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PREFACE

This report is the result of a study funded by the National Aeronau-

t’cs and Space Administration through the Anmcs Research Centcr to asscss
.thc feasibility and iuplications of a hypothctical decision to dispose

of long-lived high~lcvcl nucleay wastes, ox soue portion of these wastes,

in outer space. It is important at tiwe outsct 1o delineate the boundaries

of the study and to clearly state thc premises that were stipulated and

distinguish them from those areas that were morec thoroughly explored.

The focus of the resecarch has been on the social and political
implications of a decision to implcment the space disposal idea, and on
the various social and political structures that would be associated
with it. The technical work that has been done (primarily under an inde-
pendeat, but associated intergovernmental personncl agreement with Dr.
Gene I. Rochlin) was oriented primarily towards sctting out the boundaries
of a model fér the nucicur industry and of the associated fuel cycle
services so that accurate estimates for high-level waste quantities and
characterization could be made. Owing to the large number of possible

decisions that might be taken regarding the post-reprocessing treatment of
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wastes, however, less accurate cstimates could be made of the quantities
that might be involved in space disposal operations. Accordingly, a
semi-parametric approach was adopted, with the program characterized at
two extreme and one medial level of operations: 10, 100, or 1000 shuttle
launch missions per year.

Jt was not possible to perform an independent review of presently
considered space technologies that might be applied to waste disposal,
nor to attempt to assess the contributions that might be made by some
of the more advanced launch vehicles that have been suggested. Given
our limited resources and the small amount of technical expertise in
Jaunch and vehicle technology ava:ilable te us, it was necessary to assume
2 techrology and mission profile that wes alrcady in the literature.

As extensive studies have been made in the past of operations using the
space shuttle orbiter, both by NASA and in waste management review studies,
this was the mission adopted for this study as prototypical over the time
period of concern. This is a somewhat restrictive assumption, because a
totally comnitted waste vehicle would have a more favorable payload to
vehicle weight ratio than could any adaptation of a multi-purpose
vehicle such as the shuttle orbiter. However, given the range of assump-
tions used in constructing the semi-parametric launch models used for

the . tudy, we seriously doubt that a shift in vechicle would substantialiy
affect our conclusions as to the social and political implications of a
space disposal program.

There is no site-specific social impact chapter here. To do a

detailed impact analysis on even such a narrow and localized stratum of
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population as that surrounding the present launch site at Cape Kennedy
would require far more in time and resources than could possibly have

becn allotted to this study. Morcover, as have often been stated, the
social or political scientist works in a real world situation that is not
subject to ready abstraction. The impact on any specific population is,

in fact, specific to that population in its exact situation. More gencral-
ized rules can be abstracted, but they nmust be applied with great caution.

We do not attempt to speak with precision qbout that which we were
unable to explore in detail. The level of analysis, therefore, varies
from section to section within this report. With regard to extant tech-
nologics and past and present policy apparatus, some detailed and fairly
specific comments could be made. But with regard to future decisions
and future social and political impacts, the analysis is gcneric, not
specific, and should be applied with some caution. A careful analytic
group is strictly a non-prophet organization. What has been done is not
to attempt to predict outcomes or future, but to sketch out what experience
and analysis have taught us about the responses of and impact on both
selected and genecral populations under similar circumstances.

The report is organized as follows. In Part I we outline the back-
ground political and technical data that are necded for performing the
impact analysis. Both in a historical policy context and in terms of the
present and likely future developacnt of nuclcar power technolosy and waste
management, we outline the preconditions that would have to be met for the
space disposal option to be given serious consideration,

In Part II we describe the potential role of the space shuttle

program in the management and dispcsal of high-level wastes. This
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includes not only the technical, but also the social, political, ethical,
and public environments within which the proposed program would operate.

A careful analysis is a21so male of the technical operation of the systenm,
and of the technical lim%tations imposed upon the program by the operational
procedu-~es of the commercial nuclear power industry,

Part III discusses potential sccondary impacts upon socicty of space
disposal operations. The prevention and management of accidents as well
as their direct effects if they shoulu occur are included here. For
incidents and accidents are likely to occur in even the best designed
systems, and failure to provide for their occurrence can be a serious
fault. A fairly specific lock at the causes and consequences of such
failures is taken here, as well as sn exanination of the consequences
of building up an opcrational structiure committed to a very low failure
rate.

Part IV continues the discussion of secondary impacts with a further
investigation of the impact of space disposal operations on social experience.
The discussion here is further extended to encompass tertiary impacts;
cultural and political responses to the secondary effects of changes in
social experience. As most of the cffects discussed in this section, for
example distribution of jobs and social privilege, requirc considerable
specific detail for analytic conclusions to be drawn, the discussion here
is largely generic and conceptual. What is set out is not an explicit
description of a particular set of responses, but a more wide-ranging

discussion of the potential for generating classes of response.
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We have also appended to this report a section on the dosign of error-
correcting organizations. For, with space disposal of highly toxic radio-
nuclides, we would enter upon a systen where there would be a very high
price to pay for even the first major failure. Any organization designed
to operate or manage space disposal operations would have to have built
within it th: potential to detect and correct in~ipient frilures b-fore
they occur. 7That such requirements are by no ameans tyivizl of {fulfillacent
is described in this appendix,

It is also worth sctting out herc the assistance that was given to
this study by the multiplication of effort owing to other activities of
two of its participants. Dr. Dan Metlay was, in addition to his work on
this study, a rember of a U.S. Nuclear Regulatory Comnmission Task Yorco
on Criteria end Goals for nuclear wasie manapln nt regulation, which gove
him access to and information from a large number of pcrséns whose policy
or legal involvement with such a program would be great. He also contributed
to this study several chapters derived from work done on his dissertatiocn
in political science. Dr. G. Rochlin was, during a portion of this study,
a wember of an American Physical Society study on the nuclear fuel cvcle,
giving him access not only to the most up-to-date technical and economic
projections for nuclear growth, but also acccss to experts in every field
of the nuclear industry related to waste management. None of this large
anount of ¢xtra work contributed to the study was donc at NASAs expensc,
It amounts to a gratuitous, and fortuitous, contribution,

) After reviewing all the information available to us, we have come to
a largely ncgative conclusion regarding the potcntigl value of a space

disposal program, and negative on both uperational and socio-political
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grourds., On the operational level, it appears that there arc a large set
of preconditions that would have to be met before it would make sense

to invest the large amounts of money and technical and industrial cffort
the program would require. Unless these preconditions were met, space
disposal would simply not rcduce the real and perceived risks from long-
lived components of thc vastes to ¢ level that would justi{y the c¢ffort
involved.

On the socio-political level, there arc¢ grave doubts as to both the
possibility of operating the institutiona2l and organizational support
systems at the required levels and growth rates and so to the possible
impact on NASAs other nissions and goals even if the operations were
successful end free of {ailures.

0n a medieval map of Britain, a lazge arca to the novth s aarked with
the legend: "Here chere be wolves.," Although this provides no specific
guide for the traveller to use in evaluating a safe route through the
area, nor a quantitaéive assessuent of the risks involved, it does serve
some purpose in raising a note of caution. So it is with a generic study
such as this one. No specific policy recommendations are made here as to
vhether or not a space disposal program should be implemented, nor as
to which program might be the best to pursue, Some of the ris's and
costs that might be entaiied arc sct out, and scme of the areas requiring
further investigation before a wise decision could be made are sketched
out. But we do raise a note of caution. It is our vicw that NASA as an

institution would run far from negligible risks in the operation of a

space disposal program, and that consequently it should, at the minimum,
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investigate carefully whether it is thc appropriate agent to manage such

a program cven if it were to be implemented.



PART 1

BACKGROUND FOR THE ANALYS1S
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INTRODUCTION TO PART I

In Part I of this study, we introduvce the preconditions for the
technical and political decisions that would hﬁve to be made in order
for the space disposal program to be given even scrious consideration as
zn option on the same footing as such current plans as disposal in salt
beds, This matericl supplics the necessary bacigrovnd for the discussica
in Part II of this report of the potential role of the NASA shuttle program
in nuclear waste disﬁosal, and the analysis of not only the technical and
scientific, but the social and political milicu that would be required for
a decision to move towards implementation.

Chapter 1 focuses on the past history of radioactive waste management
in the United States, for its is important in setting up the social and
political context to understand how and why it came to be that nuclear
waste disposal remaincd an unrcsolved problem as long as it did. Sccondly,
one should be cognizant that future decisions will not and cannot be taken
in an atmosphere free of the clouds of old battles over wastes. No waste
disppsal program, including this o1e, can ever operate with the blan! slate

of ten years ago.
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Chapter 2 sets out the ethical and moral concerns over long-lived
toxic radiom.clides that form the fundamental motivation for consideration
of such ex;ensive and hjgh-technology disposal programs as transmutation
or space disposal. For, were it not for our concern over the future and
their well-being, it is clcar that waste disposal would not be considered
a maior pivblom.  Getting the wastes out of the biosphere for our lifetimes
wo:ild be no great technical feat. Even for the lifetimes of ovr children,
there are many ways to eaplace the wastes to preserve theam from harm. But
over the very long lifetimcs of the trarsuranic isotopes as potential
hazard, our uncertainty as to geoiogy, culture, social and political
developzent, and demograpliy raise to a high level our uncertainty about
the futuvrc's 2bility to rccognize an untoward cvent, let alone to reduce
its consequaaces,

Chapters 3 and 4 address the technical preconditions for space to
become a chosen option. In Chapter 3, we discuss the growth of the nuclear
power industry and its associated wastes, as well as the supporting fuel
cycle facilities that will be ﬁ;eded. Within this context, we cxamine the
several ways of processing spent fuel that would reduce the waste masses
to quantities manageable by a hypothetical space disposal program. In
Chapter 4, this information is used to derive a set of technical criteria
for efficiency of fuel cycle operation that would allow the space progran
to rcspond to the concerits raised in Chapters 1 and 2. For, unless there
is a major reduction in the terrestrial inventory of transuranic isotopes,
and.particularly the isotopes of plutonium, it would simply not make sense
to invest the rcsources that would be required, technically, economically,

politically, and socially, to make the space disposal program a reality.



CHAPTER I

HISTORY AND INFERPRETATION OF RADIOACTIVE WASTE

MANAGEMENT IN THE UNITED STATES

Introduc: jon

This is an iaterpretive history c¢f rodioactive waste minzgement in the
United States. It is interpretive because it sceks to teasc out the sigmifi-
cant strands of policy and organizational behavior rather than to give a
complcte chronicle of past actions. As a result, there is not a detailed
description of what occurred in e;;ry facet and phase of the Atomic Energy
Commission's involvement in waste managemcnt. Instead, some aspects have
been emphasized and others hardly touched upon at all.

This allows us to focus on broad themes of bchavior and upon variations
on thosc themes. We can highlight those thingsiwhich stznd out as being
particularly critical in the history of waste mangement. From discussions
with a number of people, both p}actitioners and ouservers, we belicve that

many, if not all, of the important patterns of how wastc managemcnt policy

was determmined and implemented have been capitured. Nevertheless, interpretive
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history is often highly error prone. It depends upon the analyst's
ability to scan sensitively the entire history to select for comment
those parts which are, in fact, essential to a fair and complete under.
standing of the whole.

Historically, uaste‘hanageuent decisiommaking has been characterized
be periods of profound unconcern interspaced with rare moments of intense
interest. Lacking the "sex appeal™ of rcactor development and the “pork
barrel" quality of other segments of the fuel cycle, wastc management be-
came, organizationally and operationally, a rcsidual category. After a
bricf synopsis of the significant events in the history of waste manage-
ment, we develop this history®s significant themes. Examples from the
past are marshaled to iilusirete them. Scae lessons are drawm which need

to be reculled by future designing waste managenent syscens,

Origins and Background

The creation of today's unwanted radioactive waste legacy resulted from
many small, past actions, premised on limited vision anl constrained by few
resources, severe time pressures, and overwhelming competing priorities.
Nowhere is that description more accurate than in the case of the wastes
generated by the Atomic Energy Commission's military program.1

The AEC has operated thrce facilities--at Hanford, Washingtcn; at
Savannah River, South Carolina; and at the National Reactor Testing Station
in Idaho--for the purpose of producing plutonium in reactors for the
weapons' program or to process irradiated fuel for the experimental reactors
as well as from the reactors of the Nuclear Navy. As of 1574, these

wastes, in the form of liquids, salt cakes, sludges, crystals, and calcine

saq3 2
granules represent some 85 million gallons. (mtkgawa
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The production of wastes is an inextricable part of the operation of
those facilities; as soon as fission takes place--whether it be in a produc-
tion, rescarch, naval, or civilian nuclear pover reactor--wastes are produced

and the need to manage th?m becomes manifest. Different strategies for
management have been adr ted at each of the three AEC facilities. At
Hanford, the waste streams have been neutralized ard then stored in single-
vialled carbon stecl tanks. The nca-boiling wastes arc now being solidified
in their tanks. The self-boiling wistes are being fractionated tc remove
the long half-life heat generating isotopes of cesium and strontium. The
waste that remains is non-boiling and is being solidified. At Savannah
River, the neutralized waste solutions are stored in carbon steel tanks
that sit like cups in saucer-like carbon steel shells. At Tdaho, the wastes,
initially stored in stainjess stecl tanks, are colcinated (solidifiz2) and
are then put into stainless steel bins which arc housed in concrete structures.
The solidified wastes can be easily retrieved. Present and future plans for
these wastes are sumaarized in Figure 1.1.3

Waste management operating experiences at each of these threc facilities
have differed as well. The worst record has been at Hanford. Beginning in
1956, a total of 18 separate leaks have becen detected in which 450,000
gallons of liquid entered the environment.4 An unknown number of potential
leaks were forestalled by transferring the waste solution froam weckened
tanks to others posscssing greater strength. The secondary containments
used at Savannah River have prevented major rcleases to the environment;
less than 100 gallons of waste have escaped into the soil there.5 The best

record has bcen compiled at Idaho. There the use of stainless steel tanks
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has elininated the nced to neutralize the waste stream emerging from the
reprocessing plant. This, in turn, has made it possible to calcinate the
wastes. The now s~lid waste can be stored and handled easily; the only

precaution which must be taken is to isolate the highly leachable solids

from water in the environment. To date no accidents have been reported at
the Idzho facility.6

The basic conceptual framework for civilian waste management, which
still dowinates most pecple'’s thinking, emerged from a rcport by the
National Academy of Scicices! Committee on Waste Managewsoat in 1957. The
Committec noted that “the wost promising method of disposal of high level
vaste at the present tine scers to be in salt dcposits."7 Four ycars later,
in apother rencrt the some advisory committec reiarked that VExperience both
in the ficld and in the laboratory on the disposal of westes in w21t have
been very productive and well conceived; plans for the future are very
promising."8

This imprimatur of the Academy stimulated a rescarch program under
the direction of the Oak Ridge Nationzl Laboratory (ORNL). A major part
of that program, called Opcration Salt Vault, was to determine the con-
scquences of exposing bulk salt to radiation and heat. The site of the
cxperiment was an abandoned salt mine near Lyons, Kansas. Spent fucl
elements werc used to represent the solidificd waste because the latter
was not available at thc time. Electric heaters simulated the theraal
output of the waste. (Because of the experimental character of Project
Salt Vault, retrievability was built into its design from the very

. 9
beginning.) Efforts were madc by the ORNL staff to conduct the effort in
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full view of the Kansas population. Consultations were held with the
local citizenry bercre the project began. Once the experiments started
operating, regssler tours were conducted in which the general public could
visit tke mine. The reversibility of the effort and the openness of its
implementation produced ; climate of acceptance. If not loved by all, as
some participants claim, at least Project Salt Vault did not evcke fears
and horrors in the rinds of the central Kansas population. Despite its
initial promise and ultimate success in producing data, Project Salt Vault
never xcally enjoyed much support from the Reactor levelopment Division at
the AEC. Funds had to be “bootlegged" by ORNL from other projects simply
to kecp it going, tut if the OiNL salt experiments vere initially ncglected,
events soon conspired to propel them into view.

A fire at the AEC weapons facility lecated in Rocky Flats, Colorado,
gave rise to a large volume of low level, plutonium centeminated debris.
Following its standard operating procedures, the Production Division of the
AEC forwarded that waste to the Idaho Recactor Testing Station for interim
burial. That action outraged Idaho's Senator Frank Church, who saw no
reason why his state should become the dumping grounds for Colorado's
waste. Church acted and extracted a comnmitment from ALC Chairman Glen
Seaborg that all the waste stored in Idaho would be rcmoved by 1980.10

At the sane time, steps were being taken to formilate and to formelise
a regulatory policy concerning commercially generated wastes. Up to that
point, whatever policy existed had been more or less ad hoc, a result of
a set of individual decisions such as those made in the licensing of the

Nuclear Fuel Services reprocessing plant and the five low-level commercially
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operated burial grounds. That first systematic attempt to develop a waste
management policy led ultimately to the adoption of Appendix F to 10 CFR SO.11
Among its other provisions, the regulations provide that solidificd wastes
shall be “transferred to a Federal repository no later than 10 years
following the separation of fission products {rom the irradiated fuel."
Thus, the Rocky Flats fire and the now officially schnowledged need for
a repository vhich stimulated the Commission to transfoim the early
experimental efforts at the Kansas salt mine into a demonstration reposi-
tor)’.l2 If ne essity forced the decision, 1t did aot scen premature at the
time. In the words of onc of the AEC managers; "It was time for ORNL to
put up or shut up. Fither they should design o facility c¢1r stop claiming
it was technically possible.™
The Cormission considered locating the facility in Kansss, Michigan,
and New York., Nome of those three alterantive sites possessed any great
geological advantage over the others: each appeared quite suitable.
Threce factors swung the decision in favor of the Lyons, Kansas, site:
1. "Detailed information on the area had been gaihcred as part
of Project Salt Vault."
2. A sense of confidence in receiving a 'favorable reception
on the part of local and state officials and private citizens."
3. The recognition that "nccessary investigations to prove
out the acceptability of (the other) sites would result
in considerable delay estimated on the order of two years."13
.That June 12, 1970, decision was followed five days later by an AEC

press relcase that explicitly stated that the selection was tentative.
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That few people truly believed that claim was a harbinger of things to
come. Among those who reacted negatively was the National Academy of
Sciences' Radioactive Waste Management Committec meeting that very day in
Lavrence, Kansas, to consider the suitability of the Lyoms site. The
press announcement clearly suggested to them that they were being preempted
and led to the formation of long lived and highly dJdumaging resentments,

It was haidly an auspicious bezinning.

It was all down hill from there. Relations between the AEC Reactor
Develoraent Division under Milton Shaw and ORNL were never pleasant; the
Lyons' project certainly did nothing to improve them. The managers at AEC
headquarters complained that the Laboratory directors never fully appreciated
the fact that thcey werc constructing an operational facility, not designing

y, the 21C Reactor Development Civision

o

a research center. Increcasingl
pcersonnel felt that calculations thet had been presented as conplete and
sophisticated were actually "back of the envelope" efforts. A perceived
combination of sloppy technical work with disregard for the pragmatic
realities of the project quickly soured the Reactor Develcpment Division
managers on ORNL.

Nor was the il1 will one-sided. For their part, scientists {rom
ORNL accused the headquarters bureaucrats of bechavior which could be termed
technological arrogance. The Ock Ridge scientists observed the fund of
good will that they had built up among the local population over many years
being dissipated. In (heir view, the "outsiders from Washingion" trecated
the local scier sts at the State Geological Survey and at the State
University in such a patronizing and condescending manner that it bordered

on contempt. Perhaps as important, at least subconsciously, the ORNL
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scientists saw themselves being ignorcd and pushed into the background
vhen it came to policy decisionmaking.

Howcver, the tension which existed beiween ORNL and hcadquarters
was insignificant compared to the fundamental cleavages that developed
between the Kansas scientists and the AEC. The leader of the technological
opposition was Villiam Hambleton, the Dirccter of the FKancas Geolagica]
Survey and a meuber of the National Acadery of Science panel convened to
assess the Lyons!' project. Hambleton's ire at the AEC was first arouscd
in two initial mectings held between the Commission and the Academy panel
in the spring of 1970. At that time, he felt that the Commission was in-
scnsitive in their dealings with the Acadewy in geaceral and with hin o
particular.

Hambleton's objections were not entirely cauwscd by personal pique.
He was convinced that the ORNL calculations werc tvo primitive to allow any
statement about the safety of the repository to be made. Hambleton was
concerned that not enough was known about possible radiation damage to the
salt, about waste canister movement in the salt, and about retrievability.
Most importantly he was skeptical about the calculations on heat transfer
extrapolatéd from a two dimensional to a thrce dimensional modcl.14

Those scientific objections provided a basis for political oppesition.
The political forces were led by Kansas Representative Joe Skubitz and by
Governor Robert Docking. Together they attacked peripherzl issues in the
hope that the project would collapse. The optimistic forecast of the AEC
staff for rcady public acceptance of the Lyons' Project proved to be

extraordinarily ephemeral. While the Kansas opposition never succeeded in
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stopping the project, it scored something of a triumph when the Congress
passed an Amendment in 1972 to the ALC Authorization Bill. Thc amendment
sponsored by Kansas Senators Pierson and Dole, but instigated by Skubitz,
prevented the AEC from implementing the Waste Repository Project until a
distinguished advisory comnission certified that the project was safe.15

The AEC, however, vicwed these attempts at political harassment almost
disdainfully., They procecded confident that despiie some unrcsolved problems
a technical solution could be found. None of their studics turned up any
information that altered tl:at view. 7To be sure, theie weic more Lure heles
from gas and o0il exploration than had been expected; but given time and
resources those could be suaccessfully plugeed. ClheTe was some concern
abeut some "watcr" uvsed in a neighboering mine as during an injectionfextractic .
cperation which was cccounted for. But the volume was small anpd pesed no
danger. In short, the AEC proceeded down the road to implementation carrying
out confirmatory tests that would fulfill the conditions that the NAS had
imposed in their report tentatively affirming the suitability of the Lyons'
site.

Then in September, 1971, the AEC Reactor Dcvclopment Division was
informed that the American Salt Mining Company had undertaken a massive cffort
using hydraulic fracturing in a mine two to three miles south of the proposed
repository. (Sce Figure1.2) It was initially thought that the cutcone of
that acticn would be to rcmove virtually all the salt in that area. If
that were the case, subsidence followed by the formation of "Lake Lyons"
was a definite possibility. Such a "lake'" would thrcaten the integrity
of another American mine which in turn was located a mere 1,700 fcet from
(HPI%g;gF:Iﬂlqugls
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an extension of the Carrie mine which again in turn was part of the repository
itsuif, This potentiality was the straw that broke the Lyons' project,
The Recactor Development Division Manager of the program rcturned to
Washington convinced that the AEC was ''now in a no win situation."” No
technological fix cou]d.éver be developed that would convince the public
that the dange. was minimal.

This turn of events was soon folleved by a waraing from the Nixon
White House to the Commission: do nothing to rock the boat this close to
the clection. The new Chairman, James Schlessinger, and a new Commissioner
William 0. Doub were especially sensitive to this plea. Slowly, Lyons
faded into the background. By February, 1972, the repesitory project in
Kansas was offlicially Ccnd.16

The Commission had been bur.od by the woste issve.,  Schlessiuger
rcacted by refusing to consider any plan which involved burials at dcpths
less than 10 miles and by pressing for consideration of exotic waste
management alicraatives such as transmutation and spacc disposal.17 However
some new practical concept had to be developed in the short run. The
Commission could not afford to be seen as having no waste management policy.
Under the direction of the new Dircctor of the Division of Waste Management
and Transportation, Frank Pittman, the notion of an Engincered Retricvabile
Surface Storage Facility (IRSSF) was developrd. Mauzolea would be con-
structed in the west for the storage of AEC generated onid coumercially
generated waste. Once a permanent repository was developed the waste
could be transported to it.18

This policy, announced in May, 1972, survived one challenge 18 months

later. The General Manager proposcd that instead of building an RSSF, the
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solidified waste be stored at the reprocessing plant until a permanent
repository was established. In large part because of the objections of
the Director of Regusations, the change in volicy was rejected by the
Commission. 19 .

Nevertheless, the RSSF concept was not to be implemented. In Septembe;,
1974, a dréft environmental impact statement on the project was issued.
Comments received from envirénmental grouns and from state and Jocsl

governments were generally critical. The voup de grace, however, was

delivered by the Environmental Protection Agency. In its curmments EPA
concluded:

The development of an environmentally acceptable
system for permanent disposal of commercially generated
radioactive waste would appcar to be a high priorivy
program that is essential for thoe develiopment of
nuclear power. However, the drafi statcmeat does
not contain adequate description of a progrem to
develop such a permanent disposal systcm, nor does
it reflect either the priority attached to this
overall program by the AEC nor an indication of the
resources required. Because of the overwhelming
need to develop an cnvironmentally acceptabic ultimate
disposal mcthod and the realization that tncre is a
risk of failure in any research and developmcnt
effort, we believe that work on promising alternatives
should be pursued concu. rently.

A major concern--the employment of the RSSF con-
cept--is the possibility that economic factors could
later dictate utilization of the facility as a
permanent rcpository, contrary to the stated intent
to make the RSSF interim in pature. [Iconomic tactors
would consist mainly of the fiscel investment attendant
to its construction and the activities which arise
in the comnercial segment of the economy to support
its operation., Since there arc controlling environ-
mental factors that must be considered b:fore final
disposition of the RSSF, it is important that these
factors never be allowed to become secondary to
economic factors in the decisionmuking process.
Vigorous and timely pursuit of ultimate dis posal
tec.hmqugs would assist in negating such a poss1- GE B

bility.? UALI““
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The draft environmeatal statement received EPA's lowest category of
evaluation. Significantly ome of the first actions takea by Richard

Seamans after he became Administrator of ERDA was to withdraw his request
for funds to build the RSSF. Like the Lyons® salt mine before it, the .
RSSF was officially dead.n
Yhis historical narrative of the AiC's involvemernt in radiodctive
waste management was presented to provide a summary of what traaspired in
the past. Given this outline we can now discuss the broad themes of waste

mana2geaent policy.

Underiying Theras of Wasie Manigement Policy

Specinlization has the virtue of oringing to bear expertise im solving
orehlems. Specizlization cam also, however, Jead to what the sociolcpist i
Robert Merton has called “The Trained Incapacity to 'lhinl:."22 In either
case, specialization furnishes a particular lens through which the problems
are viewed and solutions reached. It is hardly surprising, then, that
a technologically based agency has come to see the solution of the radio-.
active waste “problems" in terms of a technological fix. Public and
private statements of kev agency decisionmakers support this view,

For instance, Dr. J. A. Leiberman, Chief of the Environmental and
Sanitavy Engineering Branch of the Reactor Develepment Division, testifying
before tie Joint Committee on Atomic Energy, as early as 1959, scid that:

Although one has to be careful to distinguish
between aspiration, rea’‘ty, and speculation, it
is my strong feeling that the development program
has thus far found [technical] solutions to.some

of the waste problems that...and at U ast indi-
cated solutions to others .23
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‘Or. Frank Pittman, Director of ﬂne b;visim of. imte m:u-em: omd
Transpertation told an audience of the American !luclm Seciety in lm A
“¥e do have today (in the RSSF) the answers needed for safe mngeneut of
comsercial high level radxoacuve vaste."?® John Bastlet: of the Waste
Mtematives Evaluation ng*am at th. Battelle Pacific Northwest Laboratory
told thc Task goup: “There is no technical problem, the waste can lie
managed; the crucial problem is public reception of radioactive materials.”
Even the worst blunder in wastc management history, the Lyons' Project,
was theoretically possible. bill McClain, the ORNL mining enmgincer on
that effori, was asked by the Task group whether the laboratory could
have handled the problems in Kansas. He replied: "Of course, it was
tecknologically possible.™ OCne guts 2 strong impression, then, from
reeding tre public record and from talking with agency pertommel tiat
the AEC personnél think that if they were just given encugh money and left
alotte they would solve the “problem" expeditiously and to virtually
everyone's satisfa:tion.

This position is held despite demornstrated failures because the
people wvho hold it are specialized. They have come to view problem
solving in particular--not necessarily wrong or evil--technological way.
Their entire training, sense. of structure, and socialization has rcenforced
their conviction that problem solving is dependent merely on additional |
doses of technology. In this case, they say that the waste management
problea can be solved by designing a technological system which can

isolate the waste from the environment imdefinitely,

>
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Although such » teci\nological fix is not theoretically impossible,
experience has shown, in the case of other complex technological systess,
the belief that technology alone is enough is more often than mot snp‘.ly

illusory. For example, the development of garbage disposals was perceivul
as being a technological solution to domestic inconvenience. The result :

vas pollution of rivers. It was them necessary to find ways of pur_ifyinﬁ

the rivers to maintain water quality. One means was to use bacteria; but
a great quantity of oxygen was required for the bacteria to destroy the
organic pollutamts. Thus a technique had to be found to oxygenate the .

25 Complex technologies, like nuclear waste mamage-

rivers. And so it goes.
ment, are-by their very definition hard to bound. To the extent that such
circurscription is difficult a technological fix is impossible. Technicsl
personncl zad agency leaders seidom fully zppreciate this fundamenial aspect
of the waste wmanagement problem: Any policy adopted must treat a wide range
of issues not simply the design of the technological core of the systea.

Of course one can posit circumstances under which decisionmaking
need not include non-technological factors. (For instance, institutional
questions of implementation.) If the <ystem could guarantee the complcte
isolation of the waste indefinitely then a bounded technological fix could
be quite conceivable. Yet, for any such system to be adopted, as opposcd
to proposed, two conditions must be fulfilled. " First a high dcgree of
agreement must exist as to how the important parameters of the system,
i.e., degree of isolation, are to be measured: there has to be a common,
accepted, metric of evaluation. Second there must be a strong consensus

over what operations lead to the *correct application of the metric," i.e.,

S
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wvhat tests accurately measure the degree of extended isolation of

the waste. Absent those two conditions, no technological solution can
find broadly based acceptance. Lack of broadly based acceptance implies
by its very existence that a technological fix is not viable,

Implicitly, the AEC technical personnel and decisiommakers recogﬁizé:
this lack of technologic#l viability, and this prompts their complaint .
iﬁnt the systén is too open. They say that envinaumentaiists are irrespon-
sible; politicians arc simply tryihg>to grab headlines to be reclected;
the general public is uninformed and irratiomlly fearful about things
nuclear. If these extraneous influeﬁces were removed, then something
could be accomplished, i.e., uncertainty could be resolved subjectively
and a technologic2l solution could be implemented (imposed).

Jt is not hard to see vhy the AEC directors strained to decouple the
technological core from other aspects of the system. To succeed in doing
so--in effect to simplify the problem--conserves such scarce organizational
resources as time, thought, and moncy. Moreover, to consider other 7
aspects of the "problem" would force the agency outsidc the bounds of its
expertise, of its specialization, of its trained incapacity. To accept
the notion that a technological fix is not pussible is ultimately to agree
that the control of the prohlem solving effort should be shifted away from
the AEC. It is hardly surpcising tha* strcnucus cfforts have been made to

preserve the illusion of a technological solution.

Institutionalizing Belief in a Technological Solution

Early thinkers on waste management recognized that radioactive wa.ute

had to be managed in ways altogecher different from other industrial
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wastes. The idea of du . ing the waste into nearby bodies of water was,
for example, rejected almost out of hand. Moreover, the record indicates
that as late as 1955 the AEC had not succumbed to the easy assumption of «
technological solution. For instance, A. E. Gorman of the Reactor
Development Division speaking to the First National Academy of Science
Advisory Commiitee on Waste Disposal, about the AEC Production Facilities
said:
Looking backward we know of the mistakes that

many industries made In 2ssuning that the disposal

of waste was simply a backdoor probiem that anyone

cou’d hoendle. To some extent because of our

geographically isolated locations, it has been

possible to sweep the problem under the rug, so to

spcak. But those of us vho are close to it are

convinced we must face up to the fact that we are

confronted vith 2 resl problem,26
Dr. Leiberman of the Divisicn of Operational Sofety noted "I certainly hope
I can cisabuse you of the idea that we have any solution that will solve
immediately the problems of waste disposal."” Yet, if that NAS study
began on a note of caution it ulvimately provided the major support for the
technological optimisa that developed in the agency. Although the writers
of the NAS report were carcful to note the need for further research they
stated categoricaily that "the cormittee is convinced that radioactive
wvaste can be disposed of safely in a variety of ways and in a large number
of sites in the Unitcd States."28 Further, they stated that “disposal in
salt was the most promising method for the near fnture."29 The consequences
of such judgments have been great. A person who has been in the waste
management program for a number of years said in an interview that "The
NAS report did instill a sense of complaceacy in the minds of the people

dealing with waste management. In part because of it we felt that a
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solution would be available whenever we needed it." However it is clear
that the NAS study did no;e than simply instill confidence that waste |
disposal could be accomplished. It also established the boundaries of a;_g'
problem. It suggested that all that is required is a technological fix.ii
That fundamental prerise was reenforced in an extended set of heariﬁgs
befére the Joint Commitice on Atomic Erergy starting in January, 1959.
The hearing§ opened with a statement by Able Walman of Johns Hopkins u
University. Walman refused to minimize the problems of waste management.
He noted: | 7

¥e have to have continuity of government supervision
whether long or short, whether strong or weak. This is
not a problem, in other words which can be tackled from
the standpoint of tcmporary expedience. It is a problen
which will require a deep governmental supervisor, a...
very long and continued uninterrxupted supervision over
the fate and lozation of these materiais.3C

Nor did Naiman suggest that the problems were simply technological.

It is a rather interesting if subtle observation
that in conversation with industrialists interested
in nuclear fission power they consider the waste
problem to be quite unimportant I believe for psycho-
logical reasons. It is unimportant to them because
they are no” responsible for its management and hence
its cost.31

Walman's testimony led Representative Chet Hollofield to comment:

So it would be accurate to say that the problem
of permanent disposal of hich level waste has not
been solved; that it is in the state of suspension;
that we arc holding thesc high level wastes to the
extent of many millions of gallons in temporary
custody and that no decisions have been made as to
the final disposal of the high level waste.32

However those notes of caution and skepticism were virtually the only
ones to be heard as the hearing progressed. One expert after another

from the AEC, from the National Laboratories, and from industry, testifiec

b
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that 8 technological solution to the problem was possible and was, in fact,
the only aspect of the question that nceds to be addressed. Their approach
was typiTied by the comments of Herbert Parker, the Manager of the Richland
Facilities. When asked how long he thought the tanks at Richland would
last, Parker replied:
I wili answer that question by szying that for a

longer time than any cperation herctofore coutemplated

by man, these wastes will have to remain isclateld from

the environment and until the time we create a better

way the isolation will be in tanks of this character.

This does not mean it will have to be in this particular

tank. In other words if the tanks we have turn out to

be prepared at the right time with an alternative set

of tanks and pump the liauids into the n2¢ tanks. We

have extensively moved the liquid from one tank to

another and are persuaded we can do this operation

with perfect safety.33
Although Paxker docs not sy so explicitly th:e tcnor of his statement when
read in its entirety suggests that he sees litiie wrong with mainizining
that strategy into the indefinite future. His vicws probably represent
extreme endorsement of a technological fix for waste management. 1he other
vitnesses while more subdued in their views are clearly philosophically
aligned with the position which Parker had championed.

The cumulative impact of the NAS report in the Joint Committce hear-
ings was to legitimate a technological approach to waste management. Over
the years it evoivzd into an official doctrine of the agency. There is mo
evidence that its validity wa. ever seriously questioned or even reassessed.
More significantly, the search for a technological solution has persisted
and the belief in the efficacy of a technological fix has been maintained,

often in the face of disconfirming evidence.
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In particular, the AEC has continueéd to pursueia technologicalvfi;_;
despite evidence that non-technologicsl factors are an integral part of the
waste management system. The approach taken in dealing with the leaks at
Hanford illustrates that point well. The tanl! ;' potential for leaking
compelled the operators to implement a system to detect failures in the'
tanks. The system was a highly routinized one in vhich volume levels werc
measurcd by technicians and compared against previous levels. Although
standard operating procedures were enforced to insure the ncasurements, no
procedures were developed to force the requisite comparicsons. Thus, it
was only a watter of time before a leak would go unnoticed. In the spring
of 1973, Tank 106T lecaked 115,000 gailons into the environment. Excerpts
from the chronclogy contuined in the official report of this incident tel)
the story best,

On May 2 the first weekly liquid level reading of
Tank 106T after the completion of the pumpiug
operation was taken it was recorded at 178.9 inches.
The information was recorded in the static tank
farm inventory log and left on the office desk.

The day shift supervisor has stated that he did not
review the information becausc of the press of
other duties.

On May 7, the weekly liquid level reading for Tank
106T was recorded at 174.0 inches. The information
was logged in the static tank farm inventory log in
the day shift supervisor's office. He did not review
it.

On May 14, the weekly liquid level reading for 106T
was recordced at 167.9 inches. The information was
logged in the static tank farm inventory log. It was
not reviewed by the day shift supervisor,

On May 21, the weekly liquid level reading for 106T
was recorded at 160.4 inches. The information was
logged in the static tank farm inventory log. The
day shift supervisor did not review it.

ngg{kﬁﬁfﬂ%@ﬁi;'>;‘;ﬁ~‘ . [ - -
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On May 30, the weekly liquid lcvel reading was
recorded at 152.7 inches. The data was logged on
the static tank farm inventory log. The day shift
supervisor did not review it.

On June 4, the weckly liquid level reading for
Tank 106T was recorded at 149.2 inches., It was
logged in the static tank farm inventory log. The
day shift supervisor did not review it.

Similar failures took place in the dry well monitoring system that
was a8 redundant back up for the volume measuring system. Thus the leak
which began on April 20 was not confirmed until June 6, a period of 6
mec:ks.:"4

After the leak of Tank 106T, a set of new procedures were adopted.
Liqrid level measuring instrumentation was computerized; readings were
wade more frequently. Tank transfers were monitored rore precisely. "A
rigorous policy of or:arating equipnent according to the procedurc vas
3
implemented to insure compliance with approved proccdures." > Several
organizational changes were carried out as well. Management responsibility
was consolidated; internal audits were rcenforced; a division of quality
assurance and safety was created; more aggressive management was recruited.
It is hard to assess the cffectiveness of those changes. The two
years in which they have been in operation is hardly time for a2 fair test.
Nevertheless, they do scem to have performed well, Yet it is clear that
the changes do not treat the root causes of the failure to detect 1lcakage
in the 106T Tank. 7That failure was due to non-technological factors. In
the words of the official report.
There was no effective redundancy in the system to
assure that a leak undetected by thosc primarily respon-
silile for detection would be detected by somebody else,

or to alert management's attention to any breakdown in
the system,.30
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Moreover, by increasing the technological complexity of the detecting
system without increasing the redundancies in the non-technological elements
needed for implementation, the overall reliability of the system is likely
to decrease. Such an outcome is almost an ineitable result of thinking
thet focuses primarily on technological solutions.

The pattern of behavior at Hanford is really not atypical. One could
just as easily point to the operations at Savannah River, to the Lyons®
Project, and to the RSSF. In each case, directors focused attention
Primarily on .}'e technological aspécts of the eﬂdeavor and largely ignered
the non-technoiogical issues and concerns. In the end, it was those latter
factors largely determining the outcome. Experience should have taught
the AEC dircctors a lesson: its vision in dealing with waste managesnen
problems had to be broadened. Only recently hus there been evidence thut
such lessons have been learned.

Not only has the past demonstrated that faith in a technological
solution may blind decisionmakers to other important facets of problems,
but also the past has shown that even solutions to technological problems
may be only temporary. Again, the experience at Hanford illustrates the
point. By the early 1960's, it became increasingly clear that the
opti;ism expressed by Herbert Parker at the 1959 Joint Committee uiearings
was premature. The carbon steel tanks were being corroded at a faster rate
than initially anticipated. Thus, a decision was made in 1965 to evaporate
the waste solutions; the resulting salt cake not only would not leak but
also would seal up any holes in the tank. Yet as the Natural Resources
Defense Council noted in their petition for NRC licensing of ERDA's high

level waste storage facilities:
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Eliminating the excess liquid has to a great
extent also ended ERDA's ability to remove the
waste from the tanks since as damp solids the
waste can no longer be pumped hydraulically out
of the tanks. Morcover, liquid cannot be re-
introauced into many of the tanks to resuspend
the waste since to do so would almost certainly
result in substantial leaks to the ground.

While the alternative of mining out the waste does exist, that technique
is beset by a number of problems: a renote control system for mining would
have to be developed; efforts would have to be made to reduce airborne
releases; the material is difficult to deal with; there is no place to send
the material once removed. ‘hus, while ERDA maintains that it has several
viable alternatives to choose from, the record suggests that '"the techno-
logical fix of solidification'" may be a temporary one at best. It, too,
has engendered problems for the future.

-

Consequences of Maintaining a Faith in a Technologjéal

Solution

The persistent faith in a technological fix has produced a myopic
vision of the waste management problem. In theory, as well as in reality,
the boundaries of the waste management "system" have been severely circum-
scribed. This constrained view of what must be considered in desicning a
waste mangement system has resulted in a number of significant distertions.

First, thc waste management system is implicitly conc;ivcd of as being
self-implementing., Those who believe in a technological fix sirive to
elimipate the human factor--an element which, it is generally held, .can only
produce noise. Yet, time and time again, persons interviewed

stated that the weakest link in a waste management system will be the
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human one. Although many people believe that a humén iailure such as the
one that took place in the 106T Tank leak at Hanford could happen again,
there seems to have been little consideration by the AEC of what leads to
such errors or how they might be forestalled in the future. One person
suggested that du Pont be consulted to advise about the proper use of indus-
trial relations (manipulation) because they =eem to have been suncessful in
this area in the past. But the only evidence offered for du Pont's success
is that employees call their supervisors by their first names. Such a view
of how to treat the '"veakest link'" in the systom may not fully reflect AEC
thinking. It most likely does reflect the degree of sustained consideration
which the agency has given to this question,

A sccond distortion that has arisen because of faith in a technological
fix is the very high discounting of factors wh,ch may be afrected indirecily
by the system. Complex decisionmaking is difficult. Rules of thumb have
to be adopted to simplify problems that are scemingly intractable because
of significant gars in the knowledge base. Judgments have to be made about
which factors to consider and which others to ignore.38 Decisionmakers
who view a problem through the rosy lens of a technological fix have made,
and .are likely to make in the future, their judgments in a particular way.
Foctors associated with technology's primary capacity such as economic
growth, safety, efficiency, and perhaps even environmental consequences are
given weight; facturs associated with technology's indirect effects such
as the impact on the social system or its implications for civil liberties

are Highly discounted.
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Ignoring such indirect effects of course, might be eminently sensible
if there werc basis for believing that indirect effects are, in fact,
negligible. Unfortunately, the issue was never faced by the AEC. For
believing in a technological fix predisposes those decisionmakers to accept
as negligible what is, in fact, really prohlematical. éuch acceptance is
facilituted because secondary impacts are hard to quantify. They are not
amcnable to easy inclusion in a cost/bencfit analysis. In essence, then,
these indirect conscquences of technology are often banished to a never-
never land where they lanquish unhcard and i1l considered. If the history
of other complex technological systems had not demonstrat.d that those
secondary eflects could be significant, concern about discounting them
highly in designing a wasts managescnt system would be muted. However,
the track recerd frow the past does strongly argue that the strategy of a
"conservative" design philosophy should be adopted in all aspects of the
construction of a waste management system and not merely in the technological
components.,

S§till another consequence ol the belief in a technological fix was
that it reenforced factors that reduced the incentive to devote scarce
orggpizational resources to solving the waste problem. Had not the AEC's
vision of the issue been conditioned by a belicf in a technological fix,
the cost considerations and the location of waste management at the end of
the fuel cycle vould not nave had the impact they did in facilitating
postponement of a vigorous attack on the problem. The influence of these
factors is subtle but nonetheless real,

Consider first the question of cost. Compared to the cost of other
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parts of the fuel cycle and particularly to the capital cost of reactcers,

the cost of cven an extraordinarily elaborate waste management system is
quite Jow. 1In 1959, in hearings bcfore the Joint Ccmmii{tce on Atomic Energy,
the cost was estimated to be considerably les: than a fraction of 1% of the
total generation cost of electricity.39 Fifteen years later, while the
Yicests are very much higher than previously haﬁ bein aosumed they zore

still not at the point where they have an adverse wffect on cowparative

. . 40
cconomics of nuclecar versus fossil fuel.m

Although precise figurcs
cai ot be given now, estimates place the capital costs of the svsten at
considerably less than 1% of the total investment of 200 reactors and

their associated fuel cycle fucilities. According to one estimate,

‘o

*
18]
(9
(oY
A
-
A
et
A

approxiuately 0.00 mills per kilourit hour ut of a total o

per kilowatt heour cost of electricity .ron nuaclear pooer would oo {or
41

waste management.,

Its perceived low cost combined with an optimistic view of vhat the

-

solution to waste management entailed allowed policy makers to neglect
that part of the fuel cycle while developing other paits. Efficient waste
- management could be bought only by imposing substantial costs at the point
of clectricity generation or reprocessing. It was more cost effective teo
optimizs those parts of the system and to scttle for suboptimization at the
final waste managoment step. Thus, efficiency in woaste nanagencnt wos
never a primary goal, as was the efficiency in reactor opesations, enrich-
ment, or reprocessing. It is not a large step from not worrying about

optimizing a portion of the system to worrying about it hardly at all.
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That waste management represents the final step in the system has
also wndoubtedly influenced people's approach to the question. If the
sttitude prevails that a solution can be willed into being vhen it is
required, then there is little incontive to pursue it vigorously in the
meantime. Too many, more immediate tasks have to be acComplished. It is
not uncocmon for people to say even today that the waste management issue
is excggerated. After all, we are told, we do not have any reprocessing
plants operating; therefcre, we do not have a waste management problenm.

However, the most serious coansequence rising from a faith in a
technological fix js that it provides a rationale for decoupling the ques-
ticn of waste from the rest of the nuclear pouer system. By defirnition, a
tcc!u:oiogical fix irplies that 2 bouaded sclutien can be implexeatced, one
thae by desige does ot Liave effects cosiside the tecknological core of
the system. It is an easy transition from believing that a waste
management systea will not have indirect social impacts to believing that it
will not have a;; impact on the rest of the nuclear fuel cycle. Oace that
transition is ma’e, it is again an easy step to fragment the question of
waste from the rest of the -uclear power system.

.Such fragmentation is hardly a rare phenomena; it is caused routinely
by a number of conditions such as budgetary constraints or short time
horizoens. The isolatiocn of the waste management issuc, however, was
clearly coupounded by the belief in a technological fix that allowed
organizationa® decision makers to adopt a simplified vision of what is
required to solve the waste management problem. Although intimately
associated with a number of elements in the fuel cycle, waste management

was never treated as part of an integrated whole. As a result any attention
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that vas given to waste management was wholly because of its intrimsic
interest as a technological problem.

That appeal however was often very low. At the highest levels there
were no commissioners pa{ticularly interested in the problems of waste
management; with the exception of Commissioner Thompson, never in the
history of the AEC did that arca have 2 lead commissioner who championed
its needs in the same manner that James Ramey pushed reactor developaent
or as Glen Seaborg pushed physical research. For wost of the commissiomers,
waste was simply unpleasant and unglamorous. Fbr exarple, Dixie Lee Ray,
according to two informants, would simply turn up her nosc when the
subject was mentioned in meetings.

Nor could the ciusc of waste muncgement be sustained through the
skillful use of internal politics by personncl at lower levels. For then
to pursue the issue intensely hardly made much sensc. O§rand carcers were
made in reactor developwent where the organization's resources were
comaitted not ifl waste disposzl. Moreover waste management 21so seemed to
lack the intellectual challenges that surrounded reactor research or aigh

. energy physics.

In short, becausc faith in a technological fix facilitated the frag-
-engation of waste management from the rest of the nuclear fuel cycle,
weste managoment literally became a residual crtegory. Authority, and
thereforc responsibility, was diffused throughout the organizatijon. Only
after considerable prodding from outsiders did the AEC take steps to
reorganize its waste management progran.42 In 1970, thc Division of Maste

and Scrap Management was created; a year later a stronger Division of

Naste Management and Transportation was formed. However, even that new

————— e - .
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oéganizatianal base did not lead to more favorable treatment. Budget

43 (See Table 1.1) Waste

allocations remained almost pitifully small.
management, as the ERDA Task Force on the Nuclear Fuel Cycle correctly
observed, remained neglected.‘4

In recent years, the failvre of fragmentation has been made clear.
Nuclear industry spokesmen complain about the uncertainties of the back
end of the fuel cycle that were caused by the AEC's dcveloping the
different elements sequentially rather than having integrated them into
a vhole. MNuclear critics refuse to accept the AEC's werd that tech-
nological solutions are at hand. In their minds, it is not optimisa but
blind unthinking €a2ith which underlies the AEC's and now ERDA's arpuments
that we nced not halt nuclear developnient until a "soluticn™ To the
waste problem has been found., Thus it scvoms that past attenpts o
simplify the problem by focusing on the tcchrolegical side alone unly
have led to greater complications in the present.

s

Lessons to Be Learned

¥While the thrust of these arguments has been critical of the way waste
management policy has been conceptualized, thcy should not be
interpreted as an cffort to blame individuals for actions they have taken
in the past. Pointing the finger or passing out black hats is hardly a
productive endeavor in the best of circumstances; but in this czse
recriminations are even more unwarranted than in most.

The failures of vision which plague waste management decision making
are deeply rooted in the American apﬁ}oach to technological development.

Alexi: ie Tocqueville for example, in the late 1830's remarked on how

-



-

Nuclear Matorials Progras
A, RED CO383.c0ucisvstesnnanrarsrcrsorcncnns
B, All Other Operating Cos%S.ussrvercensscne
C. Plant snd Capital Equiprene Obligations.,

Subtotal Nuclear Materials Program,,.,

Resctor Developrent Program

A RED COStI. . cracssecnnnnrnnsessccsnanarnnns

B. A1} Other Oporating C23%8 ., .covsevonnenes
Sudtotal Reactor Dovelopment Program,,

Nasto Hanagement Progran

Ae RED CostS sovcucervcaransrsorrnnnes.vrens

B, All Other Operating Coats ,,eevisennneces

C. Plont and Capital Equinmene Obligations,.
Subtotal Waste Manngement Program.....

Puel Cycle RED Propram

Waste Minagement (Commercinl)

A. Operating (ALl RGN} Casta..cviseivnencnse

8. Plant and Capital Equip~cent Obdligations,,
Subtotal Fuel Cycle POD ProgerM.iuvecas

Neapons Materials Production

A. Operating (RID) Cos%8 ,,e.vveennvosconnane

8. Oporating (Other) Costs ,.evcevenneroncs

€. Plant and Capital Eou!pment Cbligations.,
Subtotal Weapons Materlals Production,.

TOTALS

Ao RGO Co8RS suivnnicaiatcancnorarcasoncnnns
B. Al Other Operating Co3%% cocvrvcrannnnas
C. Plant and Capital Cquipnent Obligations,.

CRAND TOTAL . iesiveensnse

" Through

196] §Y 1962 PV 1968 FY 17: 2V 1968 NV 1966 FY 1947 FY 1958 PY 1969 JY 1970 PY 1070

$ o8 3.2 8 1.4 §$ 1.3 8 1.8 $ 1.4 & 31,3 8 1.7 § 31,8 § 2.0 § 148

3,3 3.3 3.3 A6 4.3 s.? 7.8 137 12.3 15,8 al.8

1,9 0,4 [ K] 4,1 8,6 10,8 92,3 2.1 8.7 7.8 53.6

$ .57 8 § 9.7 § 0,2 $ W17 § 17.9 4 186 $ 175 $ 278 § 280 $131.9

“!' ' N

$§ 38 278 31 3 0 8§ 383 S5 33 8 2,7 8% 235 8 29 §$ 290 $ N8
-e c.8 0.3 .e . .e .o .n . ™ 1.3

$..353 .0 $_ 34 8 3,92 % 3.4 5.3 §$.2%27 & 23 8 w0 8 28 §$ N9
[ - ae s -s H -s s aw s P [ - ‘ e ‘ .o ‘ e ’ ow
! oe ‘ [T 5_,. ; . $ ea s anw 8 . $ LX) L.- ; s i_ ow
s e oo ’ -n s .o s ae ’ e o ‘ CLJ , e , - ’ o
s - ~e ! - s . s . L.. . - X 1 oa $ - 3 on
s e as , e $ om s =e s am ‘ aw ‘ e s e ‘ e ‘ .o
, «e L s aw 3 -n L -.a L [ .e ! o u , s u
$§ 4,0 4,3 $ 4% 3 2% $ 56 § 47 4.0 ¢ 4,2 § 4,7 $ 4.8 § 433
3.3 4.1 3.8 4,9 4.3 $.?7 7.8 13,7 17,3 1.8 22.9

1,9 0,4 3,0 2,1 5,6 0.8 9.3 2.1 3,7 1.3 __35¢

$ 9.2 6.8 § 13.! 2 152 S 15,8 § 2.2 $ 21,3 $ 0.0 § 0,7 $ 30,8 5838

Tahle 3,1
Sunmary of Maste Managoment Funding (Mitltona}

T€°r.



%'

— 1

&1 ZOVd TIVNIOIO

: Transi.
tion Lad 1921-
: FY 1971 FY 1972 Fre7s Py 10 FY 1978 FY 1976 Quarrer PMTD W ACT

Nuclear Materials Progren
A‘ R‘D COI“ P QORI e PR ENNRENIRRERROISIRIN]Y ’ ‘ls ' lo. s !|6 3 ’l' 3 e s L L) s L) ' L J ’ ‘o,

8. All Othor Operating Coa®s ...evervssescrene 20.3 21,9 24,3 33.7 ae -e ae se 100,2

C. Plant ané Capital Equipment Obligations ... 9.9 24,0 11,8 44,4 e .o o .o 39,8
Subtotal Nuclear Mrterlals Progrsmuseeses § 31,7 §_47,7 § 374 $§ 0.9 § oo § a2 § .. $ oo 51967

Reactor Development Progran ” .

Ac RID COIES.uvvcrriracensansnasncecnrsrsosnre § 1,7 § o 8 i § e 0§ s 0§ .o 0§ . $ .. $ 1,7

B. All Other Opeorating Costs s.sescasvcvncnnrs .. .o o2 .o ™ .e o .e .
Subtotal Reactor Development PrograMme.eee § 1.7 § <o $ .. $ e $ .o $ .. $ .. $ oo § 1.7

¥asto Management Program *

Ae RED COSLS s.venvenscsssesosnsssssssrssssane § ao $ 4.4 $.0 &8 9.9 § .- $ e $ .- $ oo $ 10.3

8. All Othor Oporating Costs cesesscrersncvons - 1.3 .6 - 2.8 .o . .. .o 3.2

C. Plant and Capital Equipment Odligations.,., e 1.6 0,2 2,6 ve oo .o »e 4,4
Subtotal Waste Managerant PrograMiceeeses § e  $§ 23 § 48 § 14,8 £ o § .o b .. $ .- § 289

Puel Cycle RSD Propram
Waste Monagement (Commercial) )
A. Opontlng (A1l ROD) CostS suvesvercerrvacer $ o ’ b $ LL ’ e $ 9.4 $ :‘l.‘ s 3.4 E 0.0 § 84,7

B. Plant and Capital FLquinment Obligatiens ... = = - =e 0.3 0.4 .2 58 Ll
Subtotal Fuel Cycle RED Program ..ceseees $ lad $ Ll $ d $ -e $ 2,9 $ 12,8 § 5,6 ’_"o_‘ 2.8

Nespons Materials Production .
A. Operating (R3D) COStS.iiessncosroscroarrane § oo § . $ .. $ $ 11,8 ¢ 168 ¢ 49 § 28,1 § oL}

B, Operating (Other) Costs .ioeicrsccnsesnvens .e -e P ae 42.4 82,7 14,8 0.7 178.3
C. Plant and Capit! Equipment Obligations .... aa .o -e =e 31.7 83,6 24.2 118.9 219.4

[ =%
Subtotal Weapons Miterdals Production ..o $ oo § oo 0§ _ .o 0§ oo 0§ 85,6 $1831 9 438 s 459.0

TOTALS

Ac BED COBRS 4vevvsvrerernnsrssvenensnnesessse $ 52 § 62 8 66 § 11,7 8§ 209 $ 28,7 & 8.8 $ 83,1 81787
B. All Other Operating COSS ...svecrsrvcrsssa  40.3 23,2 a0 3.0 42,4 82,7 14,8 83.7 278.7
C. Plant and Cupital Zquipment Odligatiens ... 9,9 28.5 31,7 47,0 3.2 __ M2 _ us 1357 -390

04,7 § 95,8 Y1es.6 $ 47,2 S8 § 81

<

GRAND ToTAL'COI!III!.I.II.I.'C.' ‘ 3.‘.‘ , 55.0 3 A"‘-z

*able 1,1 (continued)

FA 0 |



1.33

eagerly Americans adopted new innovations. That faith in the technological
progress has remained an integral part of the American character. It is
hard to fault an agency for being in tune with that fundamental spirit.

However, in recent Years evidence has accumulated that calls into
question the seductive nature of the technological fix. Nuclear agencies
ought to reassess their approach to problem solving. That reconsideration
will, unfortunately, be painful. Long held traditions and patteras of
behavior rarely are altered easily. There are costs--perhaps heavy ones--
to be paid. However, it is hard to imagine that any other course of
action can yield positive results in the Jong run. Continued faith in a
mythical easy technological fix can only push the nuclear agencies
further ocutside the bounds of reality.

The difficulty of shifting the way the waste problea is coacceptualized
can be eased if the ERDA and NRC were to open themseclves to interested
outsiders partigglarly to those who may hold different views about which
courses of action to adopt. Past agency practices of virtually ignoring
critical outsiders such as the National Academy in the case of the Savannah
River Redrock Project or the Government Accounting Office in the case of
waste management production facilitiecs need to be reconsidered. Broad
participation and decision making does not guarantee good cutcomes, but
it-can spotlight flawed conceptualization of the problem. Had such
institutionalized criticism existed in the past, the AEC might not have

held to its faith in a technological fix as long as it did.
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CHAPTER 2

OPTIONS FOR WASTE MANAGEMENT--CRITERIA FOR CHOICE

]ntroductifgl

There is a consensuws that the single over-riding criterion for selecting
& method for the disposal of high-level wastes should be their isolation from
the biosphere. This should be ensured for a long enough time and to a suffi-
cient degree sd‘?hat they'present no significant hazard to life over their
lifetimes. 1t is much more difficult to get consensus on the definitions of
"long enough,'" "sufficient degree," and '"no significant hazard." The very
long half-lives involved raise serious questions as to our ability to predict
gcological or material stability over the necessary storage times. More
significantly, our inability to predict relevant social or politica) factors
over times of even hundreds of years precludes any estimation of cither the
impact of a containment failure or the conditions that might result in an
accidental or deliberatc breach of the system.

A further complication is the presence of very large quantities of
short-lived beta and gamma emitters, primarily fission products, that present

an enormous short-term hazard and make handling of the wastes difficult.



Whatever method for waste management is selected will necessarily have a
non-zero risk of accident or sabotage, and thus a finite chance of large
damage and loss of life cver the short term. A method for disposal that
ensures complete long~tenﬁ security will not be acceptable if the short-tern
risks are excessive. But again, this raises the question as to what consti-
tutes an acceptable short-term risk, and what gve the benefits to be gained

by assuming this risk for the sake of long-term security against containment

or isolation failuie.

Ethical and Moral Concerns

There are, in fact, four consideraticns in deciding upnn an acceptable
wethed Lo the disposal of nuc) =r wastes: longp-teram safecy, short-ierm
sefety, operational safety, and cost. Dbut nouc of these are quantifiable.

It may bc possible to judge risk and price, aithough the uncertainties in-
volved are large cnough so that this may be quectionable. These are normative
judgments that nust ultimately be made by society through the political
process.

Crucial to thics procedure will be the ranking of concerns. If cost or
operational safety arec the dominant factors in the future as thcy have been
in the past, then there is little or no likelikood that space disposal opera-
tions will ever be seriously considered. Fut, as discussed in detail further
on in this section, there is strong empirical evidence that the general public
ranks long-term safety ahead ci both short-term safety and cost as criteria
for selecting a waste disposal method. Althougzh nuclear technologists and,
to a lesser extent, public utility employces did not agree with this ranking,
placing cost first followed by short-term and then long-term safety, we do
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not beligve that this attitude will remain unchanged. Indeecd, a great decal
of the present controversy over the disposal of nuclear wastes arised from
this differcence between the elites and the public,

This public attitude would appear to reflect the predominance of ethical
and moral concerns over economic ones. But ethics and morals arc prchaps the
ultimate exterrality, in that there is neo way at =211 that they cén be brought
in to a cost-benefit analysis.. That these concerns appear to be somewhat
vague and formless to the nuclear industry is partially a reflection of this
non-quantifiability, and partially due to the great difficulty of formulating
the ethical and moral basis for dealing with the far future.

In his widely-queted article, Alvin Weinverg characterizod the developnent
of fissicn power as o "Wau-tiop bargain,' with cternel vigilance being the
price extiacted [or the aoquisition of a 'mearly incxnauvstible' source of
energy.1 His..conclusion was that the required vigilance was not too great
a price to pay. Bu: this is one of the normative judgments that socicty must
be frce to make. Indeed, Weinberg's discussion raises two crucial cchical issues.

Future generations would be required to maintain this vigil, and the associated

institutions, without choice and without deriving any of the bencfits. The

ethical basis for thc present assuming the benefits while exporting the risks
and associated costs to the future is less than secure. All forms of cost-
benefit or risk-benefit analysis necessarily assume that goods and bads will
accrue to the same population, at least in the generic sense. Furthermore,

the use of mathematical tcols such as discount vrates for dealing with the crsts

and benefits to the future can extend at most a few decades.

R S
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The second ethical problem raised is that of greatly increasing the
uncertainty experienced by future generations. Hamsh Arendt2 has
pointed out that the future is by definition upcertain, that unpredictability
of result is a necessary consequence of any action. In this regard, we may
hold that the degree of uncertainty is certainly smaller for the near future
thsn for tihe far. PBut ethical behavior docs not ccace in degrec..  1f it
could be stated with certainty that the techniques and institutions for @ .ste
management could bhe constructed so that they would be relia.ic over the many
thousands of vears required, if it could be guaranteed that future generuticns
would be equipped to deal with possible failures and maintain the sites
adequalcly, then cost-coffectiveness might be an appropriate criterion, It
is, however, not ¢thically o1 morally sovnd to aov &5 if this vere so and
denny tho :le of sceial and political uncertainty., XNor i35 it echiral te
coerce the behavior of the future by requiring that they guarantce their
own social and political stability or elsc bear the consequences.

There is %;small body of literature on this problem. Smith3 re-cxamined
the possibility‘of using risk-benefit analysis and came again to the conclu-
sion that no finite social discount rate cen be used, and that any attempt to
perforn quantitative risk evaluations into the far future is pre-ordained
to failure. Even if the total releascs of radionuclides could be predicted
with a fair amount of certainty, it is not possible to deternine the popote-
tion distribution, and thereforc the total dose received, or the possibility
or cfficacy of mitigating measures, Morecover, it is not possible to determine
how a life in the future would be valued.

Attempts to deal with the futurc within the structure of economics

have similarly had little success. Kenneth Arrow has stated that the cthical
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ORIGINAL P{\GE
OF POOR QU ALITYl

T T



2.5

basis for free-market economics in the first place is full access to all
availablc information.4 However, this assumes that the information is avail-
able and that the purchaser can make a choice. As the futurc can not make

a choice and may not have'information in any case, the ethical foundation for
usiag economics at all is not present, and the usc of a discount rate at all is
highly dublous. Ccorgescu-Rocgcns also roints out the futility of tryiv: o
apply a discouat rate, but goes further ve show thit, withoul cven attuiiing
to discount, ethical behavior rcquires that all affccted generstions have a
voice in setrting the price of the risk. Unless a prohibitvively lorge snd

logicelly unjustified discount rate is used for calculating voting power,

the present will hove such a snall shize of the veote as to deny It cny boesis

AN L AR ~f - ey T B T nga 4e1e [
jov upilstorad actiea.  Eoth ool Lhesc cutstunding crennuists ogree that L
: 3 <3 Y . T . s . PRI R R N T T I e e
discipiine procilos vs with peoveorae? toods for Jeotiun with oo Iscul,

Goi'ingG and Callahan} have discusscd the ethical and value problens
in terms of our "obligation" to future generations. Golding defines this
obligation in 1errs of a "moral cowaunity™ that werits our consideration
because it shares with us certaln social ideals. As members of a common
mora; community, the future then has certain shared rights and can make
cextain presumpiive claims upon the present. This in turn entails an oblign-

17on to plan for the "govod" of the futurc, to provide for then. Yeti, as our
p g s p »

knowledge of tht distent future Is quite d.-ovfect, end the notvie wnd ov -
come of these rights and ims unsure, the definition of the "good" ¢f

the future by the present in both arrogant and unwarrantcd. Perhaps our
primary obligation, then, is not to plan for them at all,
In response to this argument, Callahan points out that Gelding confincs

himself solely tc positive planning, and that the obligation to avoid damcging
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the future has no time horizon. He argues for a set of ethical norms based
on irreduciblc rights that derive not from the social organization of the
futvre, but its humanity. The duty to preserve thca from harm is an obliga-
tion based not on their social ideals, but their fundamental rights to sur-
vivzl ond huran dignity. Regardless of the intervening tine, we should refrain
*as {ar as possible™ from ijeopardizing these, taking into account the equilly
¥2lid rights of the present.

Poth of thsose authiors implicitly assume that traditional ethiczl norms
can be carriad over continuousiy fron dealing with cur contesmporaries to our
descendants, and through thex to the future. But, as Jonas8 has pointed out,
the maxiw:s of traditional cthics are confined to & morzl constituency con-
prized of thic sheyers of 2 conzon present and, at most, their imtediate
Qescenlonis.  Ji is the ins.adiate goird o evil ¢f an act that determiras
its moral and ethical content, and the long-term aad possibly urforescen
consequences of those actions are to be left to providence.

Even the creation of irreversible conscqueaces for the future could not
be considered unethical. Every actioi. we take has some irreversible conse-
quent, and if the future has to provide for itsclf cut of what it has becen
given, this is no more than was given to the present. It is only required
that an action be well-intentioned and well-performed within the immediate
contcxt of knowlcdge and cffect.

But Jonas further argues that the scale of possible irpacts of modern
technology has burst the framcwork of traditional cthics. Such bulwarks of

morality as Fiat justitia, pereat mundusg cease to be applicable when the

cons. (vences of preseat action can result in the world perishing in fact, and

not just in metaphor. He argues an axiomatic basis for our obligation to
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the distant future: that there cught to be a future at all and humans in it,
is 3s undemonstrable as it is persuasive. Wha* has clhanged is our ability to
destroy the basis for all obligation, the existence of candidates for a moral

order at al,.

Grlering the Criteria

We thercfore argue that there is a persuasive case for subordinating
both operational and short-teim risis to potential long-term risks, and that
cost may be tzken to be the least important of the criteria. Cost should be
used not as a deternnining factor, but as a boundary conditicn to be satisficd

by 2 rethed selected te rini—ize risk. Cace such a wethed is selected, 1t is

thon 1o b e ninod Lo Colimnine the 2a8ind onld ecoaomic costs. Thosa L
unlikely tu bz pivhibitive for auy of the meciods currently being suggested,

including Lace disposal.lo

1f the costs are subsequently judged to be ex-
cessive, that decision will have to be justified. Affordakility is a fleéxible
social and political decision. In the absence of ac:ually prohibitive costs,
the question is what level of safety society is willing to pay for.

A similar arguncnt is made for subordinating shert-term and operational
risks to long-term ones. The relativcly immediate risks of waste disposal

perations will at least be borne by the samc populati n that derives bencfits

frea the nuclear power “hat creates the wastes. ‘7The nommative values of safet

hES

and benefit can be submitted to societal judgment; as wiith cost, the social and
political guidelines are elastic and adjustable. Cecrtainly there will be a
desire to minimize present risks. If this entails the sclection of a method
whose long-term risks are higher, then risk is being exported to future gener-

ations who will derive no direct benefits and who have no voice in formulating

T ; I ) G B | —w -
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the normative decision framework. The ethical and moral problem of justifying
the exporting of risks to the future, or to others who do not participate in
the benefitting society, may not be a resolvable one. Again, the minimum
ethical criterion is that' such decisions be made explicitly.

The primary criterion for ordering waste management options, is the
Binicization of long-term risks. If these could be precisely deicmined,
waste managemont options could be easily ranked. But there are great technical

and social uncertainties as to the integrity of waste containzent over the

long times that it wust be maintwuined. An acceptable nethod for the disposal

of high-level wastes must be proof against tcchnical failures such as corrosion

of waterials and scientific fzilures such as overestinating the cfficaey of

ust genlogical changpesn, ¢laciers,

()

navure) barriers to amigraticn &3 well as o7
and carthgaahes. Fou disposal rothods can bo occavadontly guarenticd to e
permanent over the hundreds of thousands of years that isolation is neceded;
a more reasonable criterion is that, should the containment fail, the tine to
return the wastes to the envirenment is of the same order of magnitude as the
time necessary for the toxicity to be reduced to a level at or below back-
ground radiation at a comparable site. The uncertainty associated with in-
perfections in present knowledge and the probabilistic nature of the frequency
and severity of cataclysmic events can be soncwhat compensated for by
secondary barricrs that provide for slow diffusion and retura o
Owing to the very long half-lives of even the shoit-lived coaponents
of the wastes when mecasured against social and political time scales, no
guarantec of future ability to repair, clean up, or cven recognize a breach

of containment can be assumed. Our inability to predict social, cultural,

or political futurcs also implies that an acceptable dispozal mcthod must

. e
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be secure not only against accident or failure, but also against both inad-
vertent and deliberatc but uninformed entry. Given the insatiable curiosity
of intclligent life, the more attention a site attracts, the more likely it is
to be brcached. To one who can not read or translate it, a warning sign is
more likely to initiate such activity than to prevent it. -~
The amount ol radicactivity in the vastie ¢s ¢ function of tine and
technica® and scientific estimates of the probability of failures can be
used to generate a set of numbers that expresc the loag-term Tisk &s the
probable release in cny given yecar., But vhether the case chosen is average
release or worst-case, thesc data must be converted via toxicity, mobility,

v

ené populeiion distributions te yvieid c¢ven ¢ roug

-~ - 3 RPN 3 ey Y n 2 Ear r ~ L

Such nmunthers are oo Joricet Lrd drecomplole in tho face of sccietl, technicsl
M . RV -~ ~ T aet I e - N oyrpaie e R e 3.V Y S e - %o~ e T r
2ad geoloeziz uncerlointies to provide uselt T guidelinus Jor the evaluatlon of

alternative disposal methods. What is suggested below is a mcthod for
extending the risk evaluations into a set of criteria that reflect not only
technical paths fer returning the wastes to the environment, but also the
possibility of active intervention by more or less intelligent beings.

The reasoning prescnted here has informed both our technical and social

impact ~nalysis.

Technical Irroversibility

Technical irreversibility is defined as the degree to which eapiaced
vastes are resistant to recovery or releasce ecither by accident or by the
deliberate application of technology. Its significance as a criterion is

that the more irrcversible a waste disposal method is, the more confident we
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may be that the wastes will remain isolated in the face of social, technical,
and geologic uncertainties. If technical irreversibility is high, then
neither cataclysmic natural eveats nor the activities of intelligent and
technologically adept beings can readily return the wastes to the environ-
ment. Retrievable surface storage, for example, is highly reversible:
vulnerable to accidents and easily accessible for recovery. Ejectien into
deep space is almosi completely irreversibla, Helting the w;stcs into a
solid rcck matrix would be highly irreversible: a grologic event that would
resuit in large releases of toxic radiomuclides would be very improvable; the
application of fairly advanced and sophisticated nining technology would be
required to deliberately re-extract then fion the ook,

Techidlenl iryeversibility, then, 18 doefined Lotk socially and plvsica
It doos 3L corvelate preciscly with seioniificaliy Jofinad novions of irrcve.-
sibility. Irreversibility as defined by the sccond law of thermodynemics is
based on the difficulty of restoring an initial situation in the face of
statistical probabilities. The presence of intelligence, however, zllows
the crcation of improbable circumstances. Reversibility may be expeasive,
but it is not in principle impossible.ll Irreversibility can also be expressed
mechanically, as with a ball rolling down a hill in the middle of a flat plain.
The application of a little intelligence, @ad possitly a little energy as
well, can easily westore the ball te the top of the hill,

There are parallel examples of social irreversibilizy. It is ruadh
easier to creatc a bureaucracy than to destroy it. Increases in the perceived
quality of our lives are not readily foregone. An cxample of almost purely
social irreversibility that is more to the point here is the fabulous pirate

practice of burying a treasure in a remote or obscure location and then

D et partern B b, S
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killing those who know of it. The mechanical act of retrieving the treasure

is very simple, and quite reversible. But to the extent that accidental

discovery is highly unlikely and that a deliberate, but unguided, search has ‘

a very low probability of' success, this emplacement is very irreversible. f
The purpose of imposing irreversibility as a criterion is to provide é

sone degree of security against breaching of containment znd failure cf

isolation in the face of unknown social, political, and cultural developments, :

to provide the greatest pessible security against their release or misuse by

an agent not cequipped to recegnize or cope with the dangers. Although

stability against geological change is necessary to provide the desired

degree of isolation and 1o prevent accidantzl release, the degrec of reversi-

hility nlso dponds con the smwount of attention that might be dirawn te the site
hy goelerical features oo 1deat fichle artifners. Intelligent life is

notoriously incautious in indulging its curiosity. Construction of a large
concrete mausoleum on a remote mountain top may be mechanically quite irrever-
sible, but the attention it would draw would almost guarantee that concerted
efforts would be made to breach it by intelligent, but uninformed life. On
social gxou;d, such a method is held to be quite reversible. Additional
irrcvcfsibi!ity cannot be provided by warning mcssages, syawbols, or labels.

e cannot assume that even a society that has the technology to undo 1_ther
irreversil’ . sierage will know encugh about raliocactivity to procced cautiously,
or that they will be able to decipher a messaze they cannot read. TIandeed, the
presence of such an indecipherable message would only arousc additional

interest. "Interer .ing" geological formations such as salt domes are equally

likely to draw attention. The society that drills into them may know nothing
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of radiological hazards, but still be sufficiently advanced technologically
and scientifically to be curious about the formation itself and its possible
contents. )

It should be kept in mind that technical irreversibility is meant to
provide a criterion for choice and not to preempt it. Complete irreversibility
that precludes all possibility of recovery of the wastes nay not be the amost
desirable outcome. It can be argued that our obligation to the future extends
to the preservation of cptions as well as the preveuntion of harm, that we have

-

an obligzstion to try to avoid irreversible consequences of our actions. It

may then be cocidered mast desiratle to dispose of the wastes by a methed
roughly zs irreversibie e~ the dispersal of uranius in present or:‘.] This
WarlG at least parcinlly correct the ivreversiblc
e katerial, The provisicn of an ariificial oye bed is
intended to make these mzterials accessible only to those who understand
what they are mining and why. In that regard, the artificial beds could be
soacwhat more sccure a2gainst accidental mining than natuiral beds have been if
care is taken to make sure that the wastes are not co-located with other
desirable minerals. A criterion for site iocation that zids irreversibility
is that it be as uninteresting as possible, and so draw no attention for other
reasons.

Table 2.1 is a preliminary classificoticn of several waste disposal
methogf mentioned in the currcnt_literature according to the degree of
technical irreversibil*y possessed by each. 1In moct cascs,'the net irrever-

sibility is derived from consideration of both technical and social factors.

The categorization is deliberatcly broad, as a more precisc distinction would
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require more detailed analysis of the several options and is, in any case,
limited by technical and social uncertainty as discussed previously. What
is rot indicated on this table is that many of the suggested waste disposal
methods could be made more or less irreversible by a judicious alteration of
present plans to provide additional technical or social barriers to prevent
breaches of the contzinment and isolzation. For example, emplacenent in
geological formations would be more irreversible if chemical means could be
focund te immobilize the wastes against uptake into biological systems, since
sich uptale can both Increase waste mobility and provide for subscquent
reconcentration of the wastes in the food chain. Disposal on the ccean
bottom wiotd be mave irrcversible if the location of the canisters 1s not
tnovn and they are rendonly pléced so thet a detiberate and inforued
search wouid Lo netessery 10 recover thonm du sinaliliorat nurbers.

Technical irreversibility, thern, is seen to be determined largely
by the size and sophistication of the technology or natural mechanism that
would bec necessary to return the wastes to the biospher~ in quantities or
at rates that would be radiologically significant. It tends to corrclate
fairly well with the degree of scientific and technical aptitude that
would be required for deliberate waste recovery by a society of intelligent
beings, 2nd with the size and cost of the necessary effort. The greater the
degree of technical irrevoisioility, the zmore confident we can L that, if
the waste disposal technology works as advertiscd, any fazilure of isolatica
and containment will occur only through the intervention of thosc fully

capable of understanding the risks involved.
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Disposal Method

Social Irrcversitilicy

Net Technical
Irreversibility

Retrievable surface
storage

Mined salt caverns

Sandstonec caverns

Space: Earth orbit

Deep rock melt

Space: very high
Earth orbit

Space: Solar Cscape

Physical Irreversibility

Modcrately low for above
ground convection cooled
casks to very low for
water-cooled complexes

Low to very low depending
on proximity of ground
water

Moderate

Mogerate to moderately
high

Moderate to high
depending on formation

and water

Very high

Complcte

Tabl~> 2.1

Very low

Low for salt domes to
moderate for bedded
aalt

Low to mocerate

Mcderately high

liigh

Very high

Complete

Waste Disposal Systems Cinsslfliecd by Irreversibiiity

Very low

Low

Modcrate

Moderate to
moderately high

High

Very high

Complete

4 Q4
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Multiplicity

Yet another set of factors must be considered--multiplicity of sites
and diversity of options.ls These provide further measures against error
and uncertainty. In this regard, the value of increased multiplicity must
be carefully examined to ensure that it will reduce the probability of damage

zud not increase it. If the musber of sites is increased, the probability

>

that onc of thew will fail or be accidewtally breached may ulso 1acrersc.

{

Tn that case, the potential damage that could be done by a rclease should be
reduced te compinsete.  (luoevly, the batones letwegn those fasten s deponls

upon whether the : sunt of mrterial contuined at a site is judged to prescat

, ond sclecting on aprropricte oparating

a small or sn o srous hatoyd to Jife

Point 1s 2L leost o caryTLIr 2 neinetive deolsion
For cnoaple, the Joreooribeiives o foony topos o terTestolllopociniyg

disposal mothods could be iacreased by naking the nuwber of canisters very

large and thc poténtial risk due to the breach of any single canister relatively

small. The technical measure can then be augmented by randomly emplacing the

canisters in unrccorded lecations, making deliberate recovery more difficult.

This may make the accidental discovery of a single canister rore probable,

1f so, the increasc in probsbility of discovery must be balanced against the

lower radionuclide inventory to see whether analysis bears out the intuitive

reesoning that this sirategy would imcrease net drreverssihility against a

wide range of geological and social factors. An alte. izte approach woald lte

to collect many ycars production of waste into a single giant container and

then to emplace this so deeply and with such redundant barriers that any

breach seems highly improbable. This mechanical approach to increasing

irreversibility significantly increases the probable conscquences of a
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release. It is our contention that this provides less net irreversibility
in the face of uncertaintics as to the nature and probability of poteniial
catastrophic events. Again, it would be useful if this intuitive response
could be supported by more detailed analysis.

Multiplicity of sites does rot, of course, provide any security against
fundanental conceptual or design errors. It deoes help to minimize the con-
sequences of suca eryors if the failures are randon and widely spaced both
temporally and physically, or if gross errors are rost likely to occur soon
enough so that & fiir guavontee of ability to taoke rermedial aciicn can be
given. But if confidence in the performsnce of a single site is high, multi-
plicity does nct necessarily provide aa mivants, o on technical grounds.

The priwmery advaniage of soto rultiplicity is the nindrization of the
conrequences of errors and uncervalntlies Ino focind ool wepts, inowinieizin
potential consequences of the deliberate or isadvertant action of intclligent
life. One aspect of this is damage limitation. If the opening of a single
site causes minimal harm, and if thc discovery of one site docs not automatically
provide the key to uncovering other sites by other than informed and sophisti-
cated actors, catastrophic releases arc unlikely to occur. Furthermore,
this would provide at least the time for effects to be noted ard for the
proximete, if not the ultimate, causc to be realized. We are also unable
10 predict the distribution aun! habits of futvr. pepulations, Site rulti-
plicity would tend to reduce the possibility of severe accidents. Our more
complete uncertainty as to future behavior, as opposed to future geology,
leads us to conclude that provisions for damage limitation carry more weight :

when considering social uncertainties.
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Increased site multiplicity is not identical to increcased technical
irreversibility, although it tends to correlate with it for many waste
disposal mcthods. In the case of some, such as retrievable surface storage,
th2 two criteria arc nearly indcpendent of one another. For some, such as
space disposal, multiplicity will affect only the immediate risk.16 In other
cases, it can be used to separate two methods that have roughly equal irrever-
cibility.

Figure 2.1 1locates a number of waste disposal options on a two-

dimensional plot that treats the technical irreversibility and site multiplicity

as independent criteria. In doing so, we explicitly do not attempt to assign

relative weights to them. It must be cmphasized also that this is a qualita-

tive map, ~ud that not only the absolute, but poessible also the rclative
nrcation of any option is a matter of informed judgnent. It is not only

difficult but unwise to try and locaiize any method too narrowly. Even if

the axes could be precisely and quantitatively labeled, inherent uncertainties

in predicting the future would limit our ability to pin down any method

precisely.

Applying the Criteria

The previous discussien can be graphically interpreted by saying that
the further into the upper right hand corner of Fig. 2.1 a method lies,
the greater the reduction of potential future risks in the face of technical,
physical, and social uncertainties. Put conversely, the more confident we
arc about social and physical stability over the time scale during which the
wastes must be kept contained and isolated, the closer to the lower left

corner an acceptable method will lie.

A ‘ I e S
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Figure 2.1
WASTE DISPOSAL METHODS
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PREFACE

This report is the result of a study funded by the National Acronzu-
tics and Space Aduninistration through the Anes Reseorch Coiter to .

ion to d- e

%]

.the feasibility and irplications of a hypotheticael deci
of long-lived hiéh-lcvcl nucleor vastes, ov sane po sion of these Las.es,
in outer space., It is important at tiwe outsect to delinecate the boundaries
of the study and to clearly state the premises thu. vere stipulated and
distinguish them from those arcas that were more ihoroughly explored.

The focus of the rescausch has been on the social and politizal
implications of a decision to implement the space disposal idea, and on
the various social and political structures that would be associated
with it. The technical work that has been done (pranarily under an inde-
pendent, but associated jntergovernnental persemncl :zreement with Dr.

Gene I. Rochlin} was oriented primarily towards sctiing out the boundcories

)

of a model for the nuclecar industry and of the associated fuel cycle
services so that accurate estimates for high-lcvel waste quantities and
characterization could be made. Owing to the larze nunber of possible

decisions that might be taken regarding the post-rejrocessing treatuent of



&/
population as that surrounding the present launch site at Cape Kennedy

would require far more in time and resources than could possibly have

been allotted to this studv. Moreover, as have often been stated, the

social or political scicntist works in a real world situation that is not

subjcct to ready abstraction. The impact on ary specific population is,

in fact, specific to that pop:lation in its exact situation. More general-

ized rules can be abstracted, but they nust be applied with great caution.
¥e do not a2tteapt to speak with precision about that which we were

unable to explorc in detail. The lecvel of analysis, therefore, variecs

from section to section within this report. With regard to extant tech-

nologics and past and present policy apparatus, soamz detailed and fairly

specific comments could be made. | But with regard tv futurce decisions

and future sociai and political impacts, the znaiysis is geacric, not

specific, and should be applied with <cae caution. A careful analytic

group is st. .ctly a non-prophet organization. Khat has been done is not

to attempt to prelict outcozes or future, but to sketch out what experience

and analysis have taught us about thc responses of and impact on both

selected and general populations under similar circzmstances.

The report is organized as follows. In Part I we outijnc the back-
g:-ourdl political and technical data that are needed for pe:xforming the
ippact analysis. Both in a historical policy ccatezt and in terms of the
present and likely future develcment of nuclear pover technology and waste
management, we outline the pr -o>nditions that would have to be met for “he
space disposal opticn to be given serious considerstion.

In Part 1I we describe the voteatial role of tae space shuttle

program in the management an! disposal of high-lcvel wastes. This



INTRODUCTIOX TC PART 1

In Part I of this study, we intredvce the prececenditions for the
technical and political decisions that wouid hive to »2 made in order
for the space disposal program to be given even scrions ceasideraticn as
2n oplion on the sane footing as such cuvrent picns s disposal in salt
beds. Tais matcviul supplics the neces:~ty bacizrouni for the discussicn
in Part II of this report of the potential rolec of tke NASA shuttlc program
in nuclear waste disﬁosal, and the analysis of not omly the technical and
scientific, but the social and political milieu that would be required for
a decision to move towards implementation.

Chapter 1 fecuses on the past history of radioactive waste management
in the United States, for its is important in setting up the social and
political context to understand how and why it caue 10 be that nuclear
waste disposal rcaained an urresolved problem 25 long as it did. Secondly,
one should be cognizant that future decisions will nst and cannot be taken
in an atmosph.re free of the clouds of old battles over wastes. No waste
disposal program, including this one, can ever operatc with the blank slate

of ten ycars ago.
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Chapter 2 sets out the ethical and moral! concerns over long-lived
P g

toxic radionuclides that form the fundamental mctivation for consideration
of such cxpensive and higi-technology disposal prezrans as transmutation
or space disposal. For,.yerc it not for our concern over the future and
their well-being, it is clear that waste disposal would not be considared
a major problez. Geiting the wastes ot ¢f the hiosphere for cir lifetines
would be no great technical feat. Even for the lifetines of our chkildren,
therc are rmany ways to eaplace the wastes to preserve them from hrim. But
over the very long lifetincs of the transuranic isotopes as poteittial
hazard, our uncertainty as to geology, culture, socizl and political
development, and demography raise to a high ievel our uncertainty about
the futurc's zbiility 16 rccognize on untoward eveat, let alone o reduce
its conscaucaces.

Chapters 3 and 4 address the technical preconditions for space to
become a chosen option. In Chapter 3, we discuss the growth of the nuclear
power industry and its associated wastes, a5 well as the supporting fuel
cycle facilities that will be ﬂéeded. Within this context, we examine the
several ways of processing spent fuel that would reduce the waste masses
to quantities marageable by a hypothetical space disposal progzram. In
Chapter 4, this inforimation is used to derive a set of technical criteria
for efficicncy of fuel cycle operaticon that would 2llow the space prorran
to respond to tihe concerns raised in Cnapters 1 wid 2. For, unless there
is a2 maj~r reduction in the terrestrial inventory of transuranic isotopes,
and.particularly the isotopes of plutonium, it would simply not make scnsc
to invest the rcsources that would be required, tec@nically, econoaically,

politically, and socially, to make the space disposzl program a reality.
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The two criteria measure, in a crude way, reduction of risk over
increasing time and the attendant increase in uncertainty. Using Fig. III-1
as an illustrative device once again, this is equivalent to asserting that
there is an effective time scale measured diagcnally from the lower left
(reversible single site) to the upper right (maximum irreversibility, high
multiplicityj. If this is the case, we may sketch sets of indifference
curves, loci of equivalent prefercnce for acceptability of waste manageinent
options. In the absence of multiplicity as a criterion, these would simply
reflect similar degrees of technical irreversibility.

When both criteria are considered, we suggest that an appropriate

result of increasiug site rultinlicity would be the acceptance of a somevhat

[

less irreversible disposa

It
a

wethod, since multiplicity reduces the consequences
of error. It is thercfore suggostive to represent any lines of equal preference
;s arcs upon the diagram, reflecting the joint effects of the two criteria
reducing risk. As with the location of any particular disposal method, these

will be somewhat fuzzily dcfined.

Where Does Space Disposal Fit In?

As may be scen from examining cither Table 2.1 or Fig. 2.1, space
disposal is an “extreme" method when judged according to our two criteria.
It és completely and totally irreversible if the solar escape nissicn is
chosen. As was argued above, it is not clear that such complete irrevirsibil-
ity would or will be the choice made by society. It is still within the bounds
of possibility that a high carth orbit would be selected, as this provides

what amounts to rctrievable storage, and retrievable only to a highly tech-
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nologized society. But the stability of these orbits would have to be
carefully analyzed.

Returning to our previous assuuption that solar escape would in fact
be the closen mission, it'is clear that space disposal presents the greatest
degree of long-term protection agzinst social and terrestrial uncertainties
of any disposal method. This is not a surprising result, nor was it meant
to be. The purpose of this exercise has been to place space disposal in
context with other suggested methods for nuclear waste disposal and from
this to clarify the reasoning that might lead to the space option being chosen

in the face of its clearly higher cost and operational hazards.
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R. Budnitz has suggested this analogy. If a peanut butter and jelly

sandwich is dropped face down in the sand at thc beach, the process is
physically and technically reversible. All one has to do is use a magnifying
glass and a twecezer to pick out the sand. However time consuming and im-

practical, this is clecarly not impossible.
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12. The Myca.aean tablets written in Linear B were deciphered only a few
years ago. The 6000.years that have elapsed since they were sealed up
for later discovery by the destruction of Mycenaea is only about 1/4
of the half-life of.zsgPu. Yet, not only was the language of the
Mycanaeans lost, the tablets resisted all attempts at decipherment for
many years after they were discovered. Thesc tablets ‘cre found together
with a number of storage jars and other artifacts., Supposing the message
had read: ‘'Warning, these jars are filled with an invisible and slow-
acting poison.' How could we have even known that the tablets were
reant as a warning?

13. That is, to the level in currently minod sandstone ores. Reducing to the
hazard level of pitchblende or other rich ores would not do. Many miners
have died in wizes conmtaining uraniun-bearing ores over the years. The
classic case is Joachirmstaal in Czcchoslovakia, where records of deaths
associated with radiation sickness go back hundreds of years. The fact
that a few hazardous deposits have existed does not assign the right to
create more.

14. Of course, we could decide that thc danger to the future from the rediscovery
of nuclear fission weapons presents a sufficient hazard that we shouid not
leave fissionable materials about in recoverable form at all, under the
assumption that this civiiication wiil be Jucky if i+ cusfvives its discovery
of the fission bomb and that the future may have woose lunl (if possible).
As an ethical problem, this is considerably m.~c cangled than any other

we have so far raised.
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M. Landau, “Redundancy, Rationality, and the Problem of Duplication

and Overlap,'" Public Administration Review, July-August 1969, p. 346.

The idea of multiplicity is difficult to apply to space dispoal operations.
For earth orbit, one, could compare bunching all the containers together
with a number of mathematically identical but spatially separated

orbits. For solar escape, the "“sites" are all separated even if the
trajectories are the same, since the configuration of the pla: =ts and other
objects that might cause an orbit to close back on Earth will change with
each shot. Therefore, we tzke nmultiplicity to be roughly equal to ths
nuaber of mi.ssions for solar escape. ) :

This chapter draws heavily vpon the ideas developed in G. 1. Rochlin,
“Irreversibility and Multiplicity: “Two Criteria for Disposal of

Muclear Waste," Working Paver No. 18 (lastitute of Geveranentol
Studies, University of California, Berkeley, California, 1976), to

be published in Science, January 1977,



CHAPTER 3

TECHXICAL DETERMINANTS: XNUCLEAR POWER GROWTH - 1975-2000

The size cu. scep2 of ony NASA prosran to dispose of sere porcion of
the wastes fre. the puclear fusl cycie would depound on the prowth and
technical characteristics of the.nuclear power industry over the next few
decades. A precise determination of the quantities and character of the
wastes that the space disposal option might be requested to handle would
be difficult under the best of circumstances, given the uncertainties in
even the most accurate of forecasting methods for the growth of nuclear
power.

The large lead time required from the original commitment to purchase
or construct a nuclear facility 10 its completion does provide some
ability to forecast over five to ten years with a modicum of confidence.
Longer term trends, however, are harder to establish. Precsent nuclear
power plant designs are.very capital intensive.l A continuation of the

s s . . . 2 .
current combination of inflation and plant cost escalation together with



very tight capital markets might result in continued delays and cancella-

tions in new plant comstruction. On the other hand, the cevelopment of

increasing capital liquidity and stand:vdization of plant design (which

could counter the trend towards increasing costs) could accelerate

nuclear power growth in the future. Other factors, such as intervenor ‘
sults against licensing, the price and availability of coal and 0il,

and tne net economic growth in other sectors may also exert considerable

influence. Table 3.1, adapted from an econometric study by Joskow and

Baugh:nan3 well i1llustrates the sensitivity of nuclear power growth pro-

jections to such extern2lly determined factors.

Even I he absonce of such consideraticns, projcctions for the growth
of the U.S. nuclear power indusivy vary censiderably, as shown on Fig.
3.1, Cuive Aon this figure is the lowest growth projecticn (Case A)
of WASH 1139(74),4 the last of a series of projcctions made by the AEC
before it was split into ERDA and the NRC by the implementation of the
Energy Reorganization Act of 1974. This was a pessimistic projection as
of 1973, based on the assumption that the construction and licensing
delays then plaguing the industry would continue for some time. It did,
however, also assume that there would be a considerable installed capacity
of high-temperature gas-cooled reactors (HTGR) and liquid-rmetal cooled
fast-breeder reactors (LiFDR) by the year 2000. With 1974 bcing a yeor
of increased difficulties for the nuclear industry, many rcactor orders
being either delayed or cancelled, this old 'low' AEC casc was substan-
tially the same as the highest projections used in the first forecast

made bf ERDA after its formation. In ERDA—48,S the mandated first report
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TABLE 3.1

SENSITIVITY OF PROJECTED GENERATION CAPACITY TO
SOCI0-ECONOMIC FACTORS*

(GIGAWATTS ELECTRIC)

TOTAL
CAP,

1950
1985
1995

NUCLEAR
CAP.

1980
1685

1895

BASE CASE CASE CASE CASE CASE CASE CASE

CASE £ 2 3 t4a & 4b 5 # 6 £ 7
696 6s6 679 684 684 695 661 696
820 786 809 780 774 857 739 811
1158 1207 1154 1063 1004 1194 1050 1214

80 80 87 80 g0 80 80 80
195 176 212 201 201 252 177 147
497 297 621 513 525 480 375 203

Taken frca Jourow znd Lzughnan, Ref, 3,

SASE CASE:

CASE 2:

CASE 3

CASE 4a:

CASE 4b:

CASE §5:
CASE 6:

CASE 7:

- -

§11/bb1. o0il, ccal at curreatly expected pricos, no ;05 Jor elcatriciny

air polluticn costs in center of current »rodictions.

No O.P.E.C. Like base case, but fucl prices escalated at 2%/yr from

1973 prices.

High Air Pollution Restrictions. Like base case, but with increased

costs of 2.8 mills/kwh for coal and increase in coal ard oil plant
costs. '

Peak Load Pricing. Instituted in 1975 with load factor improved 19% by
1985.

Peak Load Pricing. Instituted in 1975 with load facter improved 20% by
1985.

Decreased Nuclear Lead Times. Lcad times red +d from 10 vears to 7.

High Costs of Capital. Utility capital charge rate increesed from 155
to 18%.

High Costs of Uranium Ore and Enrichment. The cost of U308 is assumed
to risc from present $8-10 per pound to $20-25 pexr pound by 1985,

while enrichment increases to $80/SWU. By 1995 costs will have risen

to §72/1b for U308 and $138/SWU in current dollars ($22/1b and $43/SWU

in 1974 dollars).
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" Figure 3.1

NUCLEAR POWER GROWTH PROJECTIONS TO THE YEAR 2000 )
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of ERDA on the status of its programs, Scenario III--intensive elect:ifica-
tion--closcly approximated Case A of WASH-1139(74) except for a small
reduction in the estimated LMFBR capacity.

We have chosen te omit the IMFBR as a source of radioactive waste
in this study.6 The ret amount of installed LMFBR czpacity by the year
2000 would not be large enough to affect waste management decisions made
within the time frame we are considering. We have also chosen to omit
both the HTGR and the proposed light-water breeder reactor (LWBR) from
this study. The HTGR has suffered a number of setbacks to commercializa-
tion.7 There is at present no vendor offering such a unit, and only a
single large plant will be operating in the near future.8 The LWBR is
still in the conceptual design stage,9 and not being too actively promoted
at the moment. It will certainly contribute no significant capacity by
the year 2000 unless there is a significant shift in ERDA and vendor
priorities over the next five years.

The omission of these three classes of reactor--LMFBR, HTGR, .nd
LWBR--from consideration considerably eases our evaluation of the technical
deterninants of the waste management problem. 7The LMFBR would produce
a markedly different mix of isotopes in its waste stream, particularly
so for high atomic number actinides.lo The HTGR and LWBR run on uan
entirely different nuclear fuel cycle--the Thorium-Uranium cycle.-than
do standard LWRs (light-water reactors) and proposcd LMFBRs, and would
present a ditferent, although related, set of problcﬁs for waste

disposal.lj



3.6

As a result of these considerations, we have chosen 10 restrict this
study solely to the wastes produced by commercial 1° L[-water reactors (LKR)
similar to those now in operation. Even if some LMFBR or HTGR capacity
exists, the LWRs will provide the bulk of the wastes to be disposed of
during the 1975-2000 period analyzed in this study. Curve B, the most
optimistic of the ERDA-48 projections in the absence of significant com-
mercial LMFBR capacity by the year 2000, may then be taken as an upper
limit projectich for the purposes of this study. It corresponds to both
Scenario O--business as usual--and Scenario IT--extensive use of synthetic
fuels--of ERDA 48.

Curve D is the eneirgy conservation scenario f ERDA-48, Scenario I
for improved efficiencies in cud use of cncrgy.12 ‘This projection is
fairly low for ERDA, but corresponds rather well to many projections made
by more conservative outsiders such as the Ford Foundation Ene»gy Policy
Project. Although this case is driven by conservati.m alone, a combination
of more modest conservation efforts and continuing cconomic difficulties
fo. the nuclear power industry could well have a :imilar effect on reducing
the use of nuclear fission power even if totsl electric power grows some-
what more rapidly than the scenario predicts.

ERDA-48 also contains an ultra-low piojection, shown as Curve E.
Scenario IV, represcnted by this curve, is mcant to
represent a sudden decision on the part of society to terminate all new
construction of nuclear fission power plants after 1985. The sharp knce
in this curve is derived from the assumption that all plants prescntly
ordered or planncd for completion before 198" ure constructed as planned

and on schedule. This scems unrealistie, As an alternative, we have



3.7

constructed Case F as the lowcst conceivable projection for nuclear
power to the year 2000 undexr th: assumption that no completed plant will
be forced to shut down or reduce its operating capacity, but that a social
or political decision to teraimate all further development of nuclear fission is
made in the next yecar or two. Ke assume that those plants for which a
substantial arcunt of site work has alrcady been donc will eventually be
completed ind operated, albeit at a gradual pace.that reflects delays
for morc comprehensive envirommental and site surveys. The purpose of
taking srch a case is to examine whether the spuce disposal option could
reasonably be expected to play a role in a socio-political decision to
terminatc all use of fission pover as soon as possible and to remove all
hazardous byproducts of the muclear fucl cycle as completely z; possibile
iroa the human environuent during the operating life of the existing plants.
Case C, however, is the central projection to be used fcr the purposc
¢o” determining waste disposal parameters in this study. It must be
ecphasized that this is not a “projection" of nuclecar power growth in the
usual sense. It is a heuristic device to allow the calculation of types
of quantities of wastes that space disposal might be called upon the deal

with. .s it corresponds fairly wcll to severxzl other growth projcctions,

such as Scerario I of ERDA-48, it is a not unrcasonable projection;
furthermore, it is also within the runge of -v-rent econometric estimates
that reflect the trend to increasing cost cscalation avd further delays
in plant construction scheduies. By taking a mid-range project.on, we
avoid the possibility of appearing to bias the case for or i ainst the
spacc uisposai option by a-suming uarceasonably high or low values. Yet,

the values we do chose arc not so different from current high projections
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as to preclude the adaptation of the results of this study to theam without
doing violence to the assumptions we make.

Given that a projecticn in this range is desirable, Curve C has
c.rtain advantages for analysis. A linear growth model for installed
LMR capacity fro 1385 to 2000 is used, which simplifies estimations of
wastes. From the point of view of impact analysis, this is also a con-
servative-estimate, for not only the size of the industry but its rate
of growth present social, cconomic, and political probleas. By assuming
a constant growth rate, we limit the effects of increasing scale of
operation largely to those arising in the waste management itself.

The preccise end point of the model--430 Gw(e) in the ycar 2000--was also
chosen to sizplify estimates. This industry size is identical to that
used for detailed analysis in WASH-1327, the draft Generic Environmental
Statemcnt on the Use of Mixed Oxide Fuel (commonly known as GES.\HD).13
Many of the relevant calculations made in the draft GESMO c¢on therefore be
taken over dire~tly for our purposes. The one major emendation is the
stretching out of the time scale to correspond to our wodel calculation.
The -nalysis year of 199C prodicates more rapid growth than we have
assumcd here. Our model assumes a constant growth rate cf 17 Gw(e)
installed caxcity per year between 1985 and 2000. We also assume that
the mix of INRs will tend to 2/3 pressurized water reactors (PER) to

1/3 boilluy water reactors (3WR) by the year 2900.

The other factors regarding LXR operations are of soac interest to
us in estimating quantiti.s and types o waste. The availability factor

of a react -sures the total fraction of time that a plant is capable



TABLE 3.2

3.9

CAPACITY FACTORS FOR LIGIT-WATER REACTORS

Pre-Operational Phase

First Two Years of Commercial
Operation

Years 3 through 15:
High Case
Moderate/High
Hoderate/'ow
Low Case

Years 15 through end of
Comaercial Life

Minimum at ond of Life

40%

65%

(790 Gr(e) by
(640 Gi<(e} by
(545 G¥(e) by

{445 Gi(e) by

decline at 2%/yr.

40%

Source: Energy Research and Development Administration, 1976.

W o i
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of generating power. The capacity factor (C.F.), on the other hand,

is obtained by dividing the total number of hw-hrs delivered during

a given year by the maxinum obtainable energy (the total electrical
capacity at full power multiplied by 8760 hours/ycar). Table 3.2

lists the expected C.F. performance of a typical LKR as a function

of age.ls Unfortunately, the C.F. of nuclear plants has beccwe the focus
of some controversy cver specifications, amd the consequence has heen

16 Ke take the full

so@c juggling both of mumbers and of definitions.
pover rating of the plant to be definad ' the core size and pover density
and the fuel burn (to be specified below), and define the capacity factor
accordingly.

Table 3.3 lists the installeld IKR capacity at the end of cach calendar
ycar to the yesr 2000 for Case C of Fig. 11.1, our primary tost case. The
capacity factors listed extrapolate froa presently known figures for past
yearsl7 to a projection slightly more optimistic than mid-range ERDA
values. The LKR "burn" column lists the average electri: power actually
delivered during the listed year (that is, ins.alled capacity x capacity
factor). Although not commonly referred to, this number has profound

implications for fuel cyclc and waste managemcnt since, with appropriate

operating conditicns, the fuel burn and quantity of fuel removed each

year should be detcrmined by the delivered power rather than the installed

capacity.

The Nuclear Fuel Cyvcle

As with otker energy technologies, the generation of electricity by

LXRs entails the producticn of effluents and wastes at many noints in
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TABLE 3.3
CASE "C*" PRUBABLE NUCLEAR GROKTH TO THE YEAR 2000 and WASTE PROJECTIONS
L czt*
Mg Mg Mg Mg annual
LWR C.F. LRR spent spent spent spent reprocessing
cap. bum fuel fuel fuel fuel capacity
YEAR  GW(e) Gk(e) annual cum, annual cun. (Mg)
1273 23.2€ £ M
1974 20,4 .52 15.8 926 926
1975 40.2 .53 21.5 700°°  1626"° 700 1626 0
1976 45.9 .54 25.3 1000 2626 1000 2626 0
1977 54.6 .55 30.6 1325 3950 1325 3950 0
1978 61.7 .56 34.6 1550 5560 1550 5500 0
1979 72 .58 41.8 1800 7300 18090 7300 0
1980 88 .59 51.9 2000 9300 2000 9300 500
1981 107 .6 64.2 2400 11700 2405 11700 1000
1982 124 .6 74.4 2900 14600 2¢00 14620 15¢C0
1963 141 -61 86 3500 18100 2350 17900 1500
1984 158 .62 S8 4100 22200 3500 21500 1504
1985 175 .63 110 4650 26850 2300 25400 2000
1986 182 .64 123 5200 32050 4100 29500 2500
1987 209 .65 136 5800 37850 4300 33500 3000
1988 226 .66 149 6350 44200 4500 383090 3000
1989 2315 .67 163 6900 51100 4700 43000 3000
1990 260 .68 177 7500 58600 5000 43000 3000
1991 277 .69 191 3000 66600 5400 53100 3500
1992 29 .7 206 8600 75200 5500 58200 1500
1993 311 .7 218 9150 84350 6200 65400 5500
1994 328 .7 230 9709 94050 6600 72900 60600
1995 348 .7 242 10300 104350 7000 79600 6000
1956 362 .7 253 10800 115150 7400 86400 6500
1997 379 .7 265 11400 126550 75800 94200 7500
1998 - 396 -7 277 11500 138450 8200 102400 8500
1999 413 .7 284 12500 150950 8600 111000 9000
2000 430 .7 301 13050 164000 9000 120000 9000

* Assures anaucl refuel for design base of 33,000 Mﬁdgh/xq at 1003 C.F.

*+ agsumes shift to full 33,000 Fmdthluq burn by the year 1920

§ Actual data compiled from ERDA and industry reports

&8 Data obtained from ERDA-25
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the cycle from the ~xtraction of ore to the ultimate disposal of high-level
wastes. ~ost cuapeting technologies, however, use a "throw-away" fuel
cycle, in whick the energy source is mined or extracted, consumed, and

the residue disposed of. In contrast, the incomplete consumption of

fissile 257

U and the production of fissile 239Pu in the operation of LWRs
has led to proposals to "close"™ the nuclear fuel cycle by repro-
cessing the spent fuel to extract valuable U and Pu and recycling these
back into the reactors. Such a complete fuel cycle is illustrated
schematically in Fig. 3.2. Table 3.4 lists the definition< and sources of
various types of wastes {rom the operation of this coaceptuzl fuei cycle.
For simplicity, all fuel and waste quantities in the cycle are
normaalized by referring them to 2 hypothetical "aodz2l" FWRk having a
thermal efficiency of 32.5%, a specific core power density of 30 MW(th)/ig
(30 Megawatts thermal/metric tonnec of fuel), and an electrical power
output of 1 G¥{e). Thus a total electrical capacity of, for instance,
200 G¥(e) can be modellcd by considering 200 such "model' reactors.

Fig.I1.3 is a flow chart for such a rcactor.18 The quantities listed on

this figurc assume a capacity factor of 100% (that is, operation at full

pover for 8760 hours during the year). The spent fuel figures assume
the annual turnover of one-third of the PWR core. For a BWwR, only one-
fourth of the core is replaced annually. However, as the core itself
is roughly 4/3 the size of a PWR core, spent fuel composition and
quantities will be roughly the samc, and no further distinction between
the two types of LWR need be drawn.

In actual practice, reactors cannot be opcrated at capacity factors

of 100%. The limiting availability factor is estimated to be 80 to 85%,
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TABLE 3.4

WHAT ARE THE WASTES?
FISSI1ON PRODUCTS:

From fission of uranium or plutoniun. About 10kg per Mi(e)-yr.

Short to intermediate half-lives. Beta and gamma emitters.
TRANSURANICS : y
From neutron capture by uranium or other transuranics. Quantity produced
depends on reactor type and design. Long half-lives. Alphs emitters.
ACTIVATION PRODUCTS:
From neutron capture by and transmutation of non-radioactive materials.

EFFLUENTS:

Liquids or air centaining radioactive nmaterials or gases in small

quantities.

CATEGORIES OF WASTES TO BE MANAGED
FROM REACTORS:

Fission products and transuranics from leaking fuel, activation prolucts
and materials contaminated with these. Low to intermediate concentration.

Fucl containing residual uranium, plutonium, trarnsuranics, fission products.
FROM FUEL PRGCESSING:

High Jevel wastes from seolvent extraction; concentrated fission products
with residual uranium and plutonium and the rerainder of the traisuranics.
Intermediate level wastes; less concentrated fission product contaminated
chenical wastes and products from effluent cleanup.

Cladding hulls and activated fuel components.

Evolved gascous fission products as efflucnts.

No liquid effluents will be allcwed.
FROM FUEL REFABRICATION:

Transuranic contaninated solids.

Liquid effluent treatment sludges.
FROM ALL:

Lew level wastes from contaminated gioves, wipers, boots, ctc.
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due to routine maintenance and refueling schedules. As we wish to
determine the industry-wilde average capacity factors, we should include

an effective reduction owing to the operation of LWRs at less than full
power during the initial start-up and fowards the end of plant life, as

in Table 3.2. The capacity factors shown in Table 3.1 rcpresent a fairly
optimisiic judgaent of the annual average capacity factor boscd on previous
experience and the mix of new and old plants. These factors are somewhat
lowcer than those in some industry documents, and slightly higher than in
some ERDA estirates, but our resulis can easily be scaled by an appropriate
multiplicative factor since they are within u few percent of other predic-
tions.

More iporiunt for this study is detemaining the bes way to convert
the data given in Fig. 3.3 on the basis of 100% capacity factor into actual
quantities of spent fuel and waste, as chis depends critically on wecisiors
that are madc regarding refueling operations and plant management. The
comnon consensus among ERDA and industry documents is that present and
future LWR fuel is adequate for a fuel burn of 33,000 MW {th) /M7,
corresponding to a full opcrating time of 1100 da;: at a specific power
of 30Mi(th)/Mg of fuel. The specified core turnover of i/3 (for a PKR)
or 1/4 (for a BWR) of the full core every year then results in the annual
“withdrawu. of 33 Mg of spe.t fuel per year, irradir*ed to the full burn of
33,000 MWd(th) /N .

Given the lower capac’'ty factors in actual practice, two fucl manage-
ment decisions could be made. Current pre tice is to refue! the rcactor

and remove the spent fuel during annual inspection hutdowns. If this
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practice is continued, 33 Mg of spent fuel will be removed each year for

every GW(e) of installed capacity. This is the projection used to generate

case C1 of Table 3.3. Our projections for this case duplicate almost exactly

the waste projection for the period 1975-1982 that were madeinERDA-ZS.19

As ERDA-25 is compiled from actual industry estimates for real plants,

the accuracy of our model is confirmed by this agreement. TFor this case,

the reduced capacity factor results in a reduction in irradiation of the

spent fuel rather than mass. For instance, at a capacity factor of 70%,

the average spent fuecl irradiation wculd be (0.7 x 33,000) or 23,100 de(th)/ug.:
At present enrichment capacity is becoming both scarce and incrcasingly

expeusive.ZI There is also considerable pressure to use our limited

resources of inexpensive and readily accessible U ores as efficiently s

possible. These two factors nay result in the alteration of the presont

policy of annual refueling, and a transition to a cycle in which the reactor

is oqu refueled after each cumulated reactor-year of full-power opcration.

Each fuel element would then reside in the reactor for 1100 days at full

power before removal, and all spent {uc! would be irradiated te the full

limit of 3.,,000 Mid(th)/Mg. In this casc, the irradiation of spent fuel
would remain constant, but the mass discharged anaually would depend on
the capacity factor for that year. A convenient shorthand method for
calculzting the spent fuel mass in this model is to note that 35 Mo of
spent fucl are discharged for each GiW(e)-year of delivercd electrical
energy (corrcsponding to the '"burn' column of Table 3.3).22 Case C2 has

becn constructed to reflect the possibility that such a decision would be

made in the necar future. The assumption made is that the transition from



annual refueling to demand refucling begins in thc year 1982 and is
essentially completed by 1990.

It should also be noted that the quantities of spent fuel listed in
Table 3.3 are entered as of the year they would be shipped to the reprocessing
plant. We have used the usual algorithm to take intov account on-site
storage for initial decay of short-lived isotcpes, shipment times and
schedules. etc. and the waste quantities listcd reflect the installed

23 .
capacities as of two years earlier,

At the present time, there is nro reprocessing capacity available at
all in the United States, and current spent fuel is being stored at reacter
sites pending a2 decision as to further storage or initiation of reprocessing
operations. Thus, although the nuclear fuel cycle is not a "throw-away™
operation, it might be well characterized at present as a "stow-away" cycle.
Current opinion within and without ERDA, NRC, and the industry is that the
potential value of the spent fuel as a resource for U, Pu, and other
potentially valuablc isotopes is such that it will continuec to be stored
for future use even if the advent ~f reprocessing rcccdes into the far
future.

For the time being, then, no wastes from the commercial nuclear
fuel cycle are being produced in the concentrated, highly toxic forms that
would lcad to consideration of space disposal.z4 The only present byproducts
of nuclear power operations are efflucnts and tailings, low-level and
transuranic-contaminated wastes, and spent fuel clements. Of these, only
the spent fuel begins to approach the conditions of high specific activity
and rclative concentration that might lead to cunsideration of space dis-

posal. There is, of course, . possibility that, should reprocessing be

*
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decided agarinst cntirely or should alternative energv sources appear on
the horizon, a decision Dight be made -to treat the spent fuel as waste
and dispose of it permanently. As can be seen from Table 3.3, this would
involve the dispesition: of between 2000 and 10,000 Mg of spent fuel per
ycar, together with associated shielding. Although this cannot be said
1o be an impossible task for spacc disposal, it most certrinly exceeds
present NASA plans and capabilities,

Towards the very low end of the renge of nuclear power growth
projections, however, there is a marginol possibility that space disposal
might be used to eliminate the last vestiges of a nuclear fi. sion power
econony that is being phased out. In our Case F, for instance, the
decision to tewwminate nll use of fission pover might be accompanicd by
a deternination to dispose of all spent fuel as well, fThe requirements
for a wastz disposa) operation would then remain at a relatively constant
figures of aboul 2000 Mg per year for many decades. This case will be
examined briefly in this recport to detcrmine whether such opcrations

could be implemented even if they were desired. Nevertheless, as the

probability that this will occur is quite low, we may safely assume that
there will be no role at all for rvace disposal operations in the absence

of operating facilities for the reprocessing of spent fucl,

Reprocessing

Owing primarily te the buildup of fission products ir the fuel clements,
they are removed from the reactor before all tne fissile material is con-

sumed. As can be seen .rom the data of Fig., 3.3, the considerable cxpense
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and effort that goes into producing fuel for a U-Tueled LWR by isotopic

235U to 3.3% 235U produces about

enrichment of natural uranium from 0.7%

1100 kg of fissile material in a total annual fuvcl charge of 34,000 Kg.

Even at tI full fuel burn of 33,000 MWd(th)/M; the U in the spent fucl

‘is somewhat more enriched than natural uranjvin--zbout 0.85%--and has scne

value as a feed material for enrichment -f it can be separated from the

fission products and the other actinides. Furtheriore, neutron absorbtion
238 239 . . < s i .

by U prodvces Pu, which is alsc a fissile material. When all the

neutron absorptivn mechanisms and actinide chaius are counved, there are

about 210 kg of fissile Pu contrined in the wnnuay spent {uecl discharge

of 33,020 kg roughly the same nass as that of the roepaining fissile

235

U. Thus, fTor on anrual charge of sbout 1180 Loy of {issile nmuaterial,

the reacteor spent fuel s<ream contains aluost 800 e of Tiesile natel sl
i s

which could be recovered and recycled back fer use in rcactors.zs This
is an appreciable fraction of thc initial charge,

If the spent fuel is reprocessed to separate the U from the other
matcrial present, the resulting U stream could easily be fed back into
the enrichment plaant, decreasing the requiremen+ for mining, mi nq,
and concentration. The isotopic composition of the U in this casec s
such that there would be no radiological problo .« 1f the U strean eve
Kept quite purce, Assuming that only the U is recycled back f{eor re-u.e,
this would mezn a reduction of about 10% in requi.cnents for U oros.:n

Reduction in enrichmer* requirements is quite sensitive to the actual U

assay, but would probably be only one or two pcrccnt.?7
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Wigh-1ove) miclear vastes consist of the balance of the Raterials in

~the fuel elements m;thc U and Pu have been ~emoved. In the reprocessing
| eporation, the¢ long thin fuel pins ere sheared into short scctions and the
toatents dissolved out of the imsoluble Zircalloy cladding. The irradiated
Zircalloy, togethu' with traces of undissolved foel, is tveated scparately
as intermediate lev.el waste. As sbout 963 of the mass of the dissolved
fuel is stable 238". the chemical extraction of U from the mixture :rcmoves
the primary non-toxic dilutant, leaving a mixture consisting of a small
fraction of umextracted U, and Pu, the balance of the other actinides,
and the highly active fission products. Almost pone of the radioactivity
goes off with the U, and little with the Pu. The resuit of this process
from the point of view of waste management is a roughly 20-fold concentra-
tion of the hazardous components of the spent fuel into liquid high-level
|u_nastes.28 ) A
Carrying out such a process without also extracting and separating
out the Pu is held to be undesirable for several reasons. Pu separation
has been practiced for decades as part of the nuclear weapons program
and is a2 well understood process. If the Pu were not removed, its coxcomiration
in the waste stream would be sufficiently high to raise the possibility
of a criticality im:idem:.29 The whole waste mass would have to be
handled most carefully. It would also have t.o be safeguarded against
possible diversion or theft. On the other haid, extracted Pu could be
recycled back into reactors without going through expensive enrichment

stages, or could be used to fuel breeder reactors. In either case, it

has a high value. For these rcasons, all reprocessing plans to date assume

e~ :
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tllnti the Pu will also be extracted from the spent zfml during reprocessing,
collected as relatively puré plutoniun nitrate, and stored pending a
decision on its further use. )

With our previous assuaption that the total mass of spent fuel will
be too large for the space disposal method to be of inmterest, repwosfssing
ds-8 neoomny precomdition. This situation surrounding '
the future of the fuel reprocessing industry is, however, sufficieatly
uncertain so as to pre:lude any appeal to authoritative outside sources
for timetables and capacity. Tﬂérefore, a heuristic, but not unreasomable,
estimate of the growth of the reprocessing industry over the years 1975-2000
has been constructed for the purpuse of generating a set of numbers that
can be used for furthei analysis in this study. Again, we cmphasize that
these a1;e not predictioas, in the ordinary sense, but rather a set of
judgments that allow modelling to proceed on the basis of "what if...™.

- “There a.re a few facts about the poténtial feel reprocessing industry
that are Lnown well‘enongh to allow the gencration of short term predictions
hased on firm planning.. Table 3.5 is a list of extant and planned fuel
reprocessing facilities in the world. The only repro—cessing plant

presently comitted in the United States is AGNS in Barnwell, South

Carolina. The reprocessing portion of the plant is completed and under-
going tests, although waste handling and other support facilities needed

for licensed operation are not yet in place. Start-up time for commercial

. operation at AGNS depends on the status of ERDA and NRC decisions, regula-

tions, and hearings, and are thg subject of some debote. We have taken

a moderately optimistic tack and assume that AGNS will start comerci_hl
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. WORLDYIDE SUMMRY OF CURRENT AND PLANNED REPROCESSING PLANTS

0.5.A.

West Valley, N.Y.
‘ "

Norris, 111.

“Rasmwell, S.C.
Louvdon, Tomn?

U.kK.
¥indscale
" oxide plart
* oxide pl=nt
" new oxid: plant
" new cxice plant
France
La Hague
| 1]
"

Marcoule

Germany
Karlsruhe WAK

Tokai Mura
~--?

Belgium
Mol

Italy
Saluggia (Eurox 1)

India
Trombay

shut dowm for expansion
needs new construction periait
inoperable in preseant forr.
swaiting GESMO decision
uncertain at present

U swent oniy, near full capacity

‘eaai: dowa after incident

»»forbisked oxide plant

" com¥reisl, for domestic use
pending, Ior overseas contracts

U retal only, to be remodeled
oride, to be phased in

new oxide plant, planning phase
old military U metal plant

pilot oxide plan-.
commercial oxide, design stage

non-active: dexonstration plant
commercial, nc site found yet

shut down; fature in doubt

pilot; shut down for modification

OPERATOR CAPACITY OPERATING CURR:NT
_[Mg/yr] DATE STATUS

NFS 300 1966-72

. 759 1980s

GE 300 —

ACNS 1560 1589

Exxon 20007 wid-80s

BNFL 1500-2500 1964 - -

" 300 1972

" £00 1978

" 1000 1984

" 1000 1957

CEA 300 1856*

" 150-800 1976

" 1000 1985

CEA 900-1200 1958*

KEWA 40 1970

PWK/KERA 1500 1984

PNC 200 1976

PNC 1000 late 80s

Eurochemic 60 1966

CNEN 10 1969

IAEC 60 1965

pilot; natural U oxide

*shese plants Qo not process commercial oxide fuels from light-sater reactors.
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operation in 1980, approaching its full capacity of 1508 Mg per year ta' .
increasing annual capacity in 500 Mg steps. ) 7 77 7

The only other firmly planned reprocessing fac.lity is the prnpeseé;rr
Exxon operation at Lsad%n, Tennessee. As no construction has yet been ’
comaitted cn this plant pending Exxon's determination of profitability
and licensability, estis#tas of start-up time are difficult to make. We
‘again take a reasonbly optimistic stance, and assume that present ERDA
estimates of a 1985 start-up d%te are correct. -As with AGKS, it &s
assumed that this plant will have a capacity of 1560 Mg per year, and
that it will phase in by annual 500 Mg steps.39

The planninz of new capacity is expeccted to be delayed -until AGKS
is licenscd and operating experience is acéaircd. Taking our estimates
for the date of AGNS operations and allowing for appropriate lead and
construction times, we estimate that the earliest date for additional
reprocessing capacity to come on lire would be 1990. By this time,
pressure on speat fuel storage would be considerable, and the rapid con-
struction of new facilities would undoubtedly have high priority.31 He
estimate that the next installation would be a plant of 3000 Mg/yr
capacity starting up in 1990, followed by another 3000 Mg/yr wunit in
1995. As with reactors, it is most convenient to treat this capacity x
in terms of a "model” plant. Here we have t;ken a 1500 Mg/yr wunit
similar to AGNS as our model.

This amount of reprocessing capacity comes very close to closing the
fuel cycle of Case C2 by the vear 2000. As shown in Fig. 3.4, additional .

capacity would be needed tu handle the additional reactors beyond 2000.
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x

As-the construction of any mew capacity in the last few years of the -
selected 1975-20ﬂﬂrp§riaé has little, if any, effect on our tesuit#,

and as we expect that the situation regarding the nuclear fuel cycle »
will be radically altered towards the end of the century by the advent

of fusion ruwer, breeder reactors, or other sources of erergy, we terminate
our heuristic model with the 1995 installation.

Even though there is a marked gap between the estimated reprocessing
capacity and the amount of speat fuel gengrated by Case Cl (wﬁic?
represents current practice), a comparison of our tigures Eiih siatesgats
from indusiry and governmcnt sources indicates that our estimates of
reprocessing capacity are not likely to be exceeded in the absence of a
crash government program te reduce spent fuel backiogs.32 AGNS alone
“would provide sufficient Pu 10 start up even a quite rapid IMFBR progran,
so the level of comitment to the IMFBR over the stated time period is

of little import.

As with the projections made for total installed nuclear capacity,
the estimates made here for reprocessing capacity have the additional
convenienre of corresponding, in the year. 2000, to the assumptions used
to analyze the test year of 1990 in the draft GESMO. Oncc again, this enables
us to take over their 1990 results directly for our year 2000 estimates.

It is imporiant to note that the high-level wastes (HLW) are produced
at the reprocessing piants, not the reactors. Therefore, it is the

assumption as to net reprocessing capacity that governs the waste pro-

= e Pt e > .

jections to be used in this study. Under the further assumption that no

attempt will be made to dispose of undifferentiated spent fuel or other

wastes from the nuclear fuel cycle via space disposal, the distinction

ggfsméﬂ PACRE IS
CF POOR OUALITY

T - 1




between Cases c1 and Cz above is of little relevance to the waste msss ta*'i
be handied. The different fuel burns assumed in these two cases will,

however, make a difference in packaging the wastes for disposal, which wilig
affect the number of sﬂots to be made. This will be.discussed in detail - 7

further on in this report. .

Other Wastes

The types and quantities of wastes to be generated by an entire,
closed nuclear fuel cycle have been listed in Table 3.4. It is umlikely
that the combination of relatively high volume and low activity for wastes
other than high-lcvel from the reprocessing plants will bé,suitable for
space disposal. The possible exceﬁticn to this rule mighéibe the dispesal
of radioactive noble gases, such as SSKr or 1291.33 The i&anspcrt,
packaging, and safety requirements for these present a quite different
set of problems than for conventional HLW and, in the absence of present

indications that space disposal woﬁld be used for the disposal of noble

gases, they are not coasidered further in this report.

Characterization of High-Level Wastes

In order to examine the heat productioen and radioactivity of the
HLW, both of which are critical for considcration o% packaging for space
disposal, some assumptions will have to be made about their isotopic
composition. This will also affect their relative hazard to lifc and

thereforc the effects of accidents on land, in water, or in the atmosphere,

CIGINAL PAGE 1B
% QUALITA



The masses to-be dealtvwith, however, depend only on the instalied reproces-
- sing capacity and can be calculated using our previous estimates.
According to federal regulations, the HLW from reprocessing can be

34 They must be solidified

held as liquids for no more than five years.
~ withia this time and may then be held for an additional period (but not
longer than ten years from their date of production) before being shi;ped
for storage and disposal. For the purposes of this report, we assume
'tﬁat the wastes are held at the reprocessing plant for the full ten years
before being shipped. This is a particularly reasonable assumption for
space disposal, since the wastes continue to decay and get easier to
h#ndle as each year goes by;
Several processes have been suggested for seclidification of HLE.%S

Agaip, we must make a set of assumptions for the purposes of this study.

We will assume that the solidified HLW will have a density of 2, imdepen. ~nt
of their form, and that 0.057 m> (2 ft) if solid waste are produced per
Mg of spent fuel. This corresponds to the GESMO assumption that 3.14 Mg
of spent fuel reprocessed will generate the amount of solidified HLW to
fill a standard 0.18 m3 (6.28 fts) shipping canister. Zigure 3.5 shows
the quantity of HLW solids that would be produced by the reprocessing
capacity shown in Fig. 3.4. The solid HLW listed f&r the years of shipment,
.1990-2010, correspond to spent fuel reprocessed in the years 1980-2000. .

The total mass of HLW as stated above is relatively insensitive

to reactor operating conditions, but the specific production of some of
the more hazardous and difficult to deal with transuranics is not. Making

the usual assumption of 99.5% extraction of U and Pu from the spent fuel,

there will be about 5 kg of U and less than 100 g of Pu in the HLW per



ANNUAL SOLID HLW, tonnes

ANNUAL PRODUCTION OF HIGH-LEVEL WASTE SOLIDS; LWR-U:

Figure 3.5
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tonne of spent fuel, compared to about 29 kg of fission products (if the
fuel is burned for the full 33,000 MWd(th)/Mg). When the masses of the
iarious reprocessing chemicals and materials used in solidification are

36

added,” the HLW from 1 Mg of spent fuel amount to about 115 kg. For

Case C1 in which the fuel is burned for an average ?f only 23,000 MwWd(th)/Mg,
the solidified HLK mass would be expected to be somewhat less per Mg of fuel,
How much less is not clear. If all masses are proportional to fission
products, and fission products are proportional to burn, then we would
expect a reduction of about 30% in the HLW prcduction from the stated
reprocessing capacity. The reduction will probably be less than this,

but certainly greater than just the few kg reduction in fission product
nass. As the only pood calculations availahle to us are for burns of
33,000 Hwd(th) /Mg, we will continue to use this figure as a benchmark,

thus implicitly accepting the validity of case C Should case C1 prove

2°
closer to the mark, we suggest that this would reduce the total HLW mass
by 20% * 10%.

Tables 3.6(a) and 3.6(b) list the composition, activity, and fﬁefmal
power of spent fuel from a LKR-U cycle pér tonne of spent fuel for HLW
aged 150 days before reprocessing and for reprocessced fuel stored for 10
years afterwards. The fission products consist primarily of 90Sr and its

15765 and its daughter 13783. Thesc data, bascd on the

daughter goY, and
ORIGEN code developed at the Oak Ridge National Laboratory,37 are for
model Diablo Canyon LWR-U fuel burned at the specified 20MW(th) /Mg for

- 1100 days. The data for this fuel are available for all shorter burn times
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TABLE 3.6 (a)

MASS, ACTIVITY, AND THERMAL POWER OF IMPORTANT ISOTOPES CALCULATED
TO BE PRESENT IN MODEL LIGHT-WATER REACTOR REFERENCE URANIUM FUEL
PER METRIC TON (Mg.) OF FUEL CHARGED TO THE REACTOR: 150-DAY AGED.*

NUCLIDE * MASS ACTIVITY TIERMAL POWER
grams Curies watts
Curium 35.3 17,400. 638.
Americium 153, 226. 7.3
Plutonium 9,080, 118,000. 123,
Neptunium ) 762. 17.9 0.005
Uranium : 955,000, 0.9 0.002
Total Actiride 965,000, 1:36,000. 769.
Europium 182. 13,400, 71.7
Samariunm 808, 1,153, 2.0
Prcmetheun 167. 99,800. 56.5%
Neodymium 3,910, 51. 0.14
Praseodymiunm 1,209. 771,000. 5,730.
Cerium 2,880. 827,000. 787.
Lanthanum 1,270. _ 495, 8.2
Barium 1,390. 100,000. 392.
Cesium 2,720. 320,000. 2,410,
Yttrium 468, 235,000. 1,040.
Strontium 896. 173,000. 445,
Krypton 373, 11,200, 18.
Other Products 18,800. 1,840,000, 8,340,
Total Fission
Products 35,000. 4,390,000, 19,300.
TOTAL 1,000,000. 4,526,000, 20,070.

*Source: ORIGEN Code, Ref. 37.
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TABLE 3.6 (b)
MASS, ACTIVITY, AND THERMAL POWER OF IMPORTANT ISOTOPES CALCULATED TO
BE PRESENT IN MODEL LIGHT-WATER REACTOR REFERENCE FUEL PER METRIC TON
(Mg) OF FUEL CHARGED TO THE REACTOR. WASTES PROCESSED AT 150 DAYS
WITH 99.5% EXTRACTION OF PU AND U, AND STORED FOR TEN YEARS.*

NUCLIDE MASS ACTIVITY THERMAL PONER
gm Ci. watts
Curium 21.3 1,730. 60.5
Americium 145, 200. 6.4 .
Plutonium 58. 452, 3.6
Neptuniunm 762, 17.9 0.005
Uranium 4,780. 0.006 0.00016
Total Actinide 5,760. 2,405, 70.6
Europium 164. 4,670, 42.4
Samarimm SHEN 1,070 1.5
Prometheun £&.5 7,870 4.1
Prazeodynium 1,200. 150, 1.1
Cerium 2,640. 150. 0.1
Barium 1,790. 79,800. 313.
Cesium 2,320. 93,700. 226.
Rheniuin 392, 550. 5.3
Ruthenium 2,140. 550. 0.03
Yttrium 465. 60,500. 346.
Strontium 778. 60,500. 78.8
Krypton 360. 6,050. 9.7
Other Products 21,840. 1,440. 1.6
Total Fission
Product 35,000. 317,000. 1,039.
TOTAL 40,760. 319,400 1,100,

Source: ORIGEN,
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and may also be used to generate data for cases such as C, where the

1
assumed burn time is shorter,

Table 3.7 lists some important hazardous isotopes present in the

solidified HLW, as well as their half-lives, decay modes, and toxicity.

The toxicity is measured by two related hazard indices: the maximum permis-
sible concentration (MPC) of the given isotope in air or in water; and a
reciprocal index, the volume of air or water needed to dilute the amount

of this isotope generated in one year of operation of a '"model" 1 (Gi{e)

IKR reactor at 100% C.F. to the allowable MFC level.>® Figure 3.6 is a
comprehensive plot of the radioactivity in the HLW solids from this model

reactor as a function of tine after discharge. It should be noted that for

time excceeding @ fow hundrols of yeurs, the activity in the wastes is
: ; . Cs . . s : oo

cemdnated by the remaining Ao and v and by the €ission products 7771:
129

and 1.

The HLW constituents divide fairly neatly according to the type and
9

duration of the hazard presented. With the exception of ch’ with a
half-life of 2.1 x 105 years, and 1291 vhich preosents rather special
problems, fission products have half-lives that are short enough so that
isolation from the biosphere for one or two thousand years should reduce

the activity to near-background levels. Furthcrmore, the decsy modes are
primarily beta and gamma emission, whereas the longer-lived actinides

are strong alpha-emitters. With the notable exception of 241Pu, vhich is

a strong beta emitter with a 13.2 year half-life, most of the actinides

are radiologically hazardois as emitters or 5 to 6 MeV alpha-particles. Per

Ci of activity, carcinogenic effects in situ should be roughly thc same

for alpha-cmitting isotopes of all the actinides. The greater attcntion
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PROPERT.ES OF SOME SIGNIFICANT RADIONUCLIDES IN 11G!-LEVEL WASTES FROM REPROCESSED LWR-U PUELS
ISOTOPE  HALF-LIFE  MPC(A[R)**  MPC(WATER) *~ UNIT
Ivrs] [Ci/m®] (Ci/m®] ~ _ INUALATION AZARD! INGESTION HAZARD®
10 yrs 300 vrs 10 yrs 300 yrs
2440, 17.6 3x10™13 7x10" 8 4. 3x1018 8.2x1010 1.8xi0%  3.5x10°
243,00 7,050 2x10713 4x10S 9.1x10'%  g.8x10'° 4.5x10°  4.4x10°
28 458 2«07 4x107® 3.1x10  5.5x10% 4.1x10” 2,707
2405, 6,580 6x10°14 5x10~8 2,6:1013 1.4x101% 9.1x10° 1,7x10°
239, 2.4x10% 6x10™ 14 5x1070 2.7x101%  2.9x1013 3, 2x10° 3.5x10°
- - ! r f

2385, 86. 4 7x10™ 14 5x10"° 1. 2x1018 1, 8x10% 1.8x107  2.sx0%
TOTAL ACTINIDES PLUS DAUGHTERS 6.9x10%3 1.0x10%5 2.8x10° 3. 7x107
154g,, 16 1x10-10 2x10°5 4.5x10%3  L.ex108 2.2x102  7.8x10°
151, g0 2x10° ax10™% s.ax10'! © 5,7x1010 2.7x10%  2.9x10%
137¢4 30 5x10~10 2%1075 1.7x10%  2.1x10}d 4.3x10° 5. 2x108
129, 1.7x10 2x107 11 6x10"3 1.0x10° 1.9x10° 6.2x10°  6.2x10°
99 2.1x10° 2x10~° 2x10"% 7.2x10° 7.2x10° 7.2x10°  7.2x10°
90g,. 28 3x10731 3x10”7 2.0x10%% 1.6x1012 2.0x10!0  1.6x0%

3 12.3 2x10~7 3x10°3 2.0x10° 1.6x10° 1.3x10°  1.0x10°%

*

TOTAL FISSION PRODUCTS 2.5x1015 1,9x10 % 2.2x10%0 1, 7x108

*Source: ORIGEN (Ref. 37) run for model fuel at 30109(ih)/ilg, 33,000 HWA(Eh) /Mg burnup.

**Code of Fedoral Rr-qulm irns Title 10;

10CFR20.

¥volume of air in m? to dilutec quantity prezent in wastes from 1 Mg of mproauaed fuel to lpnml.ﬂ.ad

MPC(air) .

*yolume of water in m® to dilute quantity present in wastes from 1 Mg of mpmmw&d fuel to twwif“d‘

MPC(watex).
EARTH :

18 3

Total water = 1.4x10 ms

Mr to 5 5 %m altitude has volumo of about 3Ix10

183




FIGURE 3.6

RADIOACTIVITY PRODUCED IN ONE YEAR BY A 1000 Mw(e)
’ LIGHT WATER NUCLEAR POWER PLANT
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given to Pu in mostflitérature is due to the greater quantities of Pu

in current inventcries, the additional amount of handling and shipping

it will receive, and common recognition of its existence and properties.
Figures 3.7 and 3.8 are more detailed plots of the transuranics in

HL¥ from annual operation of an LWR fueled with isotopically enmriched

uranium, for times up to 106 yaars afterrdiStharge froa the rvactor. If _

can be scen that the Ag\and Fu doainate the zctivity for long times. Pu

decays byvglpha-emission to U, and the two most significant long-lived

isotopes, 23§Pu and 240Pu dcecay to 2350 and 236“ respectively. The

lattgr are also alpha-emitters, but with very leng lifetimes; the activity

of the Pu decay daushters is thercfore not sufficient to aprear on these
. - s Py

Figure 3.9 shows the rclaticnship between ihe variecus actinides. The
s ' . s 243 - .
leading iscotope of Am at first is Aa, wicth a helf-1ife of 458 years

for alpha-decay to 237Np. The latter is also an alpha-emitter, with a

half life of 2.1 x 106 years for alpha-decay. A storage time of roughly

24

‘Odryears is nceded for the lAm to decay awaf; in this case, the

combination of original Am activity and daughter decay time is such that

the build-up of‘2°7Np does contribuie a measurable activity to the wastes.

For times approaching 106 years or greater, the 2°7Np will dominate the

. 237, . . .
alpha-activity. However, the Np inventory at discharge from tae

reactor is alrecady quite large, so the incremental contribution f{rom

subsequent 241Am decay is small.
The primary contributor at times after the 241Aﬂ has decayed away
is 243An, with an 7,950 year half-life for alpha-decay to its short-lived

daughter 239Np, which quickly emits a beta and goes over to 239Pu.
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Figu;e 3.7

PLUTONIW IN HIGI-LEVEL WASTES FROM URANIUM-FUELED
WATER REACTOR
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Figure 3.8

AMERICIUM AND CURIUM IN HIGH-LEVEL WASTES FROM
URANRM-FUELED WATER REACTOR
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The net result of this decay is the production of additional quantities of

2 241

, 237
24 ,400-year half-life An decay to Np,

3%y, Unlike the case of the
' . . 239 -
the net effect here is quite visible as an increase in the 3 Pu activity at

times of roughly 104 years after discharge. As the half-lives of mother and

grandaughter are similar, there is only a moderate reduction in net alpha-

o . . S
activity. Storage times greater than 107 years arc necessary for
.. . 239 .- .. .
the roughly equal amountis of Pu remaining in the wastes after re-

processing and generated in storage by Am decay to be reduced to near-
narmless levels,
The isotopes of Cm are shorter-lived, and decay away in times comparable
- . L1 244 .
to fission-—roduct decays. lowever, the Cm plays a double role in the

. =

waste menagemsnt problem. At the tine of shipzent of the LYW sclids, roughly
. . . s . . .. 244
10 yecars {rom discharge, the alpha-activity is Jdorinated by the Cin, Tac
potential for (alpha-nsutron) rezctions with Fluoripne or Oxygen in the HL¥
solids rcquires considerable shielding against the high-energy ncutrons
, ’ 244, . . . .
produced, and the Cm is the primary source. Furthermore the buildup

40 2d4Cm. Thus,

of 6580-year half-life 2 Pu is due to the alpha-deccy of
although long-term waste management concerns focus on the Am and Pu in
the HiW, it should be recognized that the 1sle of Cm as the mother of tﬁe
bulk of the Pu in reprocessing wastes at times greater than 100 years is
far from negligible,

In fact, decay-product Fu so doninates the long-term activity

of the HLW that increasing the efficiency of Pu extraction from the

spent fuel would have little impact. Complete removal of the
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Figure 3.9

ACTINIDE CHAINS IN URANIUM-PLUTONIUM FUEL
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Pu from the HLYW at the time of reprocessing would only reduce the Pu
alpha-activity at times longer than a thousand years by about one-fifth.
Long-term waste management problems are insensitive to the efficiency
of Pu removal as long as the fraction going out in the HLW is less than,
say, 2%.

Although the mass, activity, and thermal power of the fission products
clearly dominates the HLW at the time of production, much of the concern
about proper waste management has centered on the alpha-emitting actinides.
There appear to be two reasons for this. First, there is less concern
over the integrity of waste disposal sites for the thousand year storag

tines needed for most of the fission preduct nctivity te die out. Sceonaly,

vhon small quantities are ingestsd or inhsicd, the alpha-actrivity of the
actinid2s presents souoehat of a greater harard to humaa hezlth, o a
per Curie basis, than does the beta or gamuz activity of the fissien

products.40 The precise value for this increase in relative hazard

depends on the model taken and the assumptions made, but estimates that

arc many orders of magnitude higher than those used to derive the MPC
values iisted in Table 3.7 have been made.41 It is certainly not within
our campctence or the scope of this report to deal with such matters as the
residence time of various isotopes in the human body, which affects the
hazard presented by a given rate of radioactive decay, or to attempt té
referee the controversy over the toxicity of I'u. We do mention that the
hazards we discuss here are not those duc to direct radiation from large
masses of wastes, but of ingestion or inhalation of released radionuclides.

In this context, the concern over the actinides is most certainly warranted.

ORIGINAL PAGE 1y '
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Most of the controversy presently raging about the toxicity of inhaled
Pu arises from the question of localized irradiation owing to the very
short range of alpha-particles in tissue. The effects of radiation on an
organ are usually estimited by taking the time integrated flux incident
upon the organ and dividing by its mass, For beta and gamma radiation,
and even more so for energetic ncutrons, this assumed distribution of aose
over tissue is an accepted procedure, and radiation standards are frequently
quoted in terms of whole-body dosage. In models that lead to the very
high estimates for Pu toxicity, it is assumed that small prrticles of Pu,
when inhaled, deposit selectively on certain %ulﬁerable places in the

As the range of the alpha-particles

.

lung vhere they remnin for long times
is very small, the assumed result is a vory Ri
neighboring tissue. The integrated dose over the tissu: voiume defined

by the alpha range is said to be very much greater thaa oae would expect

by dividing the total activity by the entire mass of lung tissue. Thus

the concern over the carcinogenic properties of the alpha-emitting

actinides.

Of course, it is also true that some of the fission products, such as
908: (which deposits in the bone) and the various radioisotopes of iddine
(which deposit in the thyroid) are not only fairly mobile in the environment,
but selectively deposit in sore of the most vuinerable organs of the beody. 4z
It has been argued that there is little chance that Pu would become available
in a form suitahle for inhalation even if a waste disposal site should fail,
and that exc. -ive attention is being focuscd on the actinides.43 It has
also been pointed out that the distinction brtween the thousand-year storage

times needed for the fission products and the far longer storage nceded for

ORIGINAL PAGE I3
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the actinides, a distinction which is a naturalione in physical terms,
is hardly a meaningful one on the time scale of social or political pre-
dic.ability.

Neveitheless, fhi§'natural separation of the HLW components according

to half-lives has stimulated the idea of separating the long-lived actinidrs

out of the waste stream and dealing with then separately. The HLW would
then be separated into two streams. One, consisting primarily of the
fission products, would be hazardous "only" for times less than one or
two thousand years. This component could then be stered or disposed of
in terrestrial geclogical sites in which we have a high degree of con-

fidence cver the times involved. The relatively small rernent with long

. TesnYl L U P - 4 — o~ -5t ~ P T
half-1ived actinidss and soue fission products residue would thesn be a
RIS ] w1 P TN . cn i - NPV | PR : -

candidate {or such “Wwiltinzate” disposal uethads as lransautation o

ejecction into outer space.

Partitioning

Processes which would scparate the actinides from the fission products
in the HLY stream go under the general name of partitioning. Various
chemical separation methods by which this miglt be accomplished have bcen
suggested, although none of them has been proven as yct.44 It is not clear
just where in the reprocessing cycle partitioning might occur, For our
purposes, it makes little difference whether this takes place as an integral
final step in the reprocessing operation or is performed afterwards on the
liquid wastes prior to the solidification. It does appear that once the

waste is solidified, there 'ill be no further possibility of partitioning



it, owing to the insolubility of presently suggested HLW solids.

The partitioning decision must, therefore, be made fairly early ir
the history of the reprocessing plants. Alternatively, the prospects
for later partitioning might prove so att?active as to convince the hRC
+0 relax the present S-vear rule for HLW liquid conversion to solids so

as to let a partitioning operation start up. Another possibility is that

-

the first reprocessing plants (AGNS rnd Exxon) will not have partitioning
facilities, bu® later plants will. All of these possibilities will, of .
course, have an effect on the viability and sizc of the space disposal
option. For the purposes of this study we Trestrict ocurselves to two
cases: either there is no partitioning at all, or all reprocessing
facilities are cguipped for partitioning. As can be scea from Fig. 3.5,
*han about 1930 to yrotreiit ALNS and Exxon
with partitioning facilities would make little difference in the total
mass to be disposed of. For only the very small quantities of solid

wastes projected for the years 1990-1995 would not be partitioned.

As with other chemical processing procedures, the separation of
fission products from the actinides will not be perfect, and some residue
will remain.45 As partitioning is, at the moment, a hypothetical and
complex procedure to be undertaken by as yet unidentified processes, we
will make no attempt to identify the probable extcoaction factor for fission
products. Given their large thermal power and activity, a
very high extraction factor would be necessary to achieve
large reductions in package specifications. Previous NASA studies46 took
99% and 99.9% extraction factors in calculating required package configur-

ations. It would seem to us that even 90% fission product separation
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would markedly decrease tiie waste thermal power and mass, resulting in a
reduction of perhaps a factor of five or ten in the amount of HLW
containing the long-lived components. However, as we are in no position

to attempt to recalculzte waste packaging for spacc operctions for this

set of conditions, we shall deal with them only in terms of rough estimates.
We shall also assume thatgch is separeted as well, and packsied with

the other very leng-lived wastes,

Pu Recycle

To this point, we have dealt solely with an LWR-U fuel c¢ycle, assuming

e

that the Pu prodiced in the repreocessing eperations is stored avsy for
further use., From our cnnve:éations with verious ciificials of LRDA,

NRC, and industry, it scems very unlikely that this Pu will ever be treated
as waste to be disposed of, although the masses involved are not beyond
the range of space operations to deal with,

Should the decision be made to recycle this Pu back into the nuclear
fuel cycle, the characteristics (although not the mass) of the HLW would
be markedly affacted. The decision as to whether or not the recycle of
Pu will be allowed is expected sometimes in 1977, The major issue is
deternmining the tradeoff bcetween the increased hazards of a fuel cycle
which circulates Pu and the prospects of lower U ore requirements by
roughly an additional 10% (compared to recycling only U) and reducing
enrichment service demands by about the same amoun».47

In an all-LWR nuclear energy system such as we have restricted this

study to, *here will never be enough Pu produced to entirely substitute

.




for enrichment services (that is, by mixing it with only natural uranium).
There are several alternative paths by which the Pqu could be mixed with
uoz to augment istoptically enriched fuecl. It could be blended in vith
somewhat less enriched UQ,, either in the entire fuel cycle or in specific
reactors, It could be mixed with UOZ in which the U is either natural,

or depleted (from enrichment plant tails), or the slightly cnviched U1 frem
the reprocessing plant. These nixed-oxide (M0X) fuel rods could be
assigned to specific portions of the reactor core, with conventional
cnriched-U rods making up the bulk. Speciflic reactors could be identified
for the use of MOX rods, vhile others use only vo,.

Since we have found it convenient in dealing with other parts of our

<]

analyesis to make cut estimates similar teo thoze of the CLSNO 1

o

3 -
wWe =LA

3’
also esswac thal the couilibrium MOX fuel crele will be the one dusciibed
- 13 w47 . .

in both the draft™” and final ° versions of that document. The analysis
is based on designating a specific number of reactors for MOX fuel use.
This number is in turn basced on calculating available MOX loadings. It is

assumed that the typical reactor using MOX fuel will contain a load of up

to 40% MOX fuel pins, with the remainder being ordinary isotopically

enriched UOZ pins. ‘The amount of Pu involved in recycle is then calculated.

Not all reactors will use MOX fuel. A more precise calculation involving
the rate of production of Pu and the rate of expansioa of the LWR industry
shows that MOX pins will amount to about 11% of the .otazl fuel fabricated
ato the ycar 2000.47 As we have used amore slowly expanding LWR economy
than that assumed in the GESMO, this number is an underestimate for our

45

model. Nevertheless, as the upper limit on this number is certainly less

than 15%, and as rate of expansion of reprocessing capability limits

OF POOR QUALITY
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Pu availability, only a.small error will be incurred if we also assume the
GESHO estimate of 1'% for this report. Again, this will allow the use of

analyses performced by other groups to fix numbers for our study.

The recycle of Pu'will markedly alter the character of the HLW produced
as a result of reprocessing MOX fuels. Tae cyclic re-burn of Pu will
aiter the isotopic balance towards shorter lived and norc artive isotepes
and greatly increase the quantities of transuranics present as compared
with LWR wastes from U02 fuels. Figurc 3.10 zhows the heat releasc as a
function of time after 150-day reprocessing for wastes {vom UOZ fuel,
equilibrium MOX fuel, and an average mix of 89% isotopically enriched UGZ

e ar - -~ L - ey tae R PR N = . e oAt a
and 11% W2N. Table 3.8 lists the goentitieos and scotivities of the najor

ey 2 . 3 - Wy o z - " 4 PO Jaqmde et o Ay gt Y vy A
tvansuranics present In the spent full Just prior 1o TIDOYOCESSINg, o0

h ot Spe [ 11y - . -3 .yt v PRRTINE N = 16 T M
Toble 17,9 shows the pejor contyvibitors to the et gencvetion in 10-yoar 7o.0

wastes for these same threz fuel mixes.

The assurption made in GESMO and related documents is that the con-
siderably higher heat output and activity of the wastes {rom MOX reprocessing
will not present severe problems if these are mixed back with the wastes from

-

reprocessing ordinary U02 fucl, which comprises 89% of che total, ° -crc are
rcasons to doubt the validity of this assumption, which depends to some
. . . . 50 ,

extent on the way in which the reprocessing plants arc managed. Neverche-
less, as we are in ne positicn Lo recaleculate the relevant pevarsters, ve
will stipulate that an "average waste mix" will cccur in practice and not
just as a conceptial device.

As can be seen from examining Tables 3.8 and 3.9, the inclusion of 11%

of equilibrium recycled MOX fucl dramatically increases both the activity

and the thermal power of the transuranics in the HLW stream. Although this
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Figure 3.10
APPROXIMATE HEAT RELEASE OF LER

WASTES AS FUNCTION OF AGE

-Source: Draft GESMO, Ref. ‘1‘3
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241Pu

242Pu
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243Am
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F. P #¥*

*Reference:

TABLE 2 8
)

X
(Source: Dxaft GESMO, Ref, 13)

ESTIMATED MAJOR TRANSIUMANTUM 1OMPOSITION OF SPENT

(BASIS:

Enriched UQ.Fuel

FUEL = WITHOUT AN D W1 D LiAONTOM TECYCTE
PER METRIC TON, 33000 Muwd/Mg, AGED 1530 DAYS)*

grams curies watts grams
480 0.34 0.010 120
160 2,820 91 1,100
5,300 323 10 12,000
2,200 477 15 8,800
1,000 103,000 4.3 6,000
350 1.38 0.041 4,200
46 159 5.3 460

95 18.2 0.67 2,700

5.1 17,000 620 72

30 2,400 84 1,700
28,800 4,200,000 19,000 29,000

J.0. Blomeke, C.W, Kee, J.P. Nichols; "Pro

Mived Oxide Puel Average Mix*+*
0.085 0.0025 440 ) 0.31 0.0091
18,900 610 260 4,590 " 150
735 27 6,000 368 11
1,940 350 2,900 638 20
645,000 25 1,602 160,000 6.6
15,2 0,48 770 3.01 0.089
1,580 © 53 92 315 11
51! 19 380 72,7 2.7
20,000 8,800 12 41,500 1,500
136,000 1,800 210 17,100 600
4,500,000 21,000 28,800 4,200,000 19,000

Jections of Radieactive Wastes to be Generated by the U.S,

Nuclear Power Industry'; CRNL-TM-3965; February 1974; Tables 4.3, 4,6, B-1 and B.2,

**On the basis that about 119 of fuel is mixed oxide fuel, remainler is enviched UQ., fuel,

*** Fission products are not trznsuranium elements, but are adiod for comparison,

-

6v°¢
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TABLE 3.9
(Source: Draft GESMO, Ref. 13)

ESTIMATED HEAT OUTPUT IN HIGH-LEVEL WASTE
(BASIS: 33,000 Mwd/Mg, 0.5% LOSS OF FU
*
TO WASTE AT 150 DAYS, WASTE AGED 10 YEARS)

Watts per Mg of Fuel**

Enrighed 802 Mixed Oxide Averagef**
Isotope Fuel - ____Fuel Waste Hix
23T 0.010 0.0026  0.0092
385, 3.0 © 40 7.0
239, 0.050 0.12 0.058
240p,, 0.14 3.9 0.55
2t 0.013 0.07¢ 0.020
222p, 0.00520 0.6334 0.00044
24 5. ‘ 53 11
243, 6.65 19 2.7
242¢, 0.26 '6.5 0.95
2440, 57 3200 400
F.p." 1010 855 993
Total 1080 4200 1405

WATTS PER CANISTER'

*

* %

*kk

3300 : 13000 4400

Calculated from J.0. Blomeke, C.¥. Kee, and J.P. Nichols; "Projections
of Radioactive Wastes to be Generated by the U.S. Nuclear Industry,
ORNL-TM-3965"; February 1974; Tzbies 5.8, 5.10, B-1, and B-2.

In addition to the radicrrclides listed, about 5020 grams of urenium and
20 to 2060 grams of other actinidss are in the waste. These coniribute
1 to 40 watts.

On the basis that fuels processed are about 11% mixed oxide, remainder
is enriched uo, fuel.

Excluding 3H.noblc gases and ©9.9% of halogens. Thesc are removed from
waste during reprocessing.

On the basis of 2 ft3 of waste per metric ton, 6.28 ft3 per canister,
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only incrementally increases the problems of handling undifferentiated
HIW, the waste heat is no longer so completely dominated by the fission
products. The activity and themal power of the fraction containiag the
actinides will increase, by about an order of magnitude. If partitioning
is also to take place, this has quite serious implications fer projections
of space disposal operations., In particulzr, thermal power has been a
limitirg fector in packige design, with = great deal of the mass of
hypothetical disposal packages devoted to hlgh thermal conductivity

materiezl to couvey internal heat to the package surface.

A5 vas the case for the U-fueled LUR, ths ioagest-lived component of

T D~ =} ™ B N I M - =y - oy - o ag
the KLY is the Pu produced By Co decay. Yo may ceupare the effects of

<
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factor of six greaier then in sgent U fuci.  As the imcrcase in the Ca

& F 3

inventory alone is about ten times greater than the increase in c-active
Pu, the sensitivity of waste wanagement reprocessing plant efficiency is
lowered slightly. Of course, one must rcmember that according to the

GESM(, only 11% c¢f the reprocessed fuel will be MOX. Yet, the waste manage-
ment problenm will be dominated by this fraction. As an exanple of cross-
sensitivity, the total emount of Pu activity in MOX HLW at times greater
than 107 years «ill not be much altcred by increasing the amount of Pu

tionzl

"™

going into the HIW (fronm the MN3X alene) from 0.5% to 3%. Yet, the add

3 years will equal

MOX Pu in the average HLW mix at times greater than 10
the total con“ribution from the 89% of the wastes that come from the re-

processing of isotopically enriched U fueil.

0g ggqu PAGE 15
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It must be emphasized that the numbers quoted in GESMO and reproduced
here are for equilibrium Pu recycle. One reason for choosing 1990 as the
test year for the GESMO was that this was the earliest year for which an
equilibrium recycle could be established. In this study, we would have
to defer the equilibiium year to 2000 in order to be consistent with
out other assumptions. It does, however, take many ycars to phase in the
Pu recycle, and many more years before equilibrium concentration of
actinide isotopes is achieved in the reprocessing plants. Over mo:zt of
the period being considered in this study, the annval industry-wide

"ayerage max™ of HLW would start at the values for UO, fuel alone and

2 - T - 3 1. . +% T8 ftnsr ne oanfl Faga <} noe w13 1S jip i
rise 1o MOYX fractions sbove the 11% vsverzze' for the GESNHS cquilibrium
51
cvele M e e tadipeeed et Pty s mlella e ane ntdsecd A0 e oS
TFaIe, 42118 ATIETOCUCLE YOu L0l VATAEDGC IRV any att T 1 ¢ JETTOY
B = s et ae le , S cmiar eiee S P 3 RO S
a tinc-segaance analysis of oy woste JisnozEsl opoastlon, hut is pavticuloyl

serious for methods such as space disposal wherec partitioning is also
assumcd to occur.

Table 3.10 lists the ralioactivity and thermal power of ]0-year aged
partitioned HLY with and without Pu recycle for several degrees of
partitioning efficiency. It should be noted that the total activity that
arises from these wastes is not solely due to direct cifects irom tac
listed isotopes. The solidified HLW will contain other elements which

coduct other scoes lary

p2y interact with primary decay sciivity o
radiation.
For instance, one of the most scvere problems for the shipping

of alpha-emitters such as 244

Cm is the production of high energy neutrons
by (alpha,n) rcactions. ‘1hese recactions occur when the alpha particles

from transuranic decay interact with the nuclei of light clements such as



TABLE 3.10

ESTIMATED ACTIVITY AND THERMAL POWER OF 10-YEA AGLD HICH-LEVEL WASTES FROM REPROCESSING
(Basis: 33,000 Mwd(th)/Mg, 0.5% loss of Pu,U to wastes, reprocessed at 150 days)

WATTS/Mg of SPENT FUEL'

CURIES/Mg of SPENT FUEL”

Partitioning Enriched

Efficacy* UO2
0 1080
90% 170
95% i20
09% 80
99.9% 70
99.999% 70

# . . ey »

Excluding trititum, halogens, and noble gases. T ecxe are assumed to be removed during reprocessing.
»*

Degree of fission nroduct removal in chemical par

*k
Using GESMO (Ref. i3) assumption of 11% MOX, 89% cnrich.d Uranium at equilibrium,

Mixed
Oxide

4200
3435
3320
3360
3350
3350

Averago
Mix»»

1400
520
470
430
420
420

Enriched Mixed
uo, Oxide
3.2 % 10° 3.6 x 10°
3.4 x 100 1.3 x 10°
1.5 x 10% 1.1 x 10°
5.6 % 100 1.0 x 10°
2.7 x 10° 9.9 x 10%
2.4 x 10° 9.9 x 10*

titioning

[~

Average
Mix**
3.3 x 10°
6.6 x 10
4.9 x 10%
3.7 x 10°
3.5 x 10°
3.5 x 10°

£s°¢



oxygen or fluorine and release neutrons:

IQR
239

an alpha with 160 to create

the neutron emission rate,

emission rate of about.2? x 10'2

rate of 4.3 x 103 n/sec per gram, and

per gran. Neutrons from (alpha,

3.54

for example, the interactiocn of

plus a neutron. This can markedly incrcase

Pu, for instance, has a spontaneous

239PuF4 has a

PuOZ a rat: of 4.5 x 131 n/sec

n/sec per gram, whereas
239

n) reactions in Ca in the spent fuel are

the primary source for which the casks are neutron shielded.
Conclusion

The numbers derived in this chapter are the basic technical data nceded
to se: up the puchsge and nissien doesign fer o hypotietical space disperszl
progran, But they con not be trens? o3 Inlo zoluzl niiasion aunvors
without Turtheor ansivsis, T Chopter 5 owe sholl roturs to ihere duia o7d
combine thom with NASA-supplied inforastion eon spuce shuttle tecknology

to generate a sct of estimaces o

istics.

f mission frequency and package character-

AL PAGE 18
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Notes to Chapter 3

As of ear1y~}9?6, costs as high as $1,135 per kw were being quoted.

See for examﬁle, "Is Nuclear Too Costly?" by R, Stuart, Now York Times,

October 5, 1975.

I. C. Bupp, J. C. Dérian, M. P. Donsimoni, and R. Treitel, “"Trends in
Light-Kater Reactor Capital Costs in the United States; Causes and Con-
sequences, ! Center for Policy Alternatives, MIT, Cambridge, Mass., 1974.
P. L. Joskow and M. L. Bouzhman, "The Future of the .S, Nucleur Encrgy

fea

Indus<ry," MIT Encrgy Laboratory Repori # MIT-FL-T73-006, HIT, Combrig;

Energy Commission, hashingion, D.C., Fcbruary 1974,

Creating Encrgy Choices for the Future, report # ERDA-48, U.S. Lnergy

Research and Development Administration, Washington, D.C., June 1975,

A useful summary of contending views is containcd in Oversight Hearings

on Nuclear Energy-Nuclear Brecder Development Prosram, Hearings before

the Subcomnitee on Lnergy and the Davivenzent, House Ceorittce on
Interior and Insular Affairs, Serial 94-16 Part II, U.S. Government
Printing 0ffice, VWashingtron, D.C., 1975,

Given the reccitly anncunced timctables for the Clinch River Tast
Brecder Test Rcactor, and considering the long lead times likely for
commercial devclopment if present trends continue, we believe that it

is unlikely that there will be any significant installed LMFBR capacity

by the ycar 2000. The first commercial LMFBR would come on line no

%RI{;ENA.,L F;:i_gz?,
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earlier than 1985. Given the ten to twelve year period before
wastes from even this first reactor would be available, the case
for space disposal could confortably be reconsidered at the time
when LMFBR commercialization on an extensive scale looked probable,

Nuclear News, 18, #4, Novembder 1975, at p. 112,

Although Gulf-General Atomic has suggested that ERDA pick up the
HTGR as ar experimuntal program, such aciion would be unlikely to
revive commercial interest in the [ITGR in the next few years.

34 . . L PO 3 At~ ltar paa - - 3 v i wrpamy
Little, f any, aiditiors) HIGR capacitly can be erpected by tho vear

g
000,

I S y—m v Y Qe - a s 3 s e - PR, S - n -
Draf. Durirentertn) Strtonent, Licht-¥ater Breeder Reacror Prezvoma,
B SN N L A F R ij o - B - PO S POy, S + oz Lomw mama l -
report ¢ LADA-ISAL, UL ivoray descarch and doveloroont AddTadairotios,
T o A F i - TYT?C
b o, D.C., Juivy 137R,

T. H. Pigiord anc K. P. Ang

Ibid.

The net nuclear capacity for this scepario is incorrectly stated in

Table B-2 of Ref, 5. The correcct figure, as quoted in this report, is
derivable from Fig. B-4 of the appendix.

nrofr Coneric Environmenta2l Stotement on the use of Mix~d-Ovide Yusls

{GESMO) , report # WASH-1327, U.S. Atomic Energy Commission, August 1974,
There is some doubt expressed as to vhether BWR yonetration will remain
Jarge cnough to assure the 2/3 to 1/3 ratio, as currcnt trends are
favoring PWRs, Our modecl implies a market share for BWRs of about

4 to 5 BWRs per year of the currcnt 1.1 to 1.3 GW(e) size (that is,

about 1/3 of 17 GlW(c) per year). This is about the minimum number of

annual reacter sales necessary to maintain a vendor in the business
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for any length of time. We argue that the alternative to this levei of
BKR sales would be the complete disappearance of General Electric, the
only purveyor of BiWlls at the moment, from the domestic reactor market.
This seems highly thikely. We anticipate that only two PWR vendors
will survive. In any case, these assumptions do not seriocusly affect
our analysis vhen compared with other assumpticis we have been forced
to make.

Adapted from zn unpublished ERDA report meant to update the results

¢l *SH 1138(74) (Ref. 4).

See, for example, the discussion in Critical Mass 1, #12, March 1976,

ettt . e

4 ran Y e it s o e m i O RN S Eale Bt s
Atomic Scaentisis 35, 58, (Nogerbhor 1573) .

T. H. Pigford, "Environnental Aspects of Nuclear Fower Generation,"

Annual Review of Nuclear Science, Vol. 24, 1974.

LWR Spent Fuel Disposition Canabhilities 1975-1984, report # ERDA-25,

U.S. Energy Rescarch and Development Administration, March 1975.
Therc is some confusion in the literature on this point. Ref. 18 states,
for instance, that all values quoted for the LWR represent 100% capacity
factor, and should be multiplied by the appropriate factor for lowcer
C.F. operatici. Tnis is donc in Ref, 10 to the cxtent of multiplying
not only effluent and waste figures, but also core size and annual
reload so as to maintain annual replacement of 1/3 of the core, but
retain full burn at Jower C.F. This does not seem to agree with

present industry practice, We heold to the assumption that recactors
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will continue to have cores sized for possible operation at C.F. as
high as 90 to 100%. This would seem to us to be a necessary precondi-
tion for achieving an industry-wide value of 70%.

There is an excellent discussion of this in Ref. 6., Seec also, "Reneging

on Uranium at Westinghouse,™ by Reginald Stuart, New York Times, Feb. 1,

1676,
The figure of 33 Mg/GW(e)-yr. is, cf course, not sensitive to such
questions as designed core size or questions of core turnover, nor

does it depend on installed capacity for this case. It is als=o
P P

possible that higher fuel burns will be designed for and achieved

- - e s i, o F Al i G L R A 1,3 F gl
by the vear 2000, In the sbhsence of fimm indications to tais effect,
w2 it this poasibiliiy fron censidersiion in this report,
THh S~ - b 'y s 2 -~ PO} somm pes K} 2 4
This clgowit fits ERDM Jovte end projeciions guiie well, ¥t 2o

partly an artifact of the way the capacity for each process is counted
and listed as of the end of the calendar year.

According to a statement of Mr. F. P, Baranowski before the Joint
Committee on Atomic Energy in November, 1975, thore are about 500,000
gallons of liquid high-level waste stored at the Nuclear Fuel Services
site in West Valley, New York. These are residues of the 636 Mg of
fuel reprocessed from 1966 to 1972, There is no solidification
Facility extant or plamumed at the NS site, and the wastes canpot be
shipped as liquids undcr present NKC reguiztions,

235U is consumed, and less zagpu is produced,

39p

At lower fucl burns, less

: . . . s 2
but the effects are not linear owing to the increased fission of u
as thezssu is consumed, The optimal ratio of fissile Pu production to

CRIGINAL PAGR
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fissile U consumption depends vpon the design of the reactor, but
will occur at burns considerably lower than those considered

here. The quostion of the quite low burns used for production of
weapons-grade PU has to do with the isotopic composition, and is of
no direct relevance to this study,

Draft GESMO, Ref, 13.

Ibid. ' )

The conceatration factor for spent fuel alonec is roughly a factor of

t

tventy, but there is also a considerable mass of reprocessiag chonicals
and other elenents in the waste which reduces the overall mass decrease,

» <t - 2 r

thet i1s, a sufficiently large volume of licuids could support a

~ < = - PO 4 3~ -~ . K Pagpe ~
seli-sustaining chedin rerction, khile far yom belng a Lo
:
3 ~ 7 - - . 3 s P T L evi - PUSNEN I+ 17
LR RS 2 very Tepid (NorLy volierse oonperid 1o vost eritienlity

incidents, the occurrcnce of such 2n accident would be quite
hazardous, and could lead not only to the extensive destruction

of associated equipment, but also to very large releases of
radicactivity,

Some sources- have stated that this plant is to process 2100 Mg/yr.
we hold to the estimate of 1500, partly out of conviction, partly
for convenience,

We deo not helicve that cither KFS or MPRP will) contribate to U.S.
reprocessing capacity in this time frasce. MFRP appears to have boen
abandoned, and NFS is vacating its license.

These might very well be stored and shipped as liquids, vhich requires
antive cryogenic refrigeration.

Figure 3.4 shows that both AGNS and the Exxon plant would be nceded to
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close the fuel cycle even for the very low size projected in Case F,
It is more likely that, should a decision be made to hold nuclear
powes down to this level, only AGNS would be operated, prcbably
by the federal government. It would be used to separate out HLW for
casier disposal.

Codc of Fedcral Regulatioas, Title 10: Fnergy, U.S. Gevexmment

Printing Office, Washington, D.C., January 1972, 10 CFR 50, Appendix F.

High-Level Radiocactive Waste Management Alternatives, report # BNWL-1900,

Battelle Pacific Nortlwest Laborarories, Richland, Washington, May 1374,

For a typical LWR fueled with isotopically enriched UO, only, there are

2

- - 13 an ) 3 TV . A PO . Y

about 380 liters of Yigedd HLW per Mz of {ucl burnced to the full level
7 - LR B . p e S A= o 1 s R - g 2 e S .

of 2%,000 MUA(tL) /M. ke constiturnts of this 1lcuid are estinnted to

H
A

S 1 e M, PN Y L, 1
be (0v ke 17 Mol sparr fusl):

Misc. chemicals 2.4

NO3 65
Fe 1.1
Total reprocessing chemicals 68.5
Uranium, at 99.5% recovery 4.5
Other actinides 0.7
Tota] fission products 28.8
TOTAL 102.8

M. J. Bell, "ORIGEN - The Oak Ridgc Isotope Generation and Depletion
Code,' report # ORNL-4628, Oak Ridge Mational Laboratory, Oak Ridge,

Temnessec, May 1973,
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This data was compiled from a variety of official publications and

reports too extensive to list here. Uceful summary discussions may be

[N

foud in Epvironmeentsal Radioactivity, by M. Eisenbud, (Academic Press,

r——

New York, 1973). :

T. H. Pigford, "Radicactivity in Plutonium, Americiwa and Curium in
Nuclear Reactor Fuel," a study prepared for the Ford Foumdation Energy
Policy Project, Dept. of Ruclear Enginecoving, University of Coiifornia,
Berkeley, Calif., June, 187¢.

For instance, the International Comnission on Radicviogicel Proteliion

racommendations for continuous occupational eaposure to unidentified
-17 3

o I H - 4 e 2 P . . R . ' N Fal-BAe ~ A A .
radiocauclides in 2ir Jiste ¢ o tolevapce of 10 Ti/a AT iy LS e
200
P . N e 2 T vt e L S e s o
S DA G-I . ‘3;.,.-,'“‘,.4\;.—.;.‘ PN Viaovh o . M $res i I
-12 3 :
* A - 1 AP S - . S . .. s .. e 1 e L .
coopr 30 Cav0 27 47 2100 Yo s v Tk IR R e - .

. S . S . I 5
and ultimately down to 4 x 10 Ci/m” if it is not definitely inoun

2 .
that 231Pa, Th, “SgPu, 210Pu d 249

, an Cf are absent.

The most vo al and visible proponent of this point of view has been Dr.
J.W. Gofman. Sec, for example, "The Cancer Hazard from Tnhaled
Plutonjum' CNR Report 1975-1-R, Committec for Nuclcar Responsibility,
Inc., P, 0. Box 332, Yachats, Oregon, 1975, and referenzes therein,

It is worth noting that cach of the several mechanisms suggested in

thi

n

report to cotain the {innt nurhovs vould separrtely dnerer .o the

Tu hazaxrd.

See Ref. 38.

See, for example, B. L. Cohen, '"Hazards from Plutonium Dispersal,"
Nuclear Physics Laboratory, University of Pittsburgh, Pittsburgh, Penn.,

datc unknown: submitted to Radiation Research,.
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A useful discussion of partitioning is contained in Ref. 35.

That there may also be some transuranics remaining with the partitioned
fission products is a serious problem that has received litiie attention,
Unless the degrcc of separation is such that only a vory tiny residue
remzins, partitiening will not make space disposal more attractive.

R. E. Hyland et 21., “Feasibility of Space Disposal of Radiocactive
Ruaclear Wacte,™ NASA Lewis Research Center, National Aeronzutics and
Space Admianistration, Cleveland, Chig, 1974,

Final Ceneric Envivonmental Statesmont On the Use of Rocvele Plutonim

in Mixed Oxide Fuel in Light Fater Cooled Teactors (GES0), report

production of spent fuel--both u, and HOX.

That is, the slower expansion rate used in Case C means there will be
fewer new rcactors to fuel each year than in GESM0. As Pu is derived
froa past reactor operation, this slower growth rate increases the
perceatage of Pu available for fuel fabrication compared to annual total
dcmands.

In conversations with representatives of AGNS, agency officials, and

. other krowledgecble persons, it was stated that AGNS doos have the

irherent capacity te reprocess MOY as well as isotopically enriched
fuel. Howecver, some reluctance to actually reprocess MOX was indicated.
It is possible that only one of the proposed reprocessing facilities

would Le assigned to handle MOX, which presents additional radiological

gg&l}.ﬁ"é&@ss
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and safeguarding problems to the reprocessor. Under these conditions,
the "average mix" of nuclear wastes is of rclevance only when calculating
aggregate properties of the waste. However, ERDA or NRC could require
that MOX wastcs be mixed uniformly with uoz wastes before solidification
if each reprocessing plant is assigned a distributed share of HOX to
TEprocess.

Even after the ratio of Pu to U in the fuel cycle reaches equilibrium,
the isotopic composition of the Pu and other transuranics does not

coime te equilibriue values until the Pu has been recycled several

times.



CHAPTER 4

PRECONDITIUNS FOR THE EXISTENCE OF HIGH-LEVEL KASTES IN A FORM SUITABLE

FOR SPACE DISPOSAL TO BE A USABLE CPTION

Perhaps the rost puzzling aspect of discussion concerning space disposal
cperations, both in popular woiting on waste manazement and in general cvor-
views by industry and government representatives, is the frequeat failere
to distinguish it sharply cnough from terrestrial methods of waste management,
As is shown in Fig. 4.1, dectailed analyses by ERDA and its contractors clearly
separates transmutation and space disposal from other nethcds.l Bat their
distinction is not made primarily on the basis of end result, that is, the
degree to which the wastes are removed permanently from any possibility of
re-cntering the envisonment. It is made on the basis of the prior conditions
that must be met before transmutation and space.disposal can be implemented,
Commercialization of these procedures would require the existence of an in-
dustry or government capability for the removal of virtually the entire

inventory of fission products from the high-level waste stream, leaving behind

a product that is very rich in the long-lived actinides. Without such waste
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partitioning, space dispgsal and transmutation are held to be to> expensive
and difficult to implement in any foresceable tiwe frame.

Terrestrial scheaes, on the other hand, have in common a great deal of
flexibility in material kandling capabilities, however outlandish and cxpensive
they may be, Most, if not all, of these methods would require only moderate

increuental addition=il investaent; to adapt to 2 wide variety of masses,
densities, and chorzcteristics of lili/. Even the unprocessed spent fuel might
be easily dealt with. This is not true for space disposal.z What interests
us here is the question of whether those isotopes whose toxicity and life-
times are considcred to present a serious cnough hazard to warrant cuch
high-technelezy haudiing ere tikely to be well enough separated frca the

fey

Pl

reater mass of spent fuel! by conmercial processes 50 o3 1o present

k]
o e Sl e P -
LLL O RESE o

Fithcut going too deeply into the precise techaical details, which will
be discussed elsewhere in this report, we assert that the net mass of very
lonz-lived transuranics is small enough over the 1975-2000 time period
considered that present and projectced NASA launch vehicles are capable of
repoving them peimanently from the planet. . There still remain two important
conditions that nust be satisfied before space disposal can be considered a
viable option. There must bc sufficient separation of the fission products
and other materiazis froa the transiranics so that the mass, thermal powoer.
and activity of the resultant packaze remains within the scope of possible
launch capacity: the various scparation processcs must be efficient enough

to guarante: that all but a very smzll remnant of the transuranics actually

end up in the final disposal package. If the first condition is not met,

;u;f;ls
g 5
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the program is not possible; if the second condition is not met, the progra;
is not sensible.

A minimum requirement for simultancous Jvlfillamcnt of these two
conditions is the existence of a fuel reprocessing industry capable of
expanding rapidly enough to deal with all of the commercially produced

spent fuel. It would make little sense to initiate space disposal operations

to handle the output of 2 reprocessing capacity projected to be inadecuarte

LE

to reduce the nation-wide spent fuel inventories if these spent fuels are
to be stored in retrievable or temporary storzge facilities. Hish-level
wastes are separaied, not created during reprocessing. The hazardous
iscicpes zare no less dangerous when diluted in the spent fuel.

In accordance with the previously stated assumption of this study,
exd with st ants made by HiDA, N&l, end incusiry porsomnel, wo uwill not
treai~ Pu separated frcm the spent fuel during reprocessing as cahdiia:é
wastes for ultimate disposal. But presently censidered HLW disposal methods
are not being shaped entirely by ccacern over the Pu remnant in the HLW.
Assuning sufficient reprccessing capacity to deal with all spent fuel,
about 98% of the Pu produced in commercial nuclear power reactors will
either be stored in (presumably federal) Pu repositories or recycled back
into the power system as MOX-LWR or LMFBR fuel. Of the romaining 2% or
so, only one-fourth will be in the LW,

The question of what heppens to the remaining 1 1/2 % of the Pu is 2
critical one for establishing the '"scasibility" of space disposal, ecven if
concern about Pu is not the determining factor in selecting an ultimate

disposal system. By one widely accepted set of estimates,3 the distribution

of Pu losscs in the GESMO fuel cycle would be as follows: 0.5% would go to



W

HLW as is commonly stated, but another 0.5% would be lost to low and inter-
cediate-level wastes at the reprocessing plant. Additional losses of 0.5%
to transuranic-contaminated wvastes will occur both at the mixed-oxide
conversion plant and at the fuel fabrication facility. For all except the
HLN, the Pu will be mixed in with large quantities of other material.

These Pu-contanminated wastes would, therefore, not he candidates for other
than terrestrial disposal. ¥We anticipate that this loss problem would be

entirely confined to Pu, and take for granted the statcments that "all"™ of

A

. - = =
the other transuranics would be exiracted as HLYE, with no loss to oiher wastes.

It would be most convenient if we could establish a fixed bench-mark

% - h ] OO | 2 aaye & iR =~ fod ey - 3 1 1y e e ~%
for the nucleavr indusiry o spzcify the level of efficiency in keening trnck
» S - P o ~3 = s ~ P ] ~ Faty M 3
of Tu at vhich spoue disposnl 33 YronniBhio” accerding 1o cur critericm.,
10~ F . S e At H - .
S‘}CC;.i_KL COnaaIt s, BTWever, Voo g0o0ereinz 1o Thl Oyols cRoson z=d the

relrtive weights assigngd to short-tern versus long-term concerns. The

as yct unresolved question of the relative hazard of inhaled alpha-emitters

versus biologically mobile fission products slso hecomes a factor. We may

at least begin to examine this problem by treating threc separate possibilities

for the nuclear fuel cycle: a "throw-away™ cycle in which all spent fuel is

treated as waste; a "stow-away' cycle in which Pu is kept availzble for

possible reuse at a later time; and a complete recycle econcomy & la GESHO >
The “throw-away" cycle prescnts twd important cases. It is possible

that spent fuel will never be reprocessed. In this case, it is unlikely that

space disposal will prove to be possible at all unless the size of the nuclear

power industry is very small or NASA develops an extremely heavy-lift vehicle.

There is also a small, but finite, possibility that reprocessing would be

promoted primarily for the purpose of facilitating waste management. In
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this case, all Pu would folilow the HLW.G There would still be recycle of

U, lowering the demand for mining and cnrichment services slightly, particu-
larly if the nuclear industry continues the present relatively poor fuel
burns. /. present low capacity factors, considerably rore 2350 remains in
the spent fuel than in our analysis of Case C.7 As no attempt would be
made to extract Pu, it would follow the HLK with roughly the same oificiency
as the other transuranics, and there would be little Pu left cutside

the HL¥ stream. The Purex process for extracting U from spent fuel, as

used by AGNS and other proposcd reprorossing plants, is said to produce U

of such high purity that there is no concern éver fractional losses of
transuranics to the recoyclied U, Althoug

- +h3 - 3% wnnrla 2t oyt < -~ - Loy Fm e ey S T N1 e &
for this cose, 1t would certainly be scnsitle frop the point of view of

et
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The "'stow-away" cycle predicates the cxistence of reprocessing capacity
adéquate for the separation of al! of the Pu in the spent fuel. Again, therc
are two primary cases of interest for waste maragement. In the first, the
Pu is separated and stored, but the Kill are not further processed before
disposal. 1In temms of possibility of the HLW, this case is very much like
the second case discusred for the "throw-away™ cycle. Table I1-3 shows that
almost all of the Pu activity at short times is from beta-cmitting
242?u with & 13.2-year half life.g This nay be treated os i1f 1t verc a
fission product for cur purposes. Therefore, the removal of Pu from HLW
that already contains large quantities of fission products makes very little

difference for wastc management 2s far as total mass and activity arc con-

cerncd.
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However, if we stipulate an 0.5% loss of Pu to other than HLW at the
reprocessing plant, an appreciable fractiagrof the original alpha activity
will remain in lower level wastes., For the fraction lost to the low level
wastes, the alpha activity over time will decrease simply accofding to the
half-lives of the various isotopecs of Pu. The alpha activity in the HIW
is more complicated to analyze. At shorter times--1css thanp a thousand
years or so--the activity of &n and Cam dominates. However, as these decay
awvay the decay products are usually salpha emitters as wcil.lg At ?erf long
times, the HLW activity is_dowinated hy the Pu produced by decry of Cm and
Am. Details vary according to the type of fuel, and will be discussed as

they becone reluvant, For thz all.¥ IWR cycle being exanmined hesc, the

.
- - 3 e = T I i At - =1 ol L . = ey s
result is that the aiphe activity due to the 0.5% of the Pu that remains in

the low level wastes will be reozhly 1% thui of the toiz! alpha sotiv

[

e
v7

[
o

of the HLW ac 10 years after reprocessing, about 5% at 1000 years, and will
continue to increase to about 25% of the activity in the HLY at 10.000 ycars

11 . . . .
1 more. This poscs a seriocus question as to the efficacy of space

disposal for this case. The purpose of space lisposal is to markedly
reduce the inventory of alpha-emitting isotopes at very long times., But
the Pu lost to other-than-HLW will be disposed of terrestrially. Unless
such losses can be rcduced, it is not clear that space disposal of the
remainder is sensible.

The second case for the "stow-away" cycle is th. possible separation
of the shorter-lived fission products from the longer lived transuranics
and Qch by partitioning. This much reduces the mass and activity of that

portion of the LW that contains the transuranics, and makes them more

ORIGINAL PAGE IS
OF POOR QUALITY
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amenable to space disposal. We shall discuss in Chapter S the
various degrees of efficacy in removing fissian products and the effeét
this has on space éiéposal'éperations.lz F;r'Ehe present, let us merely
suggest that about an order of magnitude reduction in necessary throw
‘weight can be achieved. . : : - s
Obviously, this markedly increasesrtheigessibifity of space disposal
for the case under consideration. But the effect. of Pu losses to other than
' HLKW argues even more strongly against semsibility. To see this, ;gt us
examine the effects of partitioning over t%{h téejthaasaﬁi year snd the
greater then 10,000 year time scules. Over the first thousand years, the
activity of the long-lived ??agsaranics will be less {han the hetz-activity
of Pu, and far less than the écf%vity of thé:?ibFiUQ products, in teras
of torzl netivity, nothins nuch is (e be gained over the first theusand
vears or s¢ by partitioning and disposing of the long-lived frécti&n. As
with the previous cuse, the alpha-activity of the 0.5% Pu loss will be small
compared to that in the HLW, rising to about 5% at 1000 years. But space
disposal is not generally held to address waste managesent over this time
scale, even if concern ove:r transuranics dominates. Over the far longer
time scale of Pu decay, an apprceciable fraction of the total alphe activity
will remain on carth in low level wastes, By our previous calculation, only
4/5 of the long-lived alpho-omitting transuranics will be availchle to be
disposcd of by the combirnation of partiticnding and space disposal.
As this second case for the "stow-away" cycle is the first relatively
possible one discussed, it is worth pausing to cstimate the level of Pu

managment that would increase its sensibility. Properly, an absolute

criterion for the total inventory of long-lived alpha cmitters should be



estahiished, dependent on i&e‘tyﬁe of wastes in ghieh they are cantéineé

and the method bf’éispesél of those wastes.  If such a nuwber (or set gﬁm
nuzbers) could be devised, wnore accurate estimates of the Tequired accounting
of Pu in.lax level wastes could be éénstructedj Even to attempt éuchran'
estimate is beyond the scopc of ?hiﬁ?studf‘ | :

’ What we can suggest is a nééessary {but not necessarily sufficieﬁt}
critericn based sclely on the percentage of the long-lived alpha emitters that
can be removed from thg planet by the combination of partitiovning and gpace
dispeéal. it would be remarkable if the total alpha curies to bz produced
by the nuclear industry would be just exactly .at the level where the removal
of 80% of the activity would Jower the risk to acceptable levels. Barriag
such an unlikely coibination of circumstances, we propose ithat eny hig;-
technology operaticn such as ypertiticning znd space diepessl hoofd at Iceast
reduce the loaz-lived alvrha inventery by o ordors of nkag

For the case under cocnsideration, we note tlat the effect of the decay
of Cm and Am in the HLW at long times is to increase the inventory of Pu by
roughly a factor of four over that portion attributable to the original

vaction of Pu at reprocessing.13 If 99% of the alpha activity at times
longer than a few thousand years is to go off with the HLY, thi- I:poses
a conditiun that only about 1/25 of the amount of Pu in the HLW at the time

of reprocessing be lost to other wastes, corresponding to about 0.02% of the
i

total amount cf Pu in the spent fuel.L
Industry sources have suggested that the loss of Pu to other than LW

is in fact avoidable, Automated machinery to detect segments of sheared

fucl rod that are sealed off into their insoluable cladding would help, and

does not appear to present insurmountable technical difficulties. Careful

R < |
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aitentisn‘tg the cleaning and design of all equipment that comes iﬂtéfégﬁtaét '

with Pu might prevent other 13533';;'§t7is:§§£ clear whether these fixes
will be aifﬁrdabie or possible at theirEq&if§é'3é¥el, but there is a clear
need for some reduction in the'inéidenialrl§ss:ef’Pu at the reprocessing.

plant in any case, Otherwise, it would haréiy seem warthwhile t&ég}g&&éz~

enormous sums of money and talent to dggisa,aay'iz;gysrsisiggmet§@é~fer;
disposal qfiﬁgﬁ. Whether the required reducticn from 0.5% to 0.02% that
we have set up as a criterion can be accomplished is a écie difficult
question to answer, |

N

The third major sccnario we shall consider is the GESMO Pu recycle

HA.
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case, As in tho GESMO, S¢% o this cycle is ordinary istopically

epricied U, while 17% §s MOX made up of Pu and natural U cxides. The mass

IS

and total activity of th~ HL¥ ore not much chanzed. As was chown in Table 3 5,
the overall inventory of alpha-emitting transuranics, will be considerably
increased owing tc the very high transuranic content of equilibrium MOX spent fuel.

" For times on the order of a hundred years or less, the alpha activity will

244Cm, which is increased by a factor of seven in the average

be dominated by
waste mix over the inventory for an equivalent ail-U fuel cycle. At longer

* times, thés drops to roughly a factor of four, primarily from decay product

Pu,

The initial inventorics of Pu in the average mix HLW will net iancrease
greatly. 239Pu will be up by about 10% and 248Pu by about 1/3, More jmportantly,
the act of recycling the Pu will entail greater losses to other than high level
wastes, Ifxwe take present estimates as relinble, then in addition to the 0.5%

loss at the reprocessing plant, another 0.5% will be lost at both the oxide-

conversion facility and at the fuel fabrication plant. Thus 1.5% of the Pu in

DRIGINAL P .
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spént fuel will be loot to low and intermediate levelrwastes as compared to
the 0.5% that follows the liLW. The absolute activity of this "lost" Pu will
be zbout feﬁr times what it wauié be for an 'all-U fuel cycie.ls

Paradoxically, although the absolute loss of Pu will increase, the relative
efficacy of space disposal for removal of long-lived alpha activity will remain
almost unchangea from the previously considered 'stow-away™ cylce. This.
is becausc the much larger Am and Cm inventories in the MOX spent fuel
,;markediy increased the quartities of decay-product Pu produced in the
average waste miX. At very long times, only abovs one-fifteenth of the
gsgPu_and 240Pu in the HLK +ill be undecayed remnants of the original Pu

16

inventory at reoprocessing, The greater

<

lage]

art of the Pu present (and these
two isotopes dominate the Jeng-term alpha activiiy) will be from decay of
Aui, Looking v the different decay “iucs and total activities
of the two isotopes of Pu, we may cstimate that the total alpha-activity
in HLW from an "average mix'" of wastes in the GESMO equilibrium MOX recycle
case will increase by roughly a factor of four over the all-U case.17
Therefore, the ratio of Pu in the HLW to Pu remaining in lower level waste
streams is, at long times, about the same as for the "stow-away' cycle cven
though the amount of Pu lost in this way is incrcased by a factor of four,

The arguments made for the previous case can then be simply extended
1c.the Pu recyle case, with the caveat that the incercased guantity of fu in
other than HLW may placc an even higher performance criterion of Pu accounting
when absolute activity standards are established. On the previous assumption

that the minimum condition for space disposal to make sensc is that it reduce

the amount of Pu (at long times) by two orders of magnitude, the requirement

GE IS
RIGINAL PA
%&QQQB;QUW
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now becomes that losses of Pu to lower levcl wastes te held to 0.02% at
each of the three steps--reprocessing, oxide production, and fabrication--
or to 0.06% total for all processes.ls

The implications of these scenarios for space disposal can perhaps be

seen more clearly if we rcorganire them in terms of the handling given to

iz

the HLK before d-livery. The threc possible cases for HLW handling ave
the disposal of undiffercntiated spent fuel (which is not really LLW in

4

the usual ;.irlance), HLW from reprocessing vitheour further treatment, and

w
=
N

the transuranic-containing fraction of partitioncd DL
Space disposal of undifferentiated spent {ULI wonld be pos le only under
a very reosiriciive ser of conditions that kept the ¢rtire nuclecrr ipdustry

b 1 B o . £ 1~ Yy 3 I B S
very small indecxd, However, as virtunlly =11 of tho leag-Tived v

¥

Ry e T4 N
disposz) gonld be ooletot:

It

3

vastes are cont2ined in the spont To0l. spooo
effective in removing them permanently from the enviromaent.

Space disposal of HLW from reprocessing would be achievable if only a fraction
of the spent fuel were reprocessed to extract Pu--for instance to gencrate
fuel for an experimental breeder reactor program., However, n great deal more
Pu would remain in the unprocessed spent fucel than would appear in the HLY.
The 5% of the spent fuel that rarains would contzin ten times the azmount of
Pu that would follow the HLW, Fven if Pu were not extracted, 9% of the
spent fuel would hey b reprecessed 1o achiove the dosirad reine ien o)
Pu inventory. Tncrefore, reprocessing of all spent fucl is a minimzm
precondition for the use of any expensive, high-technology waste 'isposal
procedure to be sensible,

ORIGIy,
(H?f%xﬁ%ﬁdnAGﬁ?ﬂs
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if Pu is not extracted in reprocessi.g, but follows the HLW, no furthér
conditions need be met. When Pu is extractcd, vhether to be stored fer future
use or for immediate applicaztion, an additional sensibility criterion is
imposed by the losses of:Pu to other than high level wastes at various stages.
If our minisum cordition for the arplization of <xpensive, high-technology
worcte dispostl is accepred--that i, a recdustion in Pu inventories in total
wastes by two orders of - gnitudz--thon prosent estimates of 00.5% efficiency

in retaining Pu during process handling vould have to be improved to 9%.98%

Assuming that the martiticening of HLE would result in no additional

- e = ra X = T -
22 to Gther than the concentrated
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tyon-curenicerontalning ryssticen, the sensihilizy criterion given chove ave
ol z rd
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lived fraction wvould maie spzce disposal operztions practicable over 2 much
wider range of installed nuclear capacity.

The case discussed in most previous studies of space disposai is that
of partitioned Hi¥. Tnis satisfies the primary considerations of technical
possibility. From the discussion zhove, it may be seen that technical
criteria alone are necessory, but not sufficieat, for determining the desir-

ability of space disposal operztions. The possibility of achicving required

o} r i - 2 ~ o3 * P -y e T3 3 e
levels ef perforszence in reprocessing, Py accounting, ard partiticning nust

2 ]

be determined before the probability that any high-teo! »ology exotic wethod

"~

of nuc. car waste management will be usable and cffecti~v can be estimated.
Gi .n the present state of knowledge concerrning the p3  -sses involved, an

accurate determination is not possible. We can only 1 generic cstimates
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based on extrapolations of present practices and predictions by cthers as to
achievable levels of performance in the next few decades.

At the present time, there is no comercial reprocessing capacity
Sperating in the United States. The only operational reprocessing plant,
»S in ¥r.t Valley, New York is shut down a* the present, ostensibly to

expand its czpnaity amd upzrads equl 7a~hL.}9 Accoerding to the operators,
the capacity of KNFS is beirg increasod to about 750 ¢
sear.  Official accounts, however, play down the technical and political
in the closing of this plani., BDes
in GESMO and other documents, that XNFS would resusmc operations sometime in

a9 LIS ‘. P T, S < e 1 e
¥ol, SO a@s now viihormw 1ts plans ond is ctizmpline to vocate
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Electric in Morris, 11iinsis has becon vivtually chandoned. This plant was
designed - nund an "“aquaflor" process that had marked differences from the
usuzl Purex process. This process had ncver been used on a comaercial
scale, and GE experienced great difficulties in process opcration and
plant design that were inherent in the construction of the process stages
at MFRP. A very large investment vould be veguired to modify the plant so
as to obtain successful opcration, and the combination of timc and moncy
reguired ace such that GE will apporently chandon MPRP rather than trying
to nodify or correst it.”
In our view, then, the only comuitted reprocessing facility in the

United States at this time is the AGNS plant in Barnwell, South Carolina.

This plant is also besct by a number of issucs that must be resolved before
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it becomes fully operational.22 The profitability of AGNS has been called
into question by i;any sources. The NRC will not make its decision on the

conditions under which Pu recycle wiil be allowed until 1977, 2nd the AGKS
operators are reluctant to open the plant until Pu recycle is allowed.

33 F . scilities y - 3 3 3
Solidifed waste facilities have not even beea designed at this time, and the

-

rmethod usced for colidirication has nnt yet been agyesd upon. There is s

s . -
T aTe on ' anral i)3 4 3
operate it as an experimental facility to help resclve some of the questions
E] ~ 3 -y ooy 4 T o o g~ Tl T YT ¥ T oy z I
85 10 ICLITLAIMTY, eneration, and profivebiliiy bBofove privote Iadustoy
. 23
T p 1 e et S
comrits itaclf to the comstiisting of o007 1vical s lants,
Tro ooaaly chior teninon Fooitite o7 i v Doimoabn sl oraed

Exxon plant. It is very doubtful that Exxon would initiate constructioa
on this plant until some of the difficulties with AGNS are clecared up. It
is ccrtein that only successful and profitzble operztion of AGN3 would induce
other private companies to consider the construction of the additional re-
processing capacity that would be requircd to close the back end of the
nuclear fuel cycic and reduce inventories of sp-nt fuzl.

From the point of view of this study, however, the decisions that would

o . r ey a5y s . cni frial ghne
cnable the complote reprocossin:, of all spont fusl thot

It

§ & preo

uls

the usc of cexpeasive, high-technology waste disposal cperatious to he a
sensible method for HLW are indépendent of whether or not space disposal is
considered to be the most desirable method. Other considerations are far

more important. The details of waste management at these plants, however,



cirnot  be independently determined by other considerations without seriously

interfering with any supposedly independent decision on HLW disposal.
Partitioning is still, at this tinke, a hypothetical process even on

an exper.mental scale. There have been several swudies that have examined

. 24 :
the technical feasibility of reprocessing op-rations,  and they have

generaily indicated that a considerable anount of reseorch will have to be
done Lefora comzercicl procvess fliaw charis can be desiongd. This situcticn

is unlikely to chanze so long as cuorrent disinterest in partitieniry as

at a very hich level. Should an aaple suppiy of techniczl support and

Taiuntions oald be
Taere would be no reasca O canstruct a partitioning errestrial

geologic disposal is 1n3d 10 be adequate.

£ teaditional approaches to waste managerent continue to be frllowed
in the future, it is very improbable that the other preconditions for space
disposal opcratioins will be met sither. There is no profit to be had frox
waste management, and therefoi:. no intentive to do other than ncet necessary
regulatory requiremcnts. Although it may be presuiptuous for us to assune

that we c¢an forecast more accurats:

it would seem most probable that
solidify the HLW into a glass, either by the French process or by comparable
U.S. processes., This would preclude any possibility of subsequent redissolving

and partitioning, but, as we have pointed out, there is no rcason to partition
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unless a decision to disposc of HLW by a method requiring partitioning has

already been chosen. The additional requircment that Pu be kept out of the

lover level uwaste streams to zn accuracy of 0.02% or better would cntail
considerable additional engineering and costs. Oaly a pricr decision to

restrict transuranic disposal to a methed (such as space disposal or transmutation;
that removes it froa any chince of ever re-eatrering the eaviromient

vould oven lead te consideration of such tisl - zccowmtabitity fox
losses.

Tt is, therefore, rnot correct to merely estinate ibix prebabilities thot

1igsYihieod thot spaee dispesal operaztions wil! be both nossible and sensible,
As Jon- 23 wnRte v sontlnoes te bo o troarod n o hisor T, &~ RdTu
the L0001 e GI Thoc weerlenT g ooelogyrie ounTy o Lioaire,
Iy, and CIfert &S ars veq rod fvr the folilivied LAY to meet realaiory

minimun requirements will be expended. This will effectively foreclose
a number of options for the management of nuclear wastes that might e nost
desirable on other grounds.

If a high-technology option such as spacce disposal is to bc selected,

tiien the other portien:z of the fuel cycle that have an inmact on the

applicebility and efficacy of the chosen rethod nust 2lso be altered to

L 1Y lenep, 3 L Caa . . T T = 1 “ 3iAyre 3
iacilitate it,  To return U2 our exanpices, if the nuclear indvsiry is to

: - IR I .Y, PARE AR | 1. = 1. R N T -~ o 1o P e [N
be very siall wnd the use of Tu held to e widesirdlls, o sclectian of space

disposal as a desirable mcthod would entail the construction of the nccessary
reprocessing plant to scparate HLW from other components of the spent fuel

even if recycle of the U was economically unprofitable.
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For the perhaps more likely case of an extensive ILNR economy with Pu
recycle, a decision to dispose of the long-lived transuranics by space
operations would require the fulfillment of the previously wentioned con-
ditions of complete reprocessing, high Pu accountability, and partitioning

of all HLW. All of these steps should properly be comsidcred to be part of

the waste disposal opcration, Just as the GES:O takes into account all
porticens of the nuclear fuel cycle for computing the valuc and efficacy
of recyﬁling Pu, a proper statemcent of thc possibilities for nuclear
vaste manageacnt nust include all other operations that might have to be
performed at other steps in the cycle to ensure the valuc and efficacy
of the method under censideration,

The questions, then, are thesa: What is the

e

robability +hat the ret

s
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atioas would in fact become properly linked and, if so, ho: probabtle is
it that the consequent decision would favor space operations? At the mozent,
the probability that eitlier one of thecse questions would be answercd
affirmatively appears to be very small indeed. This does not necessarily
imply that no furtier attention should be paid to consideration of space
disposal. Concern over the dispcsition of HLW is rising markedly as inven-
tories and projections increcase and public concerns become more cl- rly
articui~ted, Over the naxt few years, it is possible that, on grounds other
than cost-eifcctiveness or maximun simplicity, the space disposal option
and other high-technology methods will be looked at far more closely, with
an eye to altering the operation of other parts of the fuel cycle to
facilitate such operations. The great danger is that the linkages between

the several operations will not be acknowledged soon enough to prevent an
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irreversible co-n;tnent to a fhcxlity that is not capable of perfbrning
at the level required. Th1c could foreclose the options even as they are
being considered.

It does appear unlikely that space disposal would ever become a’
selected method for managing nuclcar wastes unless there were a delxberate
and conscious social decision to peimanently rcmove the wastes from aly
possibility of ever re-entering the bicsphere 2 spy time in the future,
Such a decision is not to be taken lightly, nor will it be.

But even if this decision were {o be seriously considered, there are
a number of specific questions that would neea to be ai-swered before,the
iupacts ¢f such 2 pregres conld be estimated: Hat are the oprrationsl
hazards and rishs? Whet would the sccial, radiolegical aud political
consecue: cos of full-seale eperaliva b give o {ized sct of nrobalilities
for operational risks? What woula the rocial aid cconomic costs Lip?
_These questions are not linited solely to the space operatiocn itself.

As we have mentioned earlier, space disposal cannot be imélemcntcd without
also crcating the necessary appurtenances and supro:rcing institutions

to modify the fuel cycle so that the actinide portion is separated out
cefficiently and effectively. As time passes and the components of the

fuel cycle are increasingly cormmitted for the sake of short-term goals

and deterwined by avzilable and well-understood techrology, the possibility
of having the choice of space disposal availeble if it is wanted vill
increasingly be pre--~pted. Large capital investrents in waste handling
and processing equipment, large political commitments to defcnd the
sclected waste managemcnt system, and large inventorics of solidifiecd

high-level wastes that can no longer be adcquately redissolved for
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partitioning would all be irreversidble steps along a path that is not
compatible with space disposal. If the deci_;ioni to: keep the space option
open is not taken within the next ten ycafs or so, ;hilé there is still
a window fbfq; wide range of wiste management choices, we must ask whether
space disposa; is likely to remain even a possible oétion.

For the remainder of this study, we shall assumc that a decisibp to
opt for space disposal has been properly made, and that the preconditioné
listed have been met. The next step jis to assess the impact of a space

disposal opcration that is technically possible and radiolegically seasible.
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Notes to Chapter 4

Alternatives for Managing Wastes From Reactors and Fost-Fission Operations

In the LWR Fuel Cycle, Report ERDA-76-43, U.S. Energy Research § Develop-

ment Administrction, Washington, D.C., 1976.

Space disposal operations are particularly sensitive to HLW therwal power
as well as radioactivity, owing to the nccessity of protecting the in-
tegrity of the re-eantry capsule in the case of an abort. We shall return
to this subject in Section IV of this report.

T. H. Pigford, "Radioactivity in Piutonium, Americium and Curium in
Nuclear Resctor Fuel," a study prepared for the Ford Foundation Emergy
Folicy Project, Dept. of Nuclear Engincerinz, Upiversity of California,
testeley, Calilornia, Jaée, 1574,

In the Purex process, both the U and the Pu are extracted at very high
purities. The only other primary output of the process is the high-
level waste stream. A flow chart for this process indicates that the
loss of transurénics to other than the HLW stream will occur only for
Pu, and the Pu losses will be incurred only because of the subsequent
handling it receives.

Draft Generic Invironmental Statement of the Use of Mixed-Oxide Fuels

. (GELH0), report # WASI-1327, U.S. Atemic Energy Comaission, Washinpton, D.CL,

August, 1974,

Only the Uranium would be extracted in the Purex process for this case.
But as this comprises the bulk of the spent fuel, mass reductions of
about an order of magnitude would still be achieved compared to unprocessed

spent fuel,

ORIGINAD PAGF, IS
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10.

11.

12,
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For instance, at an 80% burn, corresponding to 26,400 MXd(th) /Mg, one
third of the original 235U inventory would remain, corresponding to

an enrichment of about 1.i%. At curreatly achieved capacity ractors of

235

between 50% and 60%,r roughly one-hali of the " "U would be aischarged

~in the spent fuel. This would correspond to an enrichmeat of about

1.65% for the recovered I, Source: ORIGEN code run for model Diablo
Canyen reference fuel at 30 1W(th)/ilg, 3.3% enriched U fuc:.

Of course, there will be associated losses of various isotopes of
Uranium from the variocus U handling facilities. However, the pumher of
alpha-curies produced is quite small. Presumably, fuel hold-up times
will be sufficient for the shorter-iived lLeta-active isoteoprs of U to
docay away.

Seo tdso Ko FL odng, "Queodities of Actinides dn Nooloeor Roantor Julel {voic
Fh.D. Thesis, Departuient of Nuclear Engineering, University of
California, Berkeley, California, April, 1975.

A rather complete discussion of the decay mcdes of the scveral actinide
species is given in Chapter 3 of this rcport.

At these long times, Plutonium is the dominant contributor to the HIW
activity. For times lenger than 106 years, of course, the longest-lived
components of the waste, such as 237Np will dominate, but by this tiae
the total activity in the wastes is quitc low,

Perhaps a more important consideration will ultimately tiwrn oat to be
the degree of removal of the transuranics from thc fission product
fraction of the partitioncd wastes. Throughout this report, we assume

that these losses are negligible, and do not contributc to the losses

of Pu or other alpha-emitters to terrestri%ﬁﬁ*x& th§ . Should
0B POOR QUALITY,
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the partitioning process involve a significant amount of loss of
transuranics, the efficacy of space disposal would have to be re-
considered.

For a graphic display of the growth of Pu activity in HLW, sce Pigford,

op. c¢it., The estimate here is based on the following draft GESMO estimates

per Mg of 150-day aged spent UQ, fuel at 33,000 MJ<d(th)/tiz assuming

2
0.5% of the Pu fellows tue HLW:

239Pu ) 24,400 yrs 26.5 gns

2 3 . 39
43Am 7,950 yrs g5 gms (to 2°9Pu vig 25 Np)
240Pu 6,580 vrs 11  gms .
24“Cm 17.6 ¥rs 20 gms {te 240Pu).

Obviovusly the coloulated fraction is not the ssme for all tives, We
reve porforned this calculaticon as Follows, Al the time of reprocessing,
assume that for every 1090 Ci of Pu that goes to the HLW, 40 Ci are lost
to low-level wastes. At the time when the Pu in the HLW peaks owing to
decay of Am unl Cm, the alpha activity due to Pu will be equal to that
of a mass of Pu which had an activity of 4000 Ci at the time of repro-
cessing and the same isotopic composition as tie Pu in spent fuel,

At least for that period vhere 240

Pu activity dominates. At times

 nS 239 . . . .
longer than 10° years, Pu dominates and the activity will be increascad
by a factor of about 3.3,

This estimate is based on the GESMO “average mix" estimates per lig of

150-day aged spent fuecl, assuming 11% MOX and 89% U02. at 33,000 M¥d(th)/ig

gm' 4NAY, Pacr 1o
m: U EIU

assuming 0.5% of the Pu follows the HLW:
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18.

19,

21.
22,

23.

24,
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239, 24,400  yrs 30 gms
23,, 7,950  yrs 380 sms
240Pu ?,580 yrs 15 ams
244Cm 17.6 yrs 210 ms

Compare the Pu inventories in notes 13 and 16 above.

As in note 14, we usec Pu activity in the HLW at the time when decay Ta
from Am and Cn peaks to establish an equivalent quantity of Pu at the
time of reprocessing7

Nuclear Fuel Cvele, a report by the Fuel Cycle Task Force, report

# ERDA-33, U.S. Encrgy Rescarch and Developnent Administration,
¥ashington, D.C., March, 1975,
Letter from NOR. Wertharor, Chaixran of hew York State LR 10

L. C. Seamans, Jr., Adninistrator, U.S. ERDA, Novemher 30, 1970,

Ruclear Fuel Cycle, ibid.

Wall Street Journal, Feb. 17, 1976, at p. 1.

J. G. Phillips, '"Nuclecar Report/Fuel cycle problems come back to haunt

industry," National Journal 8, 268 (1976). Also see Ref. 22, ibid.

J. W. Bartlett et al., Feasibility Evaluation ¢nd R&ED Program Plan

for Transuranic Partitioning of High-Level Fuel Reprocessing Waste, report

#BNWL-1776, Battelle Pacific Northwest Laboratory, USAFC, Richland,

-~

KFashington, November, 1973,




" PART 11

THE ROLE OF THE NASA SPACE SHUTTILL PROGRAM
IN WASTE MANAGEMENT



INTRODUCTION TO PART II

In Part 11 of the study, ve e.smine the techuical, policy, ind
public envircnments in which a space disposal program would operate.
Part T 12id down the p. ecundivions for spoce disposal {o e givaos .
cosideration 2s am option, Pave 11 exnuines the co cstions that we 7

PR .
afte el

kere to by met for soccessiul poopven opors dots e coadition:
limited to the techniczl and coperational management of the shuttle program,
over vhich FASA has at lensi some direct control. “1i the hypothesized
shuttle-based space disposal program is to achieve its goal of marlhedly
reducing terrestrial invcentories of long-lived nuclear wastes, the rest of
the nuclear fuel cycle must be technically adjusted and managed to those
ends. Both industry and govermment policies and regulatory clinmoate would
have to be compatible with the requirements of space operations. FPublic
coufideace in the ability of NASA to preveps accidents, and public witliing.
ness to accept then if they occur, would be neceded. We argue in this pori
of the report that, in the present industry, government, climate, these

conditions are unlikely to be met.

. (HHGHNAI,P



Chapter 5 introduces the space shuttle technology developed by FASA
as it applies to conceptual space disposal programs. Miscion profiles
and waste packaging design are adapted from previous NASA studies. The
managcaent of the nuclear fuel cycle is showm to have a major effect on
the needed laeach rate for the 2ssuzed Space disposal technolojzy. As
this is not dcterrminable, we choosc to estdblisl three cases: rising to

10, 106, or 1000 launches per year by the year 200D, These bracket the

-

range of cheices, frea lov enough te be easily {itted into proiccted

shuttle prograr growith to large encuzh- to throw & mazjor striin on the

entire U.S. aerospace industry.

Chanter S.parallels Chujpter 5, bat cxamindg the needess proreen

Fayo ” - - Lol ey § P v -nan, Fod
Ysoftuare-.the soroucee, Tastiturionncl, and wong oowent recquiresonts for

- -1 em Jaiemmcee eea ] Tant et eal e T
P CAOURTR N S S P S SRS 7% B B S A N SRR

as mineral Although we had neither ihe time nor éhc resources ourselves
to survey the shuttle production requirements ;loscly enough to try to
identify "bottlenccks™--arcas that arc lilcly to restrict program expansion
at the requircd rate of growth--we generically identify a set of problems
that arc likely to occur. Shifting a2 program frow an experimental one
bascd on a few vehicles to one of large scale entails expansion at a very
rapid. rate. Physical resourccs neceded may net be expandab'e at that rate.
'eriaps rere critlcélly, erganirations and instirlicns cre nat v -l

suited either for high growth rates (going to scaie) or fur rapid shifts

“rom highly stimulating expazxmcﬁtal programs Lo repetitive high-volume

oncs (going to routine). Even if physical and industrial resources could

be provided to handle program zrowth, problems of organizational growth

might prove insurmountatl: at the required levels of institutional performance.

ORIGINAL PAGE It
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It is not only difficult, but impossible withﬂany degree of accuracy,
to predict policy, regulatory, and public reactions to a future space dis-
posal progran, Khat we hove done in Chopter 7 is to examine the past
history of institutions that have dealt with wastc management in soae
capacity. Frea this history; we can infer what institutional issues and
regulatory milieus are likely to cccur in the near future, based on
extrepalatien of progrem histories snd gircctions., Similarly, we examine
in Chapter § the tuo extant mllic zttitude surveys that have becn
perfommed on public respus.es vo vuclony vasis pziegoaeni dnd ationpi o

drow {rom these some conclusions abcut future jublic attitudes towards

- T . L3 e
spoue disposad, noecessni s

: c el suhoan oxtrnoolation
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the goals and purposcs of governments and the puhlic, spacc disposal is

unlikely to find a hospitable climate for opcration.



CIAPTER §

- s
THE SPACE DISPOSAL OPTION USING THE SHUTTLE

Introduction,

Dirposal of Jopg-lived sarclear wesvos in cute s o ¢ ¢an he ay
atiractive idea if the goal of waste managenent policies is irrcversibdly
to remove these wastes froa 211 possibility of re-entering the hupan
environment. Two major issues need to be considered in deterwining the
utility of current or projected NASA-developed capabilities for effec-
tively removing the bulk of the long-lived wastes: whether the program
will have the capzbility to ezl with the masses involved for a reasonable
mission profile; and whether such op~rations can be performed at a level
of reliability that would lezd society o deternmine that the risks
involvced would be reasonable and acceptable. We dofer the issue of safety
adn reliability to the next section, and address here primarily the issue
of the adequacy of present and near-future NASA capabilities for dealing

with the wastes at the levels currently predicted.



5.2

In the absence of technical aid and advice from NASA technical
personnel, we are unable in a limited study such as this to examine possible
future capabilities and equipment, or independently to assess prescntly
availablc programs. We.rely for our technical information primarily on
two NASA reports, one dealing with passive waste containersl and one or
using the waste heat for a themmzlly driven ion-propulsicns system,2 that
assume the 1ift vehicle to be the space shuttle as currently desigued.

3 and ERDA-sponsored

We also draw extensively on Section 8 of BNWL-1900,
overview of high-level waste management alternatives.

The base¢line technical asswapiion for this siudy is that the nenped
space shuttle as curren*ly plimned vill be uscd o implesent any choren
noihod fer space disposz]l of wmcieer tastes, @ud thar the only accerzble

© Y sy ey TSI < ¢ @ ws i~ -~ .- * R M N
BRZSHI0 132002 38 rocnr Sl DT O TTYery Iradsat o ransoy

via Jupiter swing-by.

Figure 5.1 shows a typical launch-to-lainding sequence fer the space
shuttle. The launch vehicle is to be beosted off the pad by two solid-
fucled motors that are subsequently dropped for later recovery while the
orbiter continues its mission on the expendable cxternal fuel tank. Once
the shuttle is orbited, any desired paylead can be deploycd from the cargo
bay. The payload can cither perform jts own mission or bhe left in orbit
to gwalt furthee prylend deliverivs {or neserlly of @ corposite vilicle,
Figurc 5.2 shows how a waste package might be wounted in and deployed
from the shuttle orbiter. The orbiter is capable of somc orbital maneu-
vering, and can be used to rctrieve a malfunctioning package prior to the
separate initiation of the package propulsion system. Upon completion of

its mission, the manned orbiter returns tc a landing site on Earth. Yhﬁﬂ‘k

%c,ﬂ"“g oL s
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Figure 5.1

PROFILE OF* SHUTTLE MISSION
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Each Shuttle orbiter can fly a mininum of 100 missions and carry as much
as 23,484 kg (65,000 pounds) of carpo and up to 4 crew rembers and 6
passepgers Lo orbit. It can reiurn 11,515 kg (32,000 pods) of CArgo
to earth,

O e e e JRE—



5.4

After reviewing the analysis performed in BNWL-1900, we aéroe that
the only missions that would provide appropriate safety against orbital
degencration are direct solar impact and direct solar system cscape. Table
5.1 sumarizes the considerations uscd in deciding amoag the various mis-
sions. Of these two, solar impact is discarded as being too expensive, as
the fuel requirced for such large values of Delta-V (the incremental velocity
that must be given to an orbiting package by its jropulsion systes to achieve
the indicated trajectory) would greatly reduce the vehicle payload and thus
markedly increasc the number of launches requifed and the associated cost.
Although this is sufficient reason for rejection of the solar impact mission,
ve algo poirt out that scversl of the perscns we discussed space disposal

-~ 3 T L,e 2

E IRy . . vas —eel A N e Lo M. P R 3o 3 ~ H ceyn ¥
iﬂ_:'w’_:o} ¥ owTula Vargid ool Lelne }‘A:\J':", k:':ﬂ..-;-’\l wand droo in }.:' 1. sun

=

b3

gravitationz2l field, ood that the solar whid naight thea push the gascoas
cloud of hazardous materials back into the Earth's orbit. All of the pro-
jected missions will have to take place in the plane of the planctary orbits
to take advanicge of the orbital velocity of the Earth. The additional

costs of operating out of the orbital planc arc prohibitive.

The KASA-Hyland Study.

The major study cn the use of the shuttic for the disposal of nuclear
vastes has bean thal perfeormed by the KASA-Loewis Rescerch Center atd acompilad
by Robert E. Hyland.1 Ke refer to it throughout as the NASAdiyland study
without derogating the role played by the other participants.

In this study, it was assumed that the wastes would be encapsulated

by a method that provided adequate shielding to protect the orbiter crew

i I R D | I T -
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Figure 5.2

SPACE SHUTTLE ORBITER NITH NUCLEAR WASTE PACKAGE AND TUG
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CONSIDERATIONS FOR VARIQUS

TABLE 5.1

Delta-V,
Destination km/sec Advantagcs
High-Earth Orbit 4,11 Low Delta-V
Launch any day
Passive wastc nuckage
Can be retricve:d
Solar Orbits Via: '
Single burn beyond 3.65 Low Delta-~V
Earth escape Launch any day
Passive wasto packagoe
Circular Solar Orii: 4.11 Low Delta-V
Launeh any rlay
Venus or Mars Swingly 4,11 Low Delta-V
Solar System Escape:
Direct 8.75 Launch any day
Passive wastc package
Removed froo scolaxr system
vVia Jupiter Swinghy 7.01 Removed fron solar -system
ORIGINAL PAGE IS
OF POOR QUALITY

-

SPACE DESTINATIONS

Disadvantages

Long~term container integrity required,
Orbit lifetime not proven,

Longer-term container integrity required,

Earth re-cncounter possible (may not be
able to prove otherwise),

Abort gap past Barth escape veloeity.

long~term container integrity required.
Orbit stubility not proven.

Requires spoce propulsion system.

Abort gap past Earth escape velocity,

Long-term container integrity required.

Limited launch opportunity (3 to 4 months

every 19 to 24 months).

Requires midcourse systems, ‘

Need space propulsion or have possibility
nf unplanncd sncounter.

High Delta.V
Abort gap past Earth oscape velocity,

High-Delta V.
Limited launch opportanity (2 za s upnths evsry ’
13 munths) .. ‘ 5
.Reduires midcaurse~sYstems. S ¥
f\bort gap past Earth escape voleeity. n }
-




Destination

Solar Impact:

Direct

Via Jupiter Swinghy

TABLE 5.1 conu'd
Delta-V,
km/scc Advantaozes
24.03 Package destoyed
Launch any e
Passive wusic¢ package
7.62 Package d:ocoroyed

Disadvantages

Extremely high Deltz-V,
Abort gap past Earth escape veliocity,
Notv possible with nresent vehicles.

High Delta-V,

Limited launch opportunity (I to 2
months cvery 13 months).

Requires midcourse guidance systems,
hort pap past Earth escape velocity,

Note: Delta-V is tho incremental velocity required tc icave a low-carth orbit,

An abort gap is a short time period wherein a controlled abcrt of the

mission cannot

be accomplished if the flight is of{-course.

(Source:

BNWL-150C) .
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o

M wt

and security against aborts and other accidents including a re-entry by t@s
unprotected uﬁ§te-containing capsﬁie. Major components of this prSposal—are
shown on Fig.iS.S. This is a shuttle/twg/tug mission, requiring two shu#tle
orbiter launches for eves'y waste paéiage propelled to solar escape.” The
£irst mission places a reusable tug into orbit for supplying the major
escape propulsion,sand the .second car;ies an expendable tug and waste parkage.
A typicsl wasté disposal mission would have theifollowing sequenice of cvents:
1. Launch shuttle f1 to parking orbit. | . .
" 2. "eploy reusable tug to rendezvous.
A ) 3. Launch shittle §2 to -.arking orbit.
4, fxpeﬁdable tﬁg ang attachad vaste package é-ployed to fcndczvcus.
5. HMa r iugs an¢ dock in tandwm,

6. Reuschie tug semplics dniiis) populeic and

roturas 1o shatils #7
7. Expendable tug injects waste package to soclar escape trajectory.
A representative nuclear waste package for this mission is shown ia Fig. 5.4.
For the package showr, which has a waste paylcad of about 200 kg. for
solar escape, it i; assumed that the high-level wastes are partitioned, and
that only 0.1% of the fission products follow the actinides into the space
disposal processing. The remainder of the high-level wéstes, consisting
primarily of the fission products, are to be disposed of on earth by
'gcological metheds. As discussed in both the NASA-Hyland study »nd in
BNWL-1900, it appears to be impracticable to disposc of the great bulk ol
the unpartitioned solidified reproccssing wastes. The three cases for
potential use of the space disposal option discussed in BNWL-1900 were:

Case 1: Dispose of the bulk of the reprocessing wastes, solidificd

and encapsulated as borosilicate glass,

] ‘ ORIG:AV AB P 4
DB poor oL
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“Figure 5.3

[

C&W\‘Eﬂ ﬂEIGﬂ‘l‘S FOR MICLEAR WASTE MSPOSAL MISS!W

3

nequzred for mission. one shuttle caming resuablc space tu,

and another shuttle carryin,; expendab!e space tug and nuclear
waste packige.
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Case 2a: Dispose of actinides only, with fission product’; seﬁamt#f

. ' out to within 1.0% by partitioning. ~ '

Case 2b: Dispose of actinides only, with fission products separated
out to within 0.1% by partitioning.

Case 3: Dispose of actinides only, with figsion products sepirated

out to within 0.1% and with 99% of the curium removed as

well.

The-following assu&piions coﬁcerning the reprocessing and waste
handling capabilities of the industry arc made in analyzing the cfficacy
of the NASA-Hyland option for the LER-uranium cycle.

1. Reprocessing rlants pass €.5% of the vraniua asd plutonivt and

~ .

212 of the ciher actinides to the hign-lovel wasies;
2. Solidified high-level wartes will bo in the Zore of boresidicasc
glass with a density of 2;
3. One Mg of spent fuel reprocessed will yield 0.057 m3 (2 ft3) of
vitrified high-level solid wastes;
4. Onc Mg of spent fuel reprocessed will yield about 5.7 kg of
act:nide oxides from calcining, assuming a fuel burn of
33,000 Mid (th)/tig.
The total mass of hiéh-lcvel borosilicate glass solids produced by the repro-
cessing industry growth wes specificd in Fig., 3.5, as was uz:cviuced nass of
the actinides contained in it. For any reasonsblc amount ef radiation and
re-entry shielding, the total mass of the rcprocessing wastes far exceeds
any achievable capability for space disposal in the foreseeable futurc.

If the wastes arc partitioned to separate out the long-lived alpha-

emitting actinides, the mass problem hecomes more tractable, Figure 5.5
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details thc packaging to b; gifen to the actinide wastes. Tle boron parficles
serve as moderators to inhibit potential criticality i“. ients. The LiH

is present to moderate neutrons produced by ( &, n} rcactions between
actinides and light elements such as fluorine and oxygen. The tungsten

gamma shield is necessary becausz of the activity of the remnant fission
products. The stainless steel impact shicld and re-entry shield are for
protection 3gai;st aﬁort and ve-catry of a capsale, aad the cupsule itscelf
has been shaped 1o ensure stable re-entry with ablation of the shicld to
prevent meliing of the capsule.

Table 5.2 provides sumnary Jata on the contents and package configur-

ation for Cuises 2a and 20 of DNGL-19C0,  The peyle ¥ eaprbidities 30 abour

115 kg of ectivides poyr packagr Jor §2% renoval of fissiny pradonts, and
atout 200 Lg por paciage for 20.60% rancal. Flooro 1o rlots the o

of shuttle iaunches that would hrve to be reviorncd covh ycar 1o dispese
of all of the actinides from reprocessing of spent fu-l through the yeur
2000 for a nuclear industry zized according to the assumptions of Chapter
3. of this study. In gencrating this figure, we hL.ve smoothed out the
act.nide mass data of Fig. 3.5. Reprocessine capacity will increase in
500 Mg/yr chunks azcording to the assurptions wede in Fig. 3.4, but we
assume that ghuttlc capacity would be incrcased more smoothly., We also
assume ihat wasie cispasal operations using the shutile would onlyv be tosts
prior te 1190, end that full-scale operstion apd expension of capacity woall
begin in that yecar. By the year 2010, we assume that available shuttle
capacity just matches the amount of waste produccd, and that the backlog

has been disposed of,

ORIGINAL PAGE IS
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- TABLE 5.2

SIMMARY DATA ON PACKAGE CONFIGURATION FOR SOLAR ESCAPE

PACKAGE, FOR THE TWO PARTITIONING CASES DISCUSSED IN

BRWL-1900

Dimensions of Package:

Outside diameter (m)
Thickness of SS shell (cm)
0.D. of impact spherc {m)

SS impact shell thickness (cm)
LiH shicld thickness (cm)

Tungsten shield thicknes: {o )

Feylond (hed

Actanides pey puchige (k)

Fission products per package (kg)
Re-entry shield mass per package (kg)
Impact vesscl mass per package (kg)
Lilt shicld mass per package (ko)
Tungsten shield mass per package (kg
Mass of matrix per package (kg)

Thermal power per package (k)
Fission produci curies

‘Actinide Curies

CASE 2a

Case 2

1% F.P. residue 0.1% F.P. residue

1.81
0.1
0.98
2.54
8.8
4.5

1.81

270,
153,
6.7
415,
640,
178.
1190.
625.

13.25

6 x 104
g

5 x 167
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As is shown in Table 5.3, 2}

40m dominates both the thermal power and
the radioactivity of the actinide portion of the partitioned wastes. As any
reduction in shielding mass would be immensely useful in reducing the
mmber of missions nceded, it is well worth examining more closely the
preconditions for their presence.

\Ihe doainant radiozctive hazard from an unbroken capsule will be
due to the gorma redicticn from the fission wrolduct rimnant, and the
tungsten shicld uséd fcr blocking famma radiation accounts for a large

portion of the toic) p.ckage mass. As shown in Tsble 5.2, incrcesing the

extraction of fission products {rem 89% to 99.9% allews a2 290 kg reduction

- - (] .. . £ ml 5 -~ - e PRS- |
in the tungsien shield r2ss. Dut act @1l of this nass roauellion 35 #valil

P

3 o .2 e vy, e gy st v PR e ~Y ey iy 3 . . . .
able for astinides, as cihor characteriviics of the peciaging mast be ad-

nsicd $0 e runirate o0 inciel fol astintic whorool opooloy end o LRpihlln,
1ne Lill shicid for absorbing or woderating the high euergy neuirons

gencrated by ( ©, n) reactioas would have to be increased, but as
shown-on the table the mass increase would be only about 40 kg. Far nore
significant is the necessary increase in the mass of the matrix and of the
impact vessel to allow for the increase in actinide thermal power.

Because the hczt generated by the wastes could cause melting or other

failures of containment in the case of re-cntry, the packege has been

designed so 2s to keep swface tewpsratures Frlow critical vilues in the
case of an stort., A lirge portier of the watrix rass consists of Ligh

thermal conductivity materials to convey thie waste product decay heat effi-
ciently to the surface of the package and keep internal temperaturcs at

safe levels.

DRIGINAL PAG:
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NUMBER OF SHUTTLE LAURTHIS PER YEAR

Figure $.6 S.15
ANNUAL SHUTTLE LAUNQIES AND MISSIONS
FOR SEVERAL SPACE OPTIONS
(Basis: two shuttle léunches per mission)

1000 I 1 } T I —— 500
2a: HY'UAND MISSION; 1% f.p.; 115 kg/NiISSION
2b: HYLAND MISSICN; 0.1% f.p.; 200 kg/MISSION
90 3. HYLAND MISSION: Cm REMOVED; 409-660 kg/MISSION
B: BURNS MISSION (NEWSTAR); 4000 ko/MISSION .
800 I - 400
706 L.
S r L
500
400 }-
300 b
200 -
100}
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TABLE 5.3

10 YEAR WASTES, HIGH LEVEL: 99.5% Pu,U REMOVED
(Source: ORIGEN - Diablo Canyon Fuel)

Actinide Thermal Power (Watts/Mg)*

NET: 67.1

24400 7.3 (855
244 5.4 ( 8%
238py: 3.1 ( &%)
Subtotnl 65.8 (07%)

T 13 -« Jaea Y £ ol R T o
tadic-crvity {007t

e 2,300
211, N N
221

An 260 (73
241, 320 (14%)
Subtotal 2,120 (92%)
*

Referrcd bach to ret spent .ucl mass



The removal of the curium from the wastes thus appears to be a desir-

able goal as an adjunct to space disposal. Curium reduction could also be

5.18

ceffected by managing the fuel cycle somsvhat differeatly, and ve shall

discuss this possibility later in this section. A detailed analysis of

Case 3, curium removal, was not performcd in BNWL-1300, as there were no

available technologies for deing se, It was estimated that large Sncre

o

in payiosd coald vesult, Te L

T €
tae W

vy : v e paees 5 PR | - o~ oug? -
Hoshield ng could be greatly rohiced, or

ramoved complctely. This would 2iso wmake the package size slightly smaller,

.
reduciay the mass of the irpast sphere.  1he anount of Cu or Al

the notyix for heat reaoval ccuid he muce reduced.  As saown ia Table 5.3,

this is & melfgorchae Iouottes o tho o veast mass, The raclnnc
devorssanty Ly whn Lot condonriviuy Tioe o splerics] Lot souten-
I B I ¢ T S NTY R . P

Jow., Remen el of whie pranany nell stusce coakd sUiew @ oredesien

efficicncy of packing. When all these factors are takea into account, it
is cstinated lat the actinide nass per waste disposal packaee could be

doubled, reducing the au her of missicns by a factor of two. This estinmate

The WASA-Burns Stuly.

A scooad sty on thie Jivreanl of poclaar wasten i space

P AT T I P . R Rt S T P S .. Y3 e N
pPoorornee ov 2 Lo Tronr e NASA Sarshoall Space Tlight Canter

directioa of R, I, Burns.2 Again, we shall refer to this as the NASA-Buras

study for convenicace without meaning to play down tle roles played by other

coenfributors on the study team,

placed in
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could be on the conscrvetive side. This case is also displaved on Fig. 5.6.
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TABLE 5.4

Q- POSITION OF TRANSURANIC WASTE IN SPACE DISPOSAL

CAPSULE
Tota) kg in

Materjal kg/liter Single Sphore
Li-6 0.1120 6.325
Li-7 0.1610 9.092
Cu 1.6000 112,276

4] 0,In80 6.092

Al G GOS0 37,104

H 0.0520 2,360
R-237 0.6180 34.898

P 1-238 0 66 0.776
Fu-259 §.6°13 1257
Pu-240 ¢.61035 6.0l
Fu-241 C.0024 0.155
Pu-242 6.0016 0.058

I AETRCR S c.03°8 2,500
Fol CLTTLS £.21%
-0 (.oi/s Y. ous

: R it B

MATLRIALS AXD DIMENSIONS OF SPACE DISPOSAL CAPSULE

Density Radinsg Thickness

Shell Materiel glen’ cm cRl

- Transuranics - 23.8 -

+ Matrix

1 Tungston 19.3 27.02 3.22

2 LAl 0.82 34.62 7.60

3 Stainicss 7.93 37.10 2.54

Ste 1
4 Caroon 2.1 35.1% 1.09
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Unlike £he NASA-Hyland study, the wastes are not treated here as
passive payloads to be maneuvered into escape orbits. In the proposed
vehicle, Known as NEWSTAR, the retinide decazy heat is used to drive 2n
electric jion prupulsion systcun. This is said to be more efficient than the
chemical thrusters suggested for the NAS:i-Hyland tugs. The proposed vehicle,
which uscs mercury ioms fov propulsion, is shown in ¥igs.5.7 znd 5.8.

e attinidoen nre 1o Do paciwd i onar rv

by radiation shiclds. The hcat frum the wastes is coaveyed by heat pipes

. N o T oaan o1 [, b N R -~ . OO QR P - -
to o oo ©f theoaicnic divdos, the elvinrici=y cerovnted 3s erwve1ed 2o

e 30

mission., A typical nission joofile would be s follows:
1. Launch shuttle #1 to parking crbit.
2. Deploy cxpendable chenical sprce tug to rendezvous.
3. Launch shuttle #2 to orhit.
4. Deploy NESSTAR and attached waste package to readezvous.
5., Pock REVSTAR to cherdceal tuz oad wemove shiclds,
6. Shuttle #2 recovers shields and returns to Larth,
7. Charical tu; povers payload to Bevth ecoope,

IR S § BRI - iy S cer e TS - S Co. L~
B, KeTsirR don propdlidon poers payicra to Lirect soloc ocnaTyoo,

o

Figurc 5.9 shows the REWSTAR package in the shuttle payload bay.  The
actinide payload permission is estimated to be about 4 Mg, as listed on

Table 3.5,
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NEWSTAR TN SHUTTLE PAYLOAD BAY
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However, it is not possible to.directly compare the number of required
NEWSTAR launches with the previous results of the NASA-lyland Study. Under
the assumptions wade in the NASA-Burns report, a rather large power density
of 0.1 kw/kg is required for povering the thermionic diodes. As shown in
Table 5.6, this power demsity is not available at present. 99.5% recovery
efficicney for urarium snd plutcnium, and botter reprocessing ofTiciency
would be required.

The usc of retrievable siields as supgested for the NEWSTAR vehicle
could ©lso be vsed {or an all-chomical tug, and would meakedly incicane the

payload of the vehicle. However, the REWSTAR dosinn, unlike the NASA-Jdyland

TR E R e “eiae & 4 et et AYYdey o S i eyt B .
package, is not copioac 07 oo tnossiste] Lollisiic o emivy o7 suv it

. H 2 e P V. e ) R I ) U SO |
boreial da ool e0i? of Yo tlev ol conde cawvivy,  Socithernore, the roqun o
npoosos ent s dnowy e anlng COTIheny T vty L anane N A

the next fow decades. TFor these reasons, the NEWSTAR idea wmust be treated

as an intcresting, but still quite hypothctical, mcthod for space disposal,

The Role Played by 244Cm

In both the Hyland and the Burns studics, curium plays a central role.
Y ’

The primary source of hoth alphn radiatien and heac in partiticucd high-level

. 244 . . -
wastes is Cn., In the Buins stady, this heat is necessary for driving
the propolsion systaa.  In s Hylapd cloly, i s responsilbls aoe only for

a great dcal of the mass of the encapzulation package, bul js also the rajor
\
determining factor in the entire package design, The contaimaent sphere

is sized so as to produce a favorable ratio of package surface to volume to

ensure that the hcat generatcd can be cf fectively dissipated. Yet, there is

244

no documentatinn presently available that indicates that the Jevels of Cm

ORIGINAL PAGE I3
OF FOOR QUALITY




TABLE 5.5

NEWSTAR WEIGHT SUMMARY (kg)

Subsystems scaled for KEWSTAR

. Propulsion 253.8
. Communications: 55.4
. Command computer/dzia handling 32.6
. Guidance and navigation 32.3
. Power stornge and distribution 270.0
. Reaction control 23.8
. Propcllant systom 154.3

NEWSTAR unique systems

. PC modulces 851
. ‘Thermionic converters 1/9
. High temperature raliaior 592
. A~tinide packaging (includes heat 793
' 1pes)
. Structusce 480
. dhevmai Sy erlatvicn 455
. Misuolluneouvs K
SOOI chal S S R R 477
Propeelant (Gacedoes 3 posvent Ti0)
Actinide Waste
NEWSTAR initisa wejght
Removal shicld
. Polyethylenc 78y
. Attitude control kit : 25
. ‘Tantalua 3,958
Ascent Cooling
. Koter 2,100
. Tank, lines, cte. 1,000
Cocoon
\
Attachrents :
. ORIGINAD pagp |
Shuttle contingency DE POOR QUALITY
TOTAL

8§22

3,653

(f S
4,140

14,900

3,100

2shuttle capability for luunch from Cape Kennody AZ = 108°,
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TABLE 3.5
ACTINIDT [UIZRMAL FOWER FOR WASTES FROV ..0-0Y QUPRUCEE3ING OF SPENT FUEL, VATTS/GRAM

tBrsis:  3CMyv(th)/Mg, 33,000 MvWe,i0: /0 born, fisslon products excluded)

PR LRy PU RECYCLE*

'!.‘r) \ R
LU AR
YEA'.S FnCN 70.,5% RIOMCVAL SoLnT RLMTLOL SEL0% REMOVAL 99.6% REMOVAL

.. REPKOCESSING o7 U,PU 0oL o4 4, PU OF U,PU

0 0.13 coeT 1.08 0.93

(@]

S 0,014 R .122 0.24

10 0.012 .00

RS
3.
g
r:)
<
O
fe
.

*
Aver- ¢ waste mix, 11% MOX fueol, 89% cn-l .«
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projected for future high-level wastes will be reached. Preseat wastes are
almost certain to coatain far sealler proportions than were calculated on
the basis of 33,080 Md{th)¥z in Chapter 3. -

The difficrity with the p;?ﬁectians is that alszost all waste manage-
ment documents put forth by the AEC and ERDA have based their figures on

the CRIGEX rums for mndel Dizble Canyon roference Tuel burned to 33,000
5

K4 Y a . w3 - P -an-R. I Ny
38 SHELIICT ARl EPRCiilfc, O 1ioiad
N .
AT
i rrzmTEIES A r M e Dy g T
ol Ea i:,i—;éxt}t.in..a I [ 2 soduced will
. R
T~ e SO £
LY LT T .
- . TOUEE e o wI. _ 3 a2 3 - JE g . J A 23 Mot 3 Fetess
Flg&lg =iy pifis il }3L’¢.‘C;‘v.. and docz 3 30T 2 [ULodT ©L hT SOLInlcer

accerding to the output of the CRIGEN code. The assumptions are: a geometry
and fuel managermant schedule (placement “in the core, -ete.) similar <o that
planned for the Diablo Canycn reactor; a neutron flux of 2.92 x 1013
neutrons/cmz-sec; 3.3% enviched uranium fuel; a power demsity of 30 MW(th)/Mg
of heavy mctal. Actinide quantitics are plotted as a function of operating
time up to a full burn of 1100 days, correspo ing to a burnup of

33,000 Id (th)/z. Beczuse the preduciion of curium is 2 high-order process,
ji accumulates very slowly at first, building up cnly at the end of the burn.
As the rate of production of Yen is rising very rapidly at the end
of the burn period, the actual gquantities of this isotope present in the
high-level wastes will be very sensitive to operating pfactice. We do

not have the resources in this study to examine the cffect of reducing

the reactor power below the stated rating, of changes in core geometry,
ORIGINAL PAGE g
OF POOR qQUALITY
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or of design. These would markedly éffect the curium production, as well

as that of other transuranics. ¥e therefore restrict ourselves to consider-

- ~

ing only the effects of operating practices and fuel managemcnt insol..

as they affect the residence time of the fuel iu the core, stipulating
full power uninterrupted cperation.
¥
It is clear from Fis., 5.10 that a fzctor of three reduction in ths
244 . . . .
smount of Cm produced cin b2 obtained merely by wemoving the fuel at
8n% of its stipulated rating. This would siill give a very gond burmup of

25,400 MA{th} /Mg, It has in fact been suggestcd to us that ratings in the

vicinity of 23,600 sd(th) /Mg would be morc realistic over the next few.
lecades than current ENDA fSgeres. it ic certainiy daubiful that the
ssont feel proaentls ia ghornze o0 o boooos he nTay Jutvrs wiil
evEn SLEC Citer e fhis TIouwe. fouTn aerom , capacity fosiors,

and refueling procedures, wo expect that little of the spent fuel will have
been burned to cven 20,000 IRd(th)/iig.

Thus, even if the ORIGEN code is 2 good predictor of the rate of
isotope production in current reactors, we belicve that there is very little
244 . . . s e 244
Ca in present spent fuel. Actual fractional inventories Cm may be as
low as 5-10% of thc ratios used in the Hyland or Burns studics.

If this is the case, the analyses presented in the two RASA studies to
date st be zltered te take into socount this very significent difiurs e
in the properties of the high-level wastes., The continued assumption ihat
the burnup figure of 33,000 Mwd(th)/Mg is correct is more than "just" a
scrious error in computing waste characteristics. For if the spent fucl

does and will have an appreciably lower 244Cm content than has been

specified, the NEWSTAR vchicle proposed in the Burns study will never be



CONCENTRATION RELATIVE TO 33,090 Mivedy, /tonne BURN, |::‘9’tj.c':.e',:n‘t.

Figure 5.10

5.29

ORIGEN - DIABLO CANYON LWR-U ISOTOPE PROBUCTION:

30 ¥kthitme
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able to opcrate, and the cost fig#res ané nnnhérs of aiésiéas réqnired

quoted in the NASA-Hyland study are at least a factor of two too high. If
this 1s so, then the projections for missions mrde in Casc 3, as showm in
Fig. 5.6, are actually-appropriate s an upper bound for Case 2b iasteaé,
without the necessity for the development and installaticn of curimm extrac-

ﬁtﬂ proc cdures

- . * . . EL R - - . ., v 7
Even if we do suppose that the U prodhzction is a2t or above the

level specified by the full barn of 33,000 IE4d(th) Mg, the existence of

3 WINITTIE 2-isa mainhhit o sim s - e e T I A T I +r
- {he NEESTAR idce might uake (ase 5 more tractzllie than wis assumed in the

BXKL-19CG0 study, The decay of curium produces plutonium, 2ad it would

3 1. & o
in Chapter 4, space
E T e aTT oA - B P S XU - e % mamIT.E. 2%
LE3 -i)* 3 E GEo2s L aTTanLLCs (‘\‘!;ii S R N T Y L. a2 % RS SFEA iz

curiuva producticn were as high as is stated. ©Gn the other hand, we huve
shown that projected LER.U wastes will not have enough thermal power to
run FEWSTAR given reasonable assumptiions zbout the efficiency of repro-
cessing. If the curium were scparated, the separated fraction would be a
marvelous source for powaring a NEWSTAR. Owing to the very high thermal
power of this fractien, it would be possible (o fit the waste package with

a full set of ballistic re-entry shiclds and thermally sink it so that even

b

burial in selt soil would not cause difficulilies, Lleoking at the wass ratios
quoted for the transuranics, curium accounts for less than 1% (assuring

99.5% efficiency in removal of uraniwm and plutonium during reprocessing).
This would require very few NEWSTAR shots. An intercsting proposal might

then be to dispose of the rest of the actinides via passive packages ac-

cording to the method described in the NASA-Hyland study, but with a very

ORIGINAL PAGE IS -
: OF POOR QUALITY,
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much increased actinide payload owing to the.renoya! of curiums. !kis,;;;
¢could be instituted as a fai<ly routine procedure. The far more ex§en$§¥é
and possihly more hazardous NEWSTAR launches would be very infreqneatf;absﬂt
one for every onc hundred conventional launches--and far more eiabaraa§

safety checks, monitoring, aml control could be instituted. The conventional

£

package launches would take place at the freguency spocified by our

Py

estimutes of Case 3 on Fig., 5.4, the KENETAR missions rising io oaly:

about enc per year by 2010,

Space Bispesal in the Context of
Lomplete Fuel Cycle g

~23 + ~ S T oo sy T anee
zdd-on asoossory o 1he nuclear

feel oyciz, T will pover Jroolos wid b irslementod iF the cther nants
of ihe cycle are independently optimized and managed, for that will result
in decisicns that would totally preclude space operations at any reasonably
achicvable level cven if they were held to be the most desirable method

for the disposal of the wastes,

For instance, let us consider the curium problom once more. ‘the
pursuit of the full rated fuel burnup of 33,000 MWd(th)/Hg is never
questioncd as a desirable goal in literature relating to reactor operation
or to the fuel cycle ia genercl, Hipher burns would usc the fuel mera
cfficiently and produce smaller total quantities of waste per unit of
electricity generated. From béth the technical and .resource standpoint,
then; ever-increasing fucl burns would appear to be highly desirable.

However, the overall rcduction in ore requircments and mass and volume

of spent fuel is achxeved at the expense of quantitatively greater

ORIGINAL PAGE B
OF POOR QU
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- B SEE

production of the higher actimides such as americium, curium, californiwm,

=

etc. This would have sé}s::effecis'on the operation of gﬁyfsaste méﬁkgef:,

ment strategy that requires the partitioninz -of the actinides. Although
plutonium is the nuclide that produces thé most concern over the louig term,

it is thT transplutonic elements that present the most problems for operation

of the disposal systen.
lowever, as we have pointed sit, the 'dack-end” of the {uel ¢ycle--

reprocessing, recycle, and most especislly waste managoment --have not

g 3 k N P A, PRECI -4 -
% iznning Y Yeuclto? qosign ams

H L] =3 . E- . in yxmErt oyt 3 egue -
yeceived due consideraticon in oporational ¢
- g

. R gy L o -3 3
trond L5 oover hisior fuel burns wil

Yok

with high-l%tei wastes,

Even the advent of reprocessing and ihe associated attention being
paid to it and to Pu recycle will not change this. The reprocessors are
interested primarily in the least costly method of meeting the forthcoming
regulatory requirements for wastc management, They will most probably
choose some form of vitrification for the high-level wastes and thus prevent
any possibility of partitioning, at lecast for the wastes to bo produced
“in the forcscrmable Futvre.

There would appgar to be little Iov.rage that covld bo exiiio

ﬁthesc‘conditions even by a demonstrably operable space disposal system.

What would be requircd would be a social and political decision that space

disposal was the most desirable and efficacious methed of eliminating the
Ed

long-tem problem of high-lcevel puclear wastes, and a determination to
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Banage the rest of the fuel cycle to facilitate'this.: That such-a decision

would be made is naf :é:;tiraeiy iépéssihrl‘e,;albéit énﬁi:e';ry;v But it is;mt prob-
able in the immediate future. Nevexiheless, it:waéiﬁ'be reéissfﬁeigéé‘gaithreagi‘
the exercise of examining the impacts of a possible spécc disgasrai:;gég;am S0
tha:t those making the docision e:iur at least be inmméd as to Eﬁétﬁgé. it
sheaiéAéalfoﬁsiéeg d at all., | N

s s

Can Space Disposal Deal with the No-Growth (ase?

tne

o

In Chapter 3, we raisa

bring nuclear power to a complete halt as soon as practicable, and the

s e i ha 3o % D R R o SR T T o U S -t
G:'\;eal-..sg’i} 1.};,;;{ I3 L3 NPT CLYeEnd ;i‘x} 2 L3 LSRG Lo URUIDIG 30 B2

The spent fuel even for Case F will amount to about 2500Mg/yr. As

the specific power of the speat fuel will not bLe adequate For the NEUSTAR

type of vehicle, we must assume passive disposal would be used. The high
activity of spent fuel, houvever, would not allow paylozds to be much in-
creased over those shown on Table 5.2, Théfenﬁrﬁaus nurber of missions
involved wogld not allow disposal of undifferentiated, unproccised spent
fuel cven in this @iniml giodth case, t

As in Chapter 3, we miy then ass;mc that the spe’r{t fuel is reprocessod

primarily to facilitate waste disposal, but that only the U is extracted for

RIGM PAGE H ‘rei:ycle and further use. All of the Pu is then allowed to follow the other
OF POOR QUALITY]
§

Wmmwm

s

actinides into the high-level wastes, This is not 2ltogether unreasonable,
as it is the separation of Pu from the other components that Taises the

greatest concern over theft or diversion of meterials, As the nct mass of



- diszussed.

Pu is stxll small compa"ed to. the other products in the waste, and as the

Pu contrlbutes little of the act1v1ty or thermal power, the packaging and

'opératicnal conditioas would be rearly the same as for thc cases previously

S
’ .

.

The aa1or dxfference then wculd be in the scope of the operation.

For the i.énstry size greéztgigé ﬁy’cgse F, as sﬁewn on Fig. 3.4, lesz
than 3000 gg of re§¢§;§$$2§g‘aa§%c;tg gsglé,éé necessary.  The total amount

of high-level xagtesfprségieé;,ailswigg for the increase in Pu, would come
to zhout 200-250 Ma/yr, which ?aaéé Siiii reguire betweer 500 and 10600

missions (depending on the pa"%avzﬁ g), or 1893—28G&:shutt1e launches

.. s L - .
annuzlly to dispesc of the tatal high-level wastes,
k
,
- - - .o = —— « = 3 = 3 ra P
Therelore, wnlens #uch a wormitnont is wmole oot of derormination to
3 3 & -, -~ i1 - o Pt - - =
cliwinrre the ~-abler for e and Do 233 0 onocosn, i0 ¢oetil
e . s E lEAar T PR b - - F et =
necessary to g0 to portaizoning 10 yoome tno :a(‘ of shots. Asswaing &

reprocessing cfficiency of 99.5% for U, the asymptotic operational levels
would‘bc:
80 missions/yr (160 launches) for Case 2a packaging; (1% fission products)
S0 missions/yr (100 launches) for Case 2b packaging; (0.1% fission producf
- 20 missions/yr ( 40 lzunches) for Case 2b if therc is little or no curium.
Pcak levels would be reached arocund the year 2000 to reduce backlogs of spoent

»

fuzl, and would be at  icevels 50% above those listed,

The Irpact of Plutonium Recycle

Although we have held ourselves to examining only an LWR-U economy,

" the discussion of the curium problem requires that the impact of going to

plutonium fucl be considered. This is onc cxample of a policy decision that

would have a profound impact on a potential space disposal program. The
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difference between the equilibriuam waste output of a reactor eaane§§ 3§ing
'?-aniyfuragium and that with thc GESMO plu;onium récyéie'ceh&itiéﬁ%:hésr
é!ﬁeéﬁy been noted. 7 | . ;
.'!ﬁ:ihé GESMO and related documents it is usaaliy'#tateé thét, §}thoﬁgh
the wastes frow the burning of MOX fuel will have considerably higher heat
output and alpha activity than those from uranium fuel, mixing them back in

with {he other wastes will result in only a small upward adjustmont in the
thermal power and radicactivity of the overall high-level wastes, But even
with the mixing, the overull aweunt of omericum, curdun, and plutoniwe in the

vastes will be wuch higher than for an all uraniua cycle.

true for curium, The uwranium cycl

e starts with ne isotope having a higher
. 233, . , 244
-~ -} R T - : 3 = S0P 3 vy L B “ g g E - .

Lass Loon U, The production of (@ 13 then a saxin-orelr heuireyn capiune
-1 . ooy wn RIS P DY AP £ v w3 33 - 3 .

precess, CIn the eguililtviym w0k oycele, Teoyolo funl wiil ceuntaln an aprrecd
9 243 a8z

[N S s etERTy PO Lo A+ . L. PRGBS A - £ 1.

Fractien o Pu ard sowd” TPo s well, Tous, production of Cm 15 rounhl;

a fourth-order proccssf; and the MOX spent fuel will coatain about 50 times
244 .
as much Cm as uranium fuel,
In terms of waste management poliecy, Pu recycle may be discussed thus,
The naturc of the space option is such that a choice to go to space is
unlikely to be made independent of other choices about the fuel ¢ycle.
If the wmethod discussed in the liyland study is the usable optien, then

. . . . . 244
cvery consideration wilJl have tz be given te reduzing the amoent of © (e

. -
., faqee ey
veld [TV

s

3 P S A SO - S SR S S N
in the wastes, cithaer by reodusing the pover density of 2 to

of the fuel. However, reprocessing is a nccessary precondition for even
generating the high-level wastes, and this results in the separation of

plutonium, Should this lead to a decision to vecycle the plutonium in order

nis is particularly
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'i ta éecrease the aasant of eﬁrlchment capac;ty needcé az begause ef real or

-

7 feare& shertages af’uran:ua eres, tbﬁn thzs deCISLQB weaid preenpt any

farthgr attenpts to ﬁaﬁ:paiate the fgﬂl C}gie on iehalf of sga:a d;>§0c31
- As sansn in Table 3. 19» the rsiatxveiy ssaii amount of MOX fuel would

: cagpletelf s§a§p>any‘éffects that management of enriched uramum fuel would

s

have on tﬁe production of cu&iu§1 ' B e
1f NFWSTAR werc to prove practicable, the situgiiﬁn gﬁgié,lcf course,
_ be different. The large awounts of curium presént‘ﬁcald aeti§niy be - -
desirable, but necessary to obtoin partitic “ﬁ actinide wastes with higﬁ
enough thermal power ééasities to run the éhermal-ion propulsion system
without alsoe having toe Janurezse “ho efficienny of reprotessing plants by

- , L I P
en order of masnitvds oy moTe,

Lhy We Choese 10, 100, and 1000 Shets/Yeor to Study

—F

-

Past studiesl’ 2, 3

have attempted to accurately predict both the

sizc and character of the nuclcar industry, the development and installation
of commercially feasible technolog 1cs and the rate of potential dcvelopment
of such processes as partitioning in order to project the scope of a hypo-
thetical space disposal progrem. We have a more modest view of our predictive
egbilities. As we are not atteapting to estimate operational costs, but
socinl, rosource, and poiicy vequivemo 14 end impacts of & petint WLl epnoe
disposal program, it is also of lc=s significance {or the purposcs or this
study that predictions be precise., What we do necd to estimate is the rough

scope of the program. Yet, our predictive abillities do not su.fice cven to

guess within a factor of two or three. As a result, we have chosen three
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iidlfferentiy sized pragra&s to examine: one very small, one very large, and
one about the 51ze of that predzcted by thc Hylard study as corrected by
our own p*a;ectlens of the size of the nuclear indusiry,

.

10 Jaunches annually by the yecar 2000

The smallest program we have chosen to consider ropresents only a
froction of the planncd available shutile launch capability by the yecar

2000. As such, we expect that it wauld not have a major impact on manu-

oy g $as . - PR ey IFALC S 1o - 3 “ina
facturing or coperaticnal capacities, or sirmin HASA's reserves In any

fou

cown to this nwebeor of launches. Or, as has been sugsested clsewhere, space
disposal might be considered toc expensive or risky for a full-scale disposal
program, but would be used to get rid of a few particularly troublesome

. . 129 13 Y
and long-lived isotopes such as I. In the latter case, the small nunber
of annual launches required would instill. confidence in the ability to
closely cieck and monitor the disposal [lighte, and evea to provide a back-up

system to deal with potential aborts, Cost would nce he a major factor for
F s

this type of mission.

100 launches annually by the ycar 2000

This program, intermediate in size for this study, is somewhat smaller

than that predicted by BNWL-1700 for implementation 0f a system similar to

AL PAGE IS
Dit POOR QUALITY
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tﬁat proposea in the vASA-Hyland study., It would, however, be correctly

fa%&stycle-ﬁﬁzc ?Eﬁaﬁed in such a way as to a;ﬁ;m;be the pradunt;en os .

_‘;'-é‘_- -

, 2% tﬁa y&yinad ysr ‘shot wanld be zﬁcreaseﬁ by a.factar of tuo or.
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mrogran, onc th* woold
- strain nof aﬁzy NASATS, But the aatlion's resources as well. luwover, this
< i % 3 - = PR B rege R -
is the size ol Gpovatldon inet would be reguired 1 the decision weme 1o

~to recycle plutoniuvm and still use space disposal to rewmove the long-iiVCd
"alpha-emitting actinides permanently from thg planet. It is alsp_cloﬁer in
size to our estimates of the scope of an anodlfled program such as that
suggected in the Hyland study if the fuel cycle were not munaged to kecn
curium productlon low, )

For this case, many launch sites would be required in additien-tn
Cape Kennedy, and a whole new operational system would have to be devised
just to manane crbital traffic. It is most probable that this would be
beyond the scope of NASA to manage, and either an industry or a ncy agency

would have to take over responsibility for the program,
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"M. J. Rell, ORIGEN - The Oak Ridge lsotope Generation and Depleticn

Code, report #ORNL-4628, Oak Ridge National Laboratory, May 1973.
See Figure 3.9 for an explanzti .0 of this point,

Ibid.

% ) ORm
NAp
OF Pogg f,AGI k18



{HAPIER &

-

WHAT IS REEPED 7O MAXE THE PROGRAM A REALITY:

g g iy g v gz
B S RS Y ™YIIAEIT AT
Biaiiaais RITLAIZ ral
~ - : - _ o« c . g==_ %~ - T or x ~ = LY =
[ . £52 L L. P - e it maa 3 L e T e mey
R L T EE O TR AT =2 i _‘"i--.u k4 Vot e

establish an actual space disposal program. In particular, NASA and its
contractors would need these inputs:
--The nccessawy technological sophistication.

--The nccessary resources, including materials such as appropriate

facilitices t& manuincture the ocquipment, skilled personnel, and

Arce -

adeguate copiteld,

Trammas <2 nm —~ - 3 Y = s an - . - RO T -
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and thus to ensure that thc program has the rcsources 3t needs,
(2) to use these resources to build the program, and (3) to run

program operations.
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--The necessary instituticnal arfaagements, in effect, legal and

Argractical *permission™ to acquire resources and then ge ahead
with the program, Notc that in the case of space disposal,
"pensission™ to establish the program is needed from foreign
governments, as well as from U.S. agencies and such non-govern-
rent institutioas 2s labor unions and aerospace corposatioas.

¢ needed for

management
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ght , espacizlly, the logistics probicms thot
would affect the overall feasibility of developing a given sized
program within a.given amount of time. We alsc discuss some of the
management strategies and institutional arrangements that might be
needed to cope with such bottlenecks.
Such an analysis niso enables one to identify the inportant policy

questions that NASA decision-mzkevs will face if they wish to establish

2 full-scale space dispssal progiam--policy questions

the advisability of new personnel training programs; and the content



of institutional arrangements on such features as ziiability, relations
between NASA and other agencies, andrbetween NASA und other countries.

As a preface to our discussion we shall reiterate two obvious péinfs.‘
First, waste management programs, like all human activiites, involve
both technical hardware and human organization. Shortcomings in either
will affect how well a program is established and operated. Thus in
analyzing proposals for the disposing of radio active wcste in extra-
terrestrial space at least as much attention should be paid to mage@nt
and institutional considerations as to technical ones.

Second, any waste management program will become quite large as tﬁ%
program "goes to scale", i.e. changes from a program which is a small,
essentially R§D-oriented unit, to a large, full-scale operational program;
its character changes profoundly. The two types of projects are very
different, not only in quantitative terms of size, cost, and so forth
but also in qualitative terms. They require quite different managerial
and institutional approaches.

7 As a project “goes to scale" at least two types of changes occur, and
special management and institutional problems are associated with each.
As the project grows and expands--the quantitative aspect of going to
scale--problems are generally ones of logistics. Resource “bottlenecks"
éan threaten to limit or slow down the growth of the project. As growth
continues, the l;roject also "goes to routine,” i.e., these processes

which were once informally carried out became standardized, documented

and routinized. This results in part from increcasing demands on the
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program: that it move away from an R&D orientation, taroae eaa#asizingA{i
smooth, efficient performance on . largerscaie. At the same time, A
the “personality" of the program also changes. It goes from a small,
exciting project full of highly qualified, highly motivated people to ome
of more routine, ev . boring operations, where diligence and competence

may decline.

Resources Required to Make a Shuttle-Based Space Disposal Program a

a Reality: at Va;ied Levels of Required Numbers of Launches.

Siiice one cannot predict just how large an actual space disposal
program might become, we have decided to use three "scenarios,” intro-
duced in Chapter S5, to illustra§e what forms a shuttle-based program for
sending the wastes out of the solar sy$tem might take. The scenarios
differ primarily in the number of launches required each year by the year
2000: 10, 100, and 1,000 launches per year. This chapter attempts
vough, preliminary estimates of what resources each of the three launch
levels would require. It is clear that those areas where our numbers
are most skimpy would be prime subjects for further research on the space
disposal idea.

Total payload assumptions. Based on the discussion of Chapter 5

above and on the BNWL-1900 report the following summary figures were
used as a base line for the analysis in this chapter. If 99.0% of the
fission products in the radioactive wastes are removed, leaving only
1% fission products in the transuranics, then about 115 kg. of trans-

uranics would be disposed of per space "mission": however, each
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A,“tis§iea2~ré§§izes two shuttle launches for its caapietian—-age to 1lift

| the pay}aad and the other other to lift the special “upper stage" rocket
needed to send fhe payload on its journey out of the solar system. If
99.9% of the fission products were removed, then abcut 200 kg. of trams-
' uranics would be disposed in each two iamn:hr mission. Thus the various

“laumch level scenarios" would dispose of the following amounts of waste

PeT year:
Number of Launches per Year
10 100 1000
99.0% FP out 575 kg 5,750 kg 57,500 kg
99.9% FP out 1,000 kg 10,000 kg 100,000 kg

Shuttle equipment needed. NASA estimates that a given shuttle orbiter
could be re-launched every two weeks (or 25 fligl;ts per )»'ear).1 At this
rate of re-use, the various space disposal scenarios would require the
followirg numbers of orbiters for regular use with additional orbiters
to back-up machines. ‘

~-10 LPY (launches per year): 0.4 of one orbiter's time.

--100 LPY: 4 orbitters required full-time

--1000 LPY: 40 orbiters required full-time

NASA anticipates that an orbiter will be able to fly 100 times before
needing a major overhaul (4 years of operation, if it makes 25 flights a
year. With an overhaul every 100 flights, the agency estimates that ‘
an orbiter can last 500 flights altogwether.2 Thus the waste disposal
life time of an orbital design exclusively to this mission would be for

-

the three scenarios, 50, 20 and 20 years, respectively.
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Other sﬁuttie equipment would have to be repiaced more oftén thai
orbiters. The solid fuel toosters {two needed for each flight) can be
recoved and refurbished; but after being used some 20 times, they have
to be discarded. And the external fuel tanks last only one flight,

The “upper stages" (Space tugs) used to end the waste packages
into deep space can be either reusable versions or expendable ones; it is
presently wiclear how many times a reuscble tug could be used.,

Ground facilities needed. If each orbiter is being re-launched every

two weeks, generally one assembly facility and launch pad is needed for
every two orbiters. This is because i£ takes one week (160 hours) to
assemble and launch a given shuttle, meaning that only two can be launched
from a given facility during a given two week period. This would mean
that for the three scenarios, 1, 2 and 20 sets of assembly facilitie$

and launch pads respectively would be needed cach year for waste disposal.
It should be noted that it takes about four years to build a new launch

facility.>

Reosource Requirements With Associated Bottlenecks in

Acquiring These Resources For the Scenarios

At the various levels of effort outlined zbove, what resources
would be needed, and what logistics problems with the U.S. might be
encountered? Extraordinary resources needed would be negligible for the
10 launches per year scenario because that program could be included
easily into the presently-planned regular shuttle program. Therefore,

our attention here is on the 100 and 1000 launches a year options.
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Problems of Orbiter Supply

Orbiters require about 30 months to build. At present two orbiters
are under construction at Rockwell International's facilities at Palmdale,
‘Southern California.? Thus, to provide the 4 orbiters required for the
100 launches a year prograa say, within five years from the start of the
space disposal program, two space disposal orbiters plus at least one
back-up orbiter would have to be under construction early in that period.
Adding this additional production to the present construction rate of
two orbiters at z time thus would mean more than doubling this present
production. For the 100C launches a year scenario, 40 new regular orbit;rs
with perhaps another 5 back-up wachines would be needed; to have them
all in five years, i.e., deliver an average of 9 a year, 22 spacc disposal
orbiters would have to be uader construction at aay given time. 22 space
disposal orbiters plus 2 non-space disposal orbiters means 24 under construc-
tion at a given time, 12 times the present rate. If those 45 orbiters were
wanted in 10 years, then 11 plus 2 would be under censtiuction--roughly
6 times the present rate. In short, roughly 2 to 12 times as many resources--
materials, construction facilities, personnetl--would be reeded, though of
course increased orbiter production vould bring scme economies of scale.

The obvious question here is how quickly such an expansicn of pro-
diction could be undertaken without extraordinary strain on supplies and
the economy. At the highest launch level scemario, it is a question of
whether there would be enough resources in the country to do this type
of expansion at all. In short, would thcre be "bottienecks: here, con-
straints on expansion, and if s~, where? Since we were able neither to

obtain specific data on what kinds of resources are involved in building

orbiters and related shuttle ecquipment, nor estimate how easy or difficult
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it is to expand.supplie; of these resources, we c§n4§nly make a few
general comments. Most pbviously, a 12 fold increase in shuttle prndﬁction
would be a massive undertaking, with many logistics problems. Furthervore,
these logistics problems could become politically important, since geéiing
the resources Q@ald require special political action by the government.
Finally, spacc disposal is a waste management option that is complex and
requires Iarge-séalé equipment: thus it would be difficult to expand a
space “isposal system rapidly. J B

More detaziled analysis requires that a éeparéiion—bct%een the construc-

tion and operational phases be emphasized. It is in the construction phase” .

that 2 nurber of inportant changes vee'd take place which weunld introduce

4
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Construction Phase

The construction phase of expanding space shuttle activities to
accommodate a radicactive waste disposairmission involves problems concern-
ing both the availability of materials as well as problems associated with
personnel and the facilities themselves. Recent attention has been drown
to the types cf material §hortages that the U.S. aerospace industry currently

is facing.

LY -
[The njational commitment to encrgy independence and the

" production requirement of soue military programs such as
thc McDonnell Bouglas F-15 and Rockwell International
B-1 arc expected to lead to shortages of critical aluminum
and steels, according to Commerce Department officials.®

Special note must be made of the effect of the Alaska oil pipeline
anl other planned pipelines, as well as increased construction in the rail-

rcad industry.which increases the demand on material needed in the
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aerospace industry. This is particularly crucial>since the orbiter struc-
ture is constructed primarily of Lluminum, which is also used for such
other shuttle components as the propellant tanks of thc shuttle ¢cxternal
tank. These material shortages could create serious "bottlenecks" in a
large, growing space disposal program.

In a xecent review of the space shuttle pragram,6 there was an
gxténsive discussion of the difficulties encountered in obtaining proper
materials for the ceramic re-entry shield blocks. The nation's resource
base for the pure materials needed was stretched to present limits, ag

were fabrication facilities adequate to the job. Even at present program

lcvels, then, some resource constrazints are being encountered. Similay

expansicn were undertaken.

In a wore detailed amalysis, it would be useful to give decision-makers
more information on what specific materials bottlei.ecks could affect
each of the two larger scenarios. Data needed to provide this policy-
relevant information--and data that should be gathered in any future
research on the space disposal idea--include: types, quentities, and
quaiities of the materials needed to build the shuttle equipment and
ground facilities, especially rare metal alloys; percentage of the present
total U.S. supply of a given material that would be nceded by a given
annual launch level especially the drain on supply if a program of 1000
launches per year were undertaken; important alternative uses for these
m#teria -, such as in the production of civilian and military aircraft;
and technical and political difficulties in increasing the supplies of

important but rare space shuttle related materials. It is obvious that~
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heavy demand for materials could trigger unanticipated secondary éffects
such as those discussed in Parts III ard IV,

Space shuttle construction facilities are also of sitnal concemrn.
These fucilities are essentially limited at preseni to the factories of
Rockwell Internationzl and the othev contractors and sub-.ontractors
involved in constiucting shuttle equipment and ground facilities, A
central concern would be whether the U.S. aerocpace indostry could
efficiently absorb a ranid expansion of space shuttle production. Specific
information on this matter is nearly completely abseut. Though it is
likely tha§$;here nay be some excess 1960s-built aerospace production

- ¥
cazacity available in the industry its extent could not bn doternined

Futuze anmaiysic on the space disposal proposal weuld requiic

PN

L]

following data: types and number of facilities needed to build shuttle
equipment, especially orbiters; specificities of needed facilities for each
of the three scenarios; and how difficult and time-consuming it would
be to expand present shuttle production, especially whecther present idle.
capacity could be converted to shuttle work or whether whole mew aerospace
factories would be needed. i

Availability of comstiuction persomecl presents another set of
potentially difficult problens., The prescat spaéo shuttle progivan
employs aboul 45,000 construction workers, a number expected to stay
fairly constant for thernext several years.7 In estimating the manpower
requirement for the three scenarios, _however, it is not reasonable toi
extrapolate this figure for the construction of two orbiters to a single

linear project of some 500,00C workers working on some 24 orbiters

necessary for the largest scale scenario. First, somc cconomies of scale in
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production should be realized. Second, many of the present workers are
designers and RED speciaiists who should not be needed through the entire
Jifetime of a long-term, large-scale space shuttle production schedule.
Still, a rapid or moderately pzced sxpansion of shutrtle production would
require significant new numbers of personnel, including new engineers

and increascd numbers of presently rare specialty technicians, such as

titanium welders. Sinc. it often takes considerable time to train such

skilled personnel, shovtages of some typs of workers would likely be a

major bottleneck to a large, fairly rapid expansion of a shuttle-based

- - - - = * Py 'Y
space disposal program. Duc to the extensive traiping to preoduce high

quality acrospace engineers and technicians, shortages of these types

of personmnel could delay z large-scale space dispoasal progsam {or years and
1eXe 2 3y perfonasl Irvoas ¢liner, porvhens ogizlly inportant zerospuie projects.

Mmnpouir segulivareats theveiore shineld have 2 high priority in fulure
enalysis ¢f the spoace disposzl optiocn. - Spocif%cally, further znalyses
should be done on types and numbers of perscanel needed to construct

the shuttle hardware for a given space dispos?l scenario, the.present
total U.S. musbers of these types of personnel, how much time and money
is involved in training additional personnel, énd where the most critical

bottlenceks are in the persenrzal picture,

Resources For Operations and Miintenance.

Once a space disposal progran is buile, it must be operated ¢nd main-
tained, Resources necded {or operatfon are likely to pose substantially
different problems {rom those prompted b; the construction phase. Of
course the magnitude of resources needed will vary according to the specific

scenario.

ORR}H%AE
OF P00 Grar e R



6.12

Expendable operating materials, especially fuel, will require
special attention. Each shuttle launch requira2s 99,800 kg (220,000 1bs)
of liquid hydrogen and 603,300 kg (1,339,000 1lbs) of liquid oxygensg it
also requires fuel for the solid fuel boosters. Serious obstacles
to the rapid expansion to a large space disposal program would be
present if it is difficult or very expensive to increase the production of
1iquid hydrogen end/or oxygen. Provision of spare parts for the shuitle
orbiters, especially during overhauls also present such obstacles.
Operating and maintenance personnel] nay be availabl; from the peol of
w&rkers that would be employed in the construction of orbiters but

this should bz thorougly cxplored for there nay be insufficient trancfer

=1-3 3 £ p 1 - . - 3 S - A 4 g PR FPN
ef skiil frox onn phase to ths other. An estimaze of 5,000 worors
73 SN - 1 -l - oy S | 112 - - R R
will work at ihs Kennody Spsce Center lLandling those funclions fer the

presently-piannel shutile program. Lxpansion would greatly increase
this number. Financing requirements present another potentially formida-

ble problem.

Capital. BNWL-1900 estimates the cost per flight of just a
shuttle is about $10.5 million. However, every'other flight in a space
disposal progranm would include not just a shuttle orbiters but also a
third stage; the cost per flight 6f a shuttle/reusable tug is ghout
$12.5 million, shuttic/expenduble thivd stage, about £16 million (1874

Thus a 10060 launches a year progrem wor'd cost sounz $106 billien

. ¢
d¢ellars)”.

2 year, in 1974 dollars; given inflation and cost overruns, the actual

price could be much higher. The reason for such high costs is, of course,
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the large capital investment that shuttle hardware requires; for instance,
a shuttle orbiter costs about $300 million. This firancial requirement
adds greatly to an economy already strained and forced with ihe prospect
of huge capital outlays for enefgy production facilities.

Policy questions associasted with the rrograms necessary to assure

adequate resources. The fact that acquiring adequate resources might be

a problem for a large, wrepidly expanding spuce disposal peiogram raises
a major policy issue: what technical, management, and institutional
steps could e taken to assute that adequate supplies of those rescurcas

are availstic to the prograrm? A brief discussion of some of these issucs

1 . IS 1 r LY . - . =t a . ~ N .
follows alnoo witl sers o« reci@ic policy cventior: Jikely to be faced |
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of resources avaiiable and the amounts necded by the progrem: The first
would be to develop new ways technologically to increase the supply of
rarc meterials and personnel. For example, new rethods shouid be pursued
to produce and machine needed alloys or ceéramics more easily, more
quickly, in greater quantities, and perbaps cven at lower unit cost,
Developing such new methods often requires new RED programs, which in
turn 1equirTe nev management and institutional arrangements. Cne specific
policy gquecticrn raiscd hesce is what flelds chedel ey wllitional RED be'dana,
that is, what sre the prierities in ircrearing the svpp'y of ncocded
resources? Sccond, noew ways to cut the program's demand for particularly
rare resources could be developed cither by using move available substi-

tutes or even technically eliminating the need for the resource altogether.

For instance, if titanium welders appear to be in short supply, find a N
ORIGINAL PAGE IS
OF POOR QUALITY,
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way to cut the number of welds needed per orbiter, or find a way to use
other, rore available weldcr=, Additional RED might be nceded in this area.
Toird, increase the supply of rvesources availeble for the space disposal
program could be incrcased, and thus assured, by cutting the dcmand other

prograns have for these same types of .csources, In practice, this would

b k - A s S + il WO h S S PO N | B | e 3 5 T SR S-S

ba difficult, thruegh NASA decision-mekers shoutd onnsicer the possililicg
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using the seme materials. Finolly, in the face of likely persistent shnrtazcs

HASS could siinly linit the nyopramt's ruie of exunnsion, culting dova o

its shert-term denond for resources. An inpartant policy questions is
how much this strat-oy chould Le veed, o0 epoosn D00 L2700 008 ¢ Wi
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mendations on which resource styategies MASA should usc Ja the case <
space disposal, or what RED priorities it should sct. Yet it is clear
that for NASA decision-makers will likely be presscd to keep those Finds
of "technically" related policy questions in mind.

Management-related aspeo ~ of the resources »mizture also raise
important policy questions. NASA and the acrospace industry arc : - _cady

3 . 3

expert in thae procurement of resources and their vse in constroction and

eprations.  We sholl siwply se-inforce thrce wejor ©oinls gurol firouvce
s e = - e N N FEN =yt pe # 32 . % I
nanagews L of sprcial relevance to the spece disposal idon,

First, because of the uaprecedented time span of the spece disposel
program (30+ yearsj, NASA would need an unusuaily long-range resource
planning capacity; it would need to idertify long-term resourcc needs and

then make recommendations to the rest of the program management concerning

program expansion rotes, procurcment policies, and RED priorities. The
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The key policy questions here are on how to organize such a research
planning capacity.

Swcomné, the menpower and personn=l natters deserve special
attentica from NASA. The ageacy traditionally has left manpouwer develop-

ment to the corporate and cducational sectors. PRut at least scme NASA

.
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Third, a major management issue is likely to emerge concerning

. %

whether KASA should B onzge a space dispesal pro

il

-vam directly by itself,

v

including direct managenent of resouarces, or whether the agency should
£-3 4 =4 F

o

turn part or all of the progran ovesr to z private contractor. NASA is

traditionally an RED ggpency; directly tokin> on 2 major opsrational
progran would invoive mojor chonges in both the pginay's :rize, budpcts,

The decision en whether or not to manaic the pregrsa directly would

have significant political consequences fu NASA. Running the program
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directly gives the agency a degree of direct control it would not get
with turning operations over to a contractor; yet it also means that
K2SA tekes ull tiz pelitical criticism weve there to be a major accidsnt,
Becoming a supervisor or regulator means that NASA takes only part of

the criticisn were there to be a najor accident. Becoming a supervisor

or yog-later resns (hot RASA teres only pait of the cerivaicizm for probless;
1hy privato contyacts: 1slez ha yest. However, if controeting moans gre
vsed, sore less of eontrol for NASA is likely to be added to incresse
eorfusict ofey uso contyals whot facilitier ond how a contracior-run

- = o S 23 ¢ e >, - - 3 ¥ PP )
space disyosal progrom fits in with a NASA-rmw. regular shuttile progzam.
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contractor, with its xcgulztion 10 te carried cut by enothzy governmoat

i

[

agency, such as the Federal Aviation Administration. This would tzke
KASA off the book for problers, bot also means that while 1t would lirmit
NASA's role wainly to R&D thus limiting its overall role and foregoing
a strong rationzle for increasineg agency funding, it would reduce both

$<3

external pelitical pressure and avoid the internal stress a proegram of such

viacies, statle govesnuents, corporations, organized lsbhos, organized
religion, the educational "establishment," and foreign governments form
significant sectors of NASA's environment. These institutions are large,

long-lived, and powerful social groups. They are significant to NASA
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because they are the sources of considerable pressures and/or incentives
for agency operaticas. Some--espccially govermmental agenc1es centrol

:rtain conditions on how the money

ﬂ:-

5 is

P

KASA's purse strings, and set «
be used. Others often play a major role in determinirg how well a program

can or will perform, or, indeed, whether it will even exist at all.

.
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Lz¥tor wiions can crippis KNASA contractors. Caigress czn elipinrte
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space disposal progron end vhoo ooucczsiens the U.S. grant

to foreign powers in order to get their cooperation. Cther chapters of

t c¢iscusy so of those jssues. Here we bricfly nete JQ"“ of the

institutional issucs associated with the acquisition and use of resources.
Tezal authersty and fumdin~ cobvieusly je the initial rced. Funding

may be found either from private institutio:s such as banks or from the
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tulixely. Public fiiuncing will Ue necessary and thus difficult issucs

of public policy arise. Should funding come directly from Congressional
appropriations? If so, should the money be in the NASA budget or the FRDA
tudget? Or should some sort of trust fund be established, financed by

levies on the users of nuclear-generated eicctricity? And if such levies
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are used, how can they be designed to be just and equitable? Furthermore,
what methods can be used to keep cost overruns doan, and who should pay
the bill if the program only pariially wors and is ca-celled or clise

supplemented with additional waste disposal programs?

A space disposal program, however, will very likely need more than
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NASA could not cstablish an entire space disposal program by itself.
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Clenr cersidarable

sency relstions voul vizd,  T{ nothing
else, NASA would have to cooperate waith the two mair nuclear agencies,
ERDA and the Nuclear Rapulatory Commisaion.  Special institutional arrange
ments, including inter-agency agreements, uouid be needed to facilitate

. b N P
such Connarntion, SURIFMUS SDECLID

As these various types of resource, funding, and institutional issues
are settled, chains of activities will be set in wmotion. Many will result
in significant changes--second order ecfforts--both uwithin NASA and among

existing governmental and indusirial organizaticns and the experience of
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individuals and communities into which the operational activities of the
program are carried out. Before we turmm to a discussion of the second
oxder impact let us exsmire the character of the official governmeont
attitudes and public attitudes toward the program. This will affard‘ us

an advanced insight regarding the kind of reception secondary impacts
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NOTES TO CHAPTER 6

hational Aevornautics and Space Administration, Lynder B, Johknson &5nce

Center, Space Shuttle, February 1875.

Phont conversation with Mr. Howard Roscman, Program Evalua*or, Space

T 1T sy Teem g T L Phr? A 3 T .

Smtiio Frrevem OTlico, 3, 3476 It 33 wiciorn;
. LIRS ¥ [ S S .
WhHooG Ul . LG¥EOYCLT,

10 bs an wrvcasonsble estirate.

(48]

3 manit thot £loass 3 Tomes? o L e e - N |
Statement thet fers 1s rioul 3 101G RS ljend ti-2 on nods gyruna
R T R T R S te T
F om-omeoma o e omT - i = R - e s < - - - - - - _— - -
~ 5 F - -
1 R P Tmmen oz D tiet ad 3 fars U T e Cammn Tk
Aluminunm &n? Sveel Sheo cazes Prelicied,™ Avietion Wesk 7 Tpace Toch-
» A 1
nology, March 1, 1976, p. 19.
Hid 1 A, L AR ST S M. S T AT TURP ORI s P, I & 4 [ Ry o F N P Tae
Vihzyral TiIo Productisr oo ndy o Rellf) Aviction Veek § 5 ice Tech-

nology, Nov. 8, 1976, p. 51.

Roseoman converssotien,




POLICY AND REGULATORY ENVIRUGRMENT
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unprecedented ways. Not only have the Nuclear Regulatory Commistion and

the Encrgy Research and Developwent Administration increased theix interest

in b

he area, bul tiey hzve boen jein o3 by the Enviroonwentel Protection

Bt

Agency, the Council on Envirommental (Quality, the Office of Management and

s

Budgct, the Federal Emcopy Admirisivation, avd (he Domslic Coancidl

F

Radioactive waste has lost =ome of its non-glarorors c¢raracicr znd botove 2
tho politienl envipona:l ¢
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outside stakeholders--including the nuclear industry and the nuclear critics.
Their decision premises and constraints will be considered and assessed.
A specific decision which has implications for the spacc disposal option,

plutonium recycle, will be examined to show the problems that alternative

for wvaste management faces in being adopted.
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The dominant desire among all Federal agencies is to reduce the

uncertainty which presently characterizes waste management policy. This

-~
2

uncertaldaty stems first from ths lack of an adequate knowledge base to

d

design tie techaological core of a waste management system. While there

appears :o0 be a general sense of confidence im the offic’al positions
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of agency actions and to preparing legsl challenges to agency plans. Such
prep g ag &

behavior, of course, greatly desiabi

yoin

lizes the political environment for the
Federal agencies cherged with developing and implementing waste managenment
policy.

The Fadoral burecucrarsy feels trencendcus pressure to rescvlve the present
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boing on Arhilles ool Jor the ontlire maciesy peogri:, 1T 1s also cve in past

to the nced to provide the nuclear industry with firm regulations required

to design facilities for the back-end of the fuel cycle.
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Given the uncertainties and the pressures to reduce them, it is hardly
surprising that only a narrow range of technical altermatives for waste
mancgorent is being pursucd. The range is cefined by two fectors: Is the

technology perceived as being §irtually “one the shelf"? Is the alternative

-
]

“"cost effective™? It is clear that those two variables deminate the thinking

= i
pelicy.,
Other {actors, of course, do play some role in formulating specific
zgency positions, Both hn Envivomwental Protecticen Agency snd the
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EPA and CEQ both feel ths! such an outcome would be rost unfortunate.

til this last fiscal year, the Office of Management and Budget has
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financial suppoert for waste management projrans,
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the role of OMB tu overvhelam the orgaznization with largesse. Budget

shovisichted, justiiy it by &
pushced thew to provide morc funds. Although both ERDA and KRC nave
recently received major increases in their budgets for waste management
activities, the (MB norm of guarding the treasury against profligate

agencies remains. All proposals arc given close scrutiny.



Two other Exscutive agencies, The Federal Energy Administration and
the Nomestic Council, have taken a recent interest in the development
of waste management policy. They are primarily interested in quick

implementation of some sort of a systeé. Neither is rarticularly sensi-

tive to the positions of thc nuclear critics. Both have
Adaministration forwes pushing the develep.ont of nuclear power.

The Nuclear Regulatoery Commission has the r95ﬁ3n51b111ty of licensing
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disciprines. Althooagh their ropost haes noi Lees nzde public; = nanboxn

of their ideas have already been a2dopted by the Commission. Two signifi-
cant passages presented in testimony before the Joint Committce on Atomic
Encrgy in April, 1976, suggest the important shift in the way the Federal
bureaucracy has conceptualized the problem of waste management.

Tuc Ecci Liens we make today regarding the munagement
wastes must provide protection of the public
he future, We canncot put off thost decisicas

to Uh\ns M rech-

T o~ -

i ,,_.‘»..la £
oy} _1,~\, {f"r\]-r =da
B da&,& PR R L'

Q:_‘ FRERAME WUPSY M 54

Among the ingredients for the safe management o nuclear
wastes two that stand out are a trustwortiy techrology
and & process for the timely implcmentation of that



technology. The NRC progran is addressing both. Having
the technology on the shelf is jnot enough, Criteria are
required for selection of optimum technologies and for
their operation. Organizations must carry out the tasks.
And those organiraticns must have commitment to follow
through.

= .

Although there will be criteria 2dvanced for dealing with the techvological

core of the system, evexy indication suzgests that the for
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of the debts which are articuloeted are: aoct limiting their future actions,
not spreading our risks to them without concumitant benefits, not overly

limiting their resource basc, and not imposing social systems upon them,

<r

Translated into design objectives for a waste management system, the nced

to £ulfil) resporcibilivies teward the foture neons that the syscom cannot

depend on the contimed evisveonaze of the commercial nuclear power system, that
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the estal-lishment of the sysoen earsol be deferred, and that .. systen shodl
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and ccentinued operation.
If the NRC has charted a new course in its waste managemcnt operation, ERDA

has continued along murh the same path taken by the AEC for the past
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i, twenty years, In the s§rasg of 19;5 tke Bx¥;%;on of Waste Management and

T&snsya:tat;en was abal;shﬁd and 2 new fucl cycle d1v1sxon--of vhxch waste

H

agnaggrﬂut was JLSt ong part~-nas c‘eai\d Tho :n+0ﬂt of that orgﬂnlzatlona]

hange was to prov de better 1ntegrat10n of the various elemdnts of the

nuclgar fuel cycle. As ‘a reeult of Lhab bureaucratlﬁ sﬁift a new dzrectu

took over resnons 1gility 507 waste mﬁ#ﬁfffﬁﬁt.

T 7 His views corresponded quite closcly to these of his piedecessor in -

" 211 but one respect, The - present diréctor firmly elicved it wis Foolish 9 .«

. place a1l your eges in oe ba asket,Y  COpz ?ii 211y that hes weaant d Fal Lﬁiﬁ el

= has committed itself to examining  number rf possibie sites for gcolpgical -
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Moreover, ERDA has increased its funding of the so-called advanced
concepts such as seabed dispesal, That alternative, in fact, has attracted
a growing number of supporicrs within FRPA who view it as & means ¢f no,
only solving the technological problem but of avoiding some of the potents:-i
political and oégé&izatibnai problems associated with land disposal of the

wastes as well,

e

Nev cfthelees, the ovexrwh aimins push of ERDA is still in the sane

w.
w.

éis

=ction as tho giéxgigaéc ; Fifores are kagdb mac
build and licensc a site in New Mexico's salt beds. S; iﬁi&ﬁSQ hos bozm
the pressure to get on with those efforts that even the Inierior Departmenir
which presently administers the area has objgcieé to the haste witk which
the project has been carried out, The intent remains, however, to have a

facility capable of accepting high level commercial waste by 1585.
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These dlfferences and nuances in the various agency positions on waste

gement pDIicY shoui& het evershadew the great szmaiarxtxes in: thexr

%s guggasieé sbove, thoy are all constrained By two fattots:

Is-thé technology perceived as being -‘on the shelf'? Is the alternative “cost

effective™f- AS a -vesult,.-there appears to be an almost single-minded

ComF “tment g

;tﬁa E éarai b:r?&uﬂraay to some f[ora of gee;ug;cal cas5pesal.

,_dlb?ﬂ&sl_B§ILO% is alm;;t us;ver~4kly not Laxen very scrzouslv:

'aghin ton todcy._ lne_only_reason that ccu}d ke discovered fn: ]15 b»em'T

u;&futccc aL all Siﬂﬁf frc* what nwuse have been 2 casual 2enmrk by
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plan. That latter idea is still kicked around {rom time to time. Yet,
having interviewed virtually all the prople primarily involved in formulating
waste management policy, no ome was prepared to suppori the cuncept. Th§y
313 p§inted to its high cost and unproven technology as the reasons for
"taelr rCjeciidi.
The only possxbie reason hhy these 1nf1uentzais nght change their
minds about th: space alterns tave would be if there was a sudden increz
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in the vesponsinility this sonevatiom poves

future generations. Such & dramatie shift, however, could not originate

in the bureaucracy, it would have to be initiated either in Congress or
3

in the Office of the President. Neither of those two branches of govern-

ment show any signs of adopting such : novel attitude. In short, despite
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the vsriely of_empﬁagis'aaé~approachrthat is present in the Federal
bureaucracy today. it seems uniikelyrthat sufficient support for the space
dicposal option can be faand.r Ahu{nt of such support, the tremendous
resources required to carry out the §r§ject will not be forthcoming. But
if there is litticrsuépart inside the goverament for the idea, is there

encugh outcide to force & change?

One ro ov outcide stake holder is the nucleas industry,

are some differeﬁtgsiaasng utilities, vendars, and enginéering fims on

"'1

P, | 2 o [Py -
fome side isSUcT é‘allr 1ith waste manage

et iLr nuclesy industsy has a
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o miqiti;c the costs of nuclear power so th=i vhut enciygy opticn io
economically ccmpetitive with oth&rs.r

Histc ically, the industry has often objected to additional regulatory
requirements for waste manageﬁent. There was, for example. substantial
opposition to the adoption of Appendix F to 10CFRSO which required that

high level wastes be sclidificd snd transported to & Federal lcpéwttﬁf}.

Irdusiry vehemently objecis to tho proposed rogulstion xu;ph ?11:ts ‘Hn
waoun? of f{roasuvanic contoninatien of oy ]
e monegomont facilities to 10 wivicouries por prao., I1 kns of, L .

fought the idea of a Federally operatced pexmanent disposal facility.
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Froa: these historical positions, we can infer the industry's response

to the space optien. VYe would expect them to be largely opposed hecuuse
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of tne nuclear critics. There are major differcnces among these. But
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i Unie RsIue nfle 30 cornilovel anvoarnoet . Thoe lerding fores on vuste

manzgenent is the Naturzl Resoruces hefense Council., Their position is
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million years. Other critics range to an extreme position colercd by their
partisin copposition to nuclear power. If they were to concede that any
technological alternative might, in fact, be viable, they would lose a strong

-

aruging point in favor of their position.
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It is qu-d to Gpredicé just what position the nuélear critics would - .
adopt toward the space disposal option. On the one hand, they might‘ be . -
cxtrexely skeptical about claims made for tilc system’s technological
reliability. On the other, ?the)( would prob:;bly ;ipprqve of the total

removal of the material froa" the earth if a reliable system could be -

demonstrated. .
it svems clear, however, ihat a0 overxhelming groundswell of .,Lpport

»

for the space disposal option exists today en;her insz.de or Outsxde of the

7 A u «
-

governuent, The space klteinative is rercezvrd as just not be)rg vractzcol

.2 _ . -

S
at this time, - -
. .
Olstarles for acopting tin speze option groo net limiited to
oK of s trlowiong Iafioo,s T % diedsien roline . As wo hove posded
' | D

e dar warlie chmpterd, 1o LAT00Ten oL Gy vpifne alicteative 35 OeBug

on other decisions inveiving the nuclear fuei cycle. In particular there

needs to be a comitment in favor of partitioni~7 the waste stream into the

"

shorter lived fissioﬁ proaucts.and the longer lived transuranic elements.
There also must be a decision against plutonium recycle. In neither instdnce
does it appear that the proper decision will be made.

_But what is more significant is the fact that in the consideration

of these two decisicns, dhe implicaticns for the space alternative never

cven entey into play. Tae docisioa on plutenium 16 vcls d?mﬁddt* ey
. - E ]

s well.
ORI

| AAL PAgg o
The Decision on Plutonium Recycle

B!

The issue of plutonium recycle (PUR) never captuved much attention

from the Atomic Energy Commission. No Commissioner ever had a formal or

L4
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" even infowl "ha&“ role h ﬂuﬁt area, In the first ben ye-rs of the : :,;-'f.: :
agency's exlsfenco. no repart about t.ha questicn appears w have reached th

Coumssmn fornally. I.. the quarter*ceutury peuod extending to Janumy‘
1972 for which files are avaxlable. omy t‘ifteen doem-enw doaling
" with plutonium recycle - vere ‘ever even considered by the Colﬂissxan. ?nnﬁl
lack of attention need not bs equat.cd with lack af :Lntcrest or concmm. »
~ It can he adequately. explaxm\d in te'ms of thc tme pemods mvolv&d
‘PUR had a relat:.vely lrmg tme har;ma- other matters had to be resolved
such 2s %mlop. ng ‘reacwrs ‘bei ’UR could become 2 sal‘iem pos.z cy

quesuon A*tennon, therefore was d:zrectcd qm.te mturally to more
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coumercial application. Its orxigins tr.ce back to the work at the
National Laboratory at Hanford, Washington in the niddle 1950's. At that
‘piihe, Harnford was Operataa for, the AEC bf Gereral Electric. Shortly afrer

research into PUR began, Commissioner Willard Libby requested the Director

-

of the Division of Reactor Development to supply the rationale for .the

project: 7 - o - .

There are thrce principal reasons for undorteking an
inteprated program for the developnent of plutoniua
wechnolony ao.»hrq‘x ¢ to its usc @#s power reactm
fizels. Lese ore as follows: :

2. Improved apulicability of reactor technoiogye

based upon use of eariched fuels

b. Increased utilizztion of uranium resources. J’m PAGE g

c. Eventual Iowcring of fuel costs. .
Ferhaps the most pressing and immediate need for th:.s QUAm
technology arises from the United States' desire-to
assist other countries in the apphcauon of nuclear
power for pecaceful purposes...It is clear that other
countries are reluctant to embark upon a large scale




l-affectcd the econenics of the conmpt bad 1o, be *esnlvm ‘mose Ane luard\'

222 .

* suclear power progrm based upon enntimnng feati m-; £
{5 uranium enriching plants. Recycling of the plnmin
produced in thersal power reactors cam reduce theé
dependency upon a supply of ‘enriched ursnium, and,
“in many cases, permit continued operation of the
reactor on 2 natural vranium feed stream after an
initial charge of earidment 1

w L

Befure PUR could pocome a- re«l;ty sewrai teduu.cal prablcm r’nmﬁ‘

reactar physics, plutonium beanng fuel element development, am! plutoiiim )
TECOVCTY Prociss develephen,. Hapford propesed the design and o xsfructian,
cl two focilities to tackle those problems: the Plutoniawe Redycle Test

Penctor <nd {he Diolonivy [Fusl? fodrieniion Pilet Firat, The eost of the

- - - -~ < - o P -~ . . - PR . - 1
ARYS LR 1 oL MU R R B S Yoo RELO, b Donellvsien opToueed
- ., T R T S -a - T T LT R I bR - — e TR . D
Vo I A gl L Lo e Za ) MU0l Tornter wLnt orivicoy, thes

is, it adileved a controlled sclf-sustaining jarclzar yeactiom. [riing thax
five year period, the AEC speut $21.5 million on operating and research
costs in rddition to the capital Numds committed. |

The nuclear industry, however, was hardly satisfied. In a letter
to the then direccor of Reacter Development, Frank Pittman, written in

1962 by W. Kenncth bavis, Pitiman's predccescer and uow a Vice I'resident

HPS
’

of Buchticl Corporation, the complaint was made what: “At present fwe] have
no facts, only speenlations of sone highly zhajcal advisers,..%ais ‘1iu tien

is b2d ip the United States; bhut 3U us pooving 4o be 2 most fe:ﬁlncﬁle

. 2

obstacle abroad in trying to utilize the slightly enriched reactors of US

<lesi.yu."2
Despite the intent of the program to make US rcactors aad thereby US

manufacturers more competitive abroad and despite Davis' protestations that

""Pooa m"“"“ﬂa |
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he could thinkl of *nothing more ilpért;itt to our overall reasctm- devalopmt

pragran today than plutonium recycle,® industry balked at takinz on any .
: Qigﬁiﬁcant role. In October, 1965, for example, Milton ;.Sh‘aw, now the

" . m:cctor of Reactor Developaent, notcd in a memorandum to the General Ma‘x,ge"-

| Lmla we have exprossed dzsappointnmt with the rate at which mdustry m

_been pmkmg np their part t of the progian, we arc continuing our efforts tn

- engwrage thc—m to do more and to rcitieve a smooth txensition fron the AL~,*

syonsomdpmgrato the industry-sponsored program."3 A year later, thé‘ :
-'tuation<had not changed.' Shav, writing to the Cu%wieciua, ILEQ?TC& thaf
the "indostxy s;—onsor-;-ri plutoniuz rooyele poograws ave not Tesponsive, ;i;n

teins of both serse and timiag oo tho e’ Jovopts vhich vill exist by shy

.~ . 3. .t - 1 - » PR S, S .o N s 3 - L N o .
CIFATT L T ID AR LY $00E Lol RET I PUEGSTN LT 2 dEe st BRIty o

. .

3 P - au 3 - d et Y e e o e e A e :
being Jera-teen, had by nor shrot =0-2lfiem dy oo 2 vesult ol fucetiown

coupred with the ropid lncreas? in light waier 1eatior cowsiuments and the
amount of plutonium expected to be discharged. Coping with those domestic

challenges now overshadoved exports as the prime rationale for PUR.

But the f:ilure of the muclear industiy to act in the face of those
problems was nmot the only constraint affecting the future direction of the
Comuission's PUE policy. ‘'the Joint Conmittcc on Atomic Encrgy (JCAL)

was beccm*ng increasingly restive with continued AEC involvement in light

- .

water reacter technoslogy, In their report on th: ASC Autherizatiion Bill for

FY 1869 the .eint Commpiitee sivessed the Impworisrce of phasing ovt Coraission

-participatior in the PUR program as soon as possible. The following ycar
the JCAE reiterated its “oft expressed belief concerning the importance of
private industry taking on the lion's share of the significant work that

remains to be done in the plutonium recycle area,™ -

ORIGINAL PAGE I§
OF POOR QUALITH



The agamy, ﬂneh; vas caiight betwoen & reluctant indiistrf and nn
ixi:rea.ﬁingli itritat‘eé Joint Committee. - Afﬁér néarly two yearsl of
nogotiation and pressdre on the part of Milton Shéw, t]&é iitdusﬁy,; repre—
sented by the Edison Electric Institute (EEL) proposed a modest program to.
“shoulder responsibility for PUR. EEI along with Westinghouse and General

. » . . R . . ,M )
Electric would fadbricate and izradiate mixed wraniux and plutonium el

-

rods in commercial reactors. Slightly wore thes $§ million would be spest
over a period of five years. The propssal was conditioned upon the AEC
R

redpoing its base charge foe pluse iy fioe §43 pov gran te just ever £9

per gram. That alteratiocn would provide a savings of over $i miliion for the

. s . - N . - . .
- .t N D Ve K rge e e e Tl et L, e R N N N PP
1;“’11‘.:;1‘1 R Whiio R FRCLOLUNE PO oL e S | S [T SR T LR G T S A R L v
- S et et P R . Y . . A N .
Po he Tovambssions a0 T a0 oot Foac om0 it
’ . R

accepted in early 1970; divect AEC iavolvewent in PUR development was by and
large terminated at the end of that year.s

Up to now, the regulatory side of the Commission had little, if ony,
influence on the coursc of POR development. On April 18, 1969, however, the
regulatory side took its first action on plutonium recycle; it accepted
an amendment to the techmical specificatiens of the Big Rock Point Reactos
in Michigan., The changes pcuoiitted the reactor--chosen 3s part of the

trn anatainine rivsed ovide
LS TORLZIANEG TIRes ol

industry-ren pregrac-~td oiotate Using juel
fuel rods. The licease was simultanzousily amsuded to poimit the Consuaer
Power Company which owned the rea{ctor to possess and use up to fifty kilo-
grams of plutonium in the mixed oxide fuel.6

Three and a half years later, the Company applied for and received

another license amendment which allowed it to increase its use of mixed N
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| uida fuel hy a factor of three. In March, 1973, the West Hichim i

R

’ ‘ﬁvimental Action Council (WNEAC) requested AEC for a heanng on the .

{‘.} amﬁnﬁ&aut and filed suit in Federal pistrict. Court for the Restern Distrxct
: bf llichigm sﬁehng de:laratory rehef ami an mymctxon agunst the g:«' .
Jiaadiug of tdditional nixed oxide fhel at the.Bxg Rock Point Reactor.‘ :

« ‘Tha court deniad thé inJunutxun bﬁnanse the Cumn‘salan agreed to a

’lmarmg and 1:~=causé Sonswaers demrred 1mp,~ mmxtmmn of thev pi ns w

- use zzore ﬂwan fifty kilngrams of plutomun in the Spr:mz’ 1973 lnad:mg
of tiu r*actar. Tﬁe ibllaa:nr yaar hﬁhEYC*, in 2 saconﬁ round of
Iitigatioﬁ WMEAC received a commitment from the AEC t_nm: thf. avmcy \;@ﬁn

coraidey Jhe effoot of Lue pluvoniia fuel cycle 3y g gencgic prazending

. YO S - 2o leyy L eemyrs - ~ [T PR T S T LT T

EAF ST LI W - S # R U WO UV ATON e (L Dot e T T D UL, Lt T
- - A

. en - i ~
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LLOND was released in Agust, 1bis.  In the docuwent,. ihe ALD staly
concluded that the adverse envirommental and safety consequences gssociq;ed
vith using plutonium as a recactor fuel were small. Thus, the staff judéed
the problem of safeguarding the plutonium from diversion as being a |
“ranageable one," and recommended the PUR be approved. They did indicate.
that a more detailed "safeguzrds program would L. developed ian the noxt .
year or so, but saw no rezson 1o defer the basic iUR decizion until that

peind In the futvye, the Clauission failed to restolve the PUR questien

finally in tho reosiniuy five months of itz existeace.
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lﬁtter to KWilliam, &nders, the new head nf tﬁe HRC

fbllouing view: L . SRR ¥ Q”

"

f) .

The letter had a vrofound effect on the fledgling NRC; it promoted a major

on-PUR.

gt
- 4

2R - SREN s

K1

Although the draft eHV1ronrental staremant is well
done and reflécts a high quality effort, it is in-
complete because it fails to present a detailed and
compreliensive analysis of the envirenmentinl impacts of
potential diversion of special nuclear materials und
of alternative safeguards prograns tc protect the
publlc from such a thrzaz.

The Huc? leur Regmgatozy Cbmﬂis fon, the Executive

v * Branch, the Congicss, znd. the Amrican people should

t

have the benefit of o full discussion of the diversion
“and safecguards problem, its imoacts, and pOLﬂPt'dl

Y T A TS SRS
mitigating rcasuros, befo.o = fia L dellzioas wre
2 LR 3 1 g e €1
Laae on nlupconiioe roooveis, .
= . .
P ;, ‘ P AT L AR S A
-3 PR T it U P L4
[OR AR % JNC PO (S VIR AT < NIE AR N SV
salredns tives of widch would rosult in wmnacessivy

"grandfatberlng"‘uurlng the period in wn¢gh the
safeguards issuc is being resolved.

¢

The loctor erpresseé the

&

yeview of the former Commission's plans for reaching an affirmative decision

m !ay 6, 1975 thc new Commissicn announced its tentative judgement

on how the PUR decision should be rade.

On the basis orf iis consideration to dote of the
relevint factors, the Commizuion is provisionally ¢f
the vicw, subject ro consideration of covwents to be
rececived, that a cost-benefit snalysis of alternative
safeguards progrzms should be prepared and set forth
in draft and final environmental impact statements
before a Commission decision is reached on wide-scale
use of mixed oxide fuels in light water nuclear power
reactors. The Commission is also provisionally of the
view that in light of the variety of factual situations
and legal considerations that may be presented, as well
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as the rigﬁi to and reed for appropriate participation
. in the decisionmaking process by parties to the individnal
. proceedings, the matter of deferral of future licensing
actions which ard related to the wide-scale use cf mixed
oxide fuels. should be addresscd &yithin the context of the
individual licensigg procesdings., It is "the Cosmission's
provisional view that the following guidelipes should be
observed in resclving the deferral issue in such pro-
, ceedings: (1) there should be no additional licenses
; granted for usc of mixed oxide fucl in lighut water nuclear
power reactors except for experimental purnoses; and (2}
with respect to light water nucicar paver reactor fuel
- eycle activities (activities othier lar nvglea- fower
reactor construction and operation} which denend for
their ’ustzflcatlon on wide-scale use of mired oxide
fusl in light water nuclear power ruac~oro, there should
ve po aclitional licrusces ﬁr nted which would foreclese
future safeguards oplios ¢F resull in unhecessyry
YgrandLathering." Tais hould not preclide the granting

s, ef Jicenses for exderimentzl andfor tocanical feasibility
b
l)u t nr.-' t~6
The Samtdasven estd fed thoc oz oot Juoicdos oa PUIeenld b ded g
¥ .
Fraoen Fong s iLrer wooTS. ol sy Uluonenien wsy dw Ol w0 1)

balloon. Recognizing the coptroversial nature of 1ls choice, the Conissici
offered interested parties the opportunity to conment on that provisional
decision. Thre Commission held mesting with representatives of inéustry

and the general public to clarify any questions those groups might have.
Over 200 comments--more than twice the number received at the initial
publication of GBSMO-»wq?c contributed by mervers of Congress, indusiry

groups, utllities, and environrcatal orgenrzations.

G Novenber 32, 1472, the Comlordon banded devn its fingt Meinion
which cuntained four basic elc ts:

1. A cost benefit 2nalysis of alternative programs for
safeguarding plutonium mixed oxide fuel and facilities
which handlc them will be prepared on an expedited basis
and published for comment as a supplement to the overall
Environmental Statement on Mixed Oxide Fuel.

AGE 1B

\wov«"‘m
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2. The public will have the opportunity to further
participate in the ultimate decision by commenting on
the safegudrds supplement and proposed rules and by
participating in hcarings.

3. Eligibility criteria have been established for

interim iicensing of related fuel cycle activities...

pending a Commission decision on wide-scale use. The

criteria require consideration of such factors as the
depeudercy of individual facilities on wide-scale use iy
of wixed oxidce fvel, possible fourcclosnre of safe- ’
guaids alterpatives, and {he ispact on the overall

public interest cf delays in licensinc.

4, Opcrating licenses and agendments to operating
liconoos may alzo be issued which authordize the vse
of niz-! oride {uel in light water pPower resdciors,

[ DU ST SN — L IR | P e e e ; o .. T o %
oo ey gt Tor oveechdice oosghabentive docizion on TUR was 2ise !.L‘?\')_S‘.'}d .
. R ., L. . Yert? o 4 ] LI - - PR TR VIR T W T
Ly sl ot Voory Juoloo th Lemihim i of 19%5 and Uy holling
P; H o> NS N . g 4 e g
- e .. 1. o .- Wl S TP SUTIL A e RPN s b
R R R S S P R S i caasviyy e oy FARTOE S MR AR S L

iosues aud the eiler oh saleguesds QUL tioy s -~1athies ahar
almost fifteen months could be shaved off the originul estimate of when a
finai decision ca PUR would be made.

The final act in this extended history of the PUR decision came in
Junu, 1976. The Natural Resources Defense Council spearheaded a court
atiack on the Conmissionts November, 1975 final ruling. The Second Circuit
Court of Appeals wvuled that the Nuclear Regulatory Commission violated its
WEA momdste Ly aprecing o license PUR dependent f2cilities cn on interim
cFore the entire Euvivonnen.ol Juwp. ol Stavcecnt -haeluding e past on
safeguards --could be finalized.

As the regdei can sce from this discussion, the debate over whether
or not to proceced with plutonium recycle niever directly involved the issue

of what the implications might be for alternate choices of waste management,

A)



Indeed, the waste mnagmt prograus of Bkm m prodiwwl on ttw
'existence of reprocessing and PUR, . As 8 resuit options mch as spue
disposal uay very weu Icsa whatever viabxlxty they may wssess m the

L
et

-basxs of judguen..s mde in an entxrely separate area. - 7
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Notes to Chapter 7
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Shaw to Commission, October 24, 1967, p. 1.

See the following nemorandum and Commission documents: Sh;w to

Hollingsworth, Lease of Plutoniun for Irradiation in Dresden I Reactor,

~ October 28, 1966; Shaw to Commission, Meeting With EEI Cowmittee on

Nncleax; Fuels to Discuss Plutonium Rccycle RED Programs, October 24, 1967;
Shaw to Commission, AEC-EEI \Meeting of Plutonium Recycle, Novemwber 2, v1967,
Decembexr 27, 1967; Industry Sponsored Plutonium Recycle Prograns,

AEC 960/11, January 31, 1968; AEC Supply of Pu for EEI-Sponsored

Pu Recycle Program, AEC 960/13, July 22, 1368; Shaw to Holling~wortn,
Plutonium Recyc'le Program Proposal by Edison Electric Institute (EEI),
October 9, 1969.

Amendment No. 3 to Operating License No. DPR-6, April 18, 1969 and

Change No. 17 to the Technnical Specifications of Operating License

No. Dpr-6, April 18, 1369.



(A

e e p e S

CHAPTER 8

s

PUBLIC ATTITUDES TOMARD SPACE DISPOSAL
OF RADIOACTIVE WASTES

One dominant theme stands out clearly in the history of the Federal

Government's attempt tc implement a waste management System: any option
which does not find public acceptance will, regardiess of its technological
merit, not be adopted. The experience at Lyons and the story of the
Retrievable Surface Storage Facility (RSSF) both provide striking evidence
for that claim. Thus, any future plans to 3eve10p a space disposal system
must recognize the significance of the public acceptance factor and take it
inte account, .

This section attempts to provide a preliminary estimate of what public
attitudes toward the space disposal bption might be. It must be stressed
that the estimate can only be a very approximate one. For ome thing, it is
based on data which did not address the issue of space disposal directly. For
another, the estimate has had to be made before any firm program has been
proﬁbspd or any details of possible plans have been made public. Clearly |

once that occurs the entire complexion of the issue will have changed and



any predictions made herein about public reactions will have to be carefully
re-assessed, Thus, the only question that this seccioﬁ can reasonably address
is z limited one: are there indications that public attitudes toward the
space option are such that it has a hopé of being accepted?

Over the years a n&mber of studiés have been made about public attitudes
towards nuclear power, Utilities and vendors have conducted several public
opinion surveys. For the most part, however, the data gathered has not been

" made public. Several studies, undertaken by academics, have probed public

opinions about nuclear poher--often as part of larger studies dealing with
public attituaes towards highly complex technological systems. In the last
year, two studies about public attitudes toward muclear power have been
released. The first, done by the Batelic Wusihwest Laboratories,l rfocussss
primarily on the issue of nuclear waste management. The second, undertaken

2 deals more generally

by Lou Harris for the architect-engineering firm EBASCO,
with the entire range of issues now surfacing in the great nuclear debate.
Those two studies provide the core of data from which inferences about public

attitudes toward the spacte option are drawn.

PUBLIC VALUES ASSOCIATED WITH NUCLEAR WASTE DISPOSAL: BNWL-1997,

June 1976,

A total ¢© +venty two groups, comprising 465 persons, from five reéior;
of the U.S. were ...erviewed. The groups were aggregated to yield six sets of
respondents: environmentalists, nuclear technologists, junior and senior
high school students, public utility employees, church and civic organization
memb;rs, and university students. Those final groups contained as few as

32 people {public utiiity employees) and as mary as 164 respondeiats (university
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students.) The survey was administered by group with the respondents writing
their snswers ‘down on a form provided. Before the survey was answered, the
'res;;:mdents viewed a fifteen ninate film vhich provided reasonably accurate
and unbiased information about nuclear wastes and thé_problens associated with

its amagement.

'I;e survey questionnz.re was designed to obtain social value inforaation
abouc the relative ﬁi;p;rtancc of fou: aspects of nuclear waste disposal as well
as information cor«.erning sowe broader issues associated with the subject of '
muclear waste disposal. The four nuclear waste 'disposal aspects or -factors
which formed the backbone of the questionnaire were described as follows:

- Short Term Safety: .‘l'hose risks involved in the storage; transportation,
and emplacement of nuclear waste materials. These risks are largely borne by
tke people who used the electri-.cal po<er which created the wastes. These
risks would occur during a few years following the creaticn of the waste.

Long Tel;n Safety: That portion of total risk which begins after the
wastes were finally emplaced or disposed and which would continue for the
next 250,000 years. These risks would be due to geologic changes and other
"Acts of God" and possibly to negligence by man.

Cost: The dollar cost required by 2 given waste disposal method.

Accident Detection and Recovery: Stegps that could be taken to reduce
the conscquences of an accident if it does occur after final disposal.

The study assessed the importance of each of those criteria in four
wers, First, the respondents were asked simply to rank order the different
Eact.ors. i.e., most important...least jmportant. Second, the people inter-

viewed were required to assign a number from 0-100 which reflected the relative
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amount of weight they feit each of the criteria ougi;t to have in selecting

2 waste management System. Thixd, eﬁd; person was presente—d with twenty
seven charts each of which represented a—hypcthetical wsite management sy;tea.
~ In eack chart the fowr factors were variously listed as having "high,ﬂ'-' |
‘medizi.,” or "low" ‘scorves. The respondent then assessed the acceptadility of
such 3 designed system. The' assesmént was the dependent variable and the
score on each of the four factors wvas the independent variables. Regression
Veoefficients were thenf calculated. 1'he higher the coefficient, the more
important the factor was i)ercei\-ed to_be. Po:n-th, each respondent was asked
to construct a system \duch would be Iininally. acceptable to him.

Only data for the first three ne~thods were reported in detail. This is
because the fourth method (winimally acceprable) appeared to measure sonething
different thun the first three. The threc reported methods yielded substan-
tially similar results. (Figure 8.1) long term considerations were
the Bc .. important. The degree to which they dominated varied from method
to netho;i. Short term consideration and accident detection and recovery were
sMat iess important in the samples' collective opinion. Cost factors
were significantly less central in asscssing a waste management system. Waen
the six sub-groups were analyzed separately some important distinctions
emerged. Environmentalists placed significantly more emphasis on long term
concerns and nuclear technologists placed signiﬁcantly more importance on
short term considerations than did the sample as a whole. (Figures 8.2-8.4)

In addition to the questions dealing with the importance of the four
factors, questions werc asked which attempted to measure acceptability of
various performance levels for each of the four factors. Short term fatality

rates of one death per fifty years, onedeath per ten years, and one death per
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Figure 8.1 . -
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Figure '8.2
AVERAGE RANKINGS FOR SIX RESPONDENT CLUSTERS
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Figure 8.3

<

AVERAGE RATIO ESTIMATES OF IMPORTANCE
FOR SIX RESPONDENT CLUSTERS
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INCREASING IMPORTANCE

Figure 8.4
AVERAGE MULTIPLE REGRESSION WEIGHTS

FOR SIX RESPONDENTS CLUSTERS
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. SHORT.TERM SAFETY

19, THE GENERATION THAT USES
NUCLEAR POWER SHQULD TAKE
ALL THE RISKS FOR WASTE
DISPOSAL.

23. THE MAIN CONCERN OF NUCLEAR
WASTE PLANNERS SHOULD BE A
SAFE SYSTEM FOR THE SHORT
TERM,

LONG-TERM SAFETY
11, FUTURE GENERATIONS MUST BE
TOTALLY SAFE FROM OUR
NUCLEAR WASTE.

29, COMPARED TO OTHER PROBLEMS
THAT FUTURE GENERATIONS WILL
FACE, NUCLEAR \WWASTE MONITOR.
ING IS INSIGN; FICANT,

€osT
3.IN DEALING WITH NUCLEAR
WASTES, COST S110ULD BE OF NO
CONCERN,

25. TO SATISFY CRITICS, THE US,
NUCLEAR WASTE SYSTEM WILL
PROBABLY COST FAR MORE THAN
IS NCCESSARY,

ACCICENT DETECTION AND RECOVERY

2. NUCLEAR WASTES SHOULD BE
DISPOSED OF IN SUCH A WAY THAT
NO ONE WILL EVER BE ABLE TO
DISTURB OR RECOVER THEM,

15. WHATEVER DISPOSAL SYSTEM IS

DEVISED, THERE MUST BE AWAY TO |

OETECT LEAKS AND RECOVER THE
WASTE.

Owememe-O §,.  ENVIRONMEMTALISTS

. y=e—=D3}]. NUCLEAR TECHNOLOGISTS

- A=———xd1l, JR. HIGH AND H!GH SCHOOL

STUDENTS

Figure 8,2
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ORGANIZATIONS
Qe o =0 VI, UNIVERSITY STUDENTS

- ol
r -
— J
e -4
-

! s

§O 18] SA

Ot [V, PUBLIC UTILITY EMPLOYEES

Source: BNWL-1997

wWooo

£



*. OVERPCPULATION AND ECONOMIC
CCNDITIONS ARE MORE SERIOUS
THREATS TO OUR WAY OF LIFE
THAN THE PROBLEM OF NUCL AR
WASTE DISPOSAL.

4, BASED ON THE INFORMATION | GOT
FROM THIS STUDY, THE HAZARDS
OF NUCLEAR WASTES ARE LESS
SERIQUS THAN { THOUGHT.

6. THE LOSS OF EVEN ONE LIFE FROM
NUCLEAR WASTE IS UNACCEPTABLE.

9. NUCLEAR WASTE IS ONE OF THE

=

MOST SERIOUS THREATS FACING = i d o
THE WORLD, i i
! \ :
{ :
22. PARTICIPATING IN THIS STUDY i g;
MAKES ME REALIZE SUST HOW A . a¢ -
. FRIGHTENING NUCLEAR WASTE I8, |
! [l ]
sD o) AD A SA
OO, ENVIRONMENTALISTS Qo 1V, PUBLIC UTILITY EMPLOYEES
L~—=All, NUCLEAR TECHNOLOGISTS fheeesreneI YV, CHURCH MEMBERS/CIVIC
Ll (1], JR. HIGH AND HIGH SCHOOL ORGAN!ZATIONS
_STUDGNTS Om « =C Vi, UNIVERSITY STUDENTS

Figure 8.10 o *
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$. THE CONSTRUCTION OF NUCLEAR
POWER PLANTS SHOULD EE §.OWED
UNTIL AN ABSOLUTELY SAFE WASTE
DISPOSAL SYSTEM HAS BEEN u
DEVELOPED AND THOROUGHLY ’
EVALUATED.

10. THE RADIOACTIVE HAZARDS IN

* NUCLEAR POWER ARE NO GREATER
THAN THE ENVIRONMENTAL
HAZARDS FROM COAL BURNING
POWER PLANTS.

43, THE BENEFITS OF NUCLEAR POWER
MORE THAN OUTWEIGH THE .
HAZARDS IN NUCLEAR WASTE
STORAGE AND DISPOSAL.

18. 1 WOULD NOT WANT TO HAVE
NUCLEAR WASTES DISPOSED OF IN
MY REGION OF THE COUNTRY.

21. BASED ON PAST OPERATING
EXPERIENCE, NUCLEAR ENERG'?
HAS BEEN DEMONSTRATED TO BE A
CLEAN AND SAFE SOURCE OF
ELECTRICAL POWER.

's

24, USING MORE COAL IS FAR L=SS
HARMEUL TO MAN THAN USING -
NUCLEAR POWER.

(2]
[»)

o AD A SA

. O———01. ENVIRONMENTALISTS Pew——=0 IV, PUBLIC UTILITY EMPLOYEES
O—-——A 11, NUCLEAR TECHNOLOGISTS QeesesresQ V., CHURCH MEMBERS/CIVIC
A&——aA J}i, JR. HIGH AND HIGH SCHOOL - ORGANIZATIONS

STUDENTS - . Ow= ~==O Vi, UNIVERSITY STUDENTS
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7. THE V.8, CAN MAINTAIN A STRONG
ECONOMY WITHOUT HAVING
NUCLEAR POWER,

14. NUCLEAR POWER 1S THE MOST
PROMISING SOURCE OF ELECTRICAL
PUWER FOR THE NEXT 30 YEARS,

17. THE CONSTRUCTIGN OF ADDITIONAL
ELECTRICAL POWER PLANTS WILL
NOT BE NECESSARY FOR THE U.S.

TO MAINTAIN ITS PRESENT
STANDARD OF LIVING,

27, WE SHO!MLD IMMEDIATELY STOP
DEVELOPING NUCLEAR TECH.
NOLOGY AS AN ENERGY SQURCE

30. 1F THE UNITED STATES DOES NOT.
INCREASE THE PRODUCTION OF
ELECTRICITY, OUR ECONUMY
Will DECLINE,

O |,  ENVIRONMENTALISTS

Lr====q ||, NUCLEAR TZCHNOLOGISTS

Ao, 111, JR. HIGH AND HIGH SCHOOY
STUDENTS

Figuws 3,1
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8. IN THE NEXT 10 YEARS, SOLAR
POWER COULD SULVE THE
PROBLFM OF ELECTRICAL POWER
IN THE U.S,

.23, IN THE NEXT 10 YEARS, GEO-
THERMAL POWER COULD SOLVE
THE PNOELEM OF ELECTRICAL
POWER IN THE U.S,

26, PAYING A LITTLE MORE ATTENTION
'O CONSERVATION WOULD MAKE .
MORE ELECTRICAL POWER
UNNECESSARY,

! : 1

Source: BNWL-1097 .
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PERCEIVED EFFICACY OF ALTERNATIVES TO NUCLEAR POWER
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year each received average judgments at the midpoint of the “satisfaction"
scale or sbove. Fatality rates in excess of one death per year received
sverage judgments vhich were closer to the very unsatisfactory end of the
scale. Much the same findings were reported for the Long term safety factor.
In general, however, at ;ny given risk level, the risks werc perceived 2s
being more satisfactory as short term vathed than long tera risks.

The study also found that approximately 75% of the sample rated an
increase of $3.00 in the monthly cost of electricity above the midpoint on the
“satisfaction" scale. An increase of §10.0) was given an average satisfaction
rating of just below the midpoint on the metric. The sample also feit than
an accident dotection and recovery system weuld be satisfactory onl)» if it
resulted in a death reduction of greater than 505 over no such sysuom at all,

The different sub-grovps had saccvhat 417 “erent ide.s of what z satis-
factory perfoimance criteria should be. The extremes were occupicd by the
env}ronnentalists and by the nuclear technicians. Their responses formed
boundaries within which the remaining groups were contained. (Figdres 8.5
to 8.8)

The investigators also asked a set of questions dealing with more
generalized attitudes toward nuclear power and nuclear wagte management. The

average score for each of the groups on those items is shown in Figures 8.9 to

8.13. The marginal distributions of the questions is given in Table 8.1.

Attitudes Toward Nuclear Waste Disposal Factors

1. Who should bear the risks of nuclear wastes: Most groups were

clustered around the middle of the agree-disagree scale except for nuclear



10,

11.

12,

TABLE 8.1

ATTITUDE RESPONSE FREQUENCIES

FOR TOTAL SAMPLE

Overpopulation and economic conditions
are more serious threats to cur way of
life than the problem of nuclear waste
disposal.

Nuclear wastes should be disposed of in
such a way that no one will ever be able
to recover them,

In dealing with nuclear wastes, cost
should be of no concern

Brsed on informatica I got from this
study, the hazards of nuclear wastics are
lJess serious than 1 thought,

In the nmext ) years, sclar power could
solve the predlea of electrice! puver
in the U.S.

Tke loss of even one life from nuclear
waste is unacceptable.

The U.S. can maintain a strong economy
without having nuclear power.

The construction of nuclear power plants

should be slowed until an absolutely safe
waste disposal system has been developed

an' thoroughly evaluated.

Nuclcar waste is one of the nost cerious
threats facing the world.

The radioactive hazards in nuclear pover
arc ro greater than the enviroimental
hazards frecm coal-burning power plants.

Futurc generations must be totally safe
from our nuclear waste.

In my opinion, the information coatained
in this study seriously underestinates
the real risks of muclcar wastes.

1

D = Disagree; SD = Strongly Disagree

8.19

SA A AD D SD
100 151 94 a4 19
22% 338 21% 215 £%
147 124 69 94 24
32% 27% 15%  21% 5%
60 96 75 182 a5
13% 21%  16%  40% 10%
11 73 131 1’6 97
] 16%  29% 32% 21%
22 101 127 16 61
5% 22%  28% 32% 14%
34 71 76 178 99
7% 13%  17%  39% 22%
34 S8 100 157 109
7% 13%  22%  34% 24%
96 147 46 118 3
21% 32% 10% 26% 11%
41 102 91 153 71
9% 2% 20% 38% 18%
33 75 90 176 84
% 165 20% 3385 18%
105 170 82 78 23
23% 37%  18% 17% 5%
38 80 151 163 26
8% 17% 33% 36% 6%

SA = Strongly Aéree; A = Agree; AD = Neither Agree nor Disagree;
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14,

1S.
16.
17,
18.
15.

26,

21.

22.

24,

25.

The benefits of nuclear power more than
outweigh the hazards in nuclear waste
storage and disposal.

Nuclear pover is the most promising source
of electrical pover for the next 30 yecars.

Whatever disposal system is devised, there
must be a way to detect leaks and recover
the waste.

Before I got involved in this study, I
knew very little zbout the problea of
nuclear wastes,

The construction of additional electrical
power plants will not be necessary for
the U.S. to maintain its present standard
of living.

I would not want to have nuclear wastes
disposed of in my region of the country.
The generztion-that vses nuclear power -
shoulZ take all the risks for uvaste
disposal. e

Goveran.cnt and industry have done 2 goed
job of keepirg the public inforued aloud
the advantages z2ad disadvantages of
miclear power.

Based on past operating cxperience, nuclear
energy has been demonstrated to be a clean
and safe source of electrical power.

Participating in this study makes me
realize just how frightening nuclear
waste is.

In the next 10 years, geothermal power
could solve the problem of electrical
power in the U.S.

Using more coal is far less harmful to
man than using nuclcar power.

To satisfy criiics, the U.S. nuclear .-
waste system will probably cost far
more than is necessary.

&

8.20

A A D SD
6 148 92 109 53
128 328 208 4% 1%
79 184 106 S3 36
17%  40% 235 128 8%

247 164 26 16 5
545 36% 6% 3% 1%
S5 115 56 165 67
12% 5% 12%  36% 15%
15 44 80 188 131

S 108 17% 4% 29%
98 115 87 121 37
215 25%  19% 26% 8%
£2 117 78 152 59
115% 26%  1y% 33% 15%
12 42 48 190 152

$ 8 E 42 355
43 173 133 81 28

9% 38% 20% 18% 6%
31 119 110 135 63
7% 26%  24%  29%  14%
9 S8 186 130 75
2% 13% 41%  28%  16% -
11 80 150 164 53
2% 17%  33%  36%  12%

48 178 & 100 43
10%  39%  1s%  22% ;

%



26.

27.

28.

28,

30.

Paying a little more attention to
conservation would make more electrical
power unnecessary.

¥We should immediately stop developing
nuclear technology as an energy source.

The wain concern of nuclear waste
planners should be a safe system for the
short temn.

Compared to other problems that future
generations will face, nuclear waste
monitoring is insignificant.

If the United States does not increase
the production of electricity, our

. econcmy will decline.

Source: BNWL-1997
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25
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23
5%

66
143

97
21%

22
5%

95
21%

50
11%

194
42%

8.1

AD D SD
98 169 47
21%  37% 10%
5 179 196
11%  39% 43%
68 212 58
15%  46% 13%
94 192 99
21%  42% 22%
116 66 16
25% 14% 3%
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technologists who clearly disagreed that the users of nuclear energy should
bear the risks of waste mansgement. |

2. Absolute safety: Most groups agreed that the future shoulé¢ be
100% safe...except for the nuclear technologists who disagreed.

3. Significan;e of waste problems: Environmentalists and nuclear
technicians bracketed the responses of thc other groups on *his question.

4. Concern about cost: Fair consensus around the middle of the

agree-disagree scale thzat cost should be no object.

S. Irretrievability: Wide variance on this issue. Interestingly,

the environmentalists and the nuclear technicians are closer on this issue
than on any other...both tend to desire rotrievsbility.

6. Detection and recovery: Siroag consonsus zmong all groups
exeept nuclear technicians that leaks sheuald be detected and 1emedicl.  There
may be scme logical inconsisteacy between the xesponses on this question

and the responses on tae previous item.

Perceived Severity of Nuclear Waste Problem

1. Relative to overpopulation and economic conditions: All
groups except junior and scnior high students and environmentalists place
more concern on those problems than on nuclear waste management.

2. Loss of one life: All the groups, to varvirg degrees, diéagree
with the idea that even one life lost because of nuciesr wastes is one life too
many.

3. Serious threat: None of the groups agrec thac n-~lear waste
is éhe of the most scrious threats; there is however, a wide range of ovinion

expressed.

ORIGINAL PACE IS
OF POOR QUALITY
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Perceived Safety of Nuclear Power

1. Slow nuclear power until waste can be handled: An extraordinarily
wide range of attitudes. Nuclear technologists and environmentalists mark off
the boundaries with the remaining groups in vetween.

2. Nuclear vs: Coal: Only the nuclear technicians believe that
the risks of nuclear powcr are less than coal fired plants,

3. Benefits of nuclear power: bMost groups neither agree or
disagree with the idea that the bencfits of nuclear power outweigh the risks

of waste rmanagement. Oily the environaentalists and the nuclear technicians

express strongly held views.

4. Disposal in the respandent's region: Oaly the nuclenr
technologists seen prepzred to 2ecept wastes disposed in their inrooirzte

cnvironment.

Perceived Need for Nuclear Power aand Need for Power in General

Kith only the environmentalists dissenting, there is a relatively
strong conscnsus that nuclear power is required for a strong economy, that it
is the most promising energy source for the next generation, that it is necessary*
fur the maintenance of our present standard of living, and that its developnment
wust be continued.

Perceived Ffficzcy of Alternatives to Nuclear Power

With the exception of nuclear technologists who have no faith in
the alternatives of solar, geothermal, or conservation, the remaining groups
are by and large ambivalent about alternative scurces of energy being practical

in the near term.
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Evaluation of the Study

The study appears to be competently, although not imaginatively, conducted.
The investigators are to be complemented on trying to measure difficult value
trade-offs in a number of different ways. The lack of breadth, both in
devising the measures of systemic performance and in the range of issues con-
sidered is somewhat disappointing. bMore importantly, the study suffers
from four limitations which combined out to meke onc cautious cbout how much
weight is given to its findings:

a. Soample: Quota sampling makes sonse if you wish to find out the
opinions of particular groups of individuals. The disadvantar~ of that sampling
design is that it is hard to generalize to zny otlor popula. - -particularly
to a cross scction of Awericcns. If we Lelicve that the six groups isolatcod
212 the only oucs whose voice does or cuche 1o count the prebicu ney not be
a iarge onc. But if we belicve that wastc managcacnt is an issue that touches
virtually everyone, then perhaps we need to find out their attitudes as well.
This study tells us nofhing about that larger set of opinions.

b. Inference: A major technical failing of the study is the lack of
information about confidence intervals around the mean scores. Differences in
the means among the various groups may simply be due to sampling errors. This
is particularly likely because of the small sample sizes employed. The study
does not provide us with a way of determining whether the differences are "real"
or are merely statistical artifacts.

- ¢. Reliability and validity of the measures: By measuring the impor-
tance of the four factors in four ways, the investigators could assess the

reliability and validity of their measures. Using the methods of ranking

and the "thermometer" scale produced similar results--although the score from
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one method could only explain about 60% of the variation in the scores obtained
from using the other method. The situation was worse when the measurcs of
importancc derived fyom regression .oufficients vere used to predict scores
obtained from the other two methods. Less than 30% of the variation could be
explained. Still worse was the use cf the “minimally acceptable® nethod in
cxplaining scores obtained using the other throe methods. lere less than

10% of the variation in the threc othcr scorcs couid be expiuined. The last
method, then, clearly measures soncthing other than the importance attached to
cach of the four factors.

d. Explanatory power: The major liaitation of the study was it failure
to provide cxnlanatory rveasoning foi iwdings. Maginal dist;ﬁb:tionS do
not reveal mach. They oy be subject to maasvrerent errer or they nxy be
bPighly unstable, If explanciory variahles can be found which noke thenretice!l
sense, then the significance of the study increases by scveral orders of
magnitude. We can view the variables measured--particularly the importance of
the four factors and their associated acceptable levels of performance--as
dependent variables located at the tip of the stem of a funnel of causality.
The further back along that stem we can go in establishing causal and explanatory
antecedents, the mcre we can understand thc context of opinion and the richer
the measurements become. In addition, secondary analysis would reveal in-
consistencies and paradoxes wﬂich would further inform our understonding. The
investigators have nct undertaken any such explanatory or secondary analysis to
date. Until they do we ought to be wary of attaching much significance to

their findings.
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A SURVEY OF PUBLIC AND LEADERSHIP ATTITUDES TOWARD NUCLEAR POWER

DEVELOPMENT IN THE UNITED STATES: A Survey Conducted by Louis Harris and

Associates for EFASCO Services Inc.; August 1978,

This survey was ca£ried out in the spring of 1975. A national cross
section of 1537 adults were interviewed in their homes. 1In addition, 301
perscns vho lived aear nuclcar power plants were interviewed. Finally fifuy
people from each of four leadership groups (political lcaders, regulators,
business leaders, and cnvironmental leaders) weie svrveyed. The questionntire
dealt with a broad range of topics including the naturc of the energy shortage,
advantages and diszdvantages of nuclear perer, and the acceptability of nucloar
plants in the respondent’s covvamily. T hate seleocte? out the <ate which
bc;ts direct}y on the custion of nucleor waste nunzperent, (5 ¢ Tubles
8.2-8.0)

a. qun-ended responses: Tnose interviewed were asked what they
perceived wefe the major disadvantzges of nuclear power. This type of question
provides information about what the respondent feels is important--not what
the researcher deem significant or wishes to know. Responses from this type
of question provide a good indicator of what the person believes is salient.
Ten percent of the total public spontaneously mentioned waste disposal as a
problem #rca. In terms of shecor numhers, waste disposal was iae fifth most
nontioned disadvantage. Among the leaders, haosever, waste management enjoved
a significantly higher degree of salience. It ranked first among environmen-
talists and regulators. Even among business and political leaders, waste

manaéement problems were mentioned quite frequently.
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Table 8.2
TWO OR THREE MAIN DISADVANTAGES OF NUCLEAR POWER PLANTS

Total
Nucplant Poli- Busi- Environ-
Total Neigh- tical ness Regu- mental-
Public bors Leaders Leaders lators ists
% 5 % % % %
Unsafe, dangerous . 23 18 16 24 15 15
Danger of radiation contamination, .
leaks, cracks in reactor 20 23 41 25 30 37
Danger ¢“ accidents, explosions,
maxtloudkes 14 21 4 14 15 27
Thermal pollution, kills marine life 12 23 14 10 21 12
Problems with radioactive waste
disposal 10 ° 37 22 34 50
Pollution, damage to environment 9 14 14 6 15 6
Expensive, high cost 7 6 43 24 23 19 |
Initial expensc is high; financing
problems 7 YV, 2 12 13 8
Lack of technical kuowledpe, A
uncertainty of conscqueices 6 6 10 12 13 13
4
Need stringent controis, safeguords S 6 2 4 1c }
Public anxiety over safcty; objec- ;
tions of environmental groups 4 10 16 22 15 4
Danger of sabotage 2 3 10 6 6 21
- 8ites not available 2 6 4 4
Danger to workers in nuclear plants 1 1 2 4 2
Puts people out of work 1 )| - - -
Inefficient, breaks down 1 1 8 2 12
Shortage, lack of plutonium 1 2 10 8 6
Length of construction time - - 6 8 13 -
Fuel getting into wrong hands;
theft of plutonium - - 4 2 4 10
Exempted by government from liabili- 4
ity claims, insurance coverage - - - - 2 8 :
Human carelessness, error ' - - 2 - - - é
All other answers S 10 14 6 11 31
None, no disadvantages 9 12 - 8 2 - 4
No anwer 1 * - - - -

Don't know : 27 14 - - - -
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Table 8.3
PROBLEMS CONNECTED WITH NUCLEAR POWER PLANTS

Total !
Nucplant Poli-  Busi- Environ-
Total Neigh- tical ness Regu- mental-
Public bors Leaders Leaders lators  ists
% % - % 3 % %
The disposal of radioactive waste .
materials which remain radioactive -
for many centuries to come
Major problem 63 66 82 57 76 - 98
Minor problem 14 15 10 29 20 2
Hardly a problem at all ? 5 4 14 2 -
Not sure 16 14 4 - 2 -
The escape of radioactivity into
the atmosphere
Major problem 49 47 33 22 39 62
Minhor problem 19 19 29 14 28 25 ’
Hardly a problem at all 17 22 35 63 33 10 ‘
Not sure 15 12 3 1 -~ 3
The chance of an explosion in
the case of «n accident _
Major problem : 47 45 14 18 17 45
Minor problem 28 25 37 29 43 29 :
Hardly a problem ot all 13 20 47 51 37 20 3
Not sure 12 10 2 2 3 6 4
The discharge of wam water
into lakes and rivers that
would endanger fish and
other water life
Major problem 47 47 43 22 4. 58
Minor problem 28 27 45 51 40 38
Hardly a problem at all 13 18 10 27 16 2
Not sure : 12 8 2 - L - 2
The threat of attempts to
sabotage nuclear power plants
Major problem - 39 4] 38 16 26 63
Minor problem 32 26 38 60 43 33
Haidly a problem at all 16 24 22 24 28 4

Not sure 13 9 2 - 3 -
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PROBLEMS CONNECTED WITH NUCI ., X POWER DPLANTS

Giving off fumes that
can pollute the air

Major problem

Minor problem

Hardly a problem at all
Not surc

The possibility that platonium,

which is made in a nuclear
powcy plant, could be stolen
by radical revolutionaries

Major probleu

hinor problos

Yoy dhqr o 'l. nt 1\71
@raly a problcem av oyl
Not sure

.‘;’

W bt

Total
Nucplant 1i-  Busi- Environ
Total lleigh- ;&1 ness Regu- mental-
Public  bors Luuders Leaders lators  ists
% % % % % $
36 24 12 6, 13 15
26 19 37 27 24 35
21 36 49 65 58 44
17 11 2 2 5 6
54 34 43 20 33 77
24 2] 28 47 47 19
18 23 24 33 20 4
19 17 - - - -
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Tehie 3.4
"MAJOR" PROBLEMS CONNIOTED WITH NUCLEAR POWER PLANTS

Some

High
School
High Grad./

Building More

The d. pcsal of radio-
active waste materials
vhich remain radio-

¢ “tive for many cocn-
turies to come 63

The escape of radioc-
activity into the
atmospherc 49

The chance of an ex-
plosion in the casc of
an accident 47

The discharge of warm
water into lakes and
rivers that could e¢n-
danger fish and other
water life 47

The threat of att-mpts
to sabotage nuclear
pover plonts 39

Giving off fumecs that
can pollute the air 36

“he possibility that

»lutonium, which is made
in a3 suclear power plant,
could be stolen by radi-

' 50 School Some Col- Nuclear Power
Total Mid- - Suba- 18- 30- and or Col- loge Plants in U.S.
Public Bas® west South West Citjes urds Towns Riural 29 49 Oveyr Less . lege Grad Favor pose
% % % % % % y % % % % % % % %
67 67 55 62 64 65 58 63 72 62 56 §3 67 72 58 86
57 53 43 40 S5 a5, 42 47 61 48 40 46 S1 49 41 76
58 48 47 36 5C 45 40 49 51 48 43 51 46 38 3a 7C
49 52 a1 42 53 43 44 45 50 45 45 45 46 53 40 72 5
42 39 38 37 42 33 41 38 38 40 40 44 38 32 35 83
42 34 36 30 43 3l 33 35 47 33 3 3¢ ¢ 27 27 61
38 33 30 35 38 33 35 30 36 35 32 34 3§ 31 31 49 |

cal rcevolutionaries 34

£°8
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Table 8.5
NEGATIVE STAT_MENTS ABOQUT "LCLEAR POWER PLANTS

Toial
Nucplant Poli- Busi- Envir
Total Neigh- tical ness Regu- menta.
Pubiic bors l.eadcrs Lead2rs lators ists
% % % % % %
A major radiation leakage from a nuclear - -
power plant can cause fall-out that can
kill large nuxml ~»- of pcople
Coxmpletely true 35 46 29 22 32 71
Partly trae 27 21 27 A 21
Parily unitrue 6 & 1o iR 26 6
Complctely untrue 6 & 22 33 9 2
Not sure 25 17 6 5 3 -
Hot water from nuclear pover plants
endangers fish and other water lifc in
nearby lakes and si{rea:s
Cemplcetely true 33 44 35 20 35 50
Partly true 33 24 49 30 54 48
Fartly unatnac 3 5 8 29 7 ?
Courietely vntruo 5 113 N 18 z
Heo sure 74 13 - 3 2 -
Vorrve fxon snclenr positer plants con
czuse radicuctivity exposure to cus
many people
Completcly true 25 32 26 16 26 67
Partly true 29 z] 36 8 28 25
Partly untrue 11 10 24 20 19 2
Coaplctely uvatrue 9 15 14 51 23 4
Not sure 26 22 - 5 4 2
If nuclear power were being produced all
over the country, some revolutionaries
or criminals could steal nuclear materials
and nmake their own atom bombs
Completecly true 21 24 28 10 15 60
Partly true 34 26 36 31 43 31
Partly unirue 11 12 12 25 21 4
Corpletely unirue 13 23 24 29 17 2
Not sure 2] 15 - 6 4 3
A nuclear power plant can fail and the
nuclear materials can come together to
causc a massive nuclear ¢ nlosion
Complete?!- twie 17 23 6 6 ‘ 21
Partly . 22 19 12 12 17 12
Fertly untrue 9 7 .16 2 9 8
Completely untruc 15 21 59 SS 53 52

Not sure 37 30 7 25 12 7
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Tablc 8.6
RISKS WORTH TAKING

Total
Nucplant Poli-  Busi- Envir
Total Neigh- tical mness Regu- menteo
Fublic tors Leadeys Leaders lators ists
% % $ % % S

Allowing people to usc natural gas in
their hozes, if precautions are required
to rake sure leakage will not asphyxiate

people or cause cit explosion &8 S6 8 S8 160

~n
K

Allowing automobiles to be sold, if the

federal governaent checks up on how safe

they a2re and requires monufaciurers to

call back defective (ars to be fixed &5 g7 0y 160 92 £2

Allowing ccal to be miincd deep irn the
ground, if the mine is inspected to be
sure mipers will be safe £rom ¢ cave-in §3 79 RS 3

e
(4
‘D

AlYowir; noople (o0 usc rlecpin: nill
rep pilis, ead tx
L obteined eniy

L
: . S . . : »
expiains die dongers o nasusce & “t €4 )

i licevs, 2

) _
=Ty e

)
.l‘.

Allowing nuclear power plants to be
built, if the government certifies that
they will not pollute the air and water 80 81 73 94 85 27

Allowing nuclear power plants to be

built, if the governzent regularly

inspects the plant to be sure there

_ is no radioactive leakage _ 4 ” - 77 70 92 85 29

“Allowing nuclear pover plants to be ] : - S -
huilt, if the plants meet tough govern-

ment standards for nuclear waste

dispcsal 7% 80 74 94 87 27

Allowing nuclear power plants to be

built, if the plants a:e prohibited from

dumping warm water into streams and lakes

that could endanger fish and other water

life 76 71 84 92 87 33

Allowing nuclear power plants to be

built, if the government is satisfied

on inspection that an accidental i

explosion is unlikely to happen 75 77 66 90 gl 21

ORIGINAL PAGE IS (continucd)
OF POOR QUALITY



Table 8.6 con't

RISKS KORTH TAKING

Total -
Nucplant Poli- Busi-
Total Neigh- tical ness Regu-
. . Public bors Leaders Leaders lators
' % % % % $

* Allowing nuclear power plants to be
built, if the plants have proper security

to prevent the stcaling of plutonium or E
the sabotage of the plants by revolution- 3
aries 75 5 - 78 94 85 29

Allowing liquor to be sold to adults, if
the public is warned about the dangers
of alcoholism - 73 94 94 91 92

Allouving cigarcttes to be sold, if the
packages have a clecar warning of the
dangers of cigarette smoking 68 77 86 90 83 - 87

L aaate Ae ok, e

Alloving strip mining for ccal to tear

up the ground surface, if the coal

producer is required to reclaim the 1
land after using it 638 [ 90 92 91 75 .

Allowing prescribed drugs that can kill ~

people from overdose to be sold, if the

package warns pecople about the dangers

of excessive use 62 66 96 80 85 87

Allowing synthetic fabrics to be sold

for clothes, curtains and rugs, if

people are warned of the dangers or such :
fabrics catching fire 55 51 45 69 57 SO
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b. Close-ended questions: The sample was then asked specifically how
much of a problem they perceived waste management to be. When confronted with
the issue, over sixty percent of the public felt it was a major problem and
another fourteen percent felt it was a minor problem. Political leaders,
regulators, and environmentalists recognized the potential problems in waste
management by majorities ranging from 76% to 98%. In sharp contrast, only
57% of the business leaders felt that waste disposal was a major problenm.

c. Demographic and attitudinal correlates of opinion: The attitudes
of the public about wastc management were not evenly distributed across
demographic lincs. People living in the South oni/or in small towns, thosc age
fifty and over, and those with less than high scheooi education tended to see
less of a problem. Not surprisingly, those opposed to nuclear power tended to
see more of 2 problem in waste disposal than those who favored the nuclear
option.

d. Radioactive releases from waste: Over onc half of the public found
somc truth in the claim that wastes can cause radioactivity exposurc to too
many people. Only one quarter of the business leaders felt that the statcment
was truthful while over ninty , :rcent of the environmentalists were convinced
of its correctness.

e. Risks worth taking: By margins ranging from 74% to 94% all the groups
interviewed except for environmentalists felt that nuclcar power plants should
be allowed to be built if tough standards for nuclear waste disposal could be
enforced. The envirommentalists demurred; only one quarter of them were willing

to sce sociu.y tzke such a risk.
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Evaluation

This study does not suffer from some of the weaknesses of the first one.
It uses a cross scction sample of sufficicnt size that virtually all the
differences noted are likely to be significant. This study fails, in gencral,
to provide any explanatiéh of the attitudes measured; thus, we are somewhat

at a loss to interprote them sensibly. Because of the study's broader nature,

little or no attention was paid to measurciient reliability and validity.

Implications of the Data for Understanding Fublic

Attitudes Towards the Space Disposal Option

The EBASCO study provides the context for understanding Low the public
relates the iszue of waste nanagement to other puclesr issues and to other
types eof social risks. To the extent that the public sces the pyrobiem as
pressing the chances of devoting significant social resources to its soluticn
are increased. This is particularly important for the space option as its
COsi will most likely be greater than virtually all other alternatives.

Waste managcaent was not vicwed 2s a very important problem by the general
puvlic in the open 2nded questions (Table 8.2). More immediate issues tended
to dominate public concern such as radivaction leakages and thermal pollutioin.
However, among regulators and political leaders who shape policy alternatives
the question of waste management was extremcly salient., 7Tt would seem then
that the space option wculd not be eliminatied as a possible meiliod of waste
disposal siaply on the basis of its cost if it came to he scen as the only
viable mcthod. The data does nct provide any insight on what choices would
be néde if several possible mcthods, among them the space option, were in

competition.
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The #ata in Table 8.3 casts the problem of waste management in more
;-<.3irg of a light than the data considered above. Here the problem of waste
disposal is viewed as more severe than radioactive releases to the atmosphere,
the chances of explosion, thermal pollution, sabotage, air pol.ution, or safc-
guards. Again the attitudes of key governmental leaders are stronger than
those of thce public in general. These attitudes suggest a sirong commitment
to finding some .solution to the problem of waste disposal. The space alter-
nativc could profit from that commitment if insurmountable difficuities--whether
technological or political--begin to plague other alternatives,

The Battelle study provides the basis for assessing public reactions
to the space option compared 1o other possible alternatives for waste nmanaje-
peat. The space option is characterized by the tact that i1t tends 1o increase
short term risks of managemcnt because it requires a greater nunber of steps
in handling and storage and bccause it introduces an additional risk of boostcer
failure; the alternative does, however, reduce long term risks, almost to
2cro, once the rocket has left the earth; the space optioﬂ is also distinguished
by the fact that accidents are highly visible--detection, if not recctification,
is not a major problem; finally, the space option tends to be more cestly than
other alternetives such as burial in salt or in the seabed.

Those four characteristics which distinguish the space dispocal option
from other alternatives were precisely thc four factors which the Battelle
group studied. Significantly, cost considerations, which many cbservers cite
as a major reason why the space option would not be viable, was the least
important value for every group surveyed. (Figures 2.2 to 8.4) For

five out of the six groups, cost considerations were far less important than



8.37

any of the other three evaluative criteria. Even among nuclear technologists,
the sixth group, cost was the least important factor in assessing a system,
although not as by great a margin as with tlie other groups.

In addition, the prime virtue of the space alternative, the complete
removal of the material so that the long term risk is reduced to zero, was
considercd to be of prime iuportence by a2ll of the groups pelled excepi the
nuclcar technologists. They 21l considered the reduction of long term risk
the single most important dimension zlong which a waste mangement system was
to be cvaluated,

Countering those trends vhich were clearly supportive of the ideca of
space disposal vere the responscs dealing vith short term safety «nd with
accident detection and recovery., Avoidsance of shiert term rishs ves conzidescd
highly izportant by all the groups polled. 1In fact, depernding en which
measure is used, scme groups valued reduction of short term risks more hig:ly
than reduction of long term risiks. Similarly, accident detection and recovery
ranked fairly high as a criteria for choice...although it-was gencrally not as
important as either the reduction of long term or short term risks. Since the
space disposal option will probably increase the short term risks and will
make accident recovery (although not detection) more difficult, the data
suggests that a positive attitude resulting from the space option;s favorable
position of reducing leng term risks may very well be completely rcrcrscd
when the total range of values is included. We have, of course, no vay of
knowing for sure just how the four values will be aggregated by the public
as it makes its cvaluations. But the data certainly Joes not suggest that the

space option will be met by enthusiasti public resp:nse even in the abstract.
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