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ABSTRACT

The problem of managing nuclear wastes in a perpetually safe manner is not

only a technological challenge, but encompasses significant social, political

and ethical questions as well. Resolution of the problem requires no break-

through in nuclear physics nor even the development of a radically new

engineering technology. What is required is the application of reasoned

judgment in identifying and balancing the various facets of the problem.

This paper describes the dimensions of the waste management problem and

offers an appraisal of elements necessary to its solution.
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A system for the management of the wastes (the technology plus institutions

and organizations required) is not self-implementing. Action is required, and

the time for that action is now. The decision as to what system to deploy is,

by its very complex nature, a societal decision. No one wants the wastes in



his backyard, but because radioactivity respects no political boundaries, the

adequacy of steps taken is the concern of everyone. There is, of course, no

one best way to handle the wastes. We would be naive to believe that there

are not a large numDer of systems which would prove on careful analysis to

be more than adequate.

It does not require a highly technical analysis to identify a set of goals

(or perhaps guiding principles) for the waste management system and for the

implementation of that system. Such a set of goals is outlined in this

paper. They fall into three important time frames: (1) the period of

active use of fission nuclear power; (2) the period of active societal in-

volvement in waste management {which may extend beyond the life of the in-

dustry); and (3) the entire period over which the waste management system must

operate (which can extend beyond the time during which society has immediate

access to unsealed repositories). The goals call for action now with full

treatment of all the relevant issues in the decision process. We who now

derive the benefits of nuclear power should accept an appropriate share of

the costs of managing the waste. In the longer term, organizational and

technical systems should have certain "fail-safe" features, and should

protect management options and societal values. And in the longest term,

the system should not require longevity of present social institutions.

In stating the goals, two questions arise in logical sequence: (1) How do

we use the goals in designing and implementing a waste management system?

and (2) How far must we go in the directions indicated? The answer to the

first is discussed, and is in brief that the goals are a compass—they



indicate direction for the waste management program. The answer to the

second question is the set of criteria (siting, design, and operation) which

must be derived from these general goals by agencies, such as the USNRC.

Criteria are more precise and more detailed statements of what standards

must be met to achieve the goals. The criteria comprise the set of perfor-

mance benchmarks (both in radiological protection and in the meeting of social

and political requirements) which must be met by all of the components of the

waste management system.

INTRODUCTION

One important part of the U.S. nuclear fuel cycle that is yet to be fully

established is the waste management system. The U.S. waste management system

comprises the organizations, activities, facilities, and rules, which are

necessary to collect, handle, treat, transport, store, and ultimately dispose

of legally-defined and federally regulated radioactive waste products. De-

velopment of this key element of the fuel cycle was postponed for years while

effort was concentrated in creating the nuclear-powered electrical generation

system and its associated support facilities (i.e., enrichment)—the so-called

front-end of the fuel cycle. Now increased needs for energy from nuclear

sources coupled w'th perceived uncertainities regarding disposition of

radioactive wastes creates urgency to establish a waste management system.

In the past attempts to establish fully the waste management system in the

U.S. have encountered unforeseen problems which generally do not appear to



result from a lack of technology. A recent USNRC Task Force report (NUREG-

0116) supports the impression, widely-held by nuclear specialists, that pro-

posed technology appears adequate to dispose of the wastes safely, but that

the technology has neither been satisfactorily demonstrated nor fully analyzed

for safety. Increased public awareness of potential hazards of radioactive

wastes has focused criticism on the lack of demonstrated safe systems. Public

concern is expressed by many groups and is generally directed to assuring

protection of individuals and society both present and future from perceived

risks from radioactive wastes.

The Importance of Setting Goals

The goals developed by a recent NRC Task Force are simple statements of prin-

ciples which appear to be essential conditions to insure the proper operation

of a system to manage radioactive wastes. These goals statements are not

directly useful as operating rules or regulations. Rather, they are a check-

list of principles which is to be used in four ways:

1. as a basis from which to derive operating criteria and regulations

2. as a standard for evaluating the performance of the waste management

system

3. as a way to focus discussion on the important issues of waste

management

4. as a way to explain the waste management program to the public.



In the ideal model, goals guide the use of technology (in this case, nuclear

waste management technology) according to the following logical flow:

technology is used by organizations functioning within constraints set by

institutions in order to achieve goals set by society which must make

collective decisions through political processes to permit implementation of

technology. This logical system is an active one which constantly modifies

its components in an almost cyclic manner. Of course, in the real world, this

rational order is not always followed. Nevertheless, these goals are an

articulation of the direction in which the entire system is proceeding at

the present time.

Task Force Operation

This paper is a report on one effort in the United States to articulate goals

for the waste management system. The goals we have developed are derived in

part from concerns about radioactive wastes expressed by individuals and

organizations to a task force created by and reporting to the USNRC early

in 1976.

This Task Force report is important to the waste management program because

it is the first official attempt to identify comprehensively the performance

requirements of the system, even though in very general terms. In fact, this

generality of the goals is necessary to bridge the gap existing between

expressed public concern about the system and the technical program to develop

nuclear power.



This Task Force was designed to produce a fresh look at waste management

issues. The Task Force comprised members representing diverse educational

and experiential backgrounds. Generally, the Task Force members had limited

experience in waste management. The group read most of the literature on

waste management and interviewed many persons who had been involved in

previous waste management efforts and many who had expressed views relevant

to considerations deemed important to waste management. The group's views,

developed from this broad exposure to literature and people, were summarized

in the Waste Management Goals Development Task Force report to the NRC. This

report identifies, in summary form, the goals which the Task Force believes

must be used to construct an adequate, acceptable waste management program.

These goals apply to all types of radioactive wastes, to any technological

system which might be used, and to all organizations involved in waste manage-

ment activities.

OVERRIDING GOALS

The controversial nature of nuclear power issues in the U.S. requires that we

step away from debate and articulate in fundamental terms what it is we want

the system to do. The Task Force finds that two overriding goals exist:

1. to protect people and the things they value; and 2. to be equitable in

distributing the cost of protection among today's population and between

present and future generations.

The pervasive feature of concerns regarding nuclear waste is that the exist-

ence of those wastes is threatening—and threatening to something of value.



The measure of value takes different forms depending on the specific concerns

being addressed, and values range from radiation protection, to environmental

considerations, to protection of other resources, to political values, and

even to personal property rights. Thus, a major goal for regulating the

waste management system (as for any such technology) is to protect those

things considered valuable by those whom the system serves.

Further, inherent in many of the expressed concerns was a concept of equity—

the expression that the waste management system should operate equitably.

Those who share the benefits should share the risks. Those whom the system

serves should enter into the procedures by which the system is selected and

implemented. The principle of equity thus has geographical, temporal and

procedural dimensions.

What has been missing is an explicit comprehensive articulation and presenta-

tion of the goals for consideration.

The statements of goals derived by the task force fall conveniently into

three somewhat overlapping time periods. Figure 1 illustrates these time

periods, and they are: (1) the period of production of nuclear power (i.e.,

the period during which the wastes are produced), (2) the period of active

management of the wastes (e.g., surveillance and monitoring), and (3) the

period over which there is some concern about the hazard presented by the

wastes (i.e., the period over which the waste disposal system will be designed

to maintain isolation). We assume that, at some time, society for some

reason will consider it necessary to discontinue active management of the

wastes.



The goals have been organized by time period. We find that the central

focus of the goal statements differs depending on the time period. The

goals pertinent to the first period deal mainly with procedures and methodo-

logy, while the goals for the second period deal mainly with the implementa-

tion of the waste management system, and the goals for the longer period

concern mainly the control of radiological hazards. All of the goals for

the longer periods must (of course) be addressed in and are applicable to

the earlier periods.

GOALS PERTAININS TO THE PERIOD OF USE OF NUCLEAR POWER

During the period of power production by nuclear fission (the "fission power

episode" which could last for hundreds of years) it is of primary importance

to establish the waste management (and particularly the disposal) system

which will handle the wastes for the future and maintain the flexibility

required for safety in the face of some residual uncertainties.

In the establishment of this system a key element is the process by which the

establishment takes place. Decisions in this period should be based on

assessments of all impacts on physical, human, and societal environment for

both the present and the future. Organizational and institutional issues

should be addressed. Values not easily quantifiable must be considered.

Uncertainties should be made explicit along with the procedures and/or judg-

ments used to resolve them for the purpose of reaching decisions.

It is during this period of active nuclear use that there should be broadly

basad involvement of interested groups, experts, political jurisdictions, and
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citizens in the planning and decisional process. This involvement should be

undertaken early and through a variety of mechanisms. In the U.S.A., the

regulatory process is one of the major mechanisms.

Flexibility to respond to the changes in scale of the activities must be

built into the organizations for the implementation of the waste management

system. A certain degree of independence from the rest of the fuel cycle

should be maintained so that the management of the wastes is not dependent on

the existence of the remainder of the fuel cycle.

A major purpose of the goals for this and other periods is the protection of

the public health and safety. Protection includes the minimization of

effluents, the minimization of both the consequences and the probabilities of

adverse events, and the reduction of the times between production and disposal

of the wastes.

Finally, because action is urgently needed to resolve environmental and energy

supply uncertainties, the establishment of a waste management system should

not be deferred to future generations or to unknown technologies. Neverthe-

less, urgency alone should not dictate the nature of the system designed and

implemented for the management of future wastes. In short, an immediate goal

is to get on with the job while maintaining some flexibility regarding future

wastes.



GOALS PERTAINING TO THE PERIOD OF ACTIVE SOCIETAL INVOLVEMENT IN WASTE

MANAGEMENT

In addition to the goals applicable to the period of use of nuclear energy,

the waste management system should follow a number of other guiding prin-

ciples during the time in which society takes an active interest in the

wastes. Because the benefits of nuclear power are no longer being produced,

the system must have incentives for management which do not depend on the

existence of power industry profits,

Budgetary guarantees for this period must be made prior to the end of the

first period. Documentation adequate as a basis for future action must also

be prepared in this and the previous periods.

The organizations and societal institutions remaining after (and existing

during) the period of active use of nuclear power should be capable of

detecting and rectifying errors. To facilitate this goal, the normal

state of the waste management operation should be specified as thoroughly as

possible. And these organizations and institutions should not be self-

perpetuating beyond their real usefulness.

Political considerations enter strongly into this second time period. The

international nature of the potential hazards from radioactive waste requires

that the national waste management systems actively pursue international

accords. And the waste management system should be independent of political

expediencies, neither placing constraints on the political system nor being

overly sensitive to changes in that system.
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In the first period, the intermediate handling and storage of the wastes

should be performed in such a manner as to not preclude later management

steps (e.g. disposal). With respect to disposal, until the system has been

proven by considerable experience, the retrieval of the wastes should not be

precluded entirely. Retrieval should not be technologically impossible,

although it might be very expensive.

GOALS PERTAINING TO THE ENTIRE PERIOD DURING WHICH THERE IS SOME HAZARD

FROM THE WASTES (i.e. THE PERIOD OF CONTINUING ISOLATION)

In the longest time period—that after which society has relinquished any

active control over the wastes—all of the previous goals will have been

accomplished or will still be relevant. In addition, several principles

continue to guide our thinking in establishing the system.

Because man is likely to seek after anything valuable, and because definitions

of value change over time, the siting of disposal facilities should be done to

minimize the likelihood of foreclosure of options for land or resource uses.

The continued operation (i.e. isolation of the waste) of the system should

not require continued stability or even continuity of social institutions or

organizations. In this sense, the disposal should be permanent, requiring no

further action by society.

Finally, applicable radiation standards for protecting public health and

safety should be met by the unattended long-term waste management system.
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SUMMARY OF THE GOALS

In brief, protection of people and things of value in an equitable manner

can be accomplished by articulating and fulfilling a set of goals or guiding

principles for the management of nuclear wastes. These goals group conveniently

into three time periods, and they are summarized in Table I. They are a basis

from which to derive operating criteria and regulation. They are principles

by which one can judge whether a proposed system measures up to the overall

goal of protecting things of value to those whom the system serves. They

serve to focus public debate on important waste management factors.

Clearly where the goals are contradictory or to some extent mutually exclusive,

priorities must be assigned and tradeoffs made. Trade off analyses and

decisions are not trival matters. We do not presume to make light of the

problem of how to implement the goals. We are at the beginning of this

endeavor and the first step is to set program goals.

IMPLEMENTING THE GOALS

The goals, as exemplified briefly here, are obviously too general to be

complete and reliable guides for designing, siting, building, and operating a

trustworthy waste management system. The goals must be transformed into

specific statements (which the USNRC calls "regulations") which are used as a

checklist against which license applications are evaluated. To receive and

maintain a license, the applicant's plans and operations must fulfill the.

conditions established in this checklist of regulations.
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To create a viable regulatory process, we must make regulations which, if

abided by, will fulfill the Waste Management system goals. The creation of

regulations from goals requires two jobs of the regulator: 1) set criteria

and standards of adequacy; and 2) establish procedures.

Setting criteria requires identification of the activities or events which

must be measured (to judge whether goals are being met) and the setting of

limits on those activities and events. This requires definition of the

essence of each goal in practical terms, i.e., in terms of some aspect of it

that is both measurable and a valid index. This may, in fact, be the most

difficult task in establishing the system.

Establishing procedures means defining what steps must be taken by whom and

where in order to transform goals, technology, and existing organizations

into a workable and enforceable waste management system. Procedures which

must be set include rules for 1) reaching decisions on what criteria and

standards and what regulations will be used; 2) license application reviews;

3) inspection and enforcement activities; and 4) periodic waste management

system review and evaluation (with possible revision).

Activities comprising the waste management system after waste generation

include handling, treatment, packaging, transportation, storage, and disposal,

Some of these activities such as transportation and handling are fairly well

covered by existing U.S. regulations. The focus of regulatory efforts to

define criteria and regulatory procedures are thus in areas where little has

yet been done.
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Priority effort is being given by the USNRC to defining licensing pro-

cedures and to establishing criteria for waste repository siting and for

waste solidification. Rather than recite an entire program here, we cite

a few important examples.

LICENSING PROCEDURES

Prior to the Energy Reorganization Act of 1974 there was no requirement in

the USA that federal repositories for high-level nuclear wastes be licensed.

Now such facilities require a license from the USNRC. The procedures for

licensing provide fo» public involvement in the decision making process.

Steps are being taken to encourage and facilitate public involvement at all

stages in the process of chosing and implementing a waste disposal system.

Public participation will help to assure that all impacts and concerns

regarding nuclear waste management will be identified, considered and

evaluated.

The regulatory procedures which are already established (environmental impact

statements, public hearings, etc.) go far in assuring that all impacts and

concerns are addressed. A number of other mechanisms are being explored by

NRC and ERDA to enhance the dialogue and the public involvement. A number of

uncertainties (e.g. the long-term stability of geologic formations) are being

openly addressed.

There are two key elements in the procedures for licensing of the federal

repository. First, there is the type of procedures used in the decision-

making/licensing process. For the repository, this may include early site

14
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review, approval for construction, limited operating license, and a full

operating license. At each of these steps (except the first) an environmental

impact statement might be required by law prior to proceeding. In addition,

opportunity for public hearings on health and safety issues is provided by

NRC regulations.

The second element in the licensing process is the methodology used for the

technical review at each step. This generally (and specifically in this

case) includes the use of one or more conceptual and mathematical models of

the site, the facility, and the operational procedures.

From the use of these models the performance of facility operations are

predicted from advance knowledge, and these performance characteristics are

compared with criteria for safety and environmental effects. Since these

models by their very nature exclude some considerations, they provide only a

guide for that comparison. The consideration of other issues excluded from

the models is provided by the procedures in the licensing process.

CRITERIA

To judge the acceptability of any proposal for the management (and partic-

ularly the disposal) of nuclear wastes, a set of criteria are needed against

which to measure the proposal. The procedures for licensing a federal repos-

itory are not in themselves adequate without these criteria. For high-level

wastes these criteria range from the performance criteria for the high-level

waste solid to the siting criteria for geologic disposal.
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Table 2 summarizes (highly simplified) the set of criteria needed to

reach decisions on nuclear waste management. Only six types of waste are

listed, including high-level wastes (HLW), transuranium contaminated wastes

(TRU), wastes not containing significant quantities of transuranium elements

(Non-TRU), large facilities and equipment, mill tailings, and spent fuel

(which could be declared a waste if reprocessing is not carried out).

In 1975 when the USNRC was established, a review was begun of the procedures

and criteria needed for nuclear waste management. This review was done in

preparation for licensing of these activities and was aimed at either

confirming or identifying the need for modification of the existing regulatory

base. Following such a review, major policy can be set for each class of

waste, technical studies can be carried out where warranted, standards can be

proposed and discussed, and final standards can be established. The table

indicates the status of each of the major blocks of activity.

The USNRC has given highest priority to the development of criteria for the

solidification of high level liquid wastes. The technical analysis of the

need for performance from the solidified waste has been performed and sum-

marized in the public record. The companion environmental analysis is under-

way and the combination of safety and environmental factors will lead to

regulations by late 1977.

Of almost equal importance with solidification is the establishment of

criteria by which geological disposal site for high-level wastes will be
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judged to be suitable. These criteria-ranging from seismic stability to lack

of other resources—are under review by several agencies in the USA. USNRC

plans to complete the first review and publish the results of the technical

analysis of the required criteria by mid-1977.

All of the criteria listed in Table 2 are required by the time that final

licensing approval is sought by applicants for activities involving radio-

active wastes. While open to revision at any time, the criteria and proce-

dures noted in the table will provide a stable base for judgment and planning

required for continuing public safety in this part of the nuclear fuel cycle.

Summary

In this paper, we have observed that goals for managing nuclear wastes must

be derived from expressed public concerns. Briefly described were examples

of the goals or guiding principles which arise from these concerns for each

of the three time periods in waste management. Implementation of the goals

necessitates development of criteria and procedures by which to determine

whether goals can or will be met. Plans for implementation of the goals were

discussed for 3 cases: 1) developing licensing procedures; 2) setting solid-

ification criteria; and 3) setting siting criteria.

We have here identified the steps to developing and using tools by which to

regulate nuclear waste management in the case of the United States.
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TABLE I - SUMMARY OF GOALS

Time
Period

Goals

Precedural and
Decisional

Organizational
goals

Health and Safety
Goals

Technological
Considerations

Active Use Of
Nuclear Power

All impacts should be
considered

Resolution of undertainties
should be explicit

Broad public involvement
should be sought

Flexibility to respond to
scale changes

Independence from the rest
of the fuel cycle

Minimize Probabilities,
effluents, times.

Action not put off to
future

Active
Societal
Involvement

Arrangements should
be made in advance
for actions

Flexibility for error
detection and
correction

Not self perpetuating

Minimize probabilities
effluents, times

Retrieval not entirely
precluded

Hazard
Remains

Future options should
be protected

Should not require
stability or
continuity

Continue compliance
with relevant

standards

Disposal should
be permanent



TABLE 2: PROCEDURES AND CRITERIA FOR WASTE MANAGEMENT STATUS

WASTE
TYPE

CRITERIA
FOR DISPOSAL

LICENSING
PROCEDURES

TREATMENT & TEMPORARY DISPOSAL
PACKINGING SHIPMENT STORAGE SITING

DISPOSAL
DESIGN &
OPERATION NOTES

HLW

TRU

NON-TRU

LARGE FAC.
& EQUIP.

TAILINGS

SPENT FUEL

P

P

R

R

R

IN

T

PS

T

T

T

IN

FS

FS

FS

FS

--

FS

IN

P

._

—

T

T

T

R

IN

IN

R

T

T

R

IN

IN

R

Policy - to Federal
repository

Policy - to Federal
repository

Policy under review

Technical Basis being
assembled

GEIS underway - tech.
studies beginning

GEIS on storage under-
way - newly consid-
ered as a waste

R = Under Review
P = Major Policy Set
T = Technical Studies Underway
PS = Proposed Standard
FS = Final Standard
IN = Inactive (Action Depends On Other Component)
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