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EXECUTIVE SUMMARY 

The particular component of the NRC activities to develop waste management 

regulations addressed in this report is the program to develop site suitability 

criteria for high level waste (HLW) repositories. The first phase of this program 

defined the earth-science parameters which must be considered in evaluating 

potential sites for deep geological HLW repositories. The second-phase effort 

will be directed toward developing acceptable earth-science criteria for use in 

determining site suitability, and developing other acceptance criteria including 

geographic, demographic, and socioeconomic factors. Preliminary NRC staff 

estimates indicate that publication of the proposed site suitability criteria, along 

with a supporting environmental impact statement (EIS), will occur in mid-1978. 

This report describes the approach (methodology) which has been developed for 

the preparation of the EIS. A suggested outline is presented for the High Level 

Waste Repository Site Suitability Criteria EIS together with a detailed 

description of the approach to be used in preparing the EIS. In addition, a meth

odology is presented by which the necessary cost/benefit/risk comparisons of 

alternative sets of site suitability criteria can be made. 

The TERA environmental research data bank, a computerized data bank which 

contained information on current and historical licensing activities for power 

plants was modified to include information on generic or programmatic EIS 

related issues. The content of the modified data bank was utilized to develop the 

EIS outline presented in this report. By developing the outline in this manner the 

probability of producing an acceptable ESS within the time which will be 

available is increased. Similarly, the cost/benefit/risk methodology presented in 

this report was developed from a modified geotechnical methodology. The 

methodology, which was modified, is normally used to simplify the evaluation of 

multidimensional ordinal nonparametric information in the geotechnical field. 

The report recommends that a modified matrix evaluation approach be used to 

make the cost/benefit/risk comparisons. The suggested matrix is designed to 

facilitate between criteria comparative analyses of economic, environmental, 



sociological and radiological risk factors. Within the matrix both qualitative and 

quantitative information can be presented and summarized for use by the 

decision-maker. The qualitative information presented consists of written des

criptions and a diagramatic, color-coded, approach to highlight the less tangible 

portions of the impact assessment. The quantitative portion of the matrix com

bines the numerical results of radiological risk analyses, dollar costs and benefits 

associated with alternative sets of site suitability criteria, and the results of a 

normative, or prescriptive decision model, analysis of the environmental and 

sociological impacts associated with the criterio sets. The quantitative 

compositing of dollar costs and benefits, environmental and sociological impacts, 

and radiological risks is to be performed using a semi-analytical, semi-visual 

procedure based on the concept of "decision surfaces." This concept offers a 

convenient means of identifying the set of criteria which is most advantageous 

under assumed conditions and for examining the sensitivity of the conclusion to 

the assumed conditions. 

^ 
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I. BACKGROUND 

Pursuant to the National Environmental Policy Act of 1969 (NEPA), an environ

mental impact statement is prepared by the Nuclear Regulatory Commission in 

connection with issuance of a construction permit or an operating license for 

each light-water nuclear power reactor (L.WR). These statements contain a 

detailed evaluation of the environmental impacts of construction and operation 

of the plant and a discussion of reasonable alternatives, as well as an overall 

assessment of the costs and benefits of the licensing action. 

In November 1972, a document entitled, "Environmental Survey of the Nuclear 

Fuel Cycle" was published by the Directorate of Licensing of the Atomic Energy 

Commission (AEC). Its purpose was to establish a technical r>asis for informed 

consideration of environmental effects of the uranium fuel cycle in environ

mental impact statements for individual LWRs. In the Survey the nuclear fuel 

cycle was treated generically. To compensate for the consequent lack of spe

cific site and design detail, estimates were made of effluent concentrations, 

radiation dose rates, and human population densities appropriate to the model 

fuel-cycle facilities. This approach was necessary because it was not possible to 

trace the fresh and spent fuel for an individual reactor through the fuel cycle und 

thus pinpoint environmental impacts at specific plants at specific points in time. 

Comments on the Environmental Survey were solicited, and a hearing was held on 

February I and 2, 1973. The purpose of the hearing was to consider possible 

amendments to Appendix D of 10 CFR Part 50 which would, by ruie, specif/ the 

environmental effects of the uranium fuel cycle that were to be factored into 

the assessment of costs and benefits in environmental impact statements for 

individual LWRs. Written comments were received in response to the Federal 

Register notice, and recommendations for improvement were offered during the 

hearings. After consideration of these comments, the AEC promulgated the final 

fuel-cycle rule (so-called Table S-3) on April 22, 1974 (39 FR 14188). The AEC 

indicated that the rule and survey would be re-examined from time to time to 

accommodate new information. The same """able S-3 is now included in 10 CFR 

Part 51. 
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It was intended that, with the inclusion of environmental impacts from Table S-3, 

environmental impact statements for individual LWRs would represent a full and 

candid assessment of costs and benefits consistent with the legal requirements 

and spirit of NEPA. Consequently, the Survey was not intended as an analysis of 

alternatives, costs, and benefits of the entire uranium fuel cycle,' i.e., it was not 

intended to be a complete environmental impact statement on the LWR fuel 

cycle. 

On January 19, 1975, the AEC was abolished and its licensing and regulatory 

responsibilities transferred to the Nuclear Regulatory Commission. On July 21, 

1976, the United States Court of Appeals for the District of Columbia Circuit 

decided Natural Resources Defense Council v. NRC and Aeschliman v. NRC, 

two cases involving judicial review of the fuel-cycle rule. The Court approved 

the overall approach and methodology of the rule. It found that, regarding most 

phases of the fuel cycle, the Survey did an adequate, even admirable, job of 

describing the processes involved. The Court noted that the Survey assembled 

data on consumption of resources, discussed the risks of accidents and other 

hazards in detail, and provided numerous references to the scholarly literature 

and technical reports in support of conclusions as to environmental impact. 

However, the Court found that the rule was inadequately supported by the record 

insofar as it treated two aspects of the fuel cycle-the impacts from 

reprocessing of spent fuel and impacts from radioactive waste management. 

In response to the Court decisions, the Commission issued a General Statement 

of Policy (41 FR 34707, August 16, 1976) and a supplement to the "Environmental 

Survey of the Uranium Fuel Cycle" that had been issued by the Atomic Energy 

Commission in April, 1974 (WASH-1248). The supplement, "Environmental Sur

vey of the Reprocessing and Waste Management Portions of the LWR Fuel Cycle" 

(NUREG-0116) addressed only the environmental impacts that would fall under 

the co\vmns entitled "Reprocessing" (Column F), and "Waste Management" 

(Column G), of Table S-3A of WASH-1248. 
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"Waste management," as used in WASH-!248 and its Supplement, refers to the 

handling of wastes from post-fission operations in the fuel cycle, or other 

operations from which wastes arise and are shipped to some storage or burial 

facility. 

In the "Final Generic Environmental Statement on the Use of Recycle Plutonium 

in Mixed Oxide Fuel in Light Water Cooled Reactors," NUREG-0002, (hereafter 

referred to as GESMO), five alternative fuel cycle options were evaluated, and 

three were reviewed in detail: no recycle, uranium-only recycle, and uranium 

and plufonium recycle. The fuel-cycle rule (Table S-3) had as its base a modi

fication of the uranium-only recycle process in which separated plutonium was 

stored for possible later use, rather than being recycled or treated as a waste 

stream as in GESMO. The Supplement to WA5H-I248 considers the no-recycle 

fuel option in addition to the uranium-only recycle option. For the latter, plu

tonium is treated as a waste. The uranium-plutonium recycle option is treated in 

detail in GESMO. 

I. I The NRC Waste Management Program 

Recognizing that priorities needed to be reassigned to meet the growing need for 

objective waste management goals and effective programs to meet those goals, 

the Commission moved to develop an overall waste management program. Initial 

stages have been completed, tentative regulatory needs have been established, 

and a program is underway to meet these needs. 

The Commision's nuclear waste management program is designed to address four 

major objectives: 

To provide objective performance goals (technical, social, 
economic, and environmental) against which nuclear waste 
management programs and strategies can be evaluated. 

To provide a framework of regulations, standards, and 
guides for management of nuclear wastes within which 
NRC can effectively and efficiently carry out the func
tions dictated by its responsibility to protect the public 
health and safety. This framework will have to be 
supported by a comprehensive series of environmental 
impact statements. 

B 1-3 
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To develop a methodology for implementing its goals and 
regulations and the data base needed to make effective 
use of this methodology. 

• - To be capable of performing licensing reviews on proposed 
waste management systems a$ required to meet its 
responsibilities. 

1.2 Development of Waste Management Regulations 

To provide effective guidance (planning base) for ERDA and the nuclear industry, 

new regulations will be structured to require conformance with a fixed set of 

minimum acceptable performance standards (technical, social, and environmen

tal) for waste management activities while providing for flexibility in technologi

cal approach. 

The regulations must be directed toward achieving the following goals: 

Isolation of radioactive wastes from man and his environ
ment for sufficient periods (in some cases hundreds of 
thousands of years) to assure public health and safety and 
preservation of environmental values. 

Reduction to as low as reasonably achievable: I) risk to 
the public health both from chronic exposure and possible 
accidental releases of radioactive materials from waste 
storage, processing, handling or disposal operations; and 2) 
long-term social commitments (land-use withdrawal, re
source commitment, surveillance requirements, commit
ted site proliferation, etc.) 

The particular component of the NRC activities to develop waste management 

regulations addressed in this report is the program to develop site selection 

criteria for high level waste (HLW) repositories. In the first phase of this 

program, the earth-science parameters which must be considered in evaluating 

potential sites for deep geological HLW repositories were defined. The second-

phase effort is directed toward developing acceptable earth-science criteria for 

use in determining site suitability, and developing other acceptance criteria 

including geographic, demographic, and socioeconomic factors. Preliminary staff 
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estimates indicate that publication of the proposed site selection criteria, along 

with a supporting environmental impact statement (EIS), will occur in mid-1978. 

This report describes in detail the approach (methodology) which will be used to 

prepare the EIS. 

1-5 
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2. WHY MUST AN EIS BE PREPARED? 

This section discusses 1ne legislative, executive and judicial actions which, when 

considered as a whole, result in the need to prepare an environmental impact 

statement (EIS) for the High Level Waste Repository Site Suitabilily Criteria 

(HLWRSSC) project. The general issues which must be addressed in an EIS are 

discussed in this section while those specific to the HLWRSSC project are 

presented in Section 3. The approach recommended for use in developing the 

required EIS is described in Section 4. A Cost/Benefit/Risk evaluation 

methodology for comparing alternative sets of site suitability criteria is 

presented in Section 5. The results of the comparison of alternative criteria sets 

are the principle input provided by an EIS to the decision-maker. 

2.1 Legislative Mandate 

The National Environmental Policy Act (NEPA) became law on January I, 1970 

(see Appendix A). Since that time it has often been stated that NEPA did more 

than any prior act of Congress to alter the workings of the federal bureaucracy. 

The amount of controversy to have been generated by the Act has also been 

recbrd setting. At the extreme, NEPA hus been described as a long-awaited 

"environmental bill of rights" and as an "atrocious piece of legislation . . . poorly 

thought out and ambiguous at qll of the critical points" (Environment Reporter 

Monograph, No. 17). 

The purposes of the statute which are set out in Section 2 of Title I are: 

• To declare a national policy which will encourage produc
tive and enjoyable harmony between man and his environ
ment 

t To promote efforts which will prevent or eliminate dam
age to the environment and biosphere and stimulate the 
health and welfare of man 

t To enrich the understanding of the ecological systems and 
natural resources important to the nation 

• To establish a Council on Environmental Quality. 
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It was the intention of its authors that NEPA compel the thorough integration of 

environmental considerations into the decision-making process in every instance 

in which an activity of the Federal Government would significantly affect the 

quality of the human environment. 

The Act is made up of a declaration of purposes and two separate titles. Title I 

consists of five sections. Notwithstanding the title's designation as a declaration 

of policy, at least three of its five sections govern required procedures rather 

than policy. Title II is basically concerned with the establishment and functions 

of the Council on Environmental Qualify. 

In this discussion we are concerned primarily with the contents of section 102 of 

Title I of the statute wherein, all federal agencies are required to the fullest 

extent possible; to interpret and administer the policies, regulations and public 

laws of the United States in accordance with the national environmental policy 

and to, among other things, include in every recommendation or report on 

proposals for legislation and other major federal action significantly affecting 

the quality of the human environment, a detailed statement {an Environmental 

Impact Statement) by the responsible officio! on: 

(i) The environmental impact of the proposed action 

(ii) Any adverse environmental effects which cannot be 
avoided she jld the proposal be implemented 

(iii) Alternatives to the proposed action 

(iv) The relationship between local short-term uses of man's 
environment and the maintenance and enhancement of 
long-term productivity 

(v) Any irreversible and irretrievable commitments of re
sources which would be involved in the proposed action 
should it be implemented 

In addition, prior to making any detailed statement, the responsible federal 

official must consult with and obtain comments from other federal agencies with 

jurisdiction by law or special expertise with respect to any environmental impact 

involved. 
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The legislative history on the significant provisions of NEPA is so meager that 

very little if anything, can be deduced from it. For the most part, there simply 

is no evidence that those who took part in the drafting of NEPA were aware of 

the controversy that would develop around its provisions concerning the prepa

ration of EIS's. Moreover, in light of the rules for the use of legislative history in 

the interpretation of statutes, it is doubtful that very much of what was said 

about the Act prior to its passage is acceptable as evidence in support of any 

particular interpretation of its meaning. The courts have placed very little, if 

any, reliance on the legislative history of the Act in interpreting its specific 

provisions. 

2.2 Executive Amplification 

In order to implement the purpose and policy of NEPA, the President, in 

Executive Order 11514, directed the agencies of the Federal Government to 

provide leadership in protecting and enhancing the qualify of the environment, 

and to initiate measures needed to direct their policies, plans, and programs so as 

to meet national environmental goals. The Council on Environmental Quality 

(CEQ) through its chairman, was directed to assist the President in leading this 

national effort and to issue guidelines to federal agencies for the preparation of 

impact statement. The CEQ guidelines state that all federal agencies shall, as 

early as possible, in the decision-making process consult with other appropriate 

federal, state and local agencies and the public as part of the effort to assess in 

detail the potential environmental impact of the actions being considered. Table 

2-1, a listing of federal and federal/state agencies with jurisdiction by law or 

special expertise to comment on air- and water-quality impacts, was extracted 

from the guidelines. The CEQ guidelines contain an expanded listing which 

covers many other types of impacts. 

Initial assessments of the environmental impacts of proposed actions must be 

undertaken concurrently with initial technical and economic studies. In 

particular, agencies are cautioned by the CEQ to use the environmental impact 

statement process to explore alternate actions that would avoid or minimize 

adverse impacts and to evaluate both the long- and short-range implications of 
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Table 2-1 

Federal and Federal/State Agencies with Jurisdiction by Law or 

Speciql Expertise to Comment Upon Air ond Woter-Quolity Impacts 

AIR Q U A L I T Y 

Department of Agriculture— 
Forest Service (effects on vegation) 

Nuclear Regulatory Commission (radioactive 
substances) 

Department of Heal th, Education, and 
Welfare 

Environmental Protection Agency 
Department of the Interior— 

Bureau of Mines (fossil and gaseous fuel 
combustion) 

Bureau of Sport Fisheries ond Wildlife 
(effect on wildlife) 

Bureau of Outdoor Recreation (effects on 
recreation) 

Bureau of Land Management (public 
lands) 

Bureau of Indian Affairs (Indian lands) 
National Aeronautics and Space Administration 

(remote sensing; aircraft emissions) 
Department of Transportat ion-

Assistant Secretary for Systems Development 
and Technology (auto emissions) 

Coast Guard (vessel emissions) 
Federal Aviation Administration (aircraft emissions) 

WATER Q U A L I T Y 

Department of Agriculture— 
Soil Conservation Service 
Forest Service 

Nuclear Regulatory Commission (radioactive 
substances) 

Department of the Interior— 
Bureau of Reclamation 
Bureau of Land Management (public 

lands) 
Bureau of Indian Affairs (Indian lands) 
Bureau of Sport Fisheries and Wildlife 
Bureau of Outdoor Recreation 
Geological Survey 
Of f ice of Saline Water 

Environmental Protection Agency 
Department of Health, Education, and Welfare 
Department of Defense— 

Army Corps of Engineers 
Department of the Navy (ship pollution control) 

National Aeronautics and Space Administration 
(remote sensing) 

Department of Transportation— 
Coast Guard (oil spills, ship sanitation) 

Department of Commerce— 
National Oceanic and Atmospheric Administration 

Water Resources Council 
River Basin Commissions (as geographically appropriate) 



proposed actions to man, his physical and social surroundings, and to nature. The 

CEQ recommends that agencies should discuss ell reasonable alternatives and 

their environmental impacts in environmental impact statements, including those 

not within the authority of the agency and the alternative of taking no action. In 

each case, the analysis of alternatives should be sufficiently detoiled to permit 

independent and comparative evaluation of benefits, costs, and environmental 

risks of the proposed action and of each alternative. 

The CEQ guidelines state that the statutory clause, "major federal actions sig

nificantly affecting the quality of the human environment," is to be construed 

with a view to the overall, cumulative impact of the action proposed. Proposed 

major actions, the environmental impact of which is likely to be highly contro

versial should, according to the CEQ guidelines, be covered by an environmental 

impact statement in all cases. Significant effects also include secondary effects 

such as changes in social and economic activities, population and growth, and 

land and water use patterns. The development of western coal reserves are a 

particularly good example of a case where the secondary effects of a decision 

may outweigh the more direct primary effects. 

Agencies are cautioned to give careful attention to identifying and defining the 

purpose and scope of the action which would most appropriately serve as the 

subject of an impact statement. "In many cases, broad program statements will 

be required in order to assess the environmental affects of a number of individual 

actions on a given geographical area (e.g., coal leases), or environmental impacts 

that are generic or common to a series of agency actions (e.g., maintenance or 

waste handling practices)... Subsequent statements on major individual actions 

will be necessary where such actions have significant environmental impacts not 

adequately evaluated in the program statement." 

2.3 Judicial Interpretation 

In the time that has passed since NEPA became law, the question it has been 

effective in achieving, the goals envisioned by the legislative branch has been 

subject to various, and by no means consistent, responses. For the most part 
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judicial interpretations have been the route by which the simple language of the 

statute has been amplified. This process has taken place through the litigation of 

hundreds of cases since 1970. It is universally accepted that the courts have 

shaped NEPA, and the federal process under it, in a manner unprecedented in the 

history of the development of federal programs. 

• ?he early and important case of Calvert Cliffs' v. AEC, Judge J. Skelly Wright 

•:•- the U.S. Court of Appeals for the District of Columbia justified the judicial 

role in elaborating the requirements of NEPA by recognizing that "NEPA, like so 

much other reform legislation of the last 40 years, is cast in terms of a general 

mandate and broad delegation of authority to new and old administrative agen

cies." Wright noted that "it remains to be seen whether the promise of this 

legislation becomes a reality. Therein lies the judicial role." 

With very few exceptions, the courts have assumer1 the responsibility enunciated 

by Judge Wright. So tncf, with the exception of Executive Order 11514 and the 

CEQ Guidelines, it can accurately be said that NEPA as it operates today is truly 

a product of the judiciary. The full range and scope of its effect on the Federal 

Government can be attributed to the interpretive role played by the federal 

courts. The courts have been vigorous in reviewing compliance by the federal 

bureaucracy with NEPA, They are the unquestioned enforcers of NEPA, and, in 

the process of assuming that role, have become the overseers of the 

administrative process of the Federal Government for a very large category of 

agency decision-making. 

The need to prepare environmental impact statements on matters related to the 

disposal of high level radwastes was recently addressed on July 21, 1976, by the 

U.S. Court of Appeals, District of Columbia in the decision of NRDC v. NRC 

(9ERCI150). In this decision the court held that the NRC must "consider, either 

in generic administrative proceedings or in individual licensing proceedings, 

environmental impacts of reprocessing or disposing of nuclear wastes." Particu

lar attention was paid to the requirements that impact statements must address 

the adverse environmental effects which cannot be avoided should the proposal 
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be implemented and irreversible and irretrievable commitments of resources 

which would be involved in the proposed action should it be implemented. NEPA 

requires that agencies see to it that the officials making the ultimate decision 

are informed of the full range of responsible opinion on the environmental 

affects in order to make an informed choice. 

The court held that the NRC must reevaluate the environmental impacts asso

ciated with the disposal of high level wastes. That they give the issues a "thor

ough ventilation." A number of procedural alternatives in varying degrees of 

formality are suggested, however, the court declined to give the NRC any direc

tion as to which procedure or combination of them, would suffice. The NRC was 

left to decide which to adopt. The court did however emphasize the efficiency 

and potential reduction of repetition which could result from a generic approach. 

Circuit Judge Tamm was concerned that the NRC will seek to comply with the 

court's order by "mechanically generating more 'negative' information respecting 

current problems with disposal of high level radioactive wastes and then would 

'overcome' this information with citations to favorable studies and articles." 

In this decision the court also dispelled the two major arguments the Appeal 

Board used to justify its decision that waste disposal issues need not be 

considered at the licensing stage of a light water reactor. The arguments 

dispelled were (I) that the issues are to speculative and (2) that they are more 

appropriately considered when waste disposal facilities are themselves licensed. 

The court held that the obligation to make reasonable forecasts of the future is 

implicit in NEPA and therefore an agency cannot "shirk its responsibilities under 

NEPA by labeling any and all discussion of future environmental effects as 

'crystal ball inquiry.'" Although the possibility exists that improved technology 

may be developed to handle high level wastes, the court concluded that "NEPA's 

requirement for forecasting environmental consequences far into the future 

implies the need for predictions based on existing technology and those devel

opments which can be extrapolated from it," An agency must predict the 

environmental consequences of its decisions as it makes them. 
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Relative to the second point, the court stated that "once a series of reactors is 

operating, it is too late to consider whether the wastes they generate should have 

been produced, no matter how costly and impractical reprocessing and waste 

disposal turn out to be; all that remains are engineering details to make the best 

of the situation which has been created. NEPA's purpose was to break the cycle 

of such incremental decision-making." 

The foregoing review of NEPA, the CEQ guidelines for preparation of environ

mental impact statements, and the NRDC vs. NRC decision is provided as back

ground for the following discussion of what should be considered in the HLWRSSC 

impact statement and how the analysis may be accomplished. 

2-8 
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3. THE CONTENTS OF AN EIS 

Each of the five components specified in NEPA must be covered in any impact 

statement be it for a project or recommended administrative action significantly 

affecting the quality of the human environment. 

The NRC policy and procedures for the preparation and processing of environ

mental impact statements and related documents in connection with the Com

mission's licensing and regulatory activities are set forth in Title 10, Chapter I, 

Code of Federal Regulations, Part 51. Although the Commission may grant 

exemptions from the requirements of 10 CFR 51 under certain situations, the 

general contents of an EIS as suggested in the regulation should be used to guide 

the HLWRSSC project. Table 3-1 summarizes the information required for 

inclusion into a Draft EIS by 10 CFR 51. The similarity between the NRC re

quirements and those contained in the National Environmental Policy Act and the 

CEQ guidelines should be obvious. In fact, 10 CFR 51.23(d) states that: 

"in determining the contents of an environmental impact 
statement, the Commission shall be guided by the Council 
on Environmental Quality Guidelines on Preparation of 
Environmental Impact Statements, 40 CFR 1500.8." 

Although the following points are relatively specific and discussed in detail in 

Section 4, they are addressed at this time to add emphasis to their significance 

with regard to the success of the HLWRSSC project EIS effort. 

Regardless of how broad a set of proposed site suitability criteria are they will 

eliminate some area from further consideration and cause greater emphasis to be 

placed on others. The potential environmental impacts which could forseeably be 

predicted for the remaining areas must be analyzed. A similiar situation 

occurred when the decision to reestablish the federal coal leasing program was 

under study. Figure 3-1 which indicates the locations of coal deposits in the 

United States was used in the coal leasing programmatic EIS to specify the areas 

where impacts would likely occur. The EIS then discussed the present 

environment in each of the regions where coal mining under the leasing program 

might occur and the impacts likely to occur if the coal were mined. 

3-1 5 ^ 
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Table 3-1 

Information Requirements for a 
Draft Environmental Impact Statement 

(PerlOCFR5l) 

• The probable impact of the proposed action on the en
vironment. 

• Any probable adverse environmental effects which cannot 
be avoided should the proposal be implemented. 

• Alternatives to the proposed action. 

• The relationship between local short-term uses of man's 
environment and the maintenance and enhancement of 
long-term productivity. 

• Any irreversible and irretrievable commitments of re
sources which would be involved in the proposed action 
should it be implemented. 

• Any analysis of problems and objections raised by other 
Federal, State ar.J local agencies and by interested per
sons in the review process. 

• A preliminary cost-benefit analysis which considers and 
balances the environmental and other effects of the 
facility and the alternatives available for reducing or 
avoiding adverse environmental and other effects, as well 
as the environmental, economic, technical and other 
benefits of the proposed action. 

3-2 



5 
8 Adapted from illustration 

in KEYSTONE COAL C O A L DEPOSITS IN THE UNITFD STATES 
INDUSTRY MANUAU!974> < - V M t U E i U 3 M » , M ' " c w , , « , , , w ^ I J - » I ^ -

Figure 3-1 



Depending on the geologic formations in Table 3-2 likely to deemed suitable once 

the criteria are developed, maps such as those presented in Figures 3-2, 3-3, and 

3-4 from the OWI National Waste Terminal Storage Program Prospective 

Participants Conference report should be used to assist in the determination of 

potential environmental impacts. Table 3-3 contains a preliminary list of 

impacts which could result if a high level waste repository were constructed. 

Each of the impacts listed in Table 3-3 should be at least described in a 

HLWRSSC programmatic EIS. 

Possible alternatives to the HLWRSSC proposed must also be considered in the 

EIS. The set of alternatives should include the alternative of not issuing 

regulations establishing site suitability criterio as well as alternative sets of 

criteria for disposal of the wastes such as those listed in Table 3 4 . The environ

mental and economic costs and benefits of each alternative must be considered 

utilizing a systematic, interdisciplinary approach which will insure the integrated 

use of the natural and social sciences and the environmental design arts in the 

planning and reaching of the decision on the finally recommended criteria. 

Section 4 of this report describes in detail the suggested outline for the 

HLWRSSC project EIS and the ciproach to be used in preparing the EIS. The 

methodology by which the necessary cost/benefit/risk comparisons will be made 

is described in Section 5. Each of the impacts listed in Table 3-3 are discussed in 

Section 4 in relation to their significance relative to the overall project. 
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Table 3-2 

Geological Formations of Interest 

1. Salina salt in Appalachian Basin 

2. Salt domes of the interior Gulf Coast Province 

3. Mid-continent (paleozoic) shales, especially Illinois Basin 

4. Mid-ccntinent limestones (and shales), Ohio portion of Appalachion 
Basin 

5. Permian basin bedded salt 

6. Triassic basins along east coast 

7. Columbia River flood basalts 

8. Crystalline igeneous rocks 

9. Paradox basin salt structures 

10. Pierre shale of northern high plains 

11. Eleana formation on nts 

12. Gulf Coast clays 
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Table 3-3 

Preliminary List of Impacts 

• Pre-Construction Stage 

Political Sector 
Property Values 
Intervention 

« Construction Stage 

Terrestrial and Aquatic Ecosystems 
Threatened and Endangered (sensitive) Species 
Surface Water Quality (railfall runoff) 
Fugative Oust Emissions 
Noise 
Solid Waste Disposal (spoil material) 
Construction Accidents (mining) 
Groundwater Table Elevation and Quality 
Socioeconomic Effects of Work Force (including transportation) 
Cultural Resources 
Aesthetic 

• Operating (Site Utilization) Stage 

Radiation Hazards 
Transportation Network 
Water Use 
Liquid Wastes 
Atmospheric Emissions 
Noise 
Psychological 
Socioeconomic Effects of Labor Force 

t Long Range (Storage Mode) 

Radiation Hazards 
Resource Committment 
Land Committment 
Psychological 
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Table 3-4 

Preliminary List of Alternatives 

1. Practical Use - Heat or Radiation 

2. Transmutation 

3. Disposal in Space 

4. Disposal or Storage on Earth 

a. Dilution 
b. Concentration 

(1) Engineered surface storage 
(2) Ice caps 
(3) Tectonic plate edges 
(4) Deep sea 
(5) Geological formations 

(a) Salt 
(b) Non-salt 
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4. THE HLWRSSC PROJECT EIS 

The outline which has been developed for the HLWRSSC project EIS is presented 

in Table 4-1. The outline was developed from the output of the modified TERA 

environmental research data bank. The information contained in the <hta bank 

includes: 

• An updated, summarized compilation of codes, 
standards, and guidelines applicable to environ
mental licensing and EIS preparation. 

• Periodic summaries of recently issued codes, stan
dards, and guidelines affecting EIS preparation. 

• Updated compilation of EPA, NRC, and other con
cerned agency questions on Environmental Reports 
and Impact Statements. 

• Professionally screened responses to questions. 
e 

• Questions from outside agencies on Draft EIS's. 

• Responses to comments on Draft EIS's. 

The following discussion of the contents of the EIS and the approach to be used in 

its preparation is keyed to the individual item cited in the outline. 

Section I - Summary 

In addition to the summary sheet specified in IOCFR5l.23(g) an executive sum 

mary of the environmental impact statement should be provided. This summary 

should be prepared in a clear and concise manner designed to enhance the useful

ness of the document. A technical writing approach such as the STOP technique 

should be utilized in its preparation. 

Section II - The Proposed Rulemaking 

A copy of the proposed NRC High Level Waste Repository Site Suitability Cri

teria regulations should be included in the environmental impact statement as a 

point of reference. 
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Table 4-1 

High Level Waste Repository Site Suitability Criteria 

Environmental Impact Statement 

Outline 

I. Summary 

A. Purpose of the Subject Rulemaking 
B. Purpose of the Environmental Impact Statement 
C. Summary of Factors Considered and Methodology Used in the Evaluation 
D. Summary of Findings and Recommendations 
E. Summary of Cost/Benefit/Risk Evaluation of Alternatives 

II. The Proposed Ru lemak ing 

III. Considerations in Determining that HLWRSSC Should be Developed 

A. The National Energy Policy 
B. The Need for Electrical Energy 
C. The Nuclear Fuel Cycle 
D. Alternatives to Geological Disposal 
E. Consequences of Delay 

IV. Considerations in Determining the Acceptability of a Site as a Geological 
Repository 

A. The Nature of the Repository 
B. Importance of Site Related Factors 

1. Desirable Site Characteristics 

2. Undesirable Site Characteristics 

C. Potential Radiological Impacts 

1. Operating (Site Utilization) Stage 

2. Long-Range (Storage Mode) 

D. Potential Non-Radiological Impacts 

1. Pre-Construction Stage 
2. Construction Stage 
3. Operating (Site Utilization) Stage 
4. Long-Range (Storage Mode) 
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Table 4-1 
(Continued) 

V. Proposed Criteria 

A. The Existing Environment 
R. Near-Term Impacts 

1. Pre-Construction Stage 
2. Construction Stage 
3. Site Utilization Stage 

C. Long-Range (Storage Mode) Impacts 
D. Economic and Social Impacts 

1. Benefits 

2. Costs 

VI. Alternative Criteria 

VII. Cost/Benefit/Risk Evaluation 

VIII. Approvals and Consultations 

Appendices 

A. Model(s) Used for Analyses (Separate Appendix for Each Model) 
B. Cost Estimation Methodology 
C. Additional Technical Information 
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Section III - Considerations in Determining that 
3WRSSC Should be Developed 

As Sections 2 and 3 of this report have emphasized, it would be insufficient to 

write an EIS simply on the impact of the proposed criteria. A requirement of an 

EIS is an evaluation of the alternatives to the proposed action. This point is 

made particularly clear when the questions asked by reviewing agencies after the 

issuance of draft environmental impact statements are reviewed. Therefore, the 

principle thrust of the HLWSSC project EIS should be a comparative evaluation 

of the costs, benefits and risks associated with alternative, feasible deep disposal 

site suitability criteria. It must however, be remembered that the null 

hypothesis exists. 

The consequences of the NRC not issuing regulations containing HLWRSSC for 

deep disposal must be considered. An analogous situation is the alternative of 

not constructing a power plant for which an NRC construction permit is 

requested. In the case of an EIS for an NRC construction permit i t has been 

found that a discussion of alternatives which considers only alternative fuel types 

and/or sites is not adequate. The alternative of not constructing a plant must 

also be considered. 

The nature, or depth, of the inquiry info any one alternative in an EIS need not be 

the same as the inquiry into any other of the alternatives considered. Broad 

screening criteria are used to reduce the geographical area within which a power 

plant could feasibly be sited to accomplish a given purpose. The alternative of 

not developing HLWRSSC regulations, should be treated in this same manner. 

A, The National Energy Policy 

By the time this EIS is complete a National Energy Policy will hopefully have 

been developed. This policy should be discussed with respect to its potential 

impacts on the use of nuclear energy to provide a share of the electrical energy 

produced in the United States. 
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B. The Need for Electrical Energy 

A discussion of the total forecasted electrical energy demands of the United 

States should be provided along with a discussion of the share to be provided by 

nuclear energy. 

C. The Unclear Fuel Cycle 

The nuclear fuel cycle should be discussed with emphasis on the quantification of 

the amount of high level wastes to be produced. 

D. Alternatives to Geological Disposal 

Given the prospective provided by the preceeding discussion each of the alterna

tives to geological disposal should be discussed in relatively general terms. 

Where ever possible references to other studies should be used. Particular 

emphasis should be placed on the uncertainties associated with each alternative 

as they relate to the viability of alternatives. It is not necessary to demonstrate 

total unfeasibility for each alternative. All that is required is to document the 

logical sequence of decision making followed to come to the conclusion that 

HLWRSSC should have been developed for the geological disposal alternative. 

E. Consequences of Delay 

A discussion should be provided which explains why the NRC needs to develop the 

subject regulations at the present time. The existing inventory of high level 

military and non-military wastes should be included in this discussion. 

Section 17 - Considerations in Determining the Acceptability of a 
Site as a Geological Repository 

This section should provide the reader with enough background information to 

enable him to understand what a geological repository is and the relative 

significance of the various factors considered in the development of the site 

suitability criteria. 
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A. The Nature of a Repository 

A narrative description of a geological repository should be provided. This 

description should explain the sequence of activities to be followed from initial 

ground-breaking through shaft sealing. Diagrams, sketches, and scheduals should 

be utilized to the maximum extent practicable. Each of the facility 

characteristics listed in Table 4-2 should be addressed. 

B. Importance of Site Related Factors 

This section should summarize the final report of the first phase of the 

HLWRSSC project. The reasoning behind the selection of the earth-science 

parameters for which criteria were developed should be provided. As indicated 

in Table 4-1, the discussion should be developed for both desirable and 

undesirable site characteristics. The typical siting constrants listed in Table 4-3 

should be used as a guideline in the preparation of this section. The discussion 

should lead logically to the methodology to be used in Section VII of the EIS to 

summarize costs, benefits and risks. 

C. Potential Radiological Impacts 

For the generalized repository described in Section IV-A of the EIS, each of the 

radiological pathway or sequences of events from which radiological impacts 

could be generated should be presented. Tiie appendixed details of the models 

used should be referenced. Potential operating (site utilization) stage and long-

range (storage mode) radiological impacts should be cited. 

D. Potential Non-Radiological Impacts 

As for the potential radiological impacts which could result from a generalized 

repository, the non-radiological impacts should also be described in general 

terms. The emphasis of this section should be on methodology used to evaluate 

individual impacts. 
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Table M 

Significant Facility Characteristics 

• Resource Requirements 

Land 

Transmission Corridors 
Capital Costs 
O&M Costs 

Site Development Costs 

Cooling Water Requirements 

Labor 
Control Equipment 
Other Materials 

i Effects 

Atmospheric Emissions 

Liquid Effluents 

Thermal Effluents 
Noise 
Solid Wastes 
Occupational Hazards 
Land Permanently Committed 
Resources Permanently Committed 
Radioactive Emissions 

Tax Revenues 
Socioeconomic Demands of Work Force 
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Table W 

Typical Siting Constraints 

• Regulatory Constraints 

Emission Standards (Air Quality) 

Ambinet Air Quality Standards (PSD) 

Operational and Safety Standards 

Water Use Regulations 

Effluent Limitations (Water) 

Water Quality Standards 

Possible Future Land Use Constraints 

Threatened and Endangered Species 

• Health and Environmental Constraints 

Chronic and Acute Dose Response 

Ecological Systems and Biota Conservation 

0 Land Use Constraints 

Exclusion Zones 

Buffer Zones 

Natural Resources (developed and developable) 

Population Density 

• Socioeconomic Constraints 

Regional Economics 

Aesthetics 

Political 

Public Perception 

Historic and Archeological 

• Physical and Engineering Constraints 

Construction Standards 

Performance Constraints 

Geological Properties 

Materials Properties 

External Hazard Potential 
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Pze-Canstruction Stage 

The discussion of pre-construction stage non-radiological 
impacls in the EIS may by necessity be deferred to the 
point where the impacts of the proposed criteria are 
discussed (Section V-A-l). The pre-construction, non-
radiological impacts which should be covered in the EIS 
are primarily sociological. They include: the reactions of 
the political sector to the possibility that a repository 
could be sited within one region of the United States end 
not in another, the impacts a site selected on the basis of 
the proposed criteria could have on property values, and 
likelihood of intervention into the rulemaking process. 

Construction Stage 

During the construction of a repository many of the non-
radiological impacts typically addressed in an EIS for an 
underground mine will occur. The volume of material to 
be mined and disposed of will result in the modification of 
a segment of the terrestrial and, possibly, aquatic 
ecosystems present in the area of the repository. The 
construction of any underground facility can result in the 
modification of the groundwater table of the area with 
subsequent impacts on water use patterns and surface 
water hydrology. In addition, depending on the size of the 
work force necessary to develop the repository and the 
social and economic character of the area significant 
short-term economic and social dislocations can result. 

Operating (Site Utilization) Stage 

For the period of time during which a repository is ac
tively operated, the non-radiological impacts which will 
occur will be related to; (a) the movement of vehicles into 
and out of the facility, (b) the means by which the wastes 
are kept cool prior to placement underground, (c) the 
normal environmental and socio-economic impacts associ
ated with the work force for any industrial facility, and 
(d) the psychological effects on the inhabitants of the 
surrounding area. Each of these should be described in 
relation to the generalized repository. 

Long Range (Storage Mode) 

Once a repository is sealed and the surface facilities are 
removed, the majority of the non-radiological impacts will 
have ended. However, there will be a permanent 
committment of resources and possibly lingering psy
chological effects which should be addressed. 
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Section V ~ Proposed C.-atsria 

The projected impacts of the proposed criteria (rulemaking) should be presented 

in this section. The introduction to the section should present a map, or maps, of 

the United States indicating where geological repositories could be sited on the 

basis of the proposed criteria. Because of the general nature of the criteria and 

the wide range of environmental and sociological conditions within the United 

States it is assumed that several regions will be defined by the maps developed 

on the basis of the proposed criteria. The following four subsections should be 

prepared for earn of the regions so defined. 

A. The Existing Environment 

A description of the region should be presented which discusses its general char

acter. Table 4-4 is a checklist which should be used when defining regions and in 

preparing this discussion. This checklist was developed considering the potential 

radiological and non-radiological impacts of a generalized repository which are 

to be described in Sections IV-C and D of the EIS. 

B. Seat-Term Impacts 

On the bosis of the general character of the region a discussion of the near-term 

radiological and non-radiological impacts which could result should be provided. 

Because of the magnitude of near-term radiological impacts relative to the long-

range impacts the emphasis f this section will most likely be centered on the 

non-radiological impacts. The discussion of impact in this part (Section V) of the 

EIS must be sufficient to support the cost/benefit/risk evaluation in Section VII. 

C. Long-Range (Storage Mode) Impacts 

This section of the EIS serves the same purpose as Section V-8, however the 

emphasis will most likely be on radiological as opposed to non-radiological 

impacts. It is in this section that the majority of the results of the risk analysis 

work will be presented. 
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Table 4-4 

Checklist for Definition ond Descriptions of Regions 

• . Geophysical Factors 

Meteorology and Climatology 

Hydrology (surface wafer and groundwater) 

Geology/Seismology/Soils 

Natural Resources (including well and mine locations) 

i Socioeconomic Factors 

Land Use and Ownership 

Demography 

Economic Activity 

Labor Force 

Cultural Resources 

Social and Community Infrastructure 

• Ecological Systems ond Biotic Factors 

Terrestrial Biota (Habitats) 

Aquatic Biota (Habitats) 

Threatened and Endangered Species (known and inferred ranges) 

Sensitive Ecological Systems 

• Existing Environmental Quality Factors 

Air Quality 

Water Quality 

Background Radiation 

Noise 

• Accessibility Factors 

Air 

Rail 

Barge 

Highways 

Transmission Line Corridors 

Pipelines 
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D. Economic and Social Impacts 

The dollar costs and benefits associated with a generalized repositoryshould be 

presented in this section. Direct and indirect costs and benefits should be 

discussed. 

Section VI - Alternative Criteria 

The principle component of this section should be a discussion of the results of 

the parametric risk analyses which lead to the selection of the proposed criteria. 

The logic behind the selection of the cutoff points selected which resulted in the 

proposed criteria should be developed in this section. 

Section VII - Cost/Benefit/Risk Evaluation 

This section of the EIS should be on expanded version of Section l-E. It is 

recommended that the Cost/Benefit/Risk evaluation methodology described in 

Section 5 of this report be utilized in the preparation of this EIS section. The 

recommended methodology was developed by modifying a multidimensional 

ordinal nonparametric information analysis tool normally utilized as part of a 

geotechnical methodolouy. When utilizing the recommended methodology 

matricies are prepared for the sets of alternative criteria discussed in Section VI 

of the EIS and the proposed set of criteria. The matrix is designed to facilitate 

between criteria comparative analyses of economic, environmental sociological 

and risk factors. The matrix presents both qualitative and quantitative 

information to 'the decision-maker. The qualitative information presented 

consists of written descriptions and a diagrammatic, color-coded, approach to 

highlight the less tangible portions of the impact assessment. The quantitative 

portion of the matrix combines the numerical results of the radiological risk 

analyses, the dollar costs and benefits associated with each set of criteria, and 

the results of a normative, or prescriptive decision model, analysis of the 

associated environmental and sociological impacts. 
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Section VIII - Approvals and Consultations 

The contents of this section will be the review comments of the various federal, 

state or local agencies to whom the preliminary draft of the EIS is sent. In 

addition, a summary of public participation in the decision-making process asso

ciated with the proposed rulemaking should be presented. 

Appendices 

The detailed technical information developed in the process of preparing the 

proposed HLWRSSC regulation should be appendicised to the EIS. 
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5. COST/BENEFIT/RISK EVALUATION METHODOLOGY 

As dscussed in Section 4 of this report, i t is recommended that the cost/benefit/ 

risk evaluation of alternative sets of HLWR site suitability criteria be accomp

lished through the use of a modified geotechnical matrix evaluation approach. 

The suggested matrix is designed to facilitate comparative analyses of 

alternative sets of criteria for economic, environmental, sociological and 

radiological risk factors. Within the matrix both qualitative and quantitative 

information is presented and summarized for use by the decision maker. The 

qualitative information presented consists of written descriptions and a diagram

matic, color-coded, approach to highlight the less tangible portions of the impact 

assessment. The quantitative portion of the matrix combines the numerical 

results of radiological risk analyses, dollar costs and benefits associated with the 

alternative sets of site suitability criteria, and the results of a normative, or 

prescriptive decision model, analysis of the environmental and sociological 

impacts associated with the criteria sets. The quantitative portion of the matrix 

is a new approach for decision-making in the presence of subjective information 

which has been developed for the HLWRSSC project. The procedure, as 

described in this section offers the following principle advantages over other 

methodologies; 

• Automatic consideration of result sensitivity to variations 
in the major subjective assumptions, enabling the deci
sion-maker to have the broadest possible spectrum of 
information available to him in a meaningful and conven
ient format. 

• Visual representation of the information upon which the 
decision is based, in a form which lends itself particularly 
well to the discussion of decision alternatives and to the 
presentation of (and justification of) the recommended 
site suitability criteria. 

The second advantage is a particularly significant one in that analyses of this 

type are extremely difficult to describe either in writing or verbally. The visual 

displays produced by application of this methodology provide an excellent means 

of explaining the decision-making process to any audience. 
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S.I Description of Procedure 

The quantitative compositing of dollar costs and benefits, environmental and 

sociological impacts, and radiological risk for each of the sets of criteria to be 

considered in the EIS is performed using a semi-analytical, semi-visual procedure 

based on the newly-developed concept of "decision surfaces". This concept 

offers a convenient means of identifying the set of criteria which is most 

advantageous under assumed conditions and for examining the sensitivity of the 

conclusion to the assumed conditions. 

The procedure described below is repeated for each of the sets of site suitability 

criteria and results in the establishment of a decision surface for each set. 

Following the description of this procedure, emphasis will be placed on the 

spatial relationships among the various decision surfaces developed. The various 

sets of site suitability criteria to be considered in this analysis are presently 

being developed elsewhere in the HLWRSSC program and thus the methodology 

described below is criteria-generic. The power of this approach is best 

represented by the ease with which it can accommodate specific criteria as they 

become available. 

A decision surface represents an overall aggregation of impacts. The deter

mination of a decision surface involves the following steps: 

• Apply a matrix assessment approach to determine a merit 
value for each of the following four impact groups: 
engineering/economic dollar costs and benefits, environ
mental impacts, sociological impacts, and radiological 
risk. 

• Establish a merit value for the composited impact group 
comprising the sociological and environmental impact 
groups by applying assumed weighting factors to the 
individual merit values for these two groups. 

• Combine the three merit values so established - for the 
environmental/sociological, engineering/economic, and ra
diological impact groups - into a single site suitability 
criteria set merit valve by assumming a se+ of importance 
weighting factors for each component of the merit vector. 
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o The preceding step is repeated for all feasible sets of 
importance weighting factors in order to establish the 
family of overall merit valves which define the "decision 
surface.". 

• A separate decision surface is established for each of the 
sets of site suitability criteria being considered in the EIS. 

Additional detail on the actual procedures used to establish the merit values for 

the various impact groups is provided below, and a detailed example of the 

overall procedure is given in the following section. The importance to the de

cision-maker of the orientation of the planes representing candidate sets of 

criteria is explained and demonstrated by appropriate figures. 

5.2 Detailed Procedure 

The broad description of the procedure given above is expanded upon in this 

section. To provide more insight, an illustrative example is defined and analyzed 

on a step-by-step basis. The example selected is one involving a comparison of 

three alternative sets of site suitability criteria. The calculation is generic and 

therefore without detailed physical significance. The abbreviated list of impacts 

for the example was selected to represent the concepts and to illustrate the 

methodology. The list of impacts considered in the HLWRSSC EIS will, of 

course, be significantly more extensive (Section 4.0). 

a. Develop an acceptably broad, comprehensive list of impact categories for 

each of the four impact groups, viz., engineering/economic, environmental, 

sociological, and radiological risk. Examples of such impact categories 

have been listed previously in this report in Table 3-3. These four groups 

enable the most meaningful sorting of individual impact categories 

according to the nature of the impact as well as the degree of subjectivity 

involved in assessing the level of impact. Until further information is 

available on the analyses of radiological risk the radiological risk impact 

group is assumed to consist of a single impact category. However, as 

additional information on the risk analyses are obtained, it may be appro

priate to define other impact categories within the radiological impact 

group. 

5-3 % 
TERA CORPORATION 



Table 5-1 provides a summary of the impact categories which will be 

considered for tt)e somple problem. This list has been greatly abbreviated 

so as to simplify the illustration. 

For each impact category, a weighting factor (0 to 100) is assigned, with 

the constraint imposed that the total of all weighting factors within an 

individual impact group must equal 100. The assignment of weighting 

factors is made on a subjective basis, utilizing the collective experience of 

individuals within the organization. These weighting factors represent the 

importance of the individual impact categories within the impact group. 

The weighting factors used in the example problem are presented in Table 

5-1. 

For each of the impact categories, a merit rating is assigned which is based 

on an assessment of the impact which the particular set of site selection 

criteria will have in this category. An analysis over all permissible sites 

will be used to develop the merit ratings. A suggested scale for the merit 

ratings is given in Table 5-2. The following indefinate integral indicates 

the type of analysis to be performed. 

where: 

Value of the merit rating for criteria set k 
against impact category j in impact group i (0 
to 10). 

Probability that a repository site which satis
fies criteria set k has a merit rating M-. (0 to 
1.0). I J 

Merit rating of a repository site against im
pact category j in impact group i (0 to 10). 
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Table 5-1 

DECISION SURFACE MATRIX EVALUATION 

Site Suitability Cri ter ia Set (k) 

1 2 3 

Impact 
Group (i) 

Impact 
Category (j) W i i R... <jl W-.R.. . (j i j l R. . , W. .R . . , i j i j 2 i j 3 

W..R..~ ij IJ3 
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(1
) 

1 . Capital Costs 
2 . O&M Costs 
3 . Transportation 
4 . Const. Impact Mitigation 

50 
25 
15 
10 

7 
8 
6 
6 

350 
200 

90 
60 

5 
8 
6 
6 

250 
200 

90 
60 

4 
6 
4 
9 

200 
150 
60 
90 

E
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g/

 
Ec
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ic
 

(1
) 

Merit Value, V . . 700 6 0 0 5 0 0 

E
nv

iro
nm

en
ta

l 
(2

) 

1 . Terrestrial Ecosystems 
2 . Aquatic Ecosystems 
3 . Groundwater 
4 . Atmospheric Emissions 

25 
25 
25 
25 

7 
5 
3 
9 

175 
125 
75 

225 

8 
7 
7 
8 

200 
175 
175 
200 

6 
6 
7 
3 

ISO 
150 
175 
75 

E
nv
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nm

en
ta

l 
(2

) 

Merit Value, V 2 k 6 5 0 7 5 0 5 5 0 

S
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lo

gi
ca

l 
(3

) 

1 . Social and Community 
Infrastructure 

2 . Cultural Resources 
3 . Aesthetics 
ft. Psycological Implications 

20 
20 
40 
10 

6 
6 
7 
8 

120 
120 
280 

80 

9 
9 
9 
8 CO

 0
s 

00
 C

O 
O

O
O

O
 

7 
6 
8 
7 

140 
120 
3?n 

70 

S
oc

io
lo

gi
ca

l 
(3

) 

Meri t Value, V-,, 600 8 0 0 6 5 0 

R
ad

io


lo
gi

ca
l 

(4
) 1 . Health Risk too 8 8 0 0 6 1 600 7 7 0 0 

R
ad

io


lo
gi

ca
l 

(4
) 

Merit Value, V , + k 800 6 0 0 7 0 0 
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Table 5-2 

Merit Rating For Impact Categories 

RATING CHARACTERISTIC 

10 [deal 

9 Nearly Ideal 

8 Excellent 

7 Good to Excellent 

6 Good or Above Average 

5 Average 

A Fair or Below Average 

3 Fair to Poor 

2 Poor 

1 Very Poor 

0 Unacceptable 
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and the integral is over all sites which satisfy criteria set k, with 

/ P k d S , | . 0 

It will also be necessary to assign merit ratings in the engineering/econ

omic and radiological risk impact groups which are consistent with the 

ratings in the environmental and sociological groups from the standpoint of 

the highest score representing the lowest impact and the lowest score 

representing the highest impact. 

The merit ratings assigned in each category for each of the three hy

pothetical sets of site suitability criteria being considered in the example 

are shown in Table 5-1, 

d. Calculate the merit value for each of the four impact groups associated 

with each of the alternative sets of site suitability criteria being con

sidered as follows. 

b i 

H 
where: 

V.. = Merit value for criteria set k in impact group i 
I K (0 to 1000). 

b. = Number of impact categories within impact 
1 group i. 

W.. = Weighting factor for impact category j in 
l' impact group i (0 to 100). 

Results for the four merit values in the example are tabulated in Table 5-1. 

e. As discussed below, the decision surface concept is most powerful when 

applied to three impact groups. As tne illustrated example consists of four 

groups, the next step involves the reduction of the four merit values to 
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three merit vector components. Because of their inherent compatibility, 

the merit values for the environmental and sociological impact groups are 

the values so combined. Weighting factors are assigned subjectively to the 

environmental and sociological merit values in performing this compositing 

step. 

M V I k = V l k 

MV2k = A e V \ V 3 k 

M V 3 k = \ k 

where: 

M^mi, = Merit vector component m for criteria 
m K set k(0 to 1000), where: 

m - I, Engineering/Economic 
m = 2, Environmental/Sociological 
m = 3, Radiological 

A = Weighting factor for environmental 
merit value (0 to 1.0). 

A = Weighting factor for sociological merit 
s value (0 to 1.0). 

and A^ + A„ = 1.0 e s 

For the example, assume that A c = A = 0.5, so that: 

M V | | = 700 

MV 2 | = 0.5(650 4 600) = 625 

M V 3 | = 8 0 0 

MV | 2 = 600 

MV 2 2 = 0.5(750+ 800) = 775 

MV 3 2 = 600 

MV | 3 = 500 

MV 2 3 = 0.5(550 + 650) = 600 

MV 3 3 = 700 
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f. The overall figure of merit for each of the sets of site suitability criteria 

can now be calculated, using a set of r,Jbjectively assigned importance 

weighting factors. 

3 

S S C V S I W m M V m k 

where: 

SSCV, = Site Suitability Criteria Value for criteria set 
k k (0 to 1000). 

IW - Importance weighting factor for merit vector 
component m (0 to 1.0), where: 

3 

m»l 

g. At this point the decision surface for each set of site suitability criteria 

can be constructed. A decision surface is the locus of the values taken on 

by SSCV for all possible combinations of the three importance weighting 

factors (IW ), while maintaining the constraint that IW, + IW^ + IW, = 1.0. 

Figure S-l shows a decision surface for the first (k=l) sef of criteria con

sidered in the numerical example. This decision surface was determined 

from the following equation 

SSCV, =700(IW|) +625(IW 2) + 800 (IW3) 

It can be readily seen that the decision surface is constructed by plotting 

values for SSCV on an axis which is vertical to a tri-axial coordinate base 

that is completely analogous to on ordinary three-component solution 

diagram. Any point on the edge of the base or located within the tri-axial 

diagram will automatically satisfy the requirement that IW. + IW- + IW-, = 

1.0. Of course, a single decision surface for a single set of site suitability 

criteria provides very little for the decision-maker to work with. Decision 

surfaces are constructed for all of the candidate sets of criteria and the 
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Figure 5-1 

DECISION SURFACE FOR A 
HYPOTHETICAL SET OF CRITERIA 

(A = A =0.5) 
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spatial relationships among them are examined with particular regard to 

both the intersec'ions of the various surfaces and to the relative spacing 

between non-intersectirq surfaces? Figure 5-2 shows how the three 

decision surfaces in the numerical example are oriented in space. The 

aspect of such a diagram which is of most importance to the decision-

~Tnaker is Jhe_upward exposed surface, which can be formed either by a 

single decision surface oFbiTtwo <jr more intersecting decision surfaces. If 

the upward exposed surface is that of a single decision surface, then it is 

clear that the set of site suitability criteria which correspond to that 

decision surface is the preferred set for any combination of the importance 

weighting factors and, therefore, would generally be the criteria set 

recommended for selection. If the upward facing surface is formed by a 

combination of intersecting decision surfaces (as in Figure 5-2), then, 

depending upon the range of combinations of importance weighting factors 

which the decision-maker feels is most reasonable, the diagram might 

indicate that a single set of criteria is preferred. However, more than one 

criteria set may still contribute to the upward exposed surface over the 

range of combinations of importance weighting factors deemed to be 

reasonable. In this case, additional sensitivity analyses and impact 

evaluations would be called for in order to establish a preferred criteria 

set. 

It is convenient to also consider a "feasibility region", wherein the most 

reasonable range of importance weighting factors is defined on the tri-axial 

base followed by a vertical projection of this "feasibility region" onto the 

upward exposed surface. The portion of the upward exposed surface 

subtended by this projection will milude one or more decision surfaces. If 

only one, then the corresponding criteria set is clearly the preferred one. 

If more than one, then a suitable averaging of SSCV, over the subtended 

area will be required to establish a ranking of the criteria sets contributing 

to the upward exposed surface within the "feasibility region". 

Figure 5-2 indicates that, for the numerical example, the decision surfaces 

for criteria sets I and 2 intersect to form the upward exposed surface. The 

decision surface for criteria set I dominates for most of the importance 

weighting factor combinations. 

5-11 % 
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Figure 5-2 

DECISION SURFACES FOR THREE 
HYPOTHETICAL SETS OF CRITERIA 

(A a A = 0.5) 
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One of the major advantages of the decision surface approach is that the 

sensitivity of the criteria set ranking to changes in the importance 

weighting factors (IW.) is automatically taken into account by examination 

of results such as those shown in Figure 5-2. By examination of the spatial 

relationships among various decision surfaces and with some reasonable 

assumptions on limits for each of the importance weighting factors, it will 

generally be possible to establish a ranking of the alternative site 

suitability criteria sets being considered. If, on the other hand, the ranking 

of criteria sets is very sensitive to changes in the importance weighting 

factors or to changes in A and A , previously made subjective judgements 

on values for merit ratings or weighting factors for various impact 

categories should be reevaluated in light of their demonstrated signifi

cance. Such iterations at various steps in the overall procedure are 

facilitated through the use of the computer program being developed to 

perform the entire assessment (see description below). 

A sensitivity analysis is conducted next to determine the sensitivity of the 

results of the decision surface evaluation to changes in the split between 

A and A , i.e., to changes in the weighting factors assigned to the 

environmental and sociological merit values. Revised decision surfaces for 

alternative set of A and A values, are determined for each of the criteria s e ' 
sets being considered. By examining the effect on decision surface 

intersections, it is possible to assess the importance of the sociological and 

environmental weighting factors in the establishment of a ranking of the 

various criteria sets. 

For thi» numerical example it can be seen that the dominance of site suit

ability criteria set I is most significantly impacted when the environmental 

to sociological impact group weighting is shifted toward the sociological 

group. In other words the dominance of criteria set I is inversely related 

to the mcgnitude of A . The extreme case, when A = 0 and A =1,0. is s e s 
illustrated in Figure 5-3. Although the dominance of criteria set I is 

reduced when A is increased, the Site Suitability Criteria Value for set I is 

the largest of the three values for two thirds of the merit vector 

component importance weighting factors allowable under extreme case 

conditions, i.e., where A = 1.0. 
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Figure 5-3 
DECISION SURFACES FOR THREE 

HYPOTHETICAL SETS OF CRITERIA 
(A, = 0, A =1.0) 
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5.3 Computerized Analysis Capability 

Work has begun to develop a computer program which will automate the 

analyses described in the preceding section and which will enable rapid 

investigation of the effects which assumptions made at various points in 

the procedure have on the final ranking of site suitability criteria sets. \n 

existing, much-simplified program for performing matrix assessments is 

being used as a starting framework for this effort. In addition to the 

control and manipulation of data, it is envisioned that the program will 

ultimately perform endogenous rankings of all candidote criteria sets, using 

input guidance as to the most meaningful ranges of values for the various 

importance weighting factors. 

A three-dimensional plotting routine will be used to graphically show the 

decision surfaces generated, their spacial interrelationships, and their 

intersections. These graphical displays will be of particular value in pre

sentations of results and in justifications of recommendations made on a 

preferred set of site suitability criteria. 
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Appendix A 

the national environmental 
policy act of 1969, 
public law 91-190 
January 1,1970 
(42 U.S.C. 4321-4347) 

An Act to establish a national policy for the environment, to pro
vide for the establishment of a Cnuncil on Environmental Quality, 
and for other purposes. 

Be it enacted by Ike Senate and House of Representatives of the 
United States of America in Congress assembled, That this Act may 
be cited as the "National Environmental Policy Act of 1969." 
purpose 

SEC. 2. The purjjoses of this Act are: To declare a national policy 
which will encourage productive and enjoyable harmony between 
...ua and his environment; to promote efforts which will prevent or 
eliminate damage to the environment and biosphere and stimulate 
the health and welfare of man; to enrich the understanding of the 
ecological systems and natural resources important to the Nation; 
and to establish a Council on Environmental Quality. 

title i 
declaration of national environmental policy 

SEC. 101. (a) The Congress,- recognizing the profound impact of 
man's activity on the interrelations of all components of the natural 
environment, particularly the profound influences of population 
growth, high-density urbanization, industrial expansion, resource ex
ploitation, and new and expanding technological advances and recog
nizing further the critical importance of restoring and maintaining 
environmental quality to the overall welfare and development of 
man, declares that it is the continuing policy of the Federal Govern
ment, in cooperation with State and local governments, and other 
conceined public and private organizations, to use all practicable 
means and measures, including financial and technical assistance, in 
a manner calculated to foster and promote the general welfare, to 
create and maintain conditions under which man and nature can 
exist in productive harmony, and fulfill the social, economic, and 
other requirements of present and future generations of Americans. 

(b) In order to carry out the policy set forth in this Act, it is the 
continuing responsibility of the Federal Government to use all prac
ticable means, consistent with other essential considerations of na
tional policy, to improve and coordinate Federal plans, functions, 
programs, and resources to the end that the Nation may— 

(1) Fulfill the responsibilities of each generation as trustee 
of the envionment for succeeding generations: 

(2) Assure for all Americans safe, healthful, productive, and 
esthctically and culturally pleasing surroundings; 

(3) Attain the widest range of beneficial uses of the environ
ment without degradation, risk to health or safety, or other 
undesirable and unintended consequences; 

(4) Preserve important historic, cultural, and natural aspects 
of our national heritage, and maintain, wherever possible, an 
environment which supports diversity, and variety of individual 
choice; 

(5) Achieve a balance between population and resource use 
which will permit high standards of living and a wide sharing 
of life's amenities; and 

(6) Enhance the quality of renewable resources and ap
proach the maximum attainable recycling of depletablc 
resources. 

(c) The Congress recognizes that each person should enjoy a 
healthful environment and diat each person has a responsibility to 
contribute to the preservation and enhancement of the environment. 

SEC. 102. The Congress authorizes and directs that, to the fullest 
extent possible: (1) the policies, regulations, and public laws of the 
United States shall be interpreted and administered in accordance 



with the policies sot forth in this Act, and (2 ) all agencies of the 
federa l Government shall— 

(A) Utilize a systematic, interdisciplinary approach which 
will insure t h e integrated use of the na tu ra l a n d social sciences 
and the environmenta l design arts in p lanning a n d in decision
making which may have an impact on man ' s envi ronment ; 

(B) Identify and develop methods and procedures, in con
sultation with the Council on Environmenta l Quali ty estab
lished by title I I of this Act, which will insure that presently 
unquantiftcd environmenta l amenit ies and values may be given 
appropr ia te consideration in decisionmaking along with eco
nomic and technical considerat ions; 

( C ) Inc lude in every recommendat ion o r report on pro
posals for legislation and o ther major Federal actions signifi
cantly affecting the quality of the h u m a n environment , a 
detailed statement by the responsible official o n — 

(i) T h e environmental impact of the proposed action, 
(ii) Any adverse environmental effects which cannot be 

avoided should the proposal be implemented , 
(iii) Alternatives to the proposed action, 
(iv"iThc relationship between local short-term uses of 

man ' s environment and the main tenance and enhancement 
of long-term productivity, and 

(v ) Any irrevci-bible and irretrievable commitments of 
resources which would be involved in the proposed act ion 
should it he implemented. 

Prior 10 making any detailed statement, the responsible Federal 
official shall consult wi th and obtain the comments of any Fed
eral agency which lias jurisdiction by law or special expertise 
with respect to any environmenta l impar t involved. Copies of 
such s ta tement and the comments and views of the appropr ia te 
Federal , State , anil local agencies, which are authorized to de
velop and enforce environmenta l s t a n d a r d s shall be made avail
able to the President, the Counci l on Environmental Qual i ty 
and to the public as provided by section 552 of title a, Un i t ed 
States Code, and shall accompany the proposal through the 
existing agency review processes; 

(t>) Study, develop, and describe appropr ia te alternatives to 
recommended courses of action in any proposal which involves 
unresolved conflicts concerning al ternat ive uses of avail able 
resources; 

( E ) Recognize the worldwide and long-range character of 
environmenta l problems and . tvhere consistent with the foreign 
policy of the United States, lend appropr ia te support to initia
tives, restitutions, and p rog iams designed to maximize interna
tional cooperat ion in ant icipat ing and prevent ing a decline in 
the quality of mankind ' s wo; id env i ronment : 

( F ) M a k e avai lable to -Stales, counties, municipali t ies , in
stitutions, and individuals, advice and information useful in 
restoring, main ta in ing , and enhanc ing the qual i ty of the 
env i ronmen t ; 

( G ) Ini t ia te and utilize ecological information in the p lan
n ing and development of resource-oriented projects ; and 

( H ) Assist the Counci l on Envi ronmenta l Qua l i t y established 
by title II of this Act. 

SEC- 103. All agencies of the Federal Gove rnmen t shall review 
their present s tatutory authori ty , adminis t ra t ive regulat ions, and cur
rent policies and procedures for the purpose of de te rmining whe the r 
the re are any deficiencies or inconsistencies therein which prohibi t 
full compliance with the purposes and provisions of this Act and shall 
propose to the President not later than July 1. 197 J, such measures 
as may be necessary - to bring their author i ty and policies into con 
formity with the intent , purposes, and procedures <;cc forth in this Act. 

S E C . 104. Noth ing in section 102 or 103 shall in any way affect the 
specific statutory- obligations of any Federal agency (1 ) to comply 
with criteria o r s t andards of environmental quality, (21 to coordinate 
o r consult with any other Federal or State agency, or t3 ) to act , 
or refrain from act ing contingent upon the recommendat ions or cer
tification of any other Federal o r Sta te agency. 

SF.C. 105- T h e policies and goal* set forth in this Act are supple
mentary to those set forth in existing authorizat ions of Fedc;~iJ 
ai; mcics. 

r.,ufii I on e n v i r o n m e n t a l qua l i ty 
y? l . T h e President shall transmit to the Congress annual ly 

July 1, 1970, an Envi ronmenta l Qual i ty Repor t (herein-
j i i Jferred to as the "report'*> which shall set forth (1 ) the status 
a m ; ^mdi t i on of the major na tura l , inanmaclc. or al tered environ
menta l classes of the Nation, including, but not limited to, the air, 
the aquat ic , including marine , estuarine, and fresh water , and t h e 
terrestrial envi ronment , including, bu t not limited to, the forest, dry
land, wet land, range, urban, suburban and rural env i ronment ; (2) 
current and foreseeable trends in the quali ty, m a n a g e m e n t and utili
zation of such environments and t-hc effect* of those trends on the 
social, economic, and other requirements of the N a t i o n ; (3) the 
adequacy of available na tura l resources for fulfilling h u m a n and eco
nomic requirements of the Nat ion in the light of expected popula t ion 
pressures; (A) a review of the programs and activities ( including reg
ulatory activities 1! of the Federal Government , the State and local 
governments , and nongovernmenta l entities or individuals with par
ticular reference to their effect on the environment and on the con
servation, d» vrlopriicrit and utilization of na tura l resources; and (5) 
a program for remedying the deficiencies of existing programs a n d 
activities, together with n-enmmendat ions for legislation. 



SEC. 202. There is created in the Executive Office of the President 
a Council on Environmental Quality (hereinafter referred to as the 
^'Council"). The Council shall be composed of three members who 
shall be appointed by the President to serve at his pleasure, by and 
with the advice and consent of the Senate. The President shall desig
nate one of the members of the Council to serve as Chairman. Each 
member shall be a person who, as a result of his training, experience, 
and attainments, is exceptionally well qualified to analyze and in
terpret environmental trends and information of all kinds; to ap
praise programs and activities of the Federal Government in the light 
of the policy set forth in title I of this Act; to be conscious of and re
sponsive to the scientific, economic, social, esthetic, and cultural needs 
and interests of the Nation; and to formulate and recommend na
tional policies to promote the improvement of the quality of the 
environment. 

SEC. 203. The Council may employ such officers and employees 
as may be necessary to carry out its functions under this Act. In 
addition, the Council may employ and fix the compensation of 
such experts and consultants as may be necessary for the ranying 
out of its functions under this Act, in accordance with section 310̂ > 
of title 5, United States Code (but without regard to the last sentence 
thereof). 

SEC. 304. It shall be the duty and function of the Council— 
(1) To assist and advise the President in the preparation of 

the Environmental Quality Report required by section 201; 
(2) To gather timely and authoritative information concern

ing the conditions and trends in the quality of the environment 
both current and prospective, to analyze and interpret such in
form ntion for the purpose of determining whether such condi
tions and trends are interfering, or are likely to interfere, with 
the achievement of the policy set forth in title I of this Act, and 
to compile and submit to the President studies relating to such 
conditions and trends; 

(3) To review and appraise the various programs and activi
ties of the Federal Government in the light of the policy set 
forth in title I of this Act for the purpose of determining the 
extent to which such programs and activities are contributing 
to the achievement of such policy, and to make recommenda
tions to the President with respect thereto; 

(4) To develop and recommend to the President national 
policies to foster and promote the improvement of environ
mental quality to meet the conservation, social, economic, health, 
and other requirements and goals of the Nation; 

(5) To conduct investigations, studies, surveys, research, and 
analyses relating to ecological systems and environmental 
quality; 

(6 J To document and define changes in the natural environ
ment, including the plant and animal systems, and to accumu

late necessary data and other information for a continuing 
analysis of these changes or trends and an interpretation of their 
underlying causes; 

(7) To report at least once each year to the President on the 
state and condition of the environment; and 

(8) To make and furnish such studies, reports thereon, and 
recommendations with resjject to matters of policy and legisla
tion as the President may request. 

SEC. 205. In exercising its powers, functions, and duties under 
this Act, the Council shall— 

(1) Consult with the Citizens* Advisory Committee on En
vironmental Quality established by Executive Order No. 11472, 
dated May 29. 1969, and with such representatives of science, 
industry, agriculture, labor, conservation organizations, State 
and local governments and other groups, as it deems advisable; 
and 

(2) Utilize, to the fullest extent possible, the services, facili
ties and information (including statistical information) of 
public and private agencies, and organic a fions,, and individuals, 
in order that duplication of effort, and expense may be avoided* 
thus assuring that the Council's activities will not unnecessarily 
overlap or conflict with similar activities authorized by law and 
performed by established agencies. 

SEC. 206. Members of the Council shall serve full time and the 
Chairman of the Council shall be compensated at the rate provided 
for Level II of the Executive Schedule Pay Rates. '• 3 U'.S.C. 331.51. 
The other members ol the Commit shall be compensated at the rate 
provided for Level IV of the Executive Schedule Pav Ra.tes (3 L'.S.C. 
5315). 

SEC. 207. There are authorized to be appropriated to carry out 
the provisions of this Act not to exceed $300,000 for fiscal year 1970, 
$700,000 for fiscal year 1971, and $1 million for each fiscal year 
thereafter. 

Approved January I, 1970. 


