
1 4 

directThe use of solar collectors for energy involves the 

conversion of a resource (the sun) to a usable product (heat). The 

decentralized use.prevailing acceptance of this technology has been in 

Solar collectors which utilize ai.e., solar heating of buildings, 

renewable resource (the sun) are just beginning to gain acceptance at 

the national level as an energy supply option, 
1 5 

The expected replacement 

of electrical energy used for heating and cooling by 1985 is 0.05 quads. 

Current estimates, assuming an active effort, predict that by the year 

2000, 1 to 3 percent of total U.S. energy needs will be met by solar 

heating. 

Photovoltaics. The generation of electricity directly from sunlight 

is accomplished by photovoltaic devices, This process includes the 

collection of solar radiation, its conversion into electrical energy (by 

transistor-like devices known as solar photovoltaic cells) and the 

alteration of the resultant electrical energy into a usable form. An 

^‘*TRW, Environmental Charaoterisations for Energy Technologies and 
End Uses: Renewable Energy Sources^ Vol. II (McLean, VA: TRW, 1978), 
pp. A:4-5. 

1 5 
Goldsmith, p. 15. 
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convert solararray of photovoltaic cells are used to collect and 

radiation to electricity, 
1 6 

A prominent feature of photovoltaic 

and an abundant renewabletechnology is the possibility of "clean energy 

fuel. However, mining and manufacturing (to produce the cells) will 

and thermalpresent severe environmental problems (e.g., chemical 

releases). 

As evaluated in this report, photovoltaic energy is produced as a 

The maindecentralized source through direct electrical conversion. 

solar cells and theproblems with photovoltaic systems are cost of the 

need for energy storage (because of nights and cloudy days). Though the 

1985 estimates predict 0.01 quads of electricity, it is unlikely that 

of U.S. electricalsolar cells could provide more than 1/4 to 1/2 percent 

demand by the year 2000. 
17 

Stages of Hazardous Waste Streams 

isThe ultimate impact of RCRA on energy supply technologies/option s 

uncertain. But it is clear that regulations for management and disposal 

of hazardous wastes may have a significant impact on DOE's energy programs 

and the energy industry. Energy supply facility siting decisions may be 

influenced by regulations for developing hazardous waste disposal sites. 
1 8 

Document:^®U.S., Department of Energy, Environmental Readiness 
Photovoltaias (Washington, DC: Government Printing Office, 1978), pp. 6-8. 

17 
Goldsmith, p. 15. 

^®American Management Systems, Inc., Management Plan for Responding 
to the Requirements of the Resource Conservation and Recovery Act (RCRA) 
(Arlington, VA: American Management Systems, Inc., 1979), p. iv. 
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Table 3 indicates at what stage the production of energy from a particular 

technology produces a hazardous waste stream (also see Appendix B). The 

mean that hazardousabsence of an X on this table does not necessarily no 

Rather, based on available information,waste is generated at that stage. 

wastes arethe X's indicate where known and significant hazardous 

stream isIncluded in this evaluation of the hazardous wastegenerated, 

the amount as well as the product ("persons who produce and dispose of 

less than 100 kilograms of hazardous waste in any one month are exempted 

Ill 9
from the requirements ). Those stages generating hazardous waste will 

have to dispose of the waste either on or off site. There is a disparity 

utilitiesbetween the proposed RCRA regulations and the way most now 

dispose of waste. 
2 0 

so different,Because the energy supply technologies themselves are 

there are inconsistencies in the application of specific supply 

oil shale andtechnologies to hazardous waste streams. For example, 

petroleum refineries are both energy supply technologies in that they 

produce fuel for energy generation, but neither of these processes 

actually generate energy. Solar collectors and photovoltaics as energy 

suppliers do not produce hazardous waste in the generation of energy. 

theseHowever, the resources and processes involved in developing 

hazardous waste.systems and the final decommissioning will generate 

^^Federal Register, 43: 58969. 

^“Electric Power Research Institute, Particulates Waste Disposal, 
AWARE Magazine, December 1978, p. 8. 
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technologyA more complete evaluation of the impacts of a particular 

necessitates the review of the waste stream of that technology at all 

affected stages: extraction and refining, manufacturing of system 

The widecomponents, generation of energy, and decommissioning, 

variation among these energy supply technologies prohibit equal treatment. 

This selection and reviewIt would be like comparing apples to oranges, 

the most obviousof hazardous waste streams is an attempt to focus on 

and potentially consequential stages of hazardous waste generation, For 

this reason, oil shale, petroleum refineries, coal combustion, geothermal 

and biomass are treated from the perspective of what stage hazardous 

On the other hand, solarwaste is generated because of the fuel used, 

to utilize thecollectors and photovoltaics focus on the system needed 

fuel. 

Extraction and refining. As interpreted for this analysis, 

resource from theextraction and refining is the removal of a natural 

of that resourceground (e.g., the mining of coal), and the processing 

so that the quality is improved and can be used for other purposes (e.g., 

processing oil shale to obtain crude oil). 

The extraction and refining of oil shale, petroleum products, coal. 

and geothermal fluids generates mining and/or drilling wastes presently 

The extraction of materials used forclassified as special or hazardous, 

the production of solar collectors and photovoltaic cells also generate 

it ismining wastes. Though this report assumes RCRA regulations apply, 

important to note that the waste stream from the extraction process may 
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be regulated by other federal regulations (e.g., the Surface Mining 

Control and Reclamation Act). 

of theManufacturing of system components. The characterization 

waste streamenergy supply technologies necessitates that the hazardous 

for solar collectorsgenerated in the manufacturing stage be considered 

the fuel for theseand photovoltaics. Review of the system rather than 

technologies enables a more realistic view of total, including environ 

mental, costs. The hazardous waste stream for solar collectors and 

used to make thephotovoltaics results from the processing of materials 

collectors and cells, e.g., metals and chemicals. 

Generating of energy. That stage of the energy supply technology 

where the fuel is used to generate energy sometimes results in the 

generation of hazardous waste. This hazardous waste is a by-product of 

the generation/conversion process. Supply technologies which generate 

hazardous waste at this stage include coal combustion, geothermal and 

biomass. 

Decommissioning. Solar collectors and photovoltaics yield hazardous 

waste in the decommissioning stage. When the solar panels and photo 

of - decommisvoltaic cells are no longer usable they must be disposed 

sioned. The materials used to make the panels and cells are hazardous. 

thus requiring management under RCRA. 

Summary of Energy Supply Technologies 

Technology development and commercialization are affected by many 

factors, including those which affect production capacity of the industry 
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and those which affect the demand for the industry's product. While a 

it is actuallygiven energy technology is often the object of analysis, 
which must be thethe industry (or agency) employing a given technology 

central focus of policy goals. 
2 1 

DOE and the energy industries are 

at all of theirresponsible for compliance with federal regulations 

As such, they need to be aware ofoperating and contracted facilities, 

their responsibility under RCRA regulations, and also the possible 

energy supplyimpacts of their activities, including the siting of 

facilities which generate hazardous waste. 

technologyTable 3 designates those stages of the energy supply 

/Table 4 provides a summary ofwhich generate a hazardous waste stream, 

As thedescriptive characteristics of the energy supply technologies, 

DOE is infederal agency in charge of energy research and development, 

for privatea position to set an example as an environmental advocate 
act on all theutilities to follow. To do this, they must assess and 

waste disposal and itsimpacts of energy development including hazardous 

impact on land use issues. 

reviewedAs can be seen in Table 3, each energy supply technology 

refineries, coaldoes generate hazardous waste. Oil shale, petroleum 

combustion, geothermal and biomass produce hazardous waste by virtue of 

rather than thethe type of fuel used to generate energy. The system 

collectors andfuel results in hazardous waste generation for solar 

^‘Lawrence H. Linder et al., The Solar Photovoltaic Industry: The 
Status and Evaluation of the Technology and the Institutions (Cambridge, 

1.MA: Massachusetts Institute of Technology, 1977), p. 
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photovoltaics. As illustrated by Table 4, the characteristics of the 

fuels and geothermal.energy supply technologies are common for the fossil 

and for biomass/wood and solar based energy, Biomass/gas, other than the 

the fossil fuels andfact that it is a renewable resource, is similar to 

by all energygeothermal. Knowledge that hazardous waste is produced 

characteristics ofsupply technologies reviewed, in conjunction with the 

makers as theythe supply technologies, should be used by decision 

develop alternatives and strategies for the near- and long-term energy 

mix in the U.S. This information can help policy analysts, energy 

accompany theplanners and decision makers assess the impacts which will 

energy path chosen. 



CHAPTER V 

HAZARDOUS WASTE DISPOSAL AND LAND USE 

is related inPractically every dimension of the human environment 

some manner to the use of land, This includes aspects of man's physical. 

Land use planning shouldpsychological, social and economic well being, 

be a serious consideration of policy makers, because land use plays an 

By changingimportant role in structuring basic patterns of activity.^ 

• >the use of land, i.e improvement for a particular type of activity. 

the land itself may be rendered less attractive or even totally unsuitable 

for other activity types. 

The term "land use" evokes different meanings to different people. 

- residentialIt signifies the spatial distribution of activity functions 

areas. 
areas, or industrial, commercial, agricultural and recreational 

To some, the term land use implies a framework for visualizing an area: 

activity patterns of the people, and physical facilities or improvements 

to the land to accommodate these activities.^ For the purpose of this 

research, land use connotes both the spatial distribution of activity 

functions and behavior, or activities affected by that spatial distribu-

of othertion. Changes in land use are often both the cause and effect 

Environmental1 
James McEvoy III and Thomas Dietz, eds.. Handbook for 

Planning: The Social Consequences of Environmental Change (New York: 
John Wiley and Sons, Inc., 1977), p. 109. 

^F. Stuart Chapin, Jr., Urban Land Use Planning, 2nd ed. (Urbana, 
IL: University of Illinois Press, 1976), p. 3. 

86 
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variables.^ The use of land changes with the type of activity, the 

intensity of development, and the economics of land use. The siting of 

a hazardous waste disposal facility will impact the type, intensity and 

economic value of land. 

The use capacity of land is influenced by its location (the 

location of the parcel with respect to resources) and quality (the effects 

or presence of necessary improvements).'* A hazardous waste disposal 

facility as a land use activity will affect other uses by impacting the 

willsurrounding resources or improvements. These facilities induce or 

retard growth in adjacent areas and thus affect land values. They will 

change patterns of growth and existing uses. This research is an attempt 

to identify land use issues involved in the interaction of the siting of 

hazardous waste disposal facilities associated with energy supply 

technologies. 

Conflicts will arise over the locational siting of hazardous waste 

disposal facilities, What represents the preferred use of many individual 

The costsproperty owners conflicts with the needs of the general public. 

involved - social and environmental - must reflect a compromise between 

the conflicting parties. Land, like air and water, is a basic natural 

in trust for futureresource, a resource which must be protected and held 

generations. Any decisions affecting the use of land should be considered 

^McEvoy, p. 109. 

unit of land“Use capacity refers to the relative ability of a given 
above its cost ofto produce a surplus of returns and/or satisfactions 

utilization. 
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from this perspective, Because of the many unknowns in dealing with 

irreversiblehazardous substances, these facilities represent possible 

consequences'with intergenerational time frames. The impact of hazardous 

affects to somewaste disposal facilities on the natural environment 

extent the social values associated with various land uses, e.g., 

recreational, residential or industrial. 

Interrelationship of Hazardous Waste Disposal 
Facilities and Energy Supply Technologies 

for theIn many instances, major land use activities responsible 

production and consumption of energy are also responsible for the primary 

generation of environmental pollutants.® Energy supply technologies 

and theseproduce varying amounts of solid and/or hazardous wastes, 

wastes must be disposed of somewhere. The cost of disposal and the 

availability of disposal capacity will influence the economic viability 

of some energy supply technologies. There is a pervasive interdependence 

and interrelatedness of energy, economics, and the environment. These 

factors must be appraised together in order to more fully comprehend the 

implications of any action. Trade-offs will have to be made, and the 

impact of these trade-offs will depend upon how the conflict among the 

variables of energy, economics and the environment is resolved, When 

reviewing the effect of these variables on land use issues, any one 

variable may not be the prime cause, rather one must consider the 

implications of the related variables. 

®T. Owen Carroll et al., The Planner’s Energy Workbook (Springfield, 
VA: U.S., Department of Coimierce, 1977), p. 40. 
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RCRA was intended to protect public health and the environment by 

the regulation of hazardous waste management, including the siting of 

hazardous waste disposal facilities. Proposed RCRA regulations include 

facilities.specific siting requirements for hazardous waste disposal 

Some of the siting criteria are exclusionary, some are regulated by the 

environmental anddegree of protection, and some are the result of other 

administrative legislation (Chapter II). The energy supply technologies 

reviewed in this research all generate hazardous waste which must be 

disposed in compliance with RCRA regulations (Chapter IV). If energy 

supply technologies dispose of their hazardous waste on site,® then these 

energy supply sites must also be in compliance with RCRA hazardous waste 

siting regulations. Thus if a hazardous waste disposal site was excluded 

from certain areas, then an energy supply facility with on-site disposal 

would also be excluded. Consequently the energy supply facility with 

on-site disposal is ultimately restricted by RCRA hazardous waste disposal 

facility siting constraints. 

If the hazardous waste from an energy supply technology is disposed 

at an off-site facility, the generator must comply with Subtitle C 

but not the actualrequirements regarding hazardous waste management, 

siting constraints. For off-site disposal, the main concern of the 

generator is that the waste be transported safely by a permitted carrier 

to a permitted disposal facility, Energy supply technologies with 

decentralized generation will utilize off-site disposal. Since RCRA 

6 II 
On site means on the same or geographically contiguous property. 
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less thandoes not regulate low quality producers of waste (i.e., 

it will have little100 kilograms per month and residential generators) 

(e.g solar• 5impact on the siting of decentralized sources of energy 

collectors), though it may impact the siting of centralized component 

manufacturing facilities as well as the commercialization of a technology. 

one evaluates,Depending upon which stage of an energy supply technology 

the interaction of RCRA hazardous waste disposal regulations with energy 

technologies may or may not impact land use issues. 

Environmental impact assessment is a relatively current phenomenon, 

first mandated by the National Environmental Policy Act of 1970. Though 

much has been revealed since that time about the impact of siting various 

the type andtypes of facilities, it is difficult to discern completely 

level of impacts unique to different kinds of facilities, If an energy 

one cannot totallysupply facility has on-site hazardous waste disposal, 

disaggregate the impacts of the energy supply facility from the impacts 

It is also difficult toof the hazardous waste disposal facility, 

distinguish between the cause and effect relationships of changes in the 

environment. Land use functions (e.g., hazardous waste disposal 

facilities) may cause an impact on activity patterns, but they may also 

be a result of the activity patterns, The level and direction of impact 

is not constant. 

The effects and increased risks that normally accompany energy 

supply are tied to existing and future patterns of land use developments. 

The effects and risks associated with the generation, management, and 

disposal of hazardous waste as a result of that energy supply are also 
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tied to existing and future patterns of land use. Energy planners and 

in orderdecision makers need to be aware of the land use considerations 

facilities willto plan for communities, states and regions where these 

be uselocated. Analysis of these issues will be of use both to land 

to assess theplanners and energy policy analysts in their efforts 

implication of RCRA hazardous waste regulations. 

Interrelationship of Hazardous Waste Disposal 
Facilities and Land Use 

Private sector decisions regarding land use are affected by 

The decision togovernmental legislation, regulation, and policies.^ 

facilities isuse land for the siting of hazardous waste disposal 

dependent upon RCRA, other federal and state environmental regulations 

and state(e.g.. Clean Air Act, Clean Water Act), and other federal 

rates), inpolicies (e.g.. Interstate Commerce Commission freight 

government hasaddition to private sector actions. Though the federal 

environmentallittle direct control over the siting of facilities, 

The sitinglegislation and regulations are a significant influence. 

decisions often become the focus of a broader controversy over how the 

costs and benefits of development should be distributed, An improvement 

in environmental quality achieved through a reduction of pollutant 

emissions and reduction of ecological impacts is often accompanied by 

’University of Oklahoma, Science and Public Policy Program, Energy 

from the West: Poliay Analysis Report (Washington, DC: Government Printing 
Office, 1979), p. 767. 

8 
Ibid., p. 690. 
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The social and environmentalinefficiencies in the use of resources. 

costs, Butbenefits of such improvements often justify the additional 

environmental) beit is important that these external costs (social and 

and those thatrecognized as necessary for protection of the environment 

Estimates of futureuse the land, air, or water must expect to pay them, 

economic anddemands on natural resources should account for both 

environmental costs.® 

the manner inLand use patterns can have very intense effects on 

There is an interplaywhich land and its associated resources are used, 

use decisions arebetween numerous factual and policy issues when land 

to directmade. A single coherent body of substantive land use laws 

level ofconsolidated land use decisions does not exist at any 

government, 
1 0 Laws and regulations which govern facility siting are 

levels ofoften uncoordinated and overlapping among and between 

11 
government. 

functionAny specific parcel of land to be used for a particular 

fulfillshould be assessed based upon its individual merits to that 

function. The assessment should include an analysis of existing 

an evaluation ofconditions, identification of possible impacts, and 

and impacts, This assessment can thenthe nature possible magnitude of 

be used to select the most feasible (economically, politically and 

®Chauncey Starr and Stanford Field, "Economic Growth, Employment 
and Energy," Energy Volley 7 (March 1979): 10. 

‘“Arbuckle, p. 190. 
11 
University of Oklahoma, p. 690. 
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There are,environmentally) alternative site for the desired use. 

however, problems inherent in impact assessment of any kind, e.g., the 

uncertainties about the impact of any alternative (especially considering 

of the need forthe time frame involved), the multiple-objective nature 

and the lack ofthe site use necessitates making value trade-offs, 

members of thesystematic procedures for resolving differences by 

decision-making unit. 
12 

Delay may increase because more impacts will be 

identified, once identified interests sensitive to those impacts may 

oppose the project, However, the benefits gained from an assessment 

outweigh the problems by ensuring that opposition and/or delays are 

reduced or at least better accommodated. 

wasteFor most types of development projects, including hazardous 

disposal facilities and energy supply facilities, there are likely to be 

two levels of impacts on land use. The development may immediately affect 

existing land use functions. It may also have secondary impacts on the 

andarea. These secondary impacts are likely to occur incrementally 

often are reflective of activity patterns influenced by land use functions. 

of land useThese impacts on land use involve the types and intensities 

activity, or primary and secondary impacts. 
1 3 

of land.There is competition among demands for different uses 

themselves and withVarious elements of land use functions compete among 

A. Buchring, W. K. Foell and R. L. Keeney, Examining Energy/ 
Environment Policy Using Decision Analysis," Energy Systems and Policy 

(1978): 344. 

1 3 
McEvoy, p. 112. 

2 
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and conservation,each other (e.g., economically productive, preservation 

and leisure time and recreation). Again, there must be a decision system 

to resolve the differences. To minimize the generalized impacts of any 

for different typesone (or group) of land use function, appropriate sites 

Coordination of land useand intensities should be chosen beforehand, 

activities is much more difficult ex post facto (after the fact) than 

established.before land use functions and activity patterns are 

and socialLand use is both a response to a broad range of natural 

factoraspects of the environment, and also an induced environmental 

which influences surrounding conditions. 
1 4 

The impact of energy 

facilities with on-site hazardous waste disposal may encourage different 

types of development at the macro level by increasing the supply of 

energy available, While a hazardous waste disposal facility may induce 

some types of growth, it may retard other types, The major categories 

of land use functions (residential, commercial, and industrial) should 

An assessment of the influencebe evaluated to see how they will change, 

information to beon land use functions and activity patterns can provide 

facilities.used to avoid, reduce, or mitigate impacts from these 

Limitations and Assumptions of 
Land Use Analysis 

This analysis is based on an attempt to focus on a "moving target. 

Hazardous waste management regulations and guidelines were proposed in 

Our14 Institute of Environmental Sciences, Learning to Use 
SciencesEnvironment: Proceedings of the 1979 Institute of Environmental 

(Mt. Prospect, IL: The Institute for Environmental Sciences, 1979), 
p. 238. 
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December of 1978 but are unlikely to be finalized before January 1980. 

This left substantial time to make numerous revisions to the proposed 

(e.g it has been• Jregulations, and revisions have and are being made 

hazardous waste beproposed that management of underground injection of 

Regulations").incorporated into the EPA "Proposed Consolidated Permit 

issue, ThereHazardous waste management is a political problem and 

constitutes ais uncertainty in Congress, EPA and the Courts on what 

hazardous waste, and on the best way to protect the public health and 

environment. The approach taken in this document is based on the proposed 

regulations, while realizing these regulations will probably change. 

is indicate whereUntil regulations are finalized, the best one can do 

we are now and suggest what the issues will be in the final attempt to 

resolve hazardous waste management problems. 

ofThis research is a general overview of the interrelationship 

facilities andhazardous waste disposal regulations with energy supply 

The analysis isthe impact of these variables on land use issues, 

It isconducted within certain limitations, parameters and assumptions. 

are to be ablenecessary to understand what these operating conditions 

to interpret the results. The subject itself, as well as the level of 

exact detail,investigation attempted, precludes the inclusion of 

• 9For a particular type of development (e.g hazardous waste facility) 

the entire range of impact measures may not apply. A policy analyst must 

and locations ofexercise selectivity when examining particular types 

effort is thatdevelopment. The primary limitation for this research 

The whole idea ofthe impacts, to a great extent, are site specific. 
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waste regulations, designating site selection criteria in the hazardous 
were naturallywas based on the assumption that some specific sites 

better than others, If the site's natural features are not adequate to 

must be used. 
1 5 

protect the environment, then performance standards 
expensiveHowever, the more protection the design must provide, the more 

it is to construct the facility. 

of social.Site specific characteristics determine the magnitude 

economic and environmental impacts. It is impossible to indicate what 

about the specialthe impact will be on the community if nothing is known 

characteristics of that community, e.g., what is the population, economic 

of the servicebase, cultural background, existing land use, adequacy 

infrastructure, etc. Therefore, at best, this analysis will serve as an 

The impact ofindicator of possible impacts, not an exact prediction, 

hazardous waste disposal facilities on land use functions hypothesizes 

of the change andthe existence and the direction of change. The extent 

"possible" outcomes.its implications on land use issues are indicated as 

of bothLack of exact information about the technical parameters 

technologieshazardous waste disposal facilities and energy supply 

As discussed earlierprohibit a detailed description of the consequences. 

of disposal alterna(Chapter I) there are several different categories 

different technicaltives, and within each of these categories, there are 

The same is true for the energy supply technologies.designs and features. 

The EPA^^Performance standards are part of the "Notes" mechanism. 
specific Subtitle DRegional Administrator may allow deviation from the 
achieve at leaststandard if it can be demonstrated that the site will 

an equivalent degree of protection. 
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There is a variety of designs within each category of energy supply. 

limitsHence, the lack of specific information about the technologies 

the waste streams andthe level of analysis about the characteristics of 

the facilities. That information is needed for a detailed analysis of 

economic and environmental effects. 

site andDetailed analysis of environmental impacts also requires 

technology specific parameters. There is too much variability otherwise. 

construction.Costs are very much site and technology specific, including 

Transportation costs vary with theoperation and decommissioning costs, 

relation to the sourcelocation of a hazardous waste disposal facility in 

of waste generation, The zone (proximity) of impacts resulting from 

hazardous waste disposal cannot be determined without site specific 

RCRA on nationalinformation. Therefore when analyzing the impact of 

for a broadland use, the level of detail is preempted by the need 

overview of pertinent issues. 

waste for mostThis research assumes on-site disposal of hazardous 

centralized energy supply facilities (based on the increasing cost of 

transportation for large volume hazardous waste from oil shale, petroleum 

That will notrefineries, coal combustion, geothermal and biomass/gas), 

always be the case. For the decentralized technologies (biomass/wood, 

to assume that eachsolar collectors and photovoltaics) it is not logical 

consumer will have an individual, on-site hazardous waste disposal 

facility. The stage of the hazardous waste stream of many energy 

technologies is at a centralized generation point. The only decentralized 

andphases generating hazardous waste streams are the disposal 



98 

and biomass/decommissioning stages of solar collectors, photovoltaics 

siting regulationswood. The impact of hazardous waste disposal facility 
is on-siteon energy supply facilities will be greater where there 

disposal as opposed to off-site disposal. 
wereSiting constraints required by proposed RCRA regulations 
administra-identified in Chapter II. These constraints are exclusionary, 

Takentive or restrictive because of other legislative requirements. 

impact onseparately, each individual constraint would have some 
as a result ofnational land use. However, impacts are more significant 

The cliche "the whole is more important thanthe sum of all constraints, 

levels of impact ofthe sum of the parts" is descriptive of the relative 

For evaluation ofindividual as compared to cumulative constraints, 

proposed sitingimpacts at a national level, it is assumed that all 

constraints will be implemented. 

Impact of Hazardous Waste Disposal Facilities 
on Land Use 

functionsAnalysis of the spatial distribution of land use activity 

direction of growthfor hazardous waste disposal reveals a change in the 

for these functions. For the area surrounding hazardous waste disposal 

will either increasefacilities, particular types of land use functions 

or decrease, Land use is under continual pressure to change in response 

to new needs and technologies. With a finite amount of land available 

and only portions of it suitable for development, there is competition 

among the various land use functions, The manner in which hazardous 

waste is managed today may limit future uses of the land. But, to the 
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would preventextent that regulations regarding hazardous waste disposal 

for RCRA toother lands from being contaminated, there is potential 

the remainingoffset the costs (i.e., the use of land) by protecting 

land. 16 

All hazardous waste facilities are required to be located, designed. 

for environmentaland operated in such a way as to minimize the potential 

This does not mean that environmental and other impactsdegradation. 

will not occur. The establishment of hazardous waste facilities will 

through changecause impacts, and these impacts are partially reflected 

At the first levelin land use functions and responses to those changes, 

residential,(land use functions) the impacts will affect existing 

commercial, industrial, recreational and agricultural land uses. Property 

the effects ofvalues are affected by nearby owners' perceptions of 

surrounding land uses on their land utility, Adjacent owners may perceive 

of these industrial facilities as a nuisance because of adverse impact 

on the value of neighboring property. They affect future activities by 

industrialinducing or retarding growth of these land uses. New 

development (e.g., hazardous waste disposal facilities or energy supply 

facilities) often promote secondary impacts on the local community. 

translates intoIndustrial growth frequently attracts immigration which 

demand for new housing and supporting commercial development (both for 

the industry and the new residents). 
17 

The siting of centralized energy 

^^Peltier, p. 239. 

1 7 
Philip S. Schaenman and Thomas Muller, Measuring Impacts of Land 

Development (Washington, DC: The Urban Institute, 1976), p. 26. 
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local community duesupply facilities will result in more impacts on the 
the construction

to the large number of employees needed, especially during 
are

phase. Further, land use functions and their impacts on activities 

influenced through interaction with each other. 

industrialTransportation advances have made it possible to locate 

facilities outside of metropolitan areas. The operation of new industries 

affects the(e.g., hazardous waste disposal facilities) indirectly 
Patterns of land use are largelyexisting transportation network, 

and their spatialdependent upon the locational siting of establishments 
interact, 

1 8 Whiledistribution in relation to other uses with which they 

the transportationthe establishment of industrial facilities will impact 

land use, includingnetwork, the network itself influences patterns of 

the location of industries. 

firms andTransportation is a service system which enables people, 
selected for thosevarious other entities to carry on activities at sites 

1 9 If new industry locates in predomi-purposes in separated locations, 

of new transportationnantly rural areas, it will require the establishment 

networks, i.e., roads, Other new development coming into the area will 

outward, As thetend to follow transportation corridors as they radiate 

forms ofnew development follows transportation corridors, unorganized 

land use functions evolve. A more optimal land use pattern could be 

^®Gene F. Summers et al., Industrial Invasion of Nonmetropolitan 
America (New York; Praeger Publishers, 1976), p. 13. 

1 9 
Chapin, p. 339. 
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cultivated if growth management techniques were used to encourage 

compatible rather than conflicting uses. 

A land use decision such as the siting of a hazardous waste disposal 

facility establishes a precedent for the future that may assume an 

importance far more significant than would be implied by any immediate 

moves into animpacts of the specific development. As a new industry 

area, it sets the stage for similar development. An example of this 

"priming" is the siting of a hazardous waste disposal facility (or energy 

supply facility) and the associated intrastructure development. Other 

industries which utilize similar services will move into the area. Once 

difficult tothe decision is made and approval granted, it is extremely 

reject similar development; both logically and for demands of equal 

treatment under the law. 
2 0 Industrial uses, i.e., hazardous waste 

within thedisposal facilities, tend to attract similar use industries 

Because of common service andsame proximity because of compatibility, 

location needs, there is a clustering of similar land use functions, i.e • J 

industries. 

Industrial land use. Industries in general tend to locate in the 

locational factors.same general vicinity since they often have common 

not more thanIndustries need reasonably level land, preferably with 

their labor.percent slope. They will seek locations which minimize 

transportation and raw material costs. 
2 1 

Industries prefer to be within 

2 0 
Schaenman, p. 27. 

2 1 Book Co • jJohn McMahan, Property Development (New York: McGraw-Hill 
1976), p. 192. 

5 
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force. They
easy comnuting distance of residential areas for their labor 

need direct access to commercial transportation facilities (railroads, 

water channels). Theymajor trucking routes, cargo airports, and deep 

and wasteconsider availability of utilities such as power, water 

Review of surrounding land anddisposal facilities at or near the site, 

its uses is also important. Physiographic features (i.e., floodways, 

active fault zones, critical habitat areas, and severe terrain) will 

on siting animpose additional economic/environmental cost constraints 

industry. Compatibility with surrounding uses will lessen conflicts in 

both the short- and long-term. 
22 

Locational factors which influence the siting of any industry will 

Many of the specificalso apply to hazardous waste disposal facilities, 

could also besiting constraints for hazardous waste disposal facilities 

Both their locationalapplied to the siting of other industrial plants, 

But, after the construction phase.and operational needs are similar, 

waste disposalthe level of employment needed to operate a hazardous 

energyfacility is smaller than the employment force for centralized 

supply technologies, Hazardous waste disposal facilities, as a subset 

industrial usesof the general industrial category, complement other 

because of similar intervening variables. 

categoryEnergy supply facilities are also a subset of the general 

of industrial uses. As energy delivery systems have evolved in this 

such that they arecountry, their institutional structure has developed 

22 
Chapin, pp. 372-373. 
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as are many otherrestricted by the same kinds of siting requirements 

industries. There are specific characteristics of some energy supply 

with industriesindustries which limit their siting options when compared 

power plants andin general (e.g., water requirements for coal-burning 

Other industriesfuel source availability for all energy facilities). 

could locate in a greater variety of areas, albeit at greater expense, 

because of resourcebut some energy supply industries will be precluded 

However, naturalrequirements, e.g., oil shale and geothermal, 

the tendencyphysiographic features and intervening variables reinforce 

toward siting industries (including hazardous waste disposal and energy 

supply facilities) in the same general proximity. 

in areas withIndustry, as a land use function, will probably grow 

common locationhazardous waste disposal facilities. As noted earlier, 

area. Thefactors will encourage development in the same general 

insures that capacityavailability of hazardous waste disposal facilities 

is available to support industrial needs, The close proximity of disposal 

facilities will tend to encourage those industries which generate 

hazardous waste. 

facility and/orIt is hypothesized that a hazardous waste disposal 

waste willan energy supply facility with on-site disposal of hazardous 

Growth of industry willcause growth of other industries in the area. 

Each sectorlead to growth in the commercial and residential sectors, 

other, will requireexperiencing growth, and their interaction with each 

additional services and facilities, Therefore, location of the above 

facilities will impact local land use because of the additional growth 

that will accompany them. 
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of growth.Development of industry will stimulate other kinds 
the industries andCommercial development will be required to support 

will necessitatetheir labor force. In-migration of the labor force 

Industrial, commercial andadditional residential development. 

growth for allresidential development will interact, leading toward 

land uses, This growth, in turn, requires additional public services 

and facilities, The ripple effects of interacting uses will cause net 

growth in an The spatial distribution of land use functions causedarea, 

impacts on the localby growth will influence the type and magnitude of 

area. 

Commercial land use. Growth in the commercial sector accompanies 

new industrialadditional economic activity, such as that caused by 

development, Industries themselves require convenient and available 

This includes retail and wholesalegoods and services in their vicinity. 

trade facilities. Firms providing service support for the industries 

will also need office space. These types of commercial development often 

industrial• 5occur around special activity nodes in an area (e.g 

facilities). 
23 Thus it would be expected that commercial development 

industrial developmentestablished to provide support and services for the 

those industries.would locate in easily accessible areas adjacent to 

similar toCommercial development siting requirements are somewhat 

Some of the necessities for commercialindustrial siting requirements, 

with not more thandevelopment include reasonably level land (preferably 

^^McMahan, p. 182. 
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routes, and5 percent slope), direct access to major transportation 
24 But the most important requirement foravailability of utilities. 

to its market.commercial development is that it be easily accessible 

developmentThe growth of economic activity brought on by industrial 
The increased populationwill cause growth in the residential sector, 

especially retailalso necessitates additional commercial development, 

centers. Againtrade which would suggest the development of new shopping 

to theirthough, the commercial facilities must be easily accessible 

consumer market, Retail establishments often situate adjacent to other 

area, with commercial/industrial closer to industries 

commercial uses. Thus it is logical that commercial support for both 

industrial and residential uses will probably locate in the same general 

and commercial/ 

residential closer to residences. 

Residential land use. New residential development is normally 

especially if it isdiscouraged in close proximity to industrial areas, 

on the population.expected that the industries could have adverse effects 

the quality andThroughout the years, the tendency has been to protect 

People spend a greatvalue of residential property above all other uses. 

deal of their time near their homes. A child's formative years are 

Thus it is important that residentialusually spent in residential areas. 

choose to 
areas be protected from the dangers that individuals might 

expose themselves to otherwise. The perception of a safe dwelling place 

24 
Chapin, p. 373. 
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is one of man's strongest needs. Any adverse impacts that may result 

the minimization offrom living near industrial facilities necessitate 

land use functionsresidential land use near those facilities. Supporting 

in residential(e.g., commercial and industrial) may require an increase 

development, but not within close proximity to those facilities perceived 

as harmful. 

views hisThere are many things which influence how an individual 

living environment, These in turn influence his notion of personal 

safety and security, Studies of human perception suggest that physical 

as well asenvironment is significant in terms of physical location 

social orientation. 
25 

Enhanced perceptions of safety can be achieved 

by locating residential developments in functionally sympathetic areas 

continued threat. 
26

immediately adjacent to activities that do not provide 

Public perception of land use. As societies evolve and change so 

do the accompanying technologies. Hazards are more subtle than they used 

of nature,to be. For early humans, risks/hazards were the products 

must contend note.g., tornadoes, forest fires, floods, etc. Now one 

only with natural risks but also manufactured risks such as industry 

not always asgenerated hazardous waste. Human created hazards are 

obvious as naturally occurring risks; chemicals buried ten to twenty years 

^®John C. Holliday, design for Environment: Social Change and the 
Knight and Co.,Need for New Approaches in Planning (London: Charles 

Ltd., 1977), p. 23. 

Co.,26 Oscar Newman, Defensible Space (New York: The Macmillan 
1972), p. 9. 
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Public recognition ofago may just now be leaching into vital aquifers, 
desirable livingproblems is an essential link in the construction of 

makes
environments, However the scale of real phenomena and consequences 

the issues hard to see. Attempts to consider the "overall picture" tend 

to make one lose perspective of micro level consequences. 

have aThe spatial distribution and design of land use functions 

direct influence on how the environment is perceived, Types of housing. 

industriallocation of retail establishments, transportation systems, 

and wasteactivities, and environmental ramifications of pollution 

of the environmentdisposal are just a few of the ways in which the design 

is manifest, This means that better environments can come only through 

of adaptiveconscious realizations of the need to change, and development 

systems for change in conjunction with technological change. 
27 

impactsAs public concern about pollution continues, environmental 
areas of concern. 

as they affect the safety and well-being of society are 

andEarlier views of pollution (air and water), waste management 

Today however.ecological issues were seen as separate problem areas. 

Environmental processes arethe predominant view is a systems approach. 

interdependent. 
28 As population increases and individually available 

more 
space decreases, the effects of environmental pollution are 

Thus it is necessary to develop specificimmediately felt by everyone. 

^^Holliday, p. 133. 

DC: National^^Enviromiental Quality and Social Behavior (Washington, 
1969), p. 5.Academy of Sciences Printing and Publishing Office, 
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of land use functions,techniques, such as management of spatial patterns 

which minimize potential adverse impacts. 

Because of hazardousHazardous waste disposal facility siting. 

impact nationalwaste disposal facility siting constraints, RCRA will 

use functions, Theland use, including the spatial distribution of land 

the siting ofsiting constraints, taken as a whole, will preclude 
Thethe country,hazardous waste disposal facilities in many areas of 

location of industrysiting of these facilities will in turn influence the 

landwhich then interacts with commercial and residential use functions. 

publicized byPast mismanagement of hazardous waste has been well 

Valley of the Drumsthe media, e.g.. Love Canal (Niagara Falls, New York), 

Dump (Toone,(West Point, Kentucky), and the Velsicol Chemical Corporation 

waste disposalTennessee). This further restricts the siting of hazardous 

facilities because of public perceptions, People are concerned about the 

health and environmental effects of these facilities. They perceive 

hazardous wasteadverse health effects because of highly publicized 

disposal problems, Their psychological well-being is impacted by their 

of decreasedperceptions of the effects of that facility - perceptions 

Though there may notproperty value and other quality of life amenities. 

for those livingbe an actual decrease in the quality of life or health 

near the perceptionsproperly managed hazardous waste disposal facilities, 

are just as important as reality itself to those affected. 

constraintsHazardous waste disposal facilities, because of existing 

features, etc.)(availability of land, zoning, public opinion, natural 
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These smaller communities, whichare likely to be sited in rural areas, 

often lack an adequate supportive infrastructure for major new development 

However, becausewill experience greater impacts from any kind of growth, 

there is usually not a well-defined spatial distribution pattern in these 

managementareas, they represent an opportunity to implement growth 

techniques to minimize adverse impacts, Based on these assumptions, it 

decisions, the spatialis hypothesized that, depending upon local planning 

directed towarddistribution of land use functions may evolve or be a 

effects, andgrowth pattern which will minimize health and environmental 

maximize economy, convenience and amenities. 

The results of the impact on change of land use functions by 

Table 5. In terms of /hazardous waste disposal facilities can be seen in 

indicator of theland use patterns this table provides a hypothetical 

surrounding newoptimal spatial distribution of land use functions 

hazardous waste disposal facility (Fig. 1). The siting of a hazardous 

waste disposal facility (HWDF) will probably result in a ripple effect on 

based on thechanging land use, with successive buffer zones developing, 

interactive growth of each sector. 

As an industry which experiences similar locational requirements as 

will be located inother industries, hazardous waste disposal facilities 

the same vicinity as other industries. Support commercial development 

to the industrialfor the industries will be located immediately adjacent 

development, evolving outward with retail commercial development and 

both industrial andtoward residential areas, thus providing support for 

and the Americanresidential areas. Both health and safety considerations, 
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AGRICULTURAL 
RECREATIONAL 

COMMERCIAL 

INDUSTRIAL 

Facility
\ 

distributionFigure 1. Hypothetical indicator of the optimal spatial 
of land use functions around industrial development, including hazardous 
waste disposal facilities. 
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on the outerdream of "suburbia," will direct residential development 

Recreational and agricultural functions will also beperiphery, 

For some specificinterspersed on the outer periphery with residential, 

of food crops isdisposal techniques (e.g., land farming), the growth 

Leaching possibilities wouldprohibited by proposed regulations, 
29 

Because of pastpreclude the growing of food crops near the site, 
children playedmedia coverage of incidents such as "Love Canal," where 

unlikely thatin areas that had once been hazardous disposal sites, it is 

recreational activities near the disposal sites will be permitted. 

Summary of Land Use Impacts 

a hierarchyThe pattern of land use proposed in Fig. 1 hypothesizes 

includingof land use functions surrounding industrial development, 

facilities,hazardous waste disposal facilities and energy supply This 

not apply to allspatial distribution pattern has not applied and will 

industrial development. What it does allege, however, is that a 

desirable way to dealwell-defined pattern of land use functions may be a 

with "less desirable" development. If people know that there will be a 

buffer zone (i.e • commercial land use) between the less desirable> 

some of the(industry) and more desirable (residential) development, 

of any majorproblems of adverse public opinions toward the siting 

It becomes a matter of implementingindustrial facility may be overcome, 

of development occursgrowth management techniques to insure that the type 

in conformity with a planned overall pattern. 

^’^Fedevdl Register, 43: 58990-58991. 
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differentAssessment of the impact of retrofitting is an entirely 

problem, 
3 0 A thorough assessment necessitates site and technology 

will be thespecific information. However, the probable outcome 

to a spatialdisplacement of land use functions over time, leading 

distribution pattern similar to that portrayed in Fig. 1. Depending on 

specific conditions and characteristics, the total impact may be greater 

for retrofitted facilities than for new facilities contingent upon the 

level and adequacy of planning, But, a primary difficulty with first 

siting the facility and then planning the surrounding development is the 

construction andlack of support services for the facility itself during 

early operation, For retrofits or sites in an already developed area, 

many of the support needs would be in place (e.g., labor requirement and 

public utilities). The variation in impacts demands that trade-offs be 

made. 

wasteBecause major new industrial facilities such as hazardous 

be located in ruraldisposal facilities and energy supply facilities will 

areas, the lack of existing development presents an opportunity to 

were locatedmanage growth. If new hazardous waste disposal facilities 

in sparsely developed areas, it v/ould be possible to develop support from 

use thethe public if the facility and its surrounding land were result 

construction,of planned development. By planning in advance of any 

those responsible for the facility could direct and manage the types and 

current^“Retrofitting means to equip the facility to meet 
environmental protection standards. 
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be a "hazardoustiming of growth to complement what would otherwise 
II

garbage dump. The key here is to start planning far enough in advance. 



CHAPTER VI 

ENERGY SUPPLY TECHNOLOGIES AND LAND USE 

on energyTo identify the impact of RCRA hazardous waste regulations 

the land use impactssupply technologies, it is necessary to look beyond 

of industry in general, As seen in Table 3 (page 80) all energy supply 

Thispoint,technologies reviewed do generate hazardous waste at some 

land use impacts causedanalysis attempts to identify some of the types of 

hazardous waste, Toby specific energy supply technologies which generate 

for eachdo this, the stages at which hazardous wastes are generated 

wastestechnology are described and the specific hazardous are identified 

(Chapter IV). 

Energy supply technologies reviewed are oil shale, petroleum 

collectors andrefineries, coal combustion, geothermal, biomass, solar 

photovoltaics. For these technologies, significant amounts of hazardous 

waste is generated in extraction and refining, manufacturing of system 

stages, Oil shale.components, generation of energy, and decommissioning 

solar collectors andpetroleum refineries, coal combustion, geothermal, 

and refiningphotovoltaics generate hazardous waste in the extraction 

stage, Solar collectors and photovoltaics generate hazardous waste during 

manufacturing of system components and decommissioning of energy systems. 

and biomassThe generation of energy from coal combustion, geothermal 

facilities produces hazardous waste. Depending upon the technology. 

energy waste stages may cause various land use impacts. 

115 
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Oil Shale 

Oil is extracted from oil shale rock in one of two ways: above-ground 

retorting or in situ retorting, In above-ground retorting the shale is 

first mined and then extracted in large furnaces above the ground called 

it is
retorts, The in situ retorting involves heating the rock while 

still in the ground, Both methods generate hazardous waste streams in 

the extraction stages. 

after theAbove-ground retorting is the second phase of extraction 

For a 50,000mining phase (from either open pit or underground shafts), 

would processbarrel-a-day output, above-ground oil shale retorting 

for disposal each60,000 tons of shale and leave 50,000 tons of waste 

day. Some estimates predict that the oil shale industry (with above-ground 

within thirty years.retorting) could disturb over 80,000 acres of land 

acre-feet of waterThe above-ground retorting would use 6,000 to 9,000 

acre-feet of waterper year for underground mining; but 12,000 to 18,000 

operation beper year would be needed for surface mining, Such an would 

West.^a significant impact for the semiarid regions in the 

In situ retorting does have some advantages over above-ground 

It would reduce or eliminate the need for surface or deepprocessing, 

This method would also mitigatemining thereby disturbing less land, 

and reducesome of the problems of waste disposal and land revegetation, 

same amount of oilwater consumption by one-third to one-half (for the 

Industry^Stewart W. Herman and James S. Cannon, Energy Futures^-
Publishing Co., 1978),and the New Technologies (Cambridge, MA: Ballinger 

p. 359. 
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as However, in situ retorting may contaminatefor above-ground retorting). 

large quantities of groundwater.^ 
may mayHazardous wastes generated in the extraction stage or not 

be regulated by RCRA. It is possible that these wastes will be regulated 

may be exempted
by the Surface Mining Control and Reclamation Act, or they 

toward the goal offrom RCRA requirements in order to expedite progress 

U.S. energy independence, Currently oil drilling muds and oil production 

bebrines, and other mining wastes (of which oil shale may included in 

proposed RCRAeither category) are classified as special wastes by 

If oil shale extraction wastes are designated as specialregulations, 

as hazardouswastes, their disposal will not be as stringently regulated 
environmental

waste. Special waste disposal facilities need only meet the 
disposal facilities,and performance standards proposed for hazardous, waste 

and designwhereas hazardous wastes must also comply with operating 

have to bestandards. Special waste disposal facilities will not 

waste disposalmonitored for groundwater contamination as do hazardous 

manifest system infacilities. Special waste would be included in the 

This classification will not solveorder to document their disposal, 

The wastes will stillthe problems of large volume of waste disposal, 
environment andbe present and the problem will be how to protect the 

to the employmentother developments which may develop in close proximity 

centers. 

^Ibid., p. 360. 
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the sitingIf extraction wastes are classified as special wastes, 

of RCRA hazardousof these facilities as a result of the interaction 

may impactwaste disposal regulations with energy supply technologies 
from unmonitoredpotential land use due to leaching into groundwater 

special waste disposal facilities. 

shale depositsColorado, Utah, and Wyoming contain the richest oil 

in the U.S. This resource is located in a limited geographical region 

large populationthat is primarily semiarid, rural, and isolated from 

centers.^ The constraints of developing this energy supply technology 

are regional. The development of energy facilities in this region, with 

would disturbin-migration of large numbers of shale-industry employees, 
and economic impacts,previously sparsely settled regions causing social 

and problems for the region if not carefully managed. 

severely alteredLocalized health effects, deteriorated air quality, 

tend to limitlandscapes and competition for water resources will 

A largedevelopment within close proximity to oil shale facilities. 

pressures.influx of shale industry employees, will cause development 

for water, suchBecause of the location of the resource and competition 

oil-shale towns" to bedevelopment pressures may cause company or 

developed, These boom towns, based on one industry (i.e., oil shale) 

One of the majorraise several issues associated with such growth, 

technology andissues is the large amount of water required by this 

for water, i.e • 9therefore its competition with other land use sectors 

and^TRW, Environmental Characterizations for Energy Technologies 
1978), p. 39.End Uses: Executive Summary^ Vol. I (McLean, VA: TRW, 
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Furthermore,commercial, residential, agricultural and recreational, 

that the water available could be contaminatedthere is the possibility 

In oil shale production.by the extraction and processing activities, 
large waste volumewaste is continuously generated. The disposal of this 

development, Finally,will take land from other uses, further restricting 
economicsbecause of the large volume of hazardous waste generated, 

Transportation costs of suchdictate that there be on-site disposal, 

of thelarge amounts of waste would limit the economic feasibility 

technology, However, on-site disposal will increase (or maybe just 

which in turn limitsmove) the probability of local water contamination, 

practicality of other development. 

probably beThe types of industry locating in these areas would 
their immigratingthose which would not provide permanent housing for 

Public facilities, services and utilities are often not
employees. 

Fringeprovided in timely fashion for newly developing communities, 

centers of employment where generally there are inadequate 

a 
area settlements (e.g • 9 mobile home communities) may develop around 

urban services. 

and organizationsExisting local governmental boundaries, tax structures 
the newprobably will not fit new community patterns and therefore 

However, thesesettlements are not adequately regulated or planned.'* 
of RCRA hazardousland use impacts are not a result of the interaction 

They are a result of thewaste regulations with oil shale facilities, 

oil shale industrial processing facilities themselves. 

‘‘John S. Gilmore and Mary K. Duff, Boom Tom Growth Management 

(Boulder, CO: Westview Press, 1975), pp. 20-21. 
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useOil shale energy supply facilities present unique land 

constraints and issues, They are regionally constrained because of the 

location of the oil shale resource, Oil shale development necessitates 

is already athe use of large amounts of water in areas where there 

water shortage. The competition for the required water could limit 

development, These facilities will probably adversely impact air and 

water quality and land use. Though the utilization of this technology 

may be limited because of federal and state environmental laws, these 

laws can be changed, The air quality of the localized area, as well as 

The landscape in the vicinity ofthe water quality, will be degraded, 

waste disposal)the oil shale plants will be altered (both by mining and 

and reclamation is uncertain. There are also potential health effects 

associated with oil shale production and residuals.^ 

disposal, ifThe large amounts of land required for hazardous waste 
land use functionsnot used for this purpose could be developed for other 

There is a given amount of landor preserved in its natural state, 

types ofeconomically and environmentally suitable for various 

If one usedevelopment. Land use functions compete for that land, 

Because of the large volume ofprevails, then the others are excluded, 

facility sitingwastes to be disposed and hazardous waste disposal 

land for other typescriteria which must be addressed, some of the best 

of the scarcityof activities may be preempted from other uses because 

RCRA hazardousof suitable sites for development, e.g., those meeting 

^TWR, Executive Summary, p. 39. 
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In the predominantly ruralwaste disposal facility siting constraints. 

waste 
areas of the country, any major facility such as a hazardous 

impact localdisposal facility or an energy supply facility will 
in areas whichcommunities by inducing growth, such as boom town growth, 

The fact that therecan not afford to provide the necessary services, 

some industriesis a facility for hazardous waste disposal might induce 

vicinity,which generate hazardous waste to locate in the general If 

the facility mightthis were to happen, the land use configuration around 

have the same kindsapproximate that of the hypothetical model and thus 

of land use impacts. 

use aroundThe hypothesized spatial configuration model of land 

industries with on-site hazardous waste disposal should apply to oil 

shale technology, Though development could evolve in those directions. 

of the competitionany land use in that area (the West) will be reflective 

for water resources, For oil shale facilities, the type and volume of 

associated hazardouswaste will have more impact on land use issues than 

waste disposal facilities. 

Petroleum Refineries 

ofHazardous wastes generated in the extraction and refining 

RCRA hazardouspetroleum products may or may not be regulated by proposed 

Classification in the special waste categorywaste disposal regulations, 

for this continuouslyand/or special exemption may remove the requirements 
like other hazardousgenerated, large volume hazardous waste to be managed 

wastes in the mining stage. 
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There are three major steps in petroleum refining technology: 

(i.e extracting• 9separating the petroleum from its original location 
oil into variouscrude oil from a geological formation); converting crude 

oil; and treatingproducts such as gasoline, kerosene, naptha and heavy 

and blending these products to obtain the desired refinery products 

aviation fuels and greases). The 
• 9(e.g regular gasoline, heating oils, 

discharge a widephysical and chemical processes involved in these steps 
Environmentalrange of production wastes from diverse refinery sources, 

location, size,impacts of petroleum refining are functions of refinery 
mix.® Sitecrude oil, feedstocks, and variations in the end product 

site specificspecific land use impacts cannot be predicted without 

information about the refinery facility. 

The large volume of wastes generated in petroleum refining will 

The refining process willimpact air and water quality, and land use. 
air emissions.potentially cause visible, malodorous, and/or hazardous 

with the potentialWastewater streams from refining contain substances 

The volume of land needed
to cause a severe decrease in water quality.^ 

with otherfor disposal of the hazardous wastes will be in competition 
disposalland uses. Because of transportation cost, there will be on-site 

the energy supplyof waste where feasible. Land in close proximity to 

other kinds offacility may be used for waste disposal rather than 

If the petroleumdevelopments because of the magnitude of the waste, 

town effects can berefineries locate in rural-undeveloped areas, boom 

’Ibid.®Ibid., p. 45. 
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such pressures.anticipated unless there is adequate planning to mitigate 
the labor force mayIf they are located near established urban centers, 

come from the urban area and inmigration will be less, thus causing fewer 

social and economic impacts on the area in general. 

brines areMining wastes and drilling muds, and oil production 

Facilitiesclassified as special wastes by proposed RCRA regulations. 

and designwhich handle special waste will be exempted from operating 

The Surface Mining Controlstandards which apply to hazardous waste, 

and Reclamation Act may also be responsible for the regulation of petroleum 

mining waste. Regardless of disposal practices, the mining of petroleum 

of land required.products will cause land use impacts due to the amount 

practices insureAdverse impacts will be minimized however, if disposal 

environmental protection. 

have beenRefining of petroleum products generate wastes which 

filter clays,identified as hazardous by ERA (e.g., DAP sludge, kerosene 

lube oil filtration clays, slop oil emulsion solids, etc.), These 

hazardousproduction wastes are large volume, continuously generated 
hazardoussubstances. As such, they must be disposed of in permitted 

Location of raw materials partially dictateswaste disposal facilities, 

The locational siting of refineriesthe location of petroleum refineries, 

will in turn influence the siting of hazardous waste disposal facilities. 

facilities will beConcurrently, the siting of hazardous waste disposal 

If refinery facilities chooseconstrained by proposed siting criteria. 

^Federal Eegistery 43: 58992. 
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location of theon-site disposal for their hazardous waste, then the 
constraints whichrefinery itself will be limited by many of the same 

apply to hazardous waste disposal facilities. 
or hazardousIndustrial development (such as energy technologies 

area to support thewaste disposal facilities) may induce growth in an 

industry itself, i.e labor requirements, supporting commercial• 9 

development, etc. However, growth in close proximity to petroleum 

refineries is not likely because of air and water pollution. 

of the sitingLand use issues will be dictated by the interaction 

refineries -of hazardous waste disposal facilities and the petroleum 

effects may make themthe petroleum refineries since their environmental 

facilities becauseundesirable neighbors, and the hazardous waste disposal 

The sheer volume of land needed forof public perception and concern, 

availability fromthese facilities will impact land use by removing its 

If, however, the refineries havedevelopment for other functions, 

of other land useoff-site disposal, there may be growth and development 

functions similar to the spatial configuration in Fig. 1 (page 111) with 

similar impacts. The type and magnitude of land use impacts is site 

disposal facilitiesspecific and dependent upon on-site versus off-site 

for hazardous waste. 

Coal Combustion 

With oil becoming increasingly expensive and natural gas in short 

fuel will playsupply, coal as the United States' most abundant fossil 

The environmental 
an important role in the energy future of this country, 

severe.hazards of obtaining and using coal for energy are 
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and therebyCurrent energy policy is to expand the use of coal 

isreduce U.S. dependence on foreign sources of energy, Though this a 

action must beviable energy alternative, the consequences of this 

considered, i.e increased environmental damage. Coal combustion as 
• 9 

the extraction 
an energy supply technology produces hazardous waste in 

and refining, and the generation of energy. 

operation,There are land use impacts associated with any mining 

The type andbut to a large degree the impacts are site specific. 

type of mining (surfacemagnitude of the impacts are influenced by the 
control 

or underground), the characteristics of the site, pollution 

cessation ofmeasures used, land reclamation practices which follow 

mining, etc.^ Hazardous waste generated from coal mining are classified 

These special waste will beas special waste by proposed regulations, 

disposed of in facilities which have less stringent requirements (as 

The Surface Mining Control andwith special waste for oil shale). 

Reclamation Act also influences the magnitude of land use impacts from 

coal mining. 

land use.Mining potentially affects water and air quality and 

other uses, It canSurface mining temporarily makes the land unfit for 

habitats. 
cause destruction of undisturbed wildlife areas and wildlife 

in water flow.Mining may produce sources of air pollution and changes 

It can also cause socioeconomic impacts for localdepth or quality. 

communities. To the extent that environmental impacts are associated 

^TRW, Executive Suimary, p. 45. 
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environmentalwith mining, trade-offs have to be made between the 

(including social) costs and the need for the resource. 
MiningInclusion in the special waste category and the Surface 

hazardous wasteControl and Reclamation Act virtually guarantees that 

in permittedfrom coal mining operations will not have to be disposed 
Thismonitoring,hazardous waste disposal facilities with groundwater 

does not mean that there will be no land use impacts from coal mining. 

water quality andThere are impacts - impacts such as degraded air and 
for other resources.land use because of the lack of adequate protection 

may not beThe impacts for land use issues from a polluted environment 
are differentgreater than for a clean environment but they certainly 

in terms of future development potential. 

facilitiesThe preparation of coal for use in coal combustion 

Coal preparation facilities requiregenerates hazardous waste, 

The use of this land forpermanently dedicated land for waste disposal, 
recreation ordisposal prevents its use for other purposes such as 

Permanent removal of land from other uses will limitagriculture, 

development in an area. Coal preparation plants generate a considerable 
1 0 The facilities foramount of occupational noise and air pollution, 

discharge waterpreparation of coal are also water consumptive and 

contaminants, The environmental pollution potential from coal 

A combination of air, water, and noise pollutionpreparation is great, 

commercial,in conjunction with each other will tend to retard 

i®Ibid., p. 28. 
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close proximityresidential, agricultural and recreational growth within 

However, industrial developmentto the coal preparation facility, 

immediately adjacent to the coal preparation and special waste disposal 

use functions.facilities could serve as a buffer zone for other land 

will resultThe generation of energy from coal combustion facilities 

in the continuous production of a large volume of hazardous (special) 

of ash andwaste, Large amounts of land will be required for disposal 

calcium sulfate (CaSOi,) sludge, 11 Factors such as the geographic 

of environmentaldistribution and sizing of plants, and the effectiveness 

control technology determine the level of environmental impacts from this 

of hazardousenergy supply technology. Because of the large volume 

wastes to be disposed of, RCRA could impact the widespread implementation 

on land useof this energy supply system. In addition to the impacts 

local waterdue to waste disposal, coal combustion may also impact 

resources and thus indirectly affect land use. 

hazardousThe large amounts of land needed for disposal, proposed 

waste disposal facility constraints, the need of the technology for 

adequate water supplies, and public opinion may work together to prevent 

(or delay) the increased utilization of coal combustion technology. In 

available land forthe U.S., the West may be most desirable in terms of 

constraints.disposal and land which also meets the siting criteria 

the conflicts overHowever there is already a problem of how to resolve 

water rights in the West. 

11 
Ibid., p. 34. 
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hazardousThe hypothesized models of land use functions surrounding 
facilities whichwaste disposal facilities will probably not apply for 

In the first place, energy facilitiesdispose of coal combustion wastes, 

If other industries could not sharewill probably have on-site disposal. 

incentive to developthese waste disposal facilities, there would be less 

areas in close proximity, Also because of lobbying efforts by the coal 

energy policy,industry and utilities, and the direction of national 

hazardous wastes from coal combustion may be exempt from compliance with 

RCRA hazardous waste disposal regulations. 

there will beIf the commercialization of coal combustion continues, 

Greater volumes of wasteincreasingly greater volumes of special wastes. 

land needed for thelead to greater land use impacts. Large amounts of 

of other land usedisposal of these wastes will preclude the development 

wouldfunctions, Even if these wastes were not regulated by RCRA they 

still cause impacts, probably severe adverse impacts because public 

health and the environment would not be protected, as well as impacts on 

water quality. 

an energyLand use impacts will result from coal combustion as 

Hazardoussupply technology and accompanying waste disposal facilities, 

refining, and(special) wastes generated in both the extraction and 

The main impact will begeneration of energy will be regulated by RCRA. 

can be builtto limit the areas of the country where the facilities 

for hazardous waste(because of locational siting need, e.g., the need 

for water),disposal facilities, available coal resources and need This 

not be built elsewhere;does not mean that coal combustion facilities will 
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expensive due torather, if they are, they will be significantly more 

environmental protection and transportation costs. 

Geothermal 

produced in theFor geothermal energy supplies, hazardous waste is 
The hazardous waste stream generatedextraction and generation stages, 

Controlin the extraction stage may be regulated by the Surface Mining 

As final regulations are beingand Reclamation Act rather than by RCRA. 

specialdeveloped, some energy supply technologies are receiving 

The geothermal power industry isexemption from RCRA requirements, 
1 2 

If grantedrequesting, and will probably obtain, special exemption. 
will notspecial exemption, RCRA hazardous waste disposal requirements 

For theapply to this energy supply industry in the near future, 
regulations forpurposes of this research, it is assumed that RCRA 

hazardous waste disposal do apply. 

waste disposal,If the land is available and suitable for hazardous 

(i.e., drillinghazardous waste generated during the extraction stages 
of on site.of wells to release the heat) will probably be disposed 

when on-siteTransportation costs make off-site disposal unattractive 

Land use impacts for geothermal energydisposal is a viable alternative, 

wilderness orat the extraction stage include intrusion into remote 

resources.recreation areas because of the location of U.S. geothermal 

developmentGeothermal exploration will require road and associated mining 

^^Solid Waste Report 10 (June 1979): 91. 
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If wells drilled are productive, boom town impactsin these remote areas. 

occur.(as previously discussed for oil shale) will probably 
of heat andBecause of its potential use as a long-term source 

near geothermalelectricity, new, planned communities could develop 
may be developedreservoirs. Current wilderness and recreation land 

The main attraction for industrybecause of geothermal power resources, 

energy forin these areas will be a virtually unlimited supply of cheap 

1 3 Development occurringelectricity and steam for industrial purposes, 

in these areas should tend to follow the hypothetical model proposed in 

However, geothermal plant operations are sometimesFig. 1 (page 111), 

The steam itself often contains quantities of hydrogenvery noisy, 

Well blowouts sometimes occur.sulfide with its characteristic odors, 

conditions. 
1 4 

spewing roaring steam into the air and creating foglike 
likely occur in closeFor these reasons, residential development will not 

Industry would locateproximity to the geothermal energy facility, 
and electricity.closer to the energy facility to utilize heat sources 

and the residential,The support commercial development between industrial 
a buffer zone, Allrecreational and agricultural sectors would serve as 

but industrialsectors would probably use the heat sources and electricity 

the geothermal 
uses would be more compatible within close proximity of 

facility. 

land developmentThere is the possibility that very little, if any, 

As mentioned above, they arewill occur near geothermal energy sources. 

Herman, p. 313. 
14 

Ibid. 
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In addition to usingnoisy, foul smelling and subject to well blowouts, 

the West), geothermallarge amounts of water (a serious constraint in 
The drilling andbrine leaks can contaminate aquifers or surface water, 

increase in seismicrelease of subsurface heat may potentially cause an 
Noxiousactivity (a hazardous disposal facility siting constraint). 

The sum of the potentiallyfumes may reduce air quality in the area, 

incentives toadverse environmental impacts may be greater than the 
made. 

encourage development and therefore trade-offs will have to be 
of geothermalAs an energy supply technology, increased utilization 

level, For theenergy could impact land use on a national/regional 
will probablyforeseeable future in the U.S., all geothermal development 

1 5 If development does occur, it could drawtake place in the West, 

That development, inindustry and population migration to the West, 

impact waterconjunction with the energy supply itself, would severely 
Because of seismic activity andquantity and quality in the area, 

facilities willscarcity of water it is not expected that these energy 

have on-site hazardous waste disposal if they must comply with proposed 

The interaction of RCRA hazardous waste disposalRCRA regulations. 

regulations with geothermal energy facilities will not impact national 
from hazardousland use per se if these energy facilities are exempted 

Nor will there be an interactive impact if thewaste regulations, 

Geothermal energygeothermal facilities cannot have on-site disposal, 
because of RCRAfacilities will impact land use, but not necessarily 

hazardous waste disposal regulations. 

i^ibid., p. 314. 
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Biomass 

heat, Since
In the past biomass was the predominant generator of 

has burned wood and other organic matter tothe discovery of fire, man 

Interest in the use of biomassheat his dwellings and cook his meals. 

Biomass fuel may be 
as an energy supply technology is being revived. 

Organic plant matter can be convertedwood or other organic plant matter, 

than burned directly.into gas (bio-gas from anaerobic digestion) rather 
wood and bio-gas.The wastes generated from biomass energy sources, both 

1 6 
are hazardous, These renewable energy technologies produce hazardous 

However, because biomass/woodwaste in the generation of energy, 

hazardous wastetechnology is decentralized, it is possible that RCRA 
kilograms or less permanagement regulation will not always apply (if 100 

is not requiredmonth of hazardous waste is generated, then the generator 

to comply with RCRA regulations). 

Anaerobic digestion for bio-gas production from animal and agricultural 
and produce 

waste can greatly reduce pathogen content, reduce waste volume 
If materials used in digestion are free froma high quality fertilizer, 

may be nonhazardous. 
1 7 

toxicants and infectious materials, the waste sludge 

However sludge from bio-gas production is expected to be hazardous, with 

production.large waste volume continuously generated from centralized 
be wood or agriculturalBiomass combustion's greatest use will probably 

1 8 Ash is the main hazardouswastes in small decentralized operations. 

1 7 
Ibid., p. 20.^^Weeter and Carson, pp. 14-21. 

1 8 Ibid., p. 16. 
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waste generated. This waste material is continuously generated from 

noncentralized sources. 

generationImpact on land use of hazardous waste produced from the 

discussed for theof energy from biomass/gas will be similar to impacts 
If there is off-site disposal infossil fuel energy technologies, 

be drawn into thefacilities in close proximity, other industries may 

If there is on-site 
area to utilize the same disposal facilities. 

itself will bedisposal, siting of the biomass/gas energy facility 

constrained by proposed RCRA regulations. 

interaction ofIt is difficult to assess the impact of RCRA on the 

with biomass/wood energythe siting of hazardous waste disposal facilities 
As a decentralizedsources since this technology is decentralized, 

waste disposaltechnology there will probably not be on-site hazardous 

facilities. If the waste is disposed of by generators who produce 

this practice100 kilograms or less per month, over a period of time 
environmental(with the cumulative build up of wastes) will deteriorate 
Hazardous wastesquality, and thereby impact remaining land use options, 

of the volume,will impact the environment (and thus land use) regardless 
the more severe thebut it stands to reason that the greater the volume, 

impact. 

promotion ofBiomass energy sources will impact land use through 

decentralized energy systems. Decentralized systems lessen the need for 

large energytransmission lines, added roadways, and centralized 

such as laborfacilities (and their impact on the local communities 

The siting of these biomassrequirements, housing, infrastructure, etc.). 
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is notfacilities, unless they have on-site disposal facilities, 

expected to be impacted by RCRA regulations. 
of theirDecentralized generators will have to be made aware 

are expected to beresponsibilities under RCRA regulations since they 
with hazardousthe predominant users and are not normally acquainted 

An indirect impact resulting from biomass energywaste regulations. 

facilities toproduction will be the need for hazardous waste disposal 
fewer centralizedaccommodate many decentralized generators rather than 

In areas of the country where biomass energy production is 
generators, 

which accommodatecommon there will be a need of disposal facilities 

If areas of the U.S. are not suitable foroff-site generated waste, 

siting hazardous waste disposal facilities, the commercialization of 

biomass energy technology may be limited. 

Solar Collectors 

is consumed byCurrently about 25 percent of U.S. energy production 

As a substitute energy source, solar energyspace heating and cooling, 
oil and coal nowcould substantially reduce the vast amounts of gas, 

consumed. The high cost of solar installations, relative to more 
use of solarstandard energy systems is an impediment to the widespread 
little energyheating and cooling. Though solar heating systems require 

that of a conventionalto operate, installation cost is two to four times 
is the factheating system. Coupled with the high cost of installation 

cooling systems.that most builders are unfamiliar with solar heating and 
1 9 

^^Herman, pp. 15-18. 
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become more interestedSince the 1973 oil embargo, the general public has 

In 1974 Congress passed the Solar Heatingin solar energy utilization. 

and Cooling Demonstration Act, establishing a governmental program to 

buildings, and forbuild and test solar systems for heating and cooling 
2 0 Because of increasing cost of other energy sources.heating water, 

attractivesolar heating and cooling is now seen as a viable and 
an energy supplyalternative for energy supply. Solar collectors as 

This technology generatestechnology are used for heating and cooling, 
of systemhazardous waste in extraction and refining, manufacturing 

components, and decommissioning stages. 

the operation ofThere are no major adverse impacts associated with 

required forsolar collector systems, but the production of components 

of large quantitiesthese systems (if widely used) will entail the use 

Production of copperof resources such as copper, aluminum and glass, 

production slageand aluminum generate hazardous wastes, i.e., copper 

wastes, Miningand aluminum production sludges are both large volume 

RCRA regulationswastes have been designated as special wastes by proposed 
Control andbut these wastes may be regulated by the Surface Mining 

Reclamation Act instead. 

collectors toBased on a predicted 50 million square feet of solar 

every two years.be sold by 1982 and the need to change transfer fluids 
2 1 

will be generatedcalculations suggest that 1.7 million gallons of waste 

20 
Ibid., p. 21. 

through solar21a transfer fluid is the liquid medium circulated 
collectors to carry heat. 
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If water is used as the transfer fluid then thereper year by 1982. 
22 

But, other than water, a water/ethyleneis no problem with disposal, 
fluid, ERA

glycol solution is the most commonly used heat transfer 
waste.has listed ethylene glycol as a toxic (therefore hazardous) 

2 3 

be hazardous) shouldThe transfer fluids in solar collectors (which may 

less of liquid wastebe changed periodically (often with 100 kilograms or 
once, Thus the 

per month), but the total system is decommissioned only 
not always behazardous wastes generated from decommissioning will 

that the changingregulated by RCRA, and it is probable at this time 
residential solartransfer fluids would not be regulated at all for most 

collector users. 

and aluminum oreThe manufacturing of system components from copper 

The impact of RCRA hazardous wastewill generate hazardous wastes, 

industries will indirectlydisposal regulations on the copper and aluminum 

affect the solar collector industry. Since the copper slag and aluminum 

will utilizesludges are large volume wastes, these industrial processes 

large amounts of land, The large volume of wastes will favor on-site 

If a hazardous waste disposal facility is located close to
disposal. 

be an impetusthe site of generation but still off site, they might 

which have common locationalfor growth of other industries in the area 
In thisneeds, such as available hazardous waste disposal facilities, 

facility, encouraginginstance, the location of a hazardous waste disposal 

services in closethe development of industries which need these same 

23ibid.^^Weeter and Carson, pp. 6-7. 
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would resemble theproximity, could therefore promote development which 
in Chapterhypothesized spatial configuration land use model described 

with its associated impacts. 

collectors as anRCRA hazardous waste regulations will impact solar 

from the systemenergy supply technology, but the impact will result 

Mining wastes willcomponents rather than the generation of energy, 

generated inprobably not be regulated by RCRA. The hazardous wastes 
of hazardousmanufacturing system components result from the impact 

Here the interactionwaste regulations on copper and aluminum industries, 

however the impactof regulations and the industry may impact land use, 

other industriesaffects not only solar collector technology but also 

Copper and aluminumwhich depend upon supplies of copper and aluminum, 

but these industriesindustries are not energy supply technologies per se 

commercializationindirectly (through cost and availability) impact the 

of solar collectors, Hazardous wastes resulting from decommissioning 

It will either deteriorate watersolar collectors will impact land use. 

of hazardous fluidsquality and usability of land if significant amounts 
for hazardous wasteare disposed of in facilities which are not permitted 

waste disposaldisposal, or justify a need for easily available hazardous 

facilities for use by many small disposers. 

to beSince the majority of solar collector systems are expected 

of hazardous wasteinstalled on individual homes, the cumulative volumes 

from transfer fluids in individual households could significantly impact 

Owned Treatmentsanitary landfills and public sewer system (Publicly 
materials inWorks - POTW) if individual generators dispose of hazardous 
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facilities.facilities other than permitted hazardous waste disposal 
from solarWith an expected 1.7 million gallons of waste per year 
sewers and/orcollectors, this cumulative volume could damage public 
alternative forleach out of sanitary landfills into groundwater. One 

Industries whichdisposal of transfer fluids is resource recovery, 

of/or recoveryreplace the fluid could be made responsible for disposing 

of the used fluid. 

will beImpacts on land use from decommissioning solar collectors 

indirect since this energy supply technology is characteristic of a 

regulations,decentralized energy system. According to proposed 

by RCRA. However,individual users (households) will not be regulated 

cause severeunregulated disposal of these hazardous wastes could 
sanitary landfillsenvironmental damage. Disposal of hazardous waste in 

If the hazardous fluids are allowed in thewould degrade water quality. 

the sewer system orpublic sewer system, it may cause deterioration of 

breakdown of the treatment processes. Either way public health and the 

environment would not be adequately protected. 

of protection,In the sense that land would be made unusable by lack 

the absence of interaction between RCRA hazardous waste disposal 

impact land use.regulations and solar collector decommissioning would 

Less land would be available for other uses, thereby precluding other 

land use functions, If all volumes of hazardous wastes, and thus phases 

waste disposalof decommissioning, were subject to RCRA hazardous 

of smaller hazardousregulations there might be a need for a larger number 
costs, orwaste disposal facilities to keep down transportation a 
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and disposersmechanism for making information about transporters 
more 

The public would have to bereadily available to the general public, 

waste management.educated about their responsibilities for hazardous 
will not beThe primary impacts on land use from solar collectors 

from hazardous waste disposal, This energy technology will instead 

energy generation.impact land use due to its decentralized method of 
configurationThe use of solar collectors will necessitate a different 

practiced. Tofor buildings and vegetation than what is currently 
height, the shapeaccommodate application of solar collectors, building 

buffer zones willof lots, location of trees, and use of open space as 

property ownersneed to be modified to prevent infringement upon other 

rights would helpsolar access. The development of state laws on sun 

worsen urban sprawlprotect individual access. These changes should not 
they may impact(though they probably will not prevent it either) but 

the orientation ofland use at the micro level — the layout of streets, 
24 Solar collectors will also impactbuildings, the shape of lots, etc. 

output requirementscentralized energy supplies from major utilities; their 
this decreasesneeded to heating and cooling will decrease. Concurrently 

- many of whichthe need for other types of energy supply technologies 

therefore preemptsdo generate hazardous wastes on a larger scale and 

more land from other uses. 

24 the Use ofMartin Schweitzer, Legal and Institutional Issues in 
Laboratory,Decentralized Solar Energy Systems (Oak Ridge National 

forthcoming). 
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Photovoltaics 

There are two fundamentally different ways to convert solar energy 

steam andinto electricity; by using the heat of the sun to produce 

drive a turbine (as in a conventional power plant), or by direct 
cells). 

2 5 

conversion of sunlight to electricity (with solar photovoltaic 
expected to beThe development of photovoltaic technologies is not 

However, the Toxic Substancesimpeded by existing RCRA regulations. 
Uncertainty -Control Act may affect production costs and methods, 

created by thedetrimental to the growth of the technology - may be 

performance standards.absence of laws on sun rights, testing procedures, 

Dissemination of technologyrate adjustment or tax status, photovoltaic 

as a common energy source will also be a function of availability of 

manufacture ofraw materials and hazardous waste disposal during the 

RCRA will addthe cells. Hazardous waste management provisions of 

but it mayincreased cost to commercial manufacturing of photovoltaics, 
materials. 

26 

be possible to lower these costs by recycling some 
cells doesDirect generation of electricity using photovoltaic 

The process is clean, safe, involves nonot produce hazardous waste, 

However miningmoving parts, and utilizes an abundant source of fuel, 

presents moreof raw materials and manufacture of photovoltaic cells 

of cellsevere environmental problems. Depending upon the type 

releases.manufactured, there is potentially a variety of chemical 

of materials.Hazardous waste is generated in the mining and refining 

•2®Goldsmith, p. 14. 
26 
U.S > Department of Energy, pp. 1-2. 



141 

of themanufacturing of system components, and decommissioning/disposal 

system With the exception of decommissioning (disposal), hazardous 
The materials used towastes generated are not "energy wastes" per se. 

manufacture otherfabricate solar photovoltaic cells are also used to 

products. The disposal of these hazardous wastes indirectly influences 
land use issues (as with solarphotovoltaic energy supply's impact on 

production ofcollector technology). As industries involved in the 

disposalphotovoltaic cells are impacted by RCRA hazardous waste 
will be affected.regulations, the commercialization of photovoltaics 

is classifiedHazardous wastes resulting from mining of raw materials 
These wastes will be disposed 

as a special waste by proposed regulations, 
Refining orof in less stringently regulated waste disposal facilities. 

hazardousinq of cell manufacturing which generateprocessing . raw materials in 

regulations.wastes will be regulated by RCRA hazardous waste disposal 
function of the volume of photovoltaicThe magnitude of these wastes is a 

If there is widespread utilization of this energycells produced, 

Hazardous wastestechnology, the volume of wastes will be great, 
photovoltaicgenerated in the mining and refining stage for production of 

technologiescells will be probably less than for other energy supply 
construct a coal(e.g., mining and refining of all materials used to 

will be less.combustion facility), thus the impacts on land use 

depend uponThe type and volume of hazardous waste generated will 
The three types ofthe type of photovoltaic cell manufactured. 

arsenide andphotovoltaics cells reviewed (cadmium sulfide, gallium 
Production waste from cadmiumsilicon) all generate hazardous waste. 
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sulfide and gallium arsenide plants are continuously generated. Waste 

Not only willoil from production of silicon is large volume waste, 

these hazardous wastes have to be disposed in a manner which will 

land use),protect human health and the environment (thus impacting 
manufacture ofplant employees are exposed to these substances during 

safety).the photovoltaic cells (thereby impacting human health and 

"energy wastes" there is noSince photovoltaic production wastes are not 

facilities andinteraction between the siting of hazardous waste disposal 

this energy supply technology. 

Hazardous wastes generated from the manufacture of photovoltaic 

because ofcells will impact the commercialization of this technology 

increased cost passed on to consumers, but it is not probable that the 

the siting of thehazardous wastes generated at this stage will impact 

photovoltaic cells themselves, Impacts on photovoltaics as a decentralized 

in theenergy supply technology from hazardous wastes generated 

for biomass/wood andmanufacturing stage will be indirect (as discussed 

of cadmium sulfide,solar collectors). Waste generated from production 

technologygallium arsenide, and silicon affect not only photovoltaic 

but any other technologies utilizing those materials. 

entail hazardousDecommissioning/disposal of photovoltaic cells will 

These cells contain hazardous material which must bewaste disposal, 

It is possibledisposed of when the system is no longer operational, 

that resource recovery techniques could be used to recycle some of the 

hazardous material, e.g., cadmium recovery, thereby reducing the volume 

of wastes. Even with resource recovery, there will still be noncentralized 
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Hazardous wastewaste produced as photovoltaic cells are disposed. 
of where thedisposal will impact land use but probably not because 

It is not expected that there will bephotovoltaic cells are used, 

on -site disposal facilities for photovoltaic cell decommissioning/ 

disposal. If the primary use of photovoltaic technology is for 
as to theirdecentralized energy, the public will have to be educated 

are not normallyrole in hazardous waste management. Other users who 
to learn theirconcerned with hazardous waste disposal will also have 

responsibilities under RCRA. 

The impacts on land use from decommissioning/disposal of 

great as for somephotovoltaics (and solar collectors) will not be as 
RCRA hazardous waste disposal facilityenergy supply technologies, 

more through itssiting regulations will impact the energy technology 
Land will be preemptinfluence on the production/manufacturing stages. 

stage the waste isfor disposal of hazardous waste regardless of what 

be minimized through protection ofgenerated. Adverse impacts can 
there will stillhealth and the environment (via RCRA regulations) but 

be impacts. 

clean" energyEven though photovoltaics have been heralded as a 

one also examinestechnology, that statement can be misleading unless 
Photovoltaics, likestages other than just the generation of energy, 

generatesolar collectors, are clean technologies in that neither 

However the manufacturinghazardous waste in the generation of energy, 

waste, If alland decomnissioning of these systems do generate hazardous 
collectors andenergy supply technologies were reviewed equally, solar 
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They are muchphotovoltaics are not as clean as many people say. 

cleaner than most but still not perfect. 

RCRA will impact land use via photovoltaic energy technology, but 

siting
indirectly. Impacts on land use because of the interaction of the 

are minor.of hazardous waste disposal facilities and photovoltaics The 

land use is similar to the impact of solarimpact of photovoltaics on 

new configurationscollectors. Application of photovoltaics may require 
- but the mainfor buildings, lots and vegetation - the micro level 
other sources.impact will be to decrease the need for energy from 
complex energyWidespread use of photovoltaics cells could simplify 

resources.systems and bring about decentralization of energy 



CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

to insure theIn 1976 Congress enacted RCRA, a multifaceted approach 
federalboth solid and hazardous waste, with provisions formanagement of 

C). The focus ofenforcement of hazardous waste management (Subtitle 

regulations for thethis research has been on the RCRA mandated proposed 
the December 18,

siting of hazardous waste disposal facilities published in 

It was assumed there would be an interaction1978, Federal Register. 

and energybetween the siting of hazardous waste disposal facilities 
use issues. This

supply technologies which would impact national land 

research supports that assumption. 

and energyIndustrial functions (hazardous waste disposal facilities 

and in conjunctionsupply technologies) will cause impacts individually 
generatewith each other. All energy supply technologies reviewed 
from the energyhazardous waste either in the fuel cycle or as an output 

supply system. 

use in closeHazardous waste disposal facilities will impact land 

These facilities will induce industrial andproximity to the facility, 

commercial growth. They will retard residential, agricultural and 

The micro-level impacts fromrecreational growth (Table 5, page 110). 

a ripple
the siting of hazardous waste disposal facilities will produce 

based oneffect on land use with successive buffer zones developing, 

page 111).interactive growth of the land use sectors (Fig. 1, 
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subjective
State hazardous waste management officials often utilize 

It is the judgementjudgement in the siting of waste disposal facilities, 
decide howof these state and local decision makers which actually 

be. Site specificstringent the hazardous waste management program will 
the type and levelcharacteristics of the local community will influence 

of impacts. Rural areas, because of their locations, size and lack of 

more intensive impacts.infrastructure are likely to experience 

Of the energy supply technologies reviewed, the most obvious and 
between hazardous wasteimmediate impacts resulting from the interaction 

will be for themanagement regulations and energy supply technologies 
These energy facilitiescentralized technologies with on-site disposal, 

will be restricted by the RCRA regulations for hazardous waste disposal 

facilities. 

favorThe RCRA regulations for hazardous waste disposal facilities 
The combination ofcertain regions of the country, i.e., the West, 

hazardous wasteavailable resources and a predisposition for on-site 
boom town" like growth in thedisposal facility siting may result in 

If energypatterns,West, a trend which may reflect new regional growth 

such as oil shale or petroleum refineries do developsupply technologies 

water quality andin the West, indirect impacts on land use such as 

impacts.quantity may be more significant than direct land use 
coal andNonrenewable energy resources (oil shale, petroleum, 

of hazardous (orgeothermal) and biomass/gas generate large volumes 

special) waste. The volume of waste generated in conjunction with 

technologiesincreasing transportation costs for these energy supply 
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If energy supply facilitieswill encourage on-site disposal facilities, 
will also behave on-site disposal, the siting of the energy facility 

limited by RCRA regulations. 

To the extent that the system manufacturing industries are impacted 
be affected.by RCRA regulation, solar collectors and photovoltaics will 

the commerciali-If cost of disposal for system manufacturing is excessive, 
If the solarzation of these solar technologies will be inhibited, 

full commercialization, the general public willtechnologies do achieve 

need to be educated about appropriate disposal practices, 
only twohazardous waste disposal facility regulations haveProposed 

a facility, activetotally exclusionary constraints for the siting of 
All other siting constraints mayfault zones and regulatory floodways. 

Because of
be granted a variance by the Regional EPA Administrator, 

likely that theseseismic activity near geothermal resources, it is not 
The interaction of stringentfacilities will have on-site disposal.energy 

are granted), economic responsibilitysiting constraints (if no variances 

waste disposaland public opposition may result in an inadequate hazardous 
for environmental

capacity, This inadequacy will leave the land open 

This shortage will in turndegradation and jeopardize public health, 

If disposal facilities are notimpact energy supply technologies, 

not produce energy.available then the energy suppliers will either (1) 

or (3) reduce(2) dispose of the hazardous waste in inadequate facilities, 

the waste material through resource recovery. 

Land useThere is an interdependence of land use and energy, 

in areas.functions structure basic patterns of energy consumption many 
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hazardous wasteSocial patterns affecting energy consumption and, thus, 
result of land use patterns and activities.generation will develop as a 

be assured ifProtection of the public health and environment will 
facilities.hazardous waste is disposed of in RCRA regulated disposal 

the environment,These facilities will impact land use by (1) protecting 

functions, and (3) influencing growth(2) interacting with other land use 

The interaction of the proposed regulationsand development patterns, 

with energy supplyfor the siting of hazardous waste disposal facilities 

The types oftechnologies also impacts land use functions and patterns, 
but additional researchimpacts which can be expected have been identified 

can minimize adverseis needed to better understand how effective planning 

land, social, economic, and environmental impacts. 

Recommendations 

and environmentalAdverse land use impacts (and their social, economic 

Land useconsequences) can be minimized by effective planning, 
Fig. 1 (page 111)development, as depicted in the spatial patterns of 

can be encouraged by planning and implementation tools. 

techniques whichAs with other planning issues, there are tools and 

of policy makerscan be used to achieve the desired goals and objectives 

more traditionaland planners. These implementation tools include the 
such as; regulations,planning techniques as well as policy instruments, 

participation.economic incentives, eminent domain, taxation, public 

zoning, buildinggovernmental funding, police power, growth management, 

codes, and health and sanitation standards. 
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A more efficient utilization of implementation tools would be 

of government.
assiisted by coordination of functions by various levels 

hazardous wasteAt both the planning and policy level, the siting of 
and facility siting shoulddisposal facilities, and energy supply options 

associated land usebe coordinated with a continuing consideration of the 

impacts. 

energyResearch should be conducted to ascertain how to integrate 

The coordinated policy approach shouldand environmental policy, 

i.e., water, power,investigate multifunctional dimensions of the problem, 
assessment of social.land use, etc. Federal policy should be based on an 

energy sourceeconomic and environmental cost of the impact of the 

e.g., manufacturingitself, and the impact of energy related spinoffs, 

facilities, hazardous waste disposal facilities, etc. 

For energy supply technologies such as oil shale or geothermalsome 

be located - the West.
there are specific areas where the facilities must 

can 
Future research, knowing the locational siting of these facilities. 

However, the impacts of energy supplyfocus on region specific impacts, 

and coaltechnologies with greater siting options such as biomass 
to direct growthcombustion offer more opportunities for policy makers 

and its associated impacts. 

of hazardousLand use impacts from the interaction of the siting 
is but a "tipwaste disposal facilities and energy supply technologies 

Further research should investigate (1) resourceof the iceberg, 

impacts (such asrecovery, (2) case studies of site specific land use 
and (4) thelabor force requirements), (3) conservation techniques, 
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supply technologies.achievement of nonhazardous waste producing energy 
could beFor example, hazardous transfer fluids from solar collectors 

recycled. 

waste disposalOne of the major constraints in siting hazardous 

There is a need for public educationfacilities is public opposition, 

The possibility of federaland involvement in hazardous waste management, 

to encourage theincentives and inducements offered to local communities 
be explored.acceptance of a hazardous waste disposal facility should 
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APPENDIX A 

QUESTIONS ON STATE SOLID/HAZARDOUS WASTE 

MANAGEMENT PROGRAMS 

1. Is this agency the designated implementing agency for RCRA (both 
is?solid waste and hazardous waste)? If not, which agency 

2. Has a state implementation plan (SIP) been prepared as required 
under Subtitle D of RCRA? If this plan (or a draft) is available, 

please send a copy or advise as to its availability. 

3. Has a state plan, pertinent to Subtitle C of RCRA, been prepared 
for the regulation and control of hazardous wastes? If this plan 

as to its(or a draft) is available, please send a copy or advise 
availability. 

4. How effective is the public participation program implemented 
modifications?according to EPA guidelines? Would you recommend any 

5. What sub-state agencies (e.g., area planning districts, municipali 
in theties, etc.), if any, have been assigned responsibilities 
What roleimplementation of solid and hazardous waste management? 

do or will these sub-state agencies play in the planning process 

relevant to RCRA? 

6. Please describe the progress towards implementation of the following 
andRCRA programs in terms of regulations, implementation, 

enforcement (please provide any quantitative data available). 

A. Closing of open dumps 

B. Upgrading of dumps to sanitary landfills 

C. Recycling facilities 

1. high technology 

2. low technology 

D. Hazardous wastes 

E. Other 

7. What legislative and administrative activities do you anticipate 
wastein your state in 1979 relevant to solid and hazardous 
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management? Please provide copies of any available availability.legislation or draft regulations or advise to their 
have identified with respect

8. What are the major problem areas you 
to solid and hazardous waste management? Please describe. 

A. Facility siting (please include public involvement) 

1. hazardous facilities 

2. sanitary landfills 

B. Hazardous waste transportation 

C. State/local resources to implement programs 

(proposed EPAD. Adequacy of the specification of hazardous wastes 
regulations) 

soil, etc.)E. Availability of sound sites (geology, adequate cover 
for 

1. hazardous facilities 

2. sanitary landfills 

F. Receipt of out of state hazardous waste for disposal 
since 1975, including,9. Could you provide us with budgetary information 

a distinction between state and federal monies?if possible. 

received under RCRA for10. What implementation funds have you 
implementation of 

A. Hazardous waste management? 

B. Solid waste management? 

waste survey or any11 Please provide us with a copy of your hazardous 
hazardous wastesother pertinent information on the distribution of 

in your state, as available. 
not included12. Identify costs for solid and hazardous waste management 

the statein the budgetary information (i.e., legal support from
enforcement,attorney general's office, laboratory tests for such 

etc.). 

agency?13. What legal services are provided directly in your 
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unique14. Describe any specific problem areas not addressed earlier 
characteristicsto your state resulting from geography, industrial 

or concentration patterns, etc. 

modifications
15. With regard to RCRA, what specific amendments or major 

the Act andwould you suggest and why? (Be sure to consider only 
proposednot include problems resulting from federal regulations or 

promulgated under the Act.) 

proposed monitoring16. Describe or provide as possible the existing or 
andrequirements for hazardous waste generators, transporters, 

disposers for 

A. The regulated community 

B. Compliance monitoring by the state agency 

activities.Please include any available cost estimates for these 

distinguishing17. A. Please provide your staffing for RCRA programs, 
between level of effort on solid waste and the hazardous 
programs for 1975-1979. Also break down the number of 

professional personnel. 

available overB. Please provide projected staffing requirements as 
the next five years. 

resource18. Please describe any existing or proposed programs for 
recovery projects. 

within your19. A. How many hazardous sites are presently approved 
sites.state? Please list and give approved capacity of these 

(on-siteB. How many approved hazardous waste disposal facilities 
threeand off-site) do you project in your state in the next 

years? Do you anticipate any publicly owned and operated 
systems. 

your state?20. A. Do you have coordinated permitting mechanisms within 

withB. If not, what administrative mechanism exists to coordinate 
other state/federal environmental regulatory agencies (e.g., 

air pollution permits)? 

Summary of Requested Documents as Available 

1. Proposed legislation 

2. Proposed regulations 
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3. State Implementation Plan (Draft, if final not completed) 

4. State RCRA-related agency budgets 

5. Staffing (last five years and projected increases) 

6. Hazardous waste survey 
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Table 6. Summary of waste products, hazardous potential, 
potential hazardous characteristics, and RCRA 

problem areas for renewable and oil 
based energy sources 

Potential RCRA 

Hazardous hazardous problemSolid or slurry 
areascharacteristicswaste potential 

I. Solar 
nononeA. Passive 

B. Active 
yes SIC 2 

1. Collectors Copper production slag 
T 2

Aluminum production sludges yes 

yes T,0,1,C 1,3,4Waste fluids2. Transfer fluids 
3. Storage media 

C 
a. Sensible Decotmissioned system yes 

4 

b. Phase change 
C 4 

material Decommissioned system yes 
yes C,T,R 4 

c. Thermochemical Decommissioned system 
C. Photovoltales 

1. Cadmium sulfide Cadmium mfg. plant 
SIC 3

production wastes yes 
T 4 

yes 
T 3

Spent cells 
Production waste yes 

T 4
2. Gallium arsenide 

yes 
SIC 2

Spent cells 
3. Silicon Waste oil from production yes 

T 4 
yes 
yes SIC 2

Spent cells 
II. Wind Copper production waste 

III. Biomass 
Ash yes T,C 1,3,4

A. Combustion 
O.M 1,3,4Oils yesB. Pyrolysis 
T,M 1,3,4 
T,M 1,3,4 

Ash yes 

Chars yes 

yes T,M 1,3,4Cooling tower blowdown 
C 2

C. Alcohol production Acid hydrolysis sludge yes 
N 2

Enzyme hydrolysis sludge yes 

yes N,T 1 ,2,3,4
D. Anaerobic digestion Sludge 

noIV. Ocean thermal Decommissioned system 
V. Energy storage 

A. Battery 
3

1. Lead-acid Production waste yes T,C 

yes T,C,R 2,4Spent cells 
2. Advanced 

a. Lithium-metal 
sulfide Production N/A 3 

C,T 2,4Decommissioned system yes 

N/A 3
b. Sodium-sulfur Production 

yes R,C,T 2,4Spent cells 
C,T 2

B. Compressed air storage Solution mining brines yes 

ConstructionC. Pumped hydro no 

C,T 1 ,3.4Brines yes 
2,3

D. Aquifer storage 
VI. Geothermal Brines yes C,T 

T 2,3Sulfur sludge yes 
T 2,3VII. Oil sands (in situ) CaS04 sludge yes 

2,3Chars yes T,0,M 
T 2,3 

VIII. Oil shales 
CaS04 sludge yes 

T.I 2,3Production waste yesIX. Petroleum refining 

C = corrosive, R = reactive, T = toxic,Key to potential hazardous characteristics: I = ignitable, 
B = bioaccumulative, 0 = toxic organic,N = infectious, A = radioactive, M = mutagenic or carcinogenic, 

SIC = waste listed as hazardous'. 

Key to RCRA problem areas: 1 = analysis cost, 2 = large waste volume, 3 = waste continously 

generated, 4 = noncentralized waste production. 
Source: Dennis W. Weeter and Hugh T. Carson, Technical Impacts of the Resource Conservation and 

Recovery Act upon Renewable and Oil Based Technologies (Oak Ridge National Laboratory, forthcoming). 
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