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MEMORANDUM FOR

DALE D. MYERS 
UNDER SECRETARY

FROM: JOHN M . DF.UTCH k I
DIRECTOR, OFFICE 0*1 ENERGY RESEARCH

SUBJECT: TRANSMITTAL OF TASK FORCE REPORT FOR 
REVIEW OF NUCLEAR WASTE MANAGEMENT

On December 8, 1977 , you directed me to form a Task Force 
to review all  nuclear waste management programs of the Depart­
ment. The attached report presents the findings  of the Task 
Force .

A responsible  nuclear waste management policy  with an 
accompanying cred ible  nrogram to implement the policy should 
be adopted without delay to insure public confidence in the 
Department of Energy1 b w illin gn ess  and a b il ity  to deal with 
nuclear waste. A successful nuclear national waste management 
policy  must re fle c t  the views of other government agencies, 
Congress, States , industry , and the concerned p u b lic ,  in 
addition  to those of the Department of Energy. Only with broad 
understanding and acceptance of this policy can a program be 
successfully  developed and implemented that w i l l  satis fy  public  
concerns.

'fhis Task Force report is  intended to be a f irst  step 
toward the formulation of an Administration policy . The report 
presents an assessment of the current nuclear waste manage­
ment programs,' id e n t i f ie s  important outstanding issues , and 
explores a lternative  courses of action for proceeding. While 
the report contains s ig n if ic a n t  recommendations, it  does not 
establish  new p olicy  or commit the Department to specific  new 
programs or schedules. Rather, i t  hopefully  should serve as 
the vehicle  to stimulate d iscussion  among a wider range of 
interested  p arties  during the remainder of the policy  formulation 
p ro c e ss .
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The Task Force report raises  a number of issues with 
regard to present nuclear waste management policy  and programs. 
I should like; to h ig h lig h t  some of the findings  which I con­
sider most s ig n if ic a n t  for management of wastes from commercial 
power operations .

1. A majority  of independent technical experts have 
concluded that hign-level waste (HLW) can be 
safely  disposed m  geological media, but valid ation  
of the s p e c if ic  technical choices w ill  b e an important 
element of  the licensing  p ro c e ss»

E xisting  technical  issues re late  to the selection  of 
medium, s p e c if ic  site  and repository design  and 
objective  research designed to resolve these issues 
is necessary . An accelerated e ffo rt  to compile and 
analyze e x is t in g  evidence bearing  on geological 
d isposal and feasible  a lternatives  is also needed.
The licen sin g  process is required in  order to open 
up to public  scrutiny and v alid ate  the technical 
approaches taken.

2 t Reprocessing is not required for the safe d isposal 
of commercial spent fuel .

From the point of view of safe  d isp o sal , there is  no 
s ig n if ic a n t  d ifference  between spent fuel and 
reprocessed high-level waste. Since a repository 
can oe designed  to accept e ith e r  spent fuel or 
commercial HLW, disposal of spent fuel can be 
pursued i n i t i a l l y .

3. Consideration  should be given to an early  demonstra- 
ti'6'n"of the geologic  disposal of a lim ited number
of spent fu e l a s s e m b l ie s  in~WIPP.

This disposal  should take place  with fu l l  l ic e n s in g , 
allow R&D, and employ conservative repository design 
c h a r a c t e r !s t ie s . The demonstration should take place 
in WIPP (assumed availab le  in 1985) or in  another 
suitable  location .

4. The Spent Fuel Policy announced by President Carter 
IrT'October 19'77 must be integrated  with the Waste 
Management P o l ic y .

In p ar t ic u la r ,  the methodology that w ill  be used to 
determine the one-time charge to u t i l i t i e s  for the
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interim storage and subsequent disposal of spent 
fuel must be developed and integrated with adoption 
of a d e ta ile d  scenario for future s to ra g e /d isp o sa l .
The p rin c ip le  of a "one-time" charge is e s s e n t ia l ,  
although u t i l i t i e s  may be offered  various options 
(bearing d if fe r e n t  costs) for s to rag e /d isp o sal .

5. The Task Force report h ighlights  the importance
of Away from Reactor (AF R)~ storage that occurs between 
on-s i te storage of spent fuel at ut i l i t i e s  and 
ultimate d is p o s a l .

The character  and amount of AFR storage required 
over time is sensitive  to installed  nuclear power, 
repository  a v a i l a b i l i t y ,  and implementation of 
the spent fuel  policy . I n i t i a l  AFR storage is 
needed by 19 83. Add it ional  work is needed to 
define  needed future interim  storage capacity , i n ­
cluding p ossible  private  industry f in a n c ia l  par­
t ic ip a t io n .

6. The target for in i t i a l  operation in 1985 of a 
National Waste ReposFtory fNWR) for the permanent 
disposal of commercial HLW or spent fuel  may not 
be met; th is  does not a ffect  the early  1 9 8 0 's  
schedule for W IPP.

The p o ten tia l  delay in  NWR arises  from the site  
selection  process and a more r e a l is t ic  assessment 
of l ic e n s in g  requirements relative  to previous 
p la n s .

7. The r e s p o n s ib il ity  for the ulitmate d isposal  for 
all  forms of nuclear waste should be w ith  the 
Federal Government and long-term waste disposal  
f a c i l it ie s '  should be subject to NRC l i c e n s i n g .

The importance of e f fe c t iv e  nuclear waste management 
and the national  character  of the production and 
disposal of waste point to the need for an expanded 
Federal ro le .  A licen sin g  process that allows broad 
pa rt ic ip a tio n  w ill  lead to improved public  confidence 
in long-term d isp o sal .

8. The NEPA process is  an essen tia l  part of the nuclear 
waste management program and DOE e ffo r ts  m  ttiTs 
regard must be strengthened .

Clear r e s p o n s ib il ity  is  needed to help  insure adequate 
development of the necessary environmental impact 
analysis  among the program o f f i c e ,  A S /E V , and GC.
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A ddit io n al  e ffo rt  is needed on the Impact Statement 
(G E IS ) on Commercially Generated Radioactive Waste 
because of the major role the GEIS w i l l  play in the 
process leading to disposal #f  commercial waste.

9. Policy  and program management respo n sib ility  for 
Waste Management should be raised to a higher 
level in  DOE.

At present , the Director of the Waste Management 
Program reports to the Director of Nuclear Programs 
in ET as opposed to the AS/ET . Because of the im­
portance of nuclear waste management, the program 
should report d irectly  to an Assistant  Secretary.
The responsible  Assistant  Secretary could be e ither  
A S /E T , A S /EV , or AS/RA.

10. There are substantial  budgetary impacts o f the Task 
Force recommendations and l e g is l a t i on would be 
required to carry oub many of the suggested changes .

My recommendation is  that after  internal DOE review , the 
report be made public  and employed as the basis  for intensive  
public  and interagency  discussion  leading to adoption of a 
nuclear waste management policy .
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REPORT OF TASK FORCE

FOR REVIEW OF NUCLEAR WASTE MANAGEMENT

INTRODUCTION

As part of his National Energy Plan, President Carter directed that a 
review be made of the entire U.S. nuclear waste management program.

A Task Force to review nuclear waste management was established as a 
first step in this process. The mission of the Task Force study was to 
construct an information base for the leadership of DOE as a basis for 
technical discussions and policy formulation among DOE, other Government 
agencies, and the public. The desired policy, programs and plans cannot 
be established independently by DOE. They must emerge from this extended 
process of discussion, identification of issues and alternatives, and 
consensus development.

In order to ensure effective management of the complex and technically 
demanding series of tasks, it is essential that Inter „gency cooperation 
and coordination, realistic time phasing, clear milestones, and measurable 
tests of progress towards agreed-upon goals be established. The Task 
Force anticipates that a plan with these characteristics will be generated 
through an intensive series of Interagency and public discussions through­
out the remainder of this calendar year.

The scope of the nuclear waste management task and the Task Force review 
embraces all levels and sources of nuclear waste. The former includes 
low level, transuranic and high level whether in the form of discharge 
streams from chemical reprocessing plants or in the form of discarded 
spent fuel elements; the latter embraces waste from government, defense 
and research activities, the civilian nuclear power industry, and other 
private sector activities. The emphasis of this report is on the 
ultimate disposal of these wastes.

The Appendices to the main body of the report are an integral part of the 
full presentation of the Task Force effort and should be consulted for 
a complete understanding of the report. The views, conclusions and 
recommendations presented in this document are solely those of the Task 
Force membership.
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OVERVIEW

The Task Force report is the first step toward the formulation of a 
national policy for the management of nuclear waste. The process being 
initiated by this rc>vJew implements a commitment made by President 
Carter in his National Energy Plan. It follows and is compatible with 
previous ma.lor decisions and statements by the President on nuclear 
issues involving proliferation, the development of advanced reactors, 
and chemclal processing.

In developing its recommendations for a national nuclear waste management 
policy and the programs designed to implement it, the Task Force adopted 
two basic assumptions:

o Public health and safety must be the primary consideration, and 
o The policy and programs must be credible to and accepted by the 

American public.

The report presents an assessment of the present status of our waste 
management programs, identifies important unresolved issues, and explores 
some alternative courses of action. This report is directed to those 
interested parties both inside and outside of government whose ultimate 
goal is the development of an acceptable waste management policy.

To provide a focus for both the public and government discussion process, 
the report is organized around seven topical areas. These areas and the 
summary of key factors within each area are described here.

1) The Fundamental Principles, which should drive the development of 
specific plans and programs for the management of nuclear waste 
include:

o The objective of waste management planning is to provide reasonable 
assurance that existing nuclear waste from both military and civilian 
activities can be adequately Isolated from the biosf/.̂ t'c and that 
future nuclear waste in whatever form (including discarded spent 
fuel) can be similarly disposed; 

o The paramount consideration in a waste management plan is safety; 
o The managerial (but not financial) responsibility for all ultimate 

disposal activities, should lie with the Federal Government; /_!

/I Excluded from this statement are 1) actions involving interim storage 
of wastes and 2) waste disposal actions occurring at the point of 
waste generation (such as routine release of effluents, decommissioning 
of facilities in place, etc.) which are conducted by the facility 
generator under regulatory control.



-3-

o All ultimate disposal should be licensed and regulated by the 
Nuclear Regulatory Commission (NRC); 

o Chemical reprocessing is not required to ensure safety in. waste 
management; c>nd

o Geologic containment for ultimate disposal is a technically
sound basis for planning waste management policies and programs.

2) The Program Concept for any national waste management program which 
is responsive to the fundamental principles set forth above must 
contain:

o The commitment to revise the current program schedule in order to 
increase assurance that necessary technical outputs will be 
available prior to identification of and detailed planning for 
sites for ultimate licensed disposal. The target for initial 
operation in 1985 of a permanent National Waste Repository (NWR) 
cannot be met and a new schedule must be adopted. (The NWR is 
designed for ultimate disposal of high-level waste and spent 
fuel, as a permanent facility financed on a commercial basis,) 

o Additional effort on developing scientific data, safety analysis 
and systems models to improve the scientific bases for specific 
media choice, site selection and repository designs, 

o The principle of technical conservatism which incorporates careful 
step-by-step approaches with adequate tasting and review.

3) The national importance of the Waste Isolation Pilot Plant - WIPP, a 
near-term demonstration facility, is emphasized together with the key 
role of this project within the overall program. High priority must 
be given to:

o Assuring the technical adequacy of. the project; 
o Resolving public and institutional issues concerning it; and 
o Assuring its successful siting, licensing, construction and 

operation at the earliest feasible date.

The primary use of WIPP are as a geologic ultimate disposal location for 
transuranic (TRU) wastes from the defense program and as a facility in 
which to perform R&D with other waste materials in salt. It is 
inappropriate and premature to decide now whether or not WIPP should be 
used for the permanent disposal of high-level defense wastes. Authority 
for such use should not be sought until after further study of the 
available alternatives, and full discussion with the potentially affected 
states.

In addition to its use for R&D and TRU disposal, WIPP should be considered 
for demonstration, on a moderate scale, of the capabilities for ultimate 
disposal of spent fuel. This might involve about 1% of the potentially 
available repository acreage, using up to one thousand fuel assemblies.
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Emplacement should be on a technically conservative basis to allow 
removal of the spent fuel from the demonstration if that were subsequently 
desired within a 15 to 20 year period.

4) The key elements of a number of Specific Waste Management Programs 
include the steps necessary for the Federal Government to assume 
total responsibility for ultimate disposal. Legislation will be 
needed to:

o Transfer ownership of commercial low-level burial grounds to the 
Federal Government, 

o Require disposal of commercially generated low-level and TRU wastes 
at Federally-owned sites.

In addition all Federal disposal of low level and TRU wastes should be 
made subject to licensing by NRC, including such disposal activities that 
occur in the future at existing DOE burial grounds,

5) An analytic overview of the technical and economic implications of 
various alternative approaches is contained in the System Studies.
These cover a range of waste generation quantities and timing for 
the ultimate disposal of such waste. DOE expenditures to conduct 
such «. ' ̂ ivities through the year 2000 (without consideration of any 
offst-. cing revenues from the commercial nuclear power industry) range 
from about $15 billion to :?25 billion. The general nature of materials 
flows through the waste management: system is portrayed in Figure 1.

6) Additional attention needs to be given to implementation of the Spent 
Fuel Offer announced by the President in October 1977. As yet there 
is no agreed method for determining the one time charge to utilities 
for interim storage and ultimate disposal of spent fuel. This will 
necessitate consideration of the interrelationship between future 
storage and disposal requirements with the waste management plans 
and programs.

7) Essentia] areas requiring specific additional Implementation Actions 
Include:

o Scrupulous adherence to the NEPA process Is an essential part of 
the waste management program and DOE efforts in this regard must 
be strengthened.

o Substantial additional work is needed on the Generic Environmental 
Impact Statement on commercially generated waste, 

o Policy and program management responsibility for waste management 
should be raised to a higher level in DOE. 

o Potential budgetary impacts are associated with the suggested 
changes, and legislation is required to carry out many of the 
Task Force recommendations.
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FUNDAMENTAL PRINCIPLES

The purpose of the Task Force is to review existing policy, plans, and 
programs for the ultimate disposal of nuclear wastes. The Task Force 
review is intended to lay the groundwork for intergovernmental and public 
discussions of this subject. These discussions should lead to increased 
consensus on the approach and timing of a credible, broadly accepted 
nuclear waste management program.

Objectives

The objectives of futur^ waste management planning should be to provide 
reasonable assurance that;

o Existing nuclear wastes from both military and civilian activities 
will be adequately isolated from the biosphere so as not to pose 
a significant threat to public health and safety; and 

o Future nuclear waste production in whatever form., including 
spent fuel from the civilian nuclear power cycle will similarly 
be disposed of in a safe manner.

The ultimate disposal of low-l.evej. wastes from both defense and civilian 
activities is presently being accomplished, relying on the geologic 
characteristics of shallow land burial sites. Further actions'are needed 
to achieve successfully the capability for ultimate disposal flf:

o Transuranic (TRU) wastes, primarily from defense activities; 
o High-level wastes (HLW), primarily from defense activities; 
o Spent fuel, from civilian activities.

Design Criteria

Nuclear Waste Management policy, plans and programs should meet the 
following criteria:

o The paramount consideration should be safety;
o Significant attention needs to be given to the existence of

uncertainties;
o The environmental and other social aspects of proposed actions 

and their costs must be carefully identified and internalized, 
o The basic elements of the approach should be Independent of the

size of the nuclear industry, and neither seek to subsidize nor
economically penalize nuclear power as an energy source.

The definition of safety and what constitutes the assurance of safety 
is a key designation. Information, relevant to this issue, will be 
addressed in:
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o A Generic Environmental Impact Statement for the Management of 
Nuclear Wastes from Commercial Nuclear Power, now in preparation, 

o The NRC licensing process, required in order to proceed with 
pilot, demonstration, and production projects, 

o Technical discussions among DOE, other government agencies, and 
the public in response to this and other reports on waste 
management.

Recommended Approach

The Federal Government currently hfs health and safety regulatory 
responsibility over all the nuclear waste materials considered in this 
report. However^ the managerial responsibility for ultimate disposal 
of suah material is divided between the Government and the private sector. 
Because of the significant level of public concerns and the long time 
periods associated with ultimate disposal3 this responsibility should lie 
with the Federal Government. 1'n additiont all ultimate waste disposal 
should be subjected to rigorov.s regulation and to licensing by. the NEC.

In order to implement this approach, the Task Force recommends that 
legislation be prepared to accomplish the following:

o DOE have sole responsibility for the provision and management cf 
facilities for the ultimate disposal of commercially-generated 
low level and TRU wastes, 

o DOE acquires ownership and control of existing burial grounds for 
commercially-generated low level wastes, 

o DOE facilities for ultimate disposal of low level and TRU wastes 
be subject to NRC licensing, 

o DOE provide any facilities needed (in addition to those provided 
by the private sector) for interim storage of spent fuel, and 
DOE have sole responsibility for the provision and management of 
facilities for the potential ultimate disposal of such fuel, 

o DOE facilities for interim storage and ultimate disposal of 
commercially-generated spent fuel be subject to NRC licensing.

Major Technical Judgements

There appears to be a substantive consensus and valid technical basis 
for the view that present plans and actions should rely on geological 
containment of wastes which can be achieved in a safe and environmentally 
acceptable manner.

This view has been promulgated by Independent assessments ranging from 
that of the National Academy of Sciences in 1957 (and subsequent 
reaffirmations by that body) through a 1977 report of the American 
Physical Society. Members of the Task Force have also met directly



with representatives of the U.S. Geological Survey (USGS) and find them 
to be in agreement with this statement.

Similar findings have recently been expressed in government-supported 
reviews in other countries (e.g., West Germany, Sweden, and Canada).

The primary issues for program planning are, therefore, related to the 
adequacy of technical knowledge for the specific choices of a geologic 
medium (salt, basalt, shale, granite, etc.), acceptability of an actual 
site, adequacy of an actual repository design, and the timing for such 
decisions.

The Federal Government, as an entity, has not formally reached a conclusion 
on ultimate disposal of high-level wastes because the needed environmental 
studies are still in preparation. These matters must be given high 
priority. The status of environmental reviews are discussed in a later 
section of the report.

For existing wastes, the advantages of moving them from present locations 
to geologic disposal must be balanced against the safeuy of their present 
form and location versus risks inherent in processing them and transporting 
them to a different location. Each such evaluation needs to be made on a 
case-by-case basis.

Though ultimate disposal in geologic repositories is the main topic 
discussed in this report, the investigation of alternatives should continue. 
These alternatives include 1) disposal in other types of geologic formations, 
such as the seabed, 2) disposal in space, and 3) elimination of long-lived, 
radioactive isotopes by transmutation. These and other approaches are 
discussed in more detail in Appendix N.

A second major judgement is contained in the Task Force conclusion that 
no compelling argument eould be found that chemical reprocessing of 
commercial spent fuel is required for safety in waste management.

President Carter has indefinitely deferred the domestic use of chemical 
reprocessing and plutonium recycle in light water reactors (LWR's).
As a consequence of this action, the nuclear proliferation and other 
safety aspects of fuel cycles are the subject of both domestic and 
international reviews.

The Administration's policy raises the question: Should we delay plans
for the ultimate disposal of any high-level civilian waste until we know 
with greater certainty if reprocessing may ultimately be found acceptable?
Or, should we emphasize completing the once-thrcugh fuel cycle now 
responsible for about 13 percent of our electric power requirements?



The dilemma is more apparent than real, for much of the knowledge needed 
to deal with military waste can be applied to civilian reprocessing 
should we proceed with that approach.

In light of the above, highest priority should be assigned to demonstrating 
the capability to place existing military wastes and existing spent fuel 
from light water reactors into ultimate disposal.

Many years will go by before largo quantities of eith3r material will 
actually be emplaced. It will take time to select full-scale sites, 
obtain licenses, and build facilities. Prudent planning and priority 
emphasis should be placed on dealing with existing systems and problems.
If these can be successfully managed, then there will be more public 
confidence that additional tasks can be managed well.

This approach does not prejudge future decisions concerning reprocessing 
in the U.S. nor the outcome of international studies of alternative fuel 
cycles.



PROGRAM CONCEPT

Program Scope

The waste streams discussed in this report can be categorized as follows:

o Low level waste 
o Transuranic (TRU) waste 
o High lfc'/el defense waste (HLDW) 
o Discarded spent fuel from commercial power 
o Decontamination and decommissioning waste 
o Uranium mill tailings

Information on present and projected quantities of these wastes and 
their characteristics are presented in various appendices.

The emphasis of the Task Force review as well as the major driving force 
for the program concept is the technical aspects of ultimate disposal of 
TRU, high-level wastes and discarded spent fuel. There is an independent 
technical consensus that these wastes can be safely placed in geologic 
media for ultimate disposal. The next step, which is presently underway, 
is to develop the detailed information which will adequately support the 
specific choices of geologic medium, site, and repository design.

Past program activities have emphasized the early engineering achievement 
of disposal. There has been lera emphasis on the parallel collection 
of scientific data that bears on the assessment of site and design specific 
issues. For example, the Task Force is aware of scientific issues concern­
ing the adequacy of salt as a suitable geologic medium for emplacement of 
concentrated waste exhibiting high surface temperatures. More attention 
needs to be paid to these issues and the ongoing scientific work should 
continue. Current programs should be reviewed to assure the timeliness 
and adequacy of present efforts (including funding levels). It is 
recognized that the engineering design bases for a repository must be 
built upon scientific knowledge.

Safety analyses (identification of potential pathways to releases having 
undesirable consequences, sensitivity analysis, breadth and depth of 
situations analyzed) are still in early stages; additional work needs to 
be done. The current programs should be further reviewed to assure the 
adequacy of present efforts (including funding levels).

Program Guidelines

The Task Force has identified several concepts which are essential parts 
of the development of a nuclear waste management program. The overriding



concern is the tension between schedule and certainty. The schedule 
alternatives are discussed in the next section. The following generic 
concepts are presented in this section because of their intimate 
relationship to the basic question of program concept and timing.

Reasonable Assurance: Ultimate disposal in geologic containment presumes
public confidence in the safety of that action over very long time periods. 
It is therefore impossible to demonstrate the correctness of such a 
judgment by experiment. Accordingly, what is involved is the development 
of a social consensus based upon scientific understandings. This is only 
likely to be reached by a combination of:

o Fundamental scientific information;
o The development and analysis of long-term predictive models; 
o Near-term validation of the elements of such models; 
o Extensive peer review involving the application of independent 

and objective scientific expertise; 
o Practical experience with initial applications of the disposal 

approach involving careful monitoring; 
o A capability (over some time period) to take any needed corrective 

or mitigating actions* and 
o A continuing parallel program of R&D, increasing knowledge and 

confidence in the prior steps taken, or indicating the direction 
of any future changes in approach.

Recognition of these features must be built into current R&D activities} 
program planning, and proposed implementation activities.

Repository Design Aspects: The basic design approach for commercial
repositories must continue to reflect the capability of eventually 
receiving for permanent disposal discarded spent fuel and/or high level 
waste from reprocessing. However, primary attention must be focused on 
spent fuel to validate the existing once-through fuel cycle.

Fuel may be placed in underground formations for two entirely different 
purposes:

o Storage, with specific features provided to simplify future 
retrievabillty for possible value, or 

o Ultimate disposal.

Ultimate geologic disposal should contain no deliberate element of 
retrievability beyond that required for safety and confidence building, 
given the current status of the technology. Additional built-in 
requirements for retrievability could interfere with the main objectives 
of safe and permanent ultimate disposal (e.g., by requiring the repository 
to be left open past the time that it could in fact be backfilled and 
sealed).



The design approaches currently being used with respect to retrievability, 
both for the WIPP and the planned repository for commercially-generated 
wastes, need review if the above guidelines are accepted.

Characterization of Candidate Sites: The qualities of actual sites appear
extraordinarily important. There can be no relaxation in the effort to 
identify and characterize specific formations and locations.

Thu search must, however, be centered in fewer states where the practical 
probabilities of both technical and institutional success in the near 
term are the highest.

Satisfactory site selection will require both technical suitability and 
a good working relationship with State and local governments representing 
the people of the state. Consequently, press statements and public 
briefings should focus on local issues, concerns and needs rather than 
generalized statements released concurrently to all State governors at 
one time.

Finally, funding should be given to assist states in reviews and evaluations 
which they may wish to conduct because of DOE activity. DOE should also 
consider seeking authority from Congress to provide impact aid for state 
and local services required by location of a repository.

Technical Conservatism: The plan and Its implementation should emphasize
technical conservatism. Ultimate disposal is a technology field and 
involves a learning process, building future knowledge upon past experience. 
Schedules must be reviewed to ensure they do not require leaps forward 
which could imperil achievement of the ultimate objective. Careful step- 
wise approaches, built upon greater surety, gaining confidence in the 
procedures used in each step before taking the next, are most likely to 
result in success in the long run. On the other hand, delay and lack of 
priority can impair credibility and confidence. This Is why the develop­
ment of a truly credible and acceptable program involves both technical 
and Institutional judgements. This requires public dialogue and under­
standing.

Based on what we know today, studies of several geologic media for waste 
repositories should continue through the R&D phase. More than one design 
concept and alternative ways of distributing factors of safety (or 
conservatism) through the system should be considered for each medium.
More than one site should be examined for any given medium. Different 
techniques being pursued by other nations should be carefully evaluated 
for their particular merits. This program will be more expensive 
(and perhaps lengthier) than one exclusively pursuing a predetermined 
single approach. In the end, it may be both move credible and more 
successful.
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Program Timing

The existing Terminal Waste Management Plan, developed under the previous 
Administration, called for having a long-term waste storage facility 
operated on a commercial basis in place by 1985. The Task Force finds 
that this target action for the NWR, however, cannot be achieved for the 
reasons discussed directly below.

The KRDA program to characterize candidate repository sites throughout 
36 states encountered considerable difficulty. It was too ambitious 
and not well designed for effective Federal/State and local government 
interaction. Public concerns were aggravated rather than resolved,
The earliest possible date for candidate site selection now is late 
1979, and even that date could not: be achieved without significant change 
in public climate.

In addition, previous planning as to the procedures for licensing were 
based on processes and schedules which are not in accord with current 
NRC views.

Therefore, the earliest date for an operating permanent repository would 
be 1988, not 1985. /_1

Given the basic trade-off referred to earlier between schedule and 
certainty, the potential significance was examined of the National Waste 
Repository becoming available within a time frame from 1988 through 1993 
(up to a 5 year delay from present unofficial program planning).

Two basically different philosophical approaches are possible:

o Develop a date for permanent repository operation which allows 
time for acquiring more scientific data on performance in salt, 
a stepped up program on other media, more international interaction, 
etc. Compare the best salt design with the best design in other 
media. Then choose the preferred medium, and choose between more 
than one location in that medium, 

o Select an earlier operational date than implied by the first 
approach. Proceed with a (perhaps smaller) repository in salt 
which is loaded conservatively from a thermal standpoint. This 
will provide the potential of retrieval of material emplaced over 
a time period (probably not in excess of 15 years). Subsequent

/T This change is schedule is for the National Waste Repository. The 
schedule for the Waste Isolation Pilot Plant, discussed in the 
next section, remains unchanged.
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decisions can then be taken in either direction (i.e., to remove 
to another location or to increase the thermal loading) be£ore 
the repository is finally sealed.

The Task Force believes the first approach to be unnecessarily conservative 
and favors the second.

In proposing an actual schedule under the second approach, there are 
again two alternatives:

o Establish a tight, but theoretically "doable" schedule, assuming 
no major unforeseen delays. This is consistent with maximum 
program urgency. Difficulties can, of course, upset the best 
of plans. Thus, candidate site identification, resolution of 
the adequacy of site-specific technical issues, and final selection 
of a preferred site can take more time than anticipated. Licensing 
schedules can change. Problems can be encountered during 
construction. These could all force future revisions in schedules, 

o Establish a longer schedule providing for some of the delays 
mentioned above, and thus minimize the risk of future changes 
in the repository operational date. This schedule is a more 
credible one, in this sense. It (incorrectly) suggests, however, 
a reduced sense of urgency.

The Task Force was unable to agree on which of these two approaches 
should be favored.

There was agreement, however, that regardless of the approach to a 
formal schedule, program managers should adopt as their target the 
earliest possible completion date consistent with the resolution of 
technical and environmental Issues.

A licencing plan for the commercial repository, including NRC’s detailed 
definition of the process and its information needs through time, should 
be established at the earliest possible date. When combined with a 
similarly detailed R&D plan, a realistic schedule for the operation of 
the commercial repository would be better validated.

Need for a Demonstration

Design, siting, construction, and operation of the commercial repository 
discusscd in the previous section would represent the application of a 
new technology on a significant scale.

As presently conceived, it: could represent: the disposal location for 
about 4000 operating reactor years for 1000 MWe reactors (e.g., 100 such



reactors operating for 40 years, 200 such reactors operating for 20 
years).

While the NAS suggested the use of salt geology in 1957, no large scale 
application of this technology has yet occurred. At this time, DOE 
does not own any pilot facility or location in which R&D involving 
radioactive material in salt can be conducted. (DOE has conducted 
radioactive experiments in the past, aa in Lyons, Kansas. DOE currently 
has access to nonsalt media, e.g., basalt, shale, granite, at DOE 
locations where it can work directly with those types of formations.)

Thus, a facility is vitally needed to perform R&D in salt, concurrent with 
the selection and licensing of the commercial repository. In addition, 
it would be useful to demonstrate the emplacement of spent fuel in a 
monitored facility. Such a facility is WIPP, now being planned for early 
availability in the program. The next major section of this report 
discusses this facility and indicates how the Task Force believes its use 
could be more completely integrated into the overall waste management 
program.



WASTE ISOLATION PILOT PLANT (WIPP)

The Function of WIPP

The Waste Isolation Pilot Plant is a conceptual facility Detailed 
engineering specifications have yet to be formulated. The WIPP concept 
includes its intended use for the geologic ultimate disposal of TRU wastes 
from the defense program and as a facility in which to perform R&D with other 
waste materials in salt.

Only a small amount of TRU waste is now being generated by the nuclear 
power industry and even that may no longer be so classified if the current 
standard is revised upwards following completion of an ongoing NRC review.
No distinction should be made between existing DOE TRU waste and any 
commercial TRU waste received by D0;{ in the future.

TRU wastes from DOF. operations are now being stored retrievably above 
ground, mostly at the Idaho National Engineering Laboratory and this is 
a source of concern to the state.

In 1970, AEC responded positively to requests from Idaho and expressed 
its plan to being the removal of such wastes from the state by 1980.
This plan was predicated on the opening of a geologic repository in salt 
in Lyons, Kansas. Attempts to develop that repository failed. The 
earliest available facility for ultimate disposal of TRU wastes will now 
be the WIPP.

Current Plans for WIPP

A site for WIPP has been proposed near Carlsbad, New Mexico, and is now 
undergoing detailed geological examination. The current schedule for 
operation in 1985 at this site is ambitious. It Includes a number of 
complicated steps including legislation for land withdrawal, preparation 
of environmental reports and licensing. Based on experience with other 
fIrst-of-a-kind projects, it would not be surprising for delays to be 
encountered. For this reason it is imperative that management attention 
be continuously focused on this activity, even in its present phase.
Adequate DOE headquarters resources must be made available to ensure 
prompt responsiveness to issues and difficulties as they emerge. High 
priority must be given to:

o Assuring the technical adequacy of the project; 
o Resolving any safety, public and institutional issues 

concerning it; and 
o Assuring its successful siting, licensing, construction 

and operation at the earliest feasible date.

Once WIPP is operational, present plans call for an extended schedule for 
emplacement of TRU material with the result that this material would not have been 
fully removed from above-ground storage at Idaho until 1995. Since
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TRU waste is not a significant heat generator, the proposed schedule 
in the early years can be accelerated and the requirement .r.or retvievability 
of TRU waste during initial operation can be removed. Design rate place­
ment should be achieved as soon as feasible to allow more rapid removal 
of TRU waste from existing surface storage.

Lieensing of W1?P

Under current law, the emplacement by DOE of government-generated TRU 
material in WIPP could be done without seeking a license from NRC. Con­
sistent with the philosophy indicated previously, however, legislation 
should be sought to bring ultimate disposal of TRU wastes by DOE under
regulatory control in the future (including WIPP).

Legislation is also needed to permit land withdrawal for DOE use of 
WIPP (since other mechanisms would limit land withdrawal to only 20 years, 
clearly not sensible for an ultimate disposal facility).

The regulatory process and limitations of the license as developed by the 
NRC should be open to significant input and participation by the State 
of New Mexico so that local concerns and desired limitations are 
effectively considered in the process.

Exhumation of Buried TRU

TRU waste has been buried in the past, both at commercial low level burial 
sites and at DOE sites. Possible exhumation of such wastes for other 
disposition should be considered in accordance with NEPA procedures. Given 
the urgency of other elements of the overall waste management program, 
only moderate priority should be assigned to this particular program ele­
ment. It should proceed in an expeditious way but not on a "crash" basis.

Demonstration of Spent Fuel Disposal In WIPP

The Task Force recommends that WIPP be considered not only for its present 
missions as a salt-R&D facility and utllmate disposal, of TRU waste, but 
also as a location for a moderate scale demonstration of the capability 
for ultimate disposal of spent fuel in salt. This activity would also be 
licensed and regulated by the NRC.

Licensing and other institutional issues to be faced by a permanent 
disposal facility would be explored by the process. Base line data could 
be established and performance of the system monitored in parallel with 
R&D activity. Obviously, the long term aspects of disposal cannot be 
achieved in less than geologic time frames; however, the models and 
analyses used to project such effects could be validated with respect to 
their near term predictions, This would increase confidence In the analytic 
techniques and the validity of the underlying experimental work.
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The demonstration should be large enough to be meaningful. Up to one- 
thousand fuel assemblies using less than one percent of the potentially 
available repository acreage would be involved.

The loading (heat generation per acre) proposed should be technically 
conservative relative to expectations of what might ultimately be 
achieved in an operating repository, This is consistent with the 
recommended approach of technclal conservatism and is also economically 
acceptable. With conservative heat loadings and despite emplacement in 
a disposal mode, the spent fuel could, if necessary, be recovered 
within a 20 year period by remitting the passageways. This adds additional 
confidence that the demonstration facility would present no threat to 
health and safety. There should be no planning for possible recovery of 
this fuel for economic value.

It appears likely that any safety issues can be successfully resolved 
for the demonstration. The total quantity of material is not large.
Local temperatures produced by spent fuel are significantly lower than 
for concentrated high level waste. A conservative underground thermal 
loading is proposed. The demonstration would be monitored. The 
capability for removal provides further assurance that the demonstration 
is under control. The capability for advanced R&D at the same facility 
means that more extreme conditions in the same geology can be simulated 
to allow improved confidence through time in the actual status of the 
demonstration.

Opportunities should also be sought for RD&D activities with radioactive 
material in various media prior to the availability of WIPP. The 
possibilities for international cooperation in this area should be further 
explored.

Finally, it should be emphasized that the major waste disposal application 
of WIPP must be associated with TRU wastes. In some cases we have 
examined, nearly all of the intended WIPP capacity could be required for 
future TRU waste production from decontamination and decommissioning 
activities.

Given the proposal to use WIPP as a location for a modest demonstration 
of spent fuel disposal, activities should continue on characterizing 
other sites and identifying possible locations for the needed large- 
scale commercial repository.

Possible Use of WIPP as a Repository for High Level Defense Waste (HLDW)

Under present planning, WIPP is being considered as a potential future 
repository for HLDW. However, many prior decisions and actions would be 
required before this could happen. Using Savannah River waste as an 
example, a decision would first have to be made to go to an off-sito



geologic repository. A facility would have to be built at Savannah 
River to prepare the waste for shipment off-site. A further decision 
would be needed to seek emplacement in WIPP. Finally, a license for 
that purpose would have to be obtained from NRC (as required under the 
current law).

The Task Force visualizes that the WIPP Environmental Report submission 
to NRC would discuss the possibility of the. permanent disposal of HLDW 
in WIPP at some time in the future. The report should analyze the 
facility proposed to be constructed in terms of such possible future use. 
We do not visualize seeking or ,■ btuining, at this time, authority to make 
such a permanent disposal. Howt^i c, WIPP should be used for R&D on 11LDW 
disposal. Continuing research will develop additional knowledge, either 
favorable or unfavorable, that will bear on that decision at that later 
date.

WIPP is conceptually expandable to a 2000 acre repository. However, the 
facility to be licensed and initially constructed would be for placement 
of TRU wastes and would be sized accordingly. This mission, together 
with its use for RD&D means that the value of WIPP as a facility is 
not dependent on and does not prejudge later decisions on the ultimate 
disposition of HLDW.

Thus, in summary, WIPP would be used for R&D In salt and ultimate disposal 
of TRU wastes as originally proposed. The Task Force recommends that 
this mission be supplemented by a demonstration of spent fuel disposal. 
These activities should be licensed. Any change in scope or character 
from this approach will be subject to a licensing revision process 
Involving the opportunity for significant state and public participation.
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SPECIFIC WASTE PROGRAMS

The previous sections discussed the waste management program as a 
whole. In this section a set of particular activities and subsidiary 
issues Is presented which are critical to portions of the progra,i.

Low Level Waste

The management problem is long term, several hundred years for low- 
level waste placed in shallow land burial. The longevity of manage­
ment required clearly transcends the durability of most private 
enterprises. Motivations for R&D, Improved disposal methods, alterna­
tives to land burial, and minimization of the number of burial sites 
are strongest at: the national level.

DOE Management; The Task Force recommends that DOE assume respon­
sibility for the ownership and management of the six present commercial 
low-level waste burial grounds. These are located at Beatty, Nevada; 
Maxey Flats, Kentucky; West Valley, New York; Hanford, Washington; 
Sheffield, Illinois; and Ba.-fwell, South Carolina.

There are also five major and nine supplementary Government-owned 
low-level waste disposal sites now being operated by DOE. The resultant 
system of 20 sites should be managed as a single complex. Such an 
approach would permit the strengthening of technical/operating practices, 
the development of uniform criteria, the minimization of the number of
additional sites required in the future, the application of R&D to
improve capabilities and practices, the provision for long-term 
surveillance, and the carrying out of responsibilities inherent in the 
program.

The Federal Government should receive from the private sector those 
radioactive waste materials now required by NRC to be placed in 
disposal. (About 50% of current commercial low-level waste comes from 
sources other than the nuclear industry.) Charges established by the 
Government should be on a full-cost recovery basis.

Regulatory Approach; The six commercial low-level waste burial sites
are subject to licensing and regulation. One site is regulated directly 
by NRC, while the others are regulated by the states under "Agreement 
State" provisions established by NRC. Under DOE ownership and manage­
ment, the sites should continue to be subject to licensing. Three 
alternatives are of most interest:

o Continuation of the present regulatory arrangement 
(but strengthened by the needed establishment of 
uniform criteria and standards by NRC).

o Central regulation by NRC (but more responsive to 
state needs, local knowledge and concern through 
improved mechanisms for state input into NRC 
regulatory activities).
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o An innovative new arrangement designed to seek the 
best features of both the above.

Federal management of nuclear waste for ultimate disposal cannot take 
place independently of local concerns. State and local governments 
have an important role to play in the process. Their viewpoints, and 
local expertise, must be more effectively integrated into national 
planning, Additional mechanisms and approaches to achieve this must 
be developed and put in place.

Selection of the appropriate regulatory approach from among the above 
alternatives should emerge from discussions involving state and local 
governments, NRC and the public.

Those operating DOE low level waste burial sites integrated into the 
proposed system for ultimate disposal should themselves be placed 
under the same regulatory and licensing mechanisms established above 
so that all such future activities are licensed. A transition period 
of several years will be required after the establishment of uniform 
NRC criteria and standards to bring this process into being so as to 
minimize disruption of ongoing operations.

DOE Program: Opportunities exist to reduce the waste for future burial
through minimization of volume creation at the source and through 
processing prior to disposition. DOE should pursue these approaches 
aggressively. Both R&D and institutional approaches (e.g., pricing, 
support of centralized volume reduction facilities) should be used. 
Alternatives to shallow land burial (hydrofracturing, deep geologic 
for some materials) should also be pursued. The centralized management 
approach recommended here should increase assurance as to the long term 
management of this national responsibility and improve the overall 
system operation on an integrated basis.

Standards and Criteria: Finally, as the March 1977, NRC Task Force
review, NUREG-0217, pointed out, "there is an urgent need to establish 
a comprehensive set. of standards, criteria and regulations governing 
low level waste management. An integration and acceleration of on­
going efforts to establish such a program is required." The DOE Task 
Force supports this finding and understands that NRC is moving towards 
its Implementation.

TRU Wastes

At the present time only a sinai.1 amount of TRU waste is being generated 
by the nuclear power industry; however, significant quantities of this 
waste from DOE operations have been accumulated in above-ground interim 
storage since 1970. The final disposition of this material has been 
noted earlier as a high priority item and this requirement has been 
incorporated into the conceptual design of WIPP.
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The quantities of TRU requiring ultimate disposal may be affected by 
the determination of the concentration of TRU in waste that requires 
measures beyond shallow land burial.

DOE is currently using an internal standard established by the AEC in 
1970. Provision was made that wastes containing more than 10 nano­
curies of TRU per gram should no longer be placed in low level burial 
grounds but should rather be stored retrievably pending ultimate 
disposal by other methods (e.g., deep geologic disposal). One commercial 
low level burial site at Hanford, Washington is still receiving and 
burying TRU waste from non-Federal sources.

NRC is reviewing the formerly established AEC standard, which informal 
indications show may be conservatively low. NRC should expedite comple­
tion of this review and establish a revised standard that should be 
applied uniformly throughout the low level waste system. The anomalous 
situation at Hanford referred to directly above should also be corrected.

Once this issue is clarified, possible exhumation and alternative 
disposition of TRU wastes at commercial low level burial sites and at 
DOE sites should be considered. Given the urgency of other elements 
of the overall waste management program, high priority should not be 
assigned to this particular element.

All TRU wastes should be delivered to the Government for ultimate 
disposal but the definition of such material should be left to the 
regulatory processes.

High Level Defense Waste

Large volumes of high level defense wastes (HLDW) are stored at DOE 
facilities in Idaho, South Carolina and Washington. Defense Waste 
Documents (DWD's) have been published describing reasonably available 
technical alternatives for their ultimate, disposal, preliminary cost 
estimates, and risk assessments. Some of these alternatives are on­
site (bins at Idaho, bedrock at Savannah River, basalt at Hanford); 
some require construction of major facilities and shipment offslte to 
deep geologic repositories. Environmental Impact Statements (EIS’s) 
are in preparation on a priority basis for all three sites as input 
to permit the needed decisions to b£ made. The above program approach 
and sense of urgency appear sound.

Present planning is based on an aggressive overall program in which 
activities at the various sites are given relative priorities. 
Simultaneous funding of maximum activity at all three sites is 
unrealistic and not necessary for health and safety reasons. Savannah 
River has been selected as the lead location based on its generally 
less favorable environmental characteristics and, therefore, the 
relatively greater need for ultimate disposal of high level 
wastes at that site. The Savannah River EIS is scheduled to be



available one year ahead of that for the other two locations. The 
Task Force supports this overall approach and pace.

There is a different reason for expediting R&D and exploratory 
drilling to characterize basalt at Hanford. This may be the most 
rapid approach to increase knowledge about the use of basalt as a 
geologic medium, including its possible use as a commercial repository 
(whether at Hanford or elsewhere). The work at Hanford should, there­
fore, be accelerated.

West Valley

The Western New York Nuclear Fuels Services (NFS) Center at West 
Valley, New York operated from 1966 to 1971 under NRC license as the 
only commercial nuclear fuel reprocessing plant In the U.S. NFS and 
New York State are joint holders of the license and responsible for the 
maintenance of the site and the protection of the public health and 
safety. The site contains a low level waste burial ground, as was 
discussed earlier, a spent fuel storage pool, and some 600,000 gallons 
of high level, waste in below-ground tank storage (as compared to 27 
million gallons of high level waste in storage at Savannah River and 
Hanford).

A study requested by Congress on the future use or disposition of the 
West Valley complex is now xn progress. To permit public comment 
before its submittal to Congress in December, the study is planned 
for publication in August of this year.

The Task Force does not wish to prejudge the study now in progress and 
limits its comments here to those elements of the West Valley situation 
directly connected with waste management.

Responsibility for Waste: Actions involving the low level burial site
should be separated from the other circumstances at West Valley and 
treated aa discussed earlier.

DOE should accept responsibility for the high level waste at West 
Valley, assuming that appropriate financial and other terms can be 
negotiated with NFS and New York State. Planning for the disposition 
of this material should then be integrated into total DOE planning for 
high level wastes at all sites. Negotiation of appropriate terms for 
assumption of responsibility should include consideration of other DOE 
waste management objectives such as the characterization of promising 
geologic formations in New York State as potential sites for a 
repository. Similarly, other possible applications of the West Valley 
site to meet future national and state needs should be considered.

Legislation may be required with corresponding need for environmental 
reviews.
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Costs; Costs associated with assumption of Federal responsibilities 
should be shared by the participants so that all parties have a 
financial stake in the decisions taken to restore the site t:o pro­
ductive use, if this is desired, and in removal of undesired waste 
materials.

Unrecovered DOE costs for low level burial ground actions should be 
recovered in charges for future low level services to all customers. 
Similarly, an allocated share of any unrecovered DOE costs for high 
level waste (associated with civilian fuel processed at NFS) should be 
recovered in charges for future commercial fuel or waste disposal 
services.

Vitrification R&D: The DOE R&D project for the vitrifiration of future
commercial high level waste (currently under construction at Hanford) 
should be redirected to demonstrate by simulation the processing and 
vitrification of existing wastes at West Valley and defense sites.
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Decontamination and Decommissioning

There is a large uncertainty with respect to the volume of LLW and 
TRU which might arise from decontamination and decommissioning (D&D) 
activities (see appendices H and K for further details). The actual 
quantities of waste and timing of disposal can have an important 
effect on the magnitude of the need for LLW burial grounds and deep 
geologic repositories (for TRU).

For the commercial sector, the volume of LLW (no TRU) which might 
result after the shutdown of a large reactor could vary from 2000 ft.-*, 
under a mothballing procedure, to 800,000 ft. for complete removal/ 
dismantling. Establishing the future costs and obligations of decom­
missioning and estimating the quantities of waste materials to be 
managed are concerns of industry, utilities, government 
(e.g., NRC), and the public. However, commercial D&D activities are 
not expected to reach a major level until after the year 2000, when 
presently operating reactors have reached the end of their economic 
life (30-40 years).

On the other hand, there currently are over 460 surplus DOE facilities, 
80 percent of which are located at Hanford. Included are buildings, 
reactors, reprocessing plants, etc. An additional 100 facilities are 
expected to become excess over the next few years. The corresponding 
volumes of waste which might arise from DOE D&D activities could range 
from 10 to 160 million ft. of LLW and 4.5 to 95 million ft.-* of TRU, 
at an estimated cost of $130 million to $1300 million. A program to 
establish methods, costs, and priorities for D&D activities was started 
in 1973. The development of a DOE National Disposition Planning System 
was initiated in July of 1977 in order to tabulate surplus facilities, 
document the status and key data pertinent to disposition, and provide 
a basis for setting priorities for disposition projects. The output 
from the planning system will be utilized in developing annual budget 
estimates and five-year plans for the surplus facilities program.

Greater priority should be attached to resolving the above issues so 
that realistic downstream planning can take place. DOE should then 
pursue completion of the National Disposition Planning System to 
establish the scope and timing of actions to be taken on its own 
facilities.



Uranium H ill Tailings

Uranium mill tailings (Appendix I) contain resLdual radium which generates 
radon gas and other daughter products that raise the radiological back­
ground in the vicinity of tailings pile to potentially hazardous levels.
A study of radiological conditions and practicable remedial alternatives 
and costs at 2.2 locations where uranium mills have been closed down is 
now complete. The general findings are as follows:

o At none of the sites can the tailings be considered 
adequately stabilized for long-term storage. Contami­
nation usually extends beyond the property boundaries 
due to wind or water erosion.

o Based on the correlation observed between exposure to 
radon and other radium daughter products and incidence 
of lung cancer in uranium miners, the risk of incurring 
lung cancer is about double the normal to populations 
living in close proximity to the tailings.

o Most of the mill sites are in potentially favorable 
locations for alternative uses, and are in demand.

NRC has sought through NEPA to control the disposition of tailings at 
active, licensed mill sites. However, the Federal Government does not 
appear to have the authority to require the owners of inactive, non­
licensed sites to clean up the tailings. Furthermore, neither the 
Federal Government nor the states appear to be legally responsible for 
clean up. Therefore, DOE would require additional legislative 
authority to participate wltn the states in a comprehensive remedial 
action program at these inactive sites. It is estimated that such a 
program would cost between $80 million and $120 million. DOE is 
currently conducting a NFPA assessment of the environmental significance 
of remedial options under consideration for each site.
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SYSTEM STUDIES

Description of Cases

The Task Force has conducted independent studies of the nature of 
potential waste management systems and the related cost consequences 
to DOE. Details of these studies are presented in Appendix K.

Two basic cases were studied and selective sensitivity analyses were 
performed:

o Case 1 is designed to minimize the need for low level burial
ground acreage and the need and number of centralized geologic
repositories for TRU waste, high-level, waste and spent fuel.
This is accomplished through assumptions which reflect low 
nuclear capacity levels, volume reduction techniques for low 
level and TRU wastes, small scale decontamination and 
decommissioning (D&D) programs for commercial and DOE facilities, 
and minimization of DOE defense material sent to WIPP.

o Case 2 describes a larger, more decentralized waste management
system, structured to maximize burial ground requirements and 
the need and number of geologic repositories. This is done 
through assumptions which encompass significant nuclear growth 
consistent with the National Energy Plan, no volume reduction, 
a moderate scale D&D program for DOE facilities, and a large 
commercial D&D program, maximization of material sent to DOE 
repositories, and more technically conservative repository 
design assumptions. These assumptions lead to a maximization 
of the number of both DOE and commercial repositories.

Results

In both cases, any Away from Reactor (AFR) facilities required prior to 
emplacement of spent fuel in geologic repositories, are emptied as 
rapidly as possible in order to require the greatest number of commercial 
repositories. Figure 2 compares the repository and AFR requirements 
for the two cases, assuming the first repository is available in 1988.
The consequences of a 1993 date for the repository are given in Figures 
3 and 4 for Cases 1 and 2, respectively.

Another assumption common to both cases is that the high level waste 
inventory would be processed and available for disposal in the 1985-2000 
period. This and the AFR unloading assumption lead to large transportation 
requirements. The individual transportation needs for unloading AFR’s 
and for moving high level waste (whi'"h require similar equipment) are each 
comparable in size to the industry requirement to ship spent fuel to the 
Government in the 1990's.

Transportation is an essential link in the nuclear waste management system 
and the entire nuclear fuel cycle. There are concerns relating to meeting 
transportation requirements which encompass public acceptance, hardware 
availability, the lack of a systems approach, security, and schedi .ing and 
economics, which are discussed more fully in Appendix G,
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Approximate costs to DOE through the year 2000 are $13-17 billion 
for Case 1 and $18-23 billion for Case 2. The $5-6 billion difference 
results principally from the larger scale of the nuclear power industry 
in the second case leading to higher repository and transportation require­
ments. The other major source of the cost differential is the difference in 
scale between the D&D programs for DOE facilities assumed under each case.

Conclusions

Conclusions and recommendations throughout previous sections of the report, 
which emerge from the systems study effort, have already been presented in 
connection with the specific subject matter.

Additional significant conclusions are as follows:

o The potential magnitude of TRU waste from D&D indicates that 
WIPP should remain dedicated to the emplacement of TRU waste 
and possibly solidified HLDW. 

o Special attention should be given to transportation as a potential 
problem area in the waste management system. Near term action should 
be taken to ensure that casks will be available when needed. 
Development of dual purpose casks (spent fuel and high level waste) 
should be considered. The simultaneity of spent fuel and high level 
waste shipments in the future should be recognized and dealt with 
from a systems point of view, 

o The effects of up to a 5 year delay in repository availability 
(1988 through .1993 time frame) have been examined. This is 
particularly important with respect to Case 2, which assumes a 
continuing growth of nuclear power. The magnitude of the management 
task clearly increases with delayed repository availability. Never­
theless, the actions required to deal with this situation based on 
the available analysis appear to be within the reasonable capability 
of a growing system. Further analysis of this question is desirable, 

o It was difficult to assemble and assimilate a consistent set of 
information for these case studies. More intensive systems 
analysis is needed and should be made an integral part of the 
program.

An important contribution of the system studies is the detailed analysis 
of the material flows through the waste management system, sizing of the 
facility and transportation requirements, and the calculation of cost 
estimates. A potential problem has been identified by comparing the 
structure of the Task Force system to that implied by the Spent Fuel 
Offer (discussed in the next section).
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SPENT FUEL OFFER

Implementation Issues

Under the Spent Fuel Storage Program, the Government has offered to 
accept title, to store retrievably for a period of time, and to termin­
ally dispose of spent fuel from commercial power reactors in exchange 
for a one-time charge.

Implementation details of the spent fuel offer are being developed within 
DOE. Since the disposal charge must recover future costs, many imple­
mentation assumptions are being built into the charge calculations. It 
is not clear whether these are actual implementation plans or only a 
convenience for making pricing calculations. These issues arise due 
to the need for describing the entire future waste management system for 
civilian fuel tnrough the year 2000 and perhaps beyond. Many items are 
not compatible with the Task Force view of how the waste management 
program should evolve over time. Points at issue are the following:

o The calculations from the perspective of the spent fuel offer 
assume shipment of fuel to AFR interim storage and shipment to 
geologic storage designed for 25 year retrievability (for 
economic recovery purposes). This implies both possible removal 
from underground storage for economic purposes and future shipment 
to a point of economic use. If fuel is possibly to be reused at 
a later date, continued interim storage in AFR's would avoid 
unnecessary transportation and handling and thus would likely be 
preferred to the proposed scenario. The aystem described by the 
charge calculations presupposed a repository design requiring 25 
year "economic retrievability" features. This is in conflict with 
the Task Force view that the repository should be designed for 
ultimate disposal and should incorporate retrievability only to 
the degree dictated by safety considerations, 

o The waste management considerations outlined above suggest that 
alternative approaches be considered in the Spent Fuel Offer to 
better separate storage from disposal. One approach might be to 
require a determination by the utility at the lime of fuel delivery 
for either:

a. interim storage for a defined number of years, followed by 
disposal if an option to recover the fuel is not exercised 
within that time, or

b. direct disposal.

The former service would be more expensive than the latter. Fuel 
provided under (a) would remain in the AFR's until the disposed date; 
fuel provided under (b) would remain in AFR's only until the ultimate 
disposal repository were ready to receive it.
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o To minimize transportation needs and to provide additional buffer 
storage at repository sites, AFR's and repositories should be 
co-located. This objective could be pursued even to the point 
of locating an early AFR at a potential repository site which 
might subsequently be foresaken. Alternatively regional AFR's 
should be considered, 

o The dates, thermal loadings, etc. being used in the calculations 
are design basis numbers for a conceptual repository. They may 
not apply to actual sites and may not be sufficiently conservative 
for at least the initial operating periods of actual repositories, 

o Only 15% contingency costs are proposed. No consideration is 
included in the pricing approach of more costly scenarios and 
their probabilities. Factors which could increase cost include 
unloading a repository and reemplacing the material, variations 
in the dates of repository availability and in AFR construction 
needs, repository capacities, reduced volume of civilian wastes 
to be geologically emplaced etc. An alternative approach to the 
proposed concepts would be to inch'de a greater hedge against 
uncertainty in the cost algorithm and then, as in the initial 
nuclear insurance industry approach, provide a future rebate if 
the actual experience were more favorable. Accordingly, the basic 
philosophy of dealing with uncertainties in the charge should be 
treated as a management policy question and given further review.

Resolution of the above issues, which will require additional time and 
discussion, should be made a matter of high DOE priority.

Integration of Fuel and Waste Management Policy

The waste management and Spent Fuel Offer activities and schedules should 
be reexamined and integrated to avoid mismatches in the timing of imple­
mentation steps-

Licensing of AFR's

AFR's constructed by the Government under the spent fuel offer would 
substitute directly for private sector interim fuel storage facilities. 
These private facilities would be licensed by NRC. Accordingly, 
substitute DOE facilities designed to receive fuel for temporary storage 
on the way to possible ultimate disposal should be subject to licensing 
by NRC.

Voluntary Delivery of Fuel

If reprocessing were never to be allowed, fuel would be viewed as a 
waste material. As such, after some period of time subsequent to its
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discharge from a reactor, there would logically be a requirement ;or 
its mandatory delivery to the Government for ultimate disposal.

Such a requirement does not exist today. This is appropriate because 
the premise leading to the requirement is not in force. There is 
no evident safety reason why interim storage of fuel cannot be conducted 
safely for a number of decades.

At some future time the Government may wish to consider making the delivery 
of spent fuel to the Government mandatory. Utilities may, however, 
view the economic risks of "waiting for reprocessing" as being unjusti­
fiable and may prove ready today to arrange for ultimate disposal, with­
out such a requirement, as soon as the Government is. prepared to receive 
the material.

Environmental Impact Statement

Environmental Impact Statements (EIS) and legislation are required to 
implement the programmatic details of the policy approach. The EIS's 
under preparation concerned with fuel policy issues are planned to rely 
on and supplement a Generic Environmental Impact Statement on Management 
of Commercial Wastes now in preparation. Members of the Task Force have 
examined the present version of that latter document and believe that 
substantial additional work is needed to achieve an acceptable Final 
Statement. This will subsequently be discussed in more detail.

An environmental and policy issue needing further analysis concerns both;

o The degree of away-from-reactor (AFR) storage by DOE which would 
be desirable or acceptable (as opposed to continued decentralized 
storage) and

o The amount of AFR storage which would actually occur under 
the proposed Spent Fuel Offer.

There are considerations both pro and con with respect to AFR storage 
involving transportation volume, vulnerability of centralized versus 
dispersed facilities, etc. These Issues must be resolved in the NEPA 
process.

Publication of Draft "Charge to Utilities''

The basic methodology being used in the pricing calculations, the policy 
of full cost recovery, and other generic aspects of the approach are 
acceptable to the Task Force. The development of the calculations in 
their present form represents a substantial effort which has been 
accomplished in a highly competent manner and in a short period of time.

Commitments have been made to publish a proposed draft charge for public 
comment at an early date. There is value in exposing the existing work 
to such review promptly. The Task Force recommends, however, that in 
light of its comments here, the results not yet be described as the 
proposed "charge to utilities."



IMPLEMENTATION DETAILS

The following is a discussion of the specific details which have 
emerged from the Task Force analysis of the waste management problem.

Legis-latlve Requirements

Task Force recommendations requiring substantive legislation are:

o DOE have the sole responsibility for the provision and 
management of facilities for the ultimate disposal of 
commercially-generated TRU and low-level radioactive 
wastes.

o DOE acquire ownership and control of existing burial 
grounds for commercially-generated low-level radioactive 
wastes.

o DOE be authorized to provide facilities for Interim AFR 
storage of commercially-generated spent fuel and have 
sole responsibility for the provision and management 
of facilities for the ultimate disposal of such fuel, 

o DOE facilities for interim storage and ultimate disposal 
of commercially-generated spent fuel and for ultimate 
disposal of DOE and commercially-generated TRU wastes 
be subject to NRC licensing, 

o DOE facilities for the ultimate disposal of DOE and 
commercially-generated low-level radioactive wastes 
be subject to licensing by either NRC or the states 
or through a mechanism involving regulation by both 
NRC and the states.

The Task Force recommendation that commercially-generated TRU wastes 
should be delivered to the Federal Government for ultimate disposal 
can alternatively be accomplished by regulation Issued by the Nuclear 
Regulatory Commission.

Certain actions involving the Western New York Nuclear Fuels Services 
Center at West Valley, N.Y. may require substantive legislation in 
addition to that described above, The requirement for such legislation 
cannot be determined until completion of the DOE study mentioned earlier 
in the report.



Strengthening the NEPA Process

An attempt has been made to systematize potential future actions in 
the waste management area by constructing a decision tree for DOE's 
NEPA strategy in this area. The underlying basis for this strategy 
is to provide future decisionmakers with timely and reliable environ­
mental information for all reasonably available decision options.

Results are detailed in the attached chart, (Additional details 
including footnotes to the chart are presented in Appendix L.)

For the set of activities considered on the chart, a maximum of 
45 separate environmental reviews are projected as needed. These 
reviews likely would result in DOE's preparation of 7 EIS's and 
14 Environmental Reports (ER's), the latter supporting NRC's 
preparation of EIS's and resulting licensing decisions. The projected 
minimum case would be 18 separate environmental reviews likely to 
result in DOE's preparation of 5 EIS's and 3 ER's,

The magnitude, complexity and importance of this task implies 
the need for significant management attention and for strengthening 
the environmental analysis capability of the waste management program 
and the overall NEPA process.

The following broad functions need particular attention:

o Identification of environmental issues and significant 
potential impacts associated with the program, 

o Development of research and development strategy, 
including the gathering of base-line data to resolve 
or mitigate such Issues and potential impacts, 

o Preparation of environmental documentation, including
records of environmental review, environmental assessments, 
negative determinations, environmental impact statements 
and supplements necessitated by program or project design 
changes.

o Monitoring of activities to assure that mitigation 
objectives are achieved during program implementation 
and system operation, 

o Identification and implementation of all environmental 
and land use-related permits, licenses and certificates 
necessary for the conduct of program activities.

More specific organizational recommendations are presented in a later 
section of the report.
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Generlc Environmental Impact Statement (GEIS)

Present Situationt The first draft of a GEIS on the Management of 
Commercially-Generated Radioactive Wastes is under review within DOE. 
Following internal review the document would be published for public 
comment and formal Interagency review. Then, a final statement, would 
be published to provide the basis, under NEPA, for potential programmatic 
decisions on waste management associated with the four fuel cycles 
considered in the statement:

o once-through 
o uranium recycle . 
o uranium-plutonium recycle 
o deferred isolation or reprocessing

Additional Effort Needed: Review of the preliminary version of the
GEIS suggests a number of areas that require further work to bring 
the GEIS to a level where it can become a more meaningful input to 
the two key waste management decisions it seeks to support:

o permanent commercial waste isolation, and 
o retrievable storage of spent fuel elements.

It should also provide an Impetus for additional waste management research 
and development necessary to resolve areas of uncertainty.

The following comments are designed to assist in identifying some key 
areas where further effort can profitably be expended:

o Battelle may not yet have been furnished significant 
technical data necessary for an adequate environmental 
analysis of geologic media under current program con­
sideration, - e.g., salt, basalt, and granite, 

o Major issues involved in reaching the two major scope 
decisions should be more clearly articulated and 
analyzed (e.g,, basis of repository design criteria).
Indeed, the document appears to focus more on a 
description of technological status of the commercial 
waste management program than on an environmental 
analysis of waste management control, 

o A description is not Included concerning generic site 
selection factors and/or design criteria which would 
bracket the impacts associated with commercial waste 
disposal at designed production throughput capacity, 

o Inasmuch as this is a generic statement, it should 
indicate the limitations and/or confidence level of 
the data and methodology, due to the fact that it uses
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typical, hypothetical disposal sites. This 
situation particularly applies to accidental 
release probabilities and resultant inputs.

o Sufficient treatment does not appear to have been 
given to:

a. analysis of accidents (physical events or 
design failures), the consequences, and 
quantitative probabilities;

b. the treatment of radiologic dose to both 
individuals and general population and 
other environmental consequences, subject 
to appropriate time constraints;

c. the fate of fission product gases and other 
safety/environmental questions about gases; 
environmental consequences of scenarios involving 
unloading and reemplacement at repository(les) 
subjected to retrievability requirements; and

e. monitoring and remedial action requirements 
at both interim storage and final disposal 
sites.

o There is work in Sweden and elsewhere involving specific 
repository design concepts and associated environmental 
protection philosophies, These concepts should be 
described and their possible relevance to selection of 
media, repository design, and environmental consequences 
for disposal of U.S. waste should be discussed.

o A review is needed of predraft. comments on the original 
outline, the decisions taken then, and the actual 
treatment in the draft of issues raised at that time.

The foregoing comments are all directed at improving the data base 
and analysis within the existing scope of the GEIS. While that effort 
is proceeding, reconsideration might be given to broadening the 
scope of the GEIS to include commercially-generated low-level waste.

Next Steps; While not complete, the above comments are indicative 
of the need for greater emphasis and high-level management attention 
being given to the status of the GEIS document, a critical path item 
in the development and implementation of waste management policy.

The formal DOE review of the draft is still in progress. If any 
significant delay is encountered in the availability of a public 
review draft, the Task Force suggests that the present draft be 
made publicly available for its information content. This would



-35-

assist the intergovernmental and public review process which the 
Task Force anticipates as a follow-on activity. Revision of the 
draft GEIS could thus proceed in parallel with the larger waste 
management review.

Organization

Organizational Level; There have been proposals, resulting from both 
formal studies and draft legislation to establish a separate Federal 
entity to operate the waste management program. Rather than attempt 
to evaluate the merits of these proposals, the Task Force has focused 
instead on the issue of strengthening the program within DOE.

The present waste management program in DOE is located within the 
Office of Nuclear Energy Programs. The position of Director of the 
Waste Management Program does not report directly to a DOE Assistant 
Secretary but rather to the Director of all Nuclear Programs. The 
program, its management and policy direction are all critical and need 
increased support and visibility. The Task Force recommends that a 
program head with policy formulation responsibilities be created, 
reporting directly to an Assistant Secretary.

Environmental Aspects: The nuclear field is one of significant public
controversy with respect to environmental issues. The operation of the 
entire system within DOE for preparing environmental reviews for 
the waste management program should be examined in detail and needed 
remedial actions taken.

The Assistant Secretary for the Environment needs a strong independent 
and objective overview capability with respect to the waste management 
program; hence, he should not be selected to operate it. This capa­
bility needs significant strengthening.

The Director of the Waste Management Program needs a strong, highly 
competent, and issue-aware environmental office within the program.
This office must centrally manage the full spectrum of environmental 
assessments, reports, and statements that are required by the program. 
Significant strengthening is needed here. Strong inputs should be sought 
at an early stage from other elements of DOE on EIS scopes, strategy 
and application for the purpose of enhancing the decisionmaking process.

Program Aspects: The present managerial integration of military and
civilian waste program management in good. Similarly, there is 
growing integration oi view on low, TRU, high level and spent fuel 
program needs and issues. These trends should be encouraged and 
further strengthened.
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The Interim storage of ^pent fuel has not been included in the waste 
program in the past. The discharge of the spent fuel and its storage 
for possible reprocessing has been considered aa associated with the 
operations of the reactor. However, with the indefinite deferral of 
reprocessing and the possible need to place spent fuel in deep 
geologic disposal, the proposed interim storage in AFR's has a 
direct impact on the nuclear waste management program. Therefore, this 
function should now be incorporated within it.

Decontamination and Decommissioning (D&D) has not been included in 
Waste Management. D&D generates nuclear waste that must be ultimately 
disposed of. The handling of the waste product of D&D must be closely 
coordinated with the availability of adequate facilities for the disposal 
of the material, D&D functions should now be incorporated within the 
waste management program.

Organizationally and programmatically, much greater attention needs to 
be focused on fuel and waste transportation issues. Present trans­
portation capability for fuel is about 500 tonnes of heavy metal 
per year whereas actual generation rates now are 1000 tonnes annually.
Some 10 to 15 years from now the requirements for repository filling 
and AFR unloading could reach 10,000 tonnes annually. Numerous transpor­
tation issues have been identified by prior task forces. Greater 
attention to these issues and more evident progress are needed.

Personnel Resources: Current personnel resource levels are viewed as
thin for a program involving such significant policy and management 
issues.

A total of 46 full-time Federal employees (Including secretaries) 
constitutes the DOE headquarters Waste Management Division. In order 
to minimize DOE headquarters personnel needs, reliance is placed on 
decisions taken in the field offices and by contractorB. Some of these 
decisions can have significant policy ramifications. Decentralization 
of implementation responsibilities is desirable. The line between policy 
implementation and policy formulation needs to be more carefully drawn, 
however. The balance in this situation warrants review.

Downstream personnel needs will grow as more responsibilities and 
facilities are undertaken. A detailed analysis of those future needs 
should be done, and an acceptable staffing plan developed.

Near Term Budgets

A very brief review of the relationship between Task Force recommendations 
and the FY 1978/9 budgets was undertaken.

j

I
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Spent Fuel Storage; The FY 1.978 and FY 1979 budgets for spent fuel storage 
provide for analysis of requirements and investigations into suitable 
financing arrangements. Once determinations have been made on the 
appropriate approach to providing AFR's, it may be necessary to 
request a supplemental appropriation to initiate construction of Government 
AFR's or guarantee financing of AFR's constructed by the private sector. 
Recommendations of the Task Force, do not impact this problem significantly.

Terminal Storage; There are at least three areas requiring further 
consideration;

o The FY 1979 budget assumes limiting the intensive investigation 
of salt depositories to two sites. If intensive Investigations 
are required in more than two sites, additional funds would be 
needed.

o The present allocation of the FY 1979 budget for Investigation 
of alternative geologic types needs further review. To provide 
for more intensive effort additional funds would be needed.

o Information was not obtained on the adequacy of budgets for safety 
analysis and for scientific data acquisition. The completion 
of the review of this area, recommended previously in the 
report, could indicate the need for additional funds.

Waste Operations and Handling: Budget areas requiring more review are
as follows:

° Commercial Low-Level: The FY 1979 budget does not assume UOE
assumption of responsibility for commercial burial grounds.
If this is Implemented, the budget would be inadequate. The 
extent of the funding required is not known. There may be 
offsetting revenues.

0 West Valley: The FY 1979 budget does not provide for the DOE
assumption of responsibility for waste at West Valley. If 
this is implemented, the budget would be inadequate. The extent 
of the funding requirement is not known. Again, there rnay be 
offsetting revenues.

The Controller's office and the Assistant Secretary for Energy Technology 
should examine these near term budget questions in more detail and make 
specific recommendations to the Secretary, as appropriate.

Effluents from DOE Facilities; In future budget years, DOE should give 
more attention to the magnitude of release of radioactive effluents from 
its own facilities. In a number of cases, expenditures have been 
requested but deferred which would have reduced such releases (one form 
of ultimate disposal of nuclear waste). While such improvements may 
not always be viewed as matters of the highest priority for limited funds, 
DOE's own performance is one indicator to the public of the Department's 
credibility as custodian and manager of nuclear wastes in general.



PUBLICATION OF THE TASK FORCE REPORT

This Task Force Report discusses many sensitive issues. Not all of 
its views will wifhstand the judgment of more time for reflection, 
additional information, and peer review. Its purpose is to make a 
useful contribution to the resolution of a highly complex problem. If 
it is viewed as being successful in that regard by DOE management, we 
urge that it be made available for intergovernmental and public review, 
expected to take place as the next step in this process.



APPENDIX A

MAKEUP OF TASK FORCE

A DOE Waste Management Task Force was established, under the direction 
of John Deutch, Director of Energy Research, Makeup of the Task Force 
is as follows:

Significant participation and assistance were made available by two 
ex officio members, John Ahearne of the Office of the Secretary, DOE, 
and Ted Greenwood of the Office of Science and Technology Policy. 
Additional inputs were prepared by staff of the Assistant Secretary for 
International Affairs.

Name
Representing Assistant 

Secretary for_____

Roger LeGassie, Chairman
Glenn Boyer (Alternate)
Aaron Edmondson
Stephen Goldberg
Stephen Greenleigh
Colin Heath
Bruce Mercer
Goetz Oertel
Robert Ramsey
David Roberts
John Seymour
William Sprecher
Jack Thereault
Jacob Vreeland (Alternate)

Energy Research
Environment
Controller
Policy and Evaluation 
General Counsel 
Energy Technology 
General Counsel 
Energy Technology 
Environment;
Energy Research 
Institutional Relations 
Policy and Evaluation 
Energy Technology 
General Counsel
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APPENDIX B 

LOW LEVEL WASTE (LLW) DISPOSAL SITES

The term LLW covers a l l  wastes that  are not "high leve l "  or transuranium-  
contaminated" (TRU) so l id s .  Current pract ice  i s  shallow land disposal  
on -s i te  at 14 act ive  and 2 closed burial  grounds at DOE i n s t a l l a t i o n s ,  
and at 6 commercial burial  grounds (4 open, 2 closed)  that serve the 
nat ion ' s  nuclear power industry and other producers of nuclear wastes 
such as ho sp i t a l s  and research organizations.  Most LLW waste remains 
rad ioact ive  for  up to a few hundred years.

Commercial s i t e s  accept LLW for fees and according to standards that vary 
by s i te .  The operators may be l icensed by the Nuclear Regulatory 
Commission ( She f f ie ld ,  I l l i n o i s )  or by 'Agreement States"  under the 
Atomic Energy Act of 1954 ( a l l  others ).  DOE s i t e s  are subject to over­
view by an independent DOE organization but not to l i cens ing  by NRC or 
the s tates.

LLW with more than 10 nCi/g of Pu i s  termed TRU waste. The dose to 
humans at that  threshold i s  equivalent to that from radium in na tu ra l ly  
occurring ores in the Colorado plateau. NRC i s  current ly  developing a 
new threshold based on a comprehensive ana ly s i s  of the i so la t io n  needs.

Commercial TRU wastes are being accepted and buried as low level so l id  
waste at the commercial s i t e  near Richland, Washington, the only s i t e  
present ly accepting commercial TRU wastes. This contrasts  with DOE's 
practice o f  re t r ievab le  storage of TRU wastes at a l l  DOE s i t e s ,  i n s t i ­
tuted in 1970 in an t ic ipa t ion  o f  a future decis ion  of the TRU contam­
inat ion level above which they should be committed to deep geolog ic  
disposa l .  Other burial  s i t e s ,  includ ing several DOE s i t e s  and 
West Va l ley,  contain wastes that  are current ly  not deemed acceptable 
for continued shallow land d isposa l .  DOE has i n i t i a t e d  a land burial  
technology program to set standards fo r  improved operations and to 
s t a b i l i z e  e x i s t in g  s i t e s  i f  necessary. The program encompasses DOE 
s i t e s  only, but i t s  r e su l t s  w i l l  be ava i la b le  to commercial s i t e  
operators through an act ive  communications program. I n i t i a l  c r i t e r i a  
w i l l  be published th i s  year and f in a l i ze d  in 1980. On-going operations  
at a l l  DOE s i t e s  w i l l  meet the i n i t i a l  c r i t e r i a  by 1981. Technology 
development for  long term s t a b i l i z a t i o n  o f  previous ly  buried wastes 
w i l l  be completed by 1981 and applied to a l l  DOE s i t e s ,  including closed  
s i t e s ,  by 1987.

The s p e c i f i c  objectives  o f  the land burial  technology program are:

o Develop c r i t e r i a  and standards to assure that rad ioact ive  
waste d isposa l a c t i v i t i e s  are performed such that the r i s k  of  
escape of r a d io a c i t v i t y  from low level burial  s i t e s  i s  minimal 
and that  the dose to man from such escapes w i l l  not exceed pre­
scr ibed l im i t s .
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o n? f in e  necessary act ions  to s t a b i l i z e  f i l l e d  burial  grounds at  
a l l  DOE s i t e s .

o Develop and demonstrate a s u f f i c i e n t  theoretica l  and prac t ica l  
understanding of the near surface geology, hydrology, and 
transport  mechanisms to assure that  the objectives  can be met.

o Develop and maintain mechanisms to communicate and gain accept­
ance fo r  technology advances and operational improvements to 
a l l  U.S. s i te s .

DOE i s  cons ider ing a l te rna t iv e s  to shal low land bu r i a l ,  inc lud ing  
volume reduction and disposal in  su i tab le  deeper geologic  formations. 
The cost o f  such a l te rna t ive s  has been estimated to be $60/ft^  compared 
to about $ 3 / f t3 for present pract ices.  Assuming that 275,000 f t 3 can 
be disposed o f  per acre, the process ing a l t e rn a t iv e  places a "va lue"  
of  up to $10 m i l l i o n  on each acre saved.

Additional DOE burial  ground capacity  w i l l  be required by 1982/1990 
depending upon s i t e  and decommissioning/decontamination impacts, and 
by 1990 a t  the l a te s t ,  commercial s i t e s  (see Section K).

The present DOE land burial  program milestones:

1978: I n i t i a l  c r i t e r i a  issued for LLW shallow land burial  operations.

1980: Final c r i t e r i a  issued for  LLW shallow land buria l  operations.

1981: S i t e  improvement program to meet i n i t i a l  c r i t e r i a  completed
(upgrading o f  on-going operat ions).

1981: Technology development for  long-term s t a b i l i z a t i o n  completed.

1982: Long-term s t a b i l i z a t i o n  o f  closed bur ia l  s i t e s  s tarted.

1987: Long-term s t a b i l i z a t i o n  of  closed bur ia l  s i t e s  completed.

1987: S i te s  in  compliance with f in a l  LLW c r i t e r i a .
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APPENDIX C 

TRU WASTE

Background

TRU waste I s  made up o f  mater ia ls  which contain or are contaminated by 
t ransuran ic  elements, with mass numbers h igher  than uranium, which 
c h a r a c t e r i s t i c a l l y  emit alpha p a r t i c le s  with h a l f - l i v e s  measured in 
thousands o f  years. Alpha p a r t i c le  rad ia t ion  requires l i t t l e  sh ie ld in g  
but alpha emitters are dangerous i f  ingested or  inhaled. Primary con­
cern comes from the long l i fe t im e s  during which they remain rad ioact ive.

The quan t i t ie s  o f  TRU waste discussed in Sect ion K derive predominantly 
from defense-re lated  a c t i v i t i e s .  Current production from the com­
mercial sector  i s  low because there i s  no reprocess ing o f  commercial 
nuclear fue l .  TRU wastes from commercial operat ions  have 
TRU concentrat ions that are barely above the 10 nCi/g *  threshold.

Ear ly  p ract ice  allowed d isposa l  of TRU waste in  shal low land bur ia l  
because the threat to health and safety was perceived as small .  Con­
cern over long times required for containment and experiences with some 
leakage and migration resu l ted  in a determination by AEC in  1970 that  
TRU wastes should not be placed in shal low land bur ia l .

Beginning in 1970, steps  were taken to place TRU waste under AEC 
contro l ,  with concentrat ions  higher than 10 nC1/g, on re t r ievab le  
storage pads pending a l a t e r  decis ion  on f in a l  d i spo s i t i on .  The value  
of 10 nCi/g  v.-'s used as the cuto f f  point  because th i s  value fo r  Pu i s  
roughly equivalent, in terms of  rad ia t ion  doses to humans, to a 
n a tu ra l l y  occurr ing  radium isotope in h igh-grade ores found on the 
Colorado plateau. M ate r ia l s  with concentrat ions  below th i s  level were 
f e l t  to require no spec ia l  a t tent ion  because o f  the i r  TRU content.  
M ater ia l s  with concentrat ions  higher than 10 nC1/g were packaged to 
provide sa fe  containment fo r  20 years. A f i n a l  decis ion as to what 
TRU concentrat ions w i l l  require geo log ic  d i sposa l  i s  pending a t  NRC.

Retr ievab le  storage o f  TRU wastes from U.S. Government operations s ince  
1970 has p r imar i ly  been a t  the Idaho National Engineering Laboratory 
( INEL) and at the Hanford  reservation.  In 1970, a s surances  were given  
to the Idaho governor and Congressional de legat ion  that  AEC would begin 
t r an s fe r  o f  the wastes from Idaho to a ge o lo g ic  repos i tory  before 1980. 
This assurance was based on an AEC plan to seek author ity  in  1972 to 
bu i ld  a geo log ic  repos i to ry  near Lyons, Kansas.

Development o f  the Lyons, Kansas f a c i l i t y  was not pursued because of  
problems with that p a r t i c u l a r  s i te .  A program to ide n t i f y  an a l ternate  
s i t e  in 1973 resu lted in  preliminary se le c t io n  o f  an area in  New Mexico. 
Further eva luat ion o f  the area was minimal fo r  two years  due to emphasis

* 10 nanocuries ( b i l l i o n t h ' s  o f  a cur ie )  per gram
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on re t r ievab le  surface storage.  In 1976, the Waste I s o l a t io n  P i l o t  
Plant (WIPP) project  was act ivated  to provide a repos i to ry  in  New 
Mexico for  TRU wastes.

In 1977, a recommendation was made w ith in  ERDA that a l l  f a c i l i t i e s  for  
the permanent deep geo log ic  i s o l a t i o n  o f  rad ioact ive  mater ia l ,  inc lud ing  
WIPP, should be subjected to NRC l i c e n s in g  in order to provide a t ru ly  
independent assessment of the s u i t a b i l i t y  o f  the s i t e  fo r  the repository.  
The requirement fo r  l i c e n s in g  and the act ions  required under NEPA 
resu lted in 1985 as the estimated e a r l i e s t  operational date for  WIPP.

Most o f  the s i t e  proposed for  WIPP i s  in  the public domain under the 
contro l o f  the Bureau o f  Land Management (BLM). Since current  law 
l im i t s  land withdrawal by BLM to 20 years ,  l e g i s l a te d  land withdrawal 
by the Congress has been proposed.

Secretary o f  I n te r io r  Andrus, prev ious ly  Governor o f  Idaho, be lieves  the 
e a r l i e r  commitment to Idaho included removal of a l l  cu r rent ly  buried  
TRU waste as well as re t r ievab le .  Andrus des i res  removal to begin by 
1980. There i s  no permanent i s o l a t i o n  s i t e  for  the material  unt i l  WIPP 
becomes ava i la b le .

Status

TRU waste from DOE operat ions i s  now stored re tr ievab ly .  1,700,000 f t J 
are now stored. The generation rate from continuing DOE operations  is
250,000 f t v y e a r .  Most o f  th i s  material  i s  at INEL. The current  
schedule for WIPP development shows 200,000 f t  /year going to WIPP for  
f i r s t  f i v e  years during which WIPP would be in a te s t  phase and wastes 
could be retrieved.  A f te r  successful  completion of  th i s  te s t  phase, 
input rate could be increased to 1,200y000 f t  /year. A l l  waste couid 
be retr ieved from Idaho pads by 1995.-^

An R&D program has been i n i t i a t e d  to a s sess  the environmental conse­
quences o f  recover ing p rev ious ly  buried wastes. Experimental recovery 
and 'repackaging are in  progress as part o f  that program. S im i la r  pro­
grams are in the d e f in i t i o n  or ear ly  development (R ichland) phases at  
other DOE s i t e s  and w i l l  take advantage o f  the Idaho experience.

Process ing inc lud ing  in c ine ra t ion ,  immobi l izat ion,  and packaging may be 
required to meet the eventual repos i to ry  acceptance c r i t e r i a .  Technology 
development i s  proceeding toward th i s  end.

NRC i s  cur rent ly  eva luat ing  the appropriate  d e f in i t io n  o f  TRU waste. I t  
i s  reported that a level o f  100 nCi/g  w i l l  be an acceptable point below 
which no specia l  a t ten t ion  because of  Pu content w i l l  be required. Cur­
ren t ly  only small amounts o f  TRU waste are coming from the commercial 
sector.

^  The Task Force, in the main body of  the report, recommends that th i s  
schedule by s i g n i f i c a n t l y  accelerated.
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APPENDIX D 

FINAL DISPOSAL OF HIGH-LEVEL WASTE

1. High-Level Waste from Reprocessing Operations

High- leve l  waste (HLW) i s  extracted from i r rad ia ted  nuclear fuel during re ­
processing and contains  the bulk o f  the ra d io a c t iv i t y  and decay heat.

HLW from nuclear a c t i v i t i e s  in support o f  national  defense are located in 
the S tates  o f  Idaho, South Caro l ina,  and Washington. A se r ie s  of documents 
e n t i t le d  "Defense Waste Documents" has been published descr ib ing  the costs  
and r i s k s  o f  the te c h n ic a l l y  fea s ib le  a l te rna t ives  for  the ult imate d i s p o s i t i o n  
of  the HLW at these s i t e s .  Environmental impact statements ana lyz ing  the 
impact o f  implementing these a l te rna t ive s  are current ly  being prepared.
Technology development and f u l l - s c a l e  equipment te s t in g  fo r  l i k e l y  a l te rn a t iv e s  
are being pursued in p a r a l l e l  to permit prompt project  i n i t i a t i o n  upon completioi  
of  the required ana lyses  and a decis ion  as to how to proceed. The FY 1979 
budget supports th i s  s t ra tegy  but delays the s t a r t  of operat ions  a t  a l l  s i t e s  
by one year compared with the most recent defense management plan.

The major a l te rn a t iv e s  being considered include:

a. Continued inter im storage operations

b. Segregation o f  the more act ive  and/or l ong - l i ved  wastes and processing  
to a s tab le/immobi le  form for:

1. on - s i te  sur face  storage

2. on - s i te  ge o lo g ica l  d isposal

3. t ransporta t ion  to o f f - s i t e  geo log ic  d isposa l

c. D irect  d i spo sa l  in o n - s i te  geology

The segregat ion steps referred to separate sludges and p rec ip i t a te s  through 
cen tr i fuga t ion  and f i l t r a t i o n .  These s o l i d s  are dr ied and then washed to 
remove a l l  wate r - so lub le  s a l t s  and are then converted to s tab le  s o l i d s  s'.ich 
as g l a s s  or concrete vor a l l  cases examined invo lv ing  o f f - s i t e  d i spo sa l .  The 
remaining s a l t  s o lu t io n  i s  decontaminated by f i l t r a t i o n  and ion exchange so 
that the re su l tan t  s a l t  cake contains le s s  than 6 nanoCuries/gram o f  res idua l  
a c t i v i t y .  At th i s  leve l i t  could read i ly  be disposed o f  in sha l low bur ia l  
grounds.
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Risks  and costs fo r  each a l t e rn a t iv e  have been id e n t i f i e d  in the Defense 
Waste Documents but in each case the ca lcu la ted r i s k  o f  each a l te rna t ive  i s  
s u f f i c i e n t l y  low that  any one might be considered acceptable on a r i s k  ba s i s  
alone. While such ca lc u la t ion s  are useful in prov id ing  i n s i g h t  into the 
problem for  decis ion-makers,  i t  i s  most u n l ike ly  that  the re su l t s  w i l l  be 
overr id ing.

I t  i s  widely perceived that  a dec is ion  on a long-term management mode that  
places minimal demands on future su rve i l l a n ce  and maintenance has been 
deferred fo r  too long, and that  permanent i s o l a t io n  in a geo log ic  repos i tory  
w i l l  u lt imate ly  be required.

Less than 25% of a typ ica l  geo log ic  repos i tory  of 2000 acres would be required 
to dispose of  a l l  e x i s t i n g  h igh - leve l  defense wastes (HLDW). I f  the dec is ion  
i s  made to u l t im ate ly  place a l l  HLDW in a repos i to ry ,  the WIPP s i t e  in 
New Mexico would be a candidate fo r  rece ip t  of th i s  mater ia l .  No dec is ion  to 
put HLDW in WIPP has been made but the design and l i c e n s in g  of WIPP are 
current ly  planned to be conducted in such a way as not to preclude that  option.

The programs to provide f in a l  treatment and disposal  o f  HLDW at  the three s i t e s  
are de l ibera te ly  being conducted in a sequent ia l  fash ion.  Based on the 
environmental ch a ra c te r i s t i c s  o f  the s i t e ,  inc lud ing  local cl imate and hydrology,  
Savannah River has been selected as the lead s i t e  and preparation o f  the E IS  
and implementation o f  a d i sposa l  option w i l l  proceed there f i r s t .  I f  the same 
disposa l  method i s  se lected at other s i t e s ,  the experience learned at 
Savannah River w i l l  be d i re c t l y  app l ic ab le  to those s i t e s .

HLW mater ia ls  are a l so  located at a commercial s i t e  at West Va l ley ,  New /ork 
(see fo l lowing sect ion) .

2• High-Level Waste at West Val ley

The Western New York Nuclear Fuel Serv ices  Center a t  West Va l ley ,  New York 
operated from 1966 to 1971 under NRC l icense  as the only commercial nuclear  
fuel reprocess ing p lant  in the United States.  The p lant  was undergoing repa i r s ,  
upgrading, and capac ity improvements before the operator o f  the s i t e ,  Nuclear  
Fuel Services  Corporation (NFS), withdrew i t s  l i cen se  app l ic a t ion  fo r  p lant  
expansion in 1976. NFS ano the S ta te  o f  New York are j o i n t  holders o f  the 
l i cense  and responsib le  fo r  the maintenance o f  the s i t e  and the protection o f



pub l ic  health and safety.  Several le a s in g  agreements between NFS and the Sta te  
delineate th e i r  respect ive r e s p o n s i b i l i t i e s  and l i a b i l i t i e s .  The S ta te  of  
New York i s  be lieved to be l i a b le  fo r  the necessary management o f  rad ioact ive  
wastes at the s i t e .

Nuclear wastes at West Va l ley  are contained in h igh - leve l  waste storage  
tanks, a bur ia l  ground, and a reprocess ing  p lant  complex inc lud ing  a spent  
fuel storage  pool.  NRC has estimated that the d i sposa l  o f  the h ig h - le v e l  wastes 
could cost from $1OM to $540M depending upon the a l te rn a t iv e  se lected.  Costs  
f o r  appropriate act ion on the other waste s i t u a t io n s  a l so  depend s t ro n g ly  upon 
the a l te rn a t iv e  se lected but should be le s s  than fo r  HLW. The f a c i l i t i e s  at  
the s i t e  may be useful fo r

- resumed low-level  bur ia l  operations,

- rece ipt  o f  add it iona l  spent fuel fo r  s torage,

- in te rnat iona l  nuclear fuel cycle project  eva luation and waste
processing  R&D and demonstration.

-  geo log ic  d isposa l o f  wastes in shale or other su i tab le  formations.

The FY 1978 author izat ion  b i l l  requires that DOE study i n s t i t u t i o n a l  and 
technical  a l t e rn a t iv e s  fo r  the future of West Va l ley.  The study i s  scheduled 
fo r  pub l ica t ion  in August 1978. Several technical  and programmatic a l te rn a t iv e s  
fo r  each o f  the waste s i t u a t io n s  w i l l  be described,  and the fo l low ing  i n s t i t u t i o n a l  
a l te rna t ive s  evaluated:

- Federal technical  and f i n a n c ia l  aid in support of  West Va l ley  
decommissioning

- Federal operation o f  the s i t e  for  decommissioning, d i spos ing  o f  waste,  
and demonstration o f  h ig h - le v e l  waste s o l i d i f i c a t i o n

- Federal ownership and r e s p o n s i b i l i t y  fo r  a l l  or part of the s i t e

The study w i l l  a l s o  address the continued use of  the s i t e  fo r  purposes such 
c'S research and development and waste d isposal operations.



As part of the National Waste; Terminal Storage Program, DOE i s  eva luat ing  
the s u i t a b i l i t y  o f  the Sa l in a  Basin s a l t  beds in Western New York for  potentia l  
s i t i n g  o f  a repos i to ry  fo r  commercial rad ioact ive  wastes inc lud ing those 
located at West Val ley.  A survey o f  p o te n t i a l l y  su i t a b le  s i t e s  i s  current ly  
underway with a report expected in  ear ly  1978. This report w i l l  be discussed  
with State  and loca l  o f f i c i a l s  in New York pending further  in ve s t i ga t ion s  by 
corehole d r i l l i n g .  A repos i tory  s i tua ted  in th i s  area could reduce t rans ­
portat ion a c t i v i t i e s  required fo r  ult imate d isposa l  of wastes from West Val ley.

3. Disposal o f  Spent Fuel

I n i t i a l  planning fo r  nuclear power reactors assumed the reprocess ing of i r rad ia ted  
fuel elements, a recovery and recyc le  of uranium and plutonium, and di sposal  
of  the res idua l  f i s s i o n  products with small amounts of uranium and plutonium as 
h igh- leve l  waste in geo log ic  repo s i to r ie s  and TRU wastes in sha l low- land buria l.

In 1970, the AEC fo rmally  imposed a requirement that  a l l  h igh - leve l  waste from 
reprocess ing p lants  be s o l i d i f i e d  to  a s tab le  form and shipped to a Federal 
reposi tory  fo r  d i sposa l  w ith in  a f ixed period o f  time.

In May 1976, the Energy Resources Council issued a po l icy  paper ( j o i n t l y  
authored by ERDA, EPA, USGS and with consultat ion  by NRC) in which the goal of 
developing two NRC-l icensed repo s i to r ie s  in s a l t  formations for operation by 
1985 was endorsed. The schedule assumed no l i ce n s in g  act ion required by NRC 
p r io r  to construct ion,  only p r io r  to actual rece ipt  of waste. An interwjency 
task force, chaired by the O f f i ce  o f  Management and Budget (0MB) was assembled 
to expedite implementation o f  those steps necessary to achieve the necessary  
1985 schedule.

In October 1976, Pres ident Ford directed that ERDA programs should not assume 
the future reprocess ing o f  spent fuel because o f  concerns about nuclear  
p ro l i fe ra t io n  aspects o f  plutonium recycle. The nuclear waste management program 
then increased i t s  at tent ion on the a l te rna t ive  o f  d isposal  o f  unreprocessed 
spent fuel as a primary waste form.

In December 1976, ERDA announced a program to seek s i t e s  for geo log ic  repos i tor ies  
in  36 s ta tes .  The program was to lead to construct ion of  6 re p o s i to r ie s ,  2 
each in  s a l t ,  sha le  and gran i te ,  before the year 2000. The f i r s t  two repo s i to r ie s ,  
in s a l t  format ions, were to be in operation by 1985 with s i t e  se lec t ion  announced 
in 1978. The governors o f  each s ta te  were asked for  ass i s tance  but were assured 
that "the project  w i l l  be terminated i f  the s ta te  r a i se s  is sues  on the project
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connected with these / s i t e  se lec t ion /  c r i t e r i a ,  and the i r  app l ica t ion ,  
that  are not resolved through mutually accepted procedures."

In Apr i l  1977, Pres ident Carter formally  declared an in de f in i te  deferral  
of  reprocessing. The option of disposal of spent fuel elements in 
geo log ic  formations was given added emphasis in the waste management 
program.

In October 1977, at the urging o f  the United States,  nations joined  
together in an In ternat iona l Nuclear Fuel Cycle Evaluation (INFCE) to 
analyze the various nuclear fuel cycle a l te rnat ives  in l i g h t  o f  concerns 
about nuclear weapons p ro l i fe ra t ion .  Concurrently DOE i s  conducting a 
Nonpro li ferat ion  A l ternat ive  Systems Assessment Program (NASAP) to 
evaluate a l te rna t ive  fuel cycles which may provide better nonprol i ferat ion  
c h a ra c te r i s t i c s ,  inc lud ing  waste streams that might be produced thereby.

In October 1977, the Department of Energy announced a Spent Fuel Po licy  
whereby u t i l i t i e s  w i l l  be given the opportunity to de l iver  spent fuel to 
DOE in exchange fo r  a one-time fee to cover the costs o f  temporary storage  
and eventual geolog ic  d i sposa l .  Provis ions  w i l l  be required to handle 
the ant ic ipated  load of  spent fuel.  Deta i l s  o f  th i s  po l icy  and how i t  
might be implemented are discussed further  in Appendix F.

The DOE terminal storage program under commercial waste management i s  
cont inuing  to study methods by which spent fuel may bo dis'posed in 
geo log ic  formations even though no decis ion has yet been made that commer­
c i a l  spent fuel should be considered as waste. The German government 
i s  reported to have taken the pos i t ion  that reprocessing i s  a necessary 
step p r io r  to the safe di sposal  of rad ioact ive  waste. However, although 
there are a number of technical  di fferences in the waste form, pr imar i ly  
assoc ia ted  with the quantity  o f  uranium and plutonium contained in 
spent fue l ,  the DOE program has not revealed any generic reason why 
spent fuel may not be sa fe ly  disposed of in geolog ic  formations without 
reprocessing.

Work i s  a l so  underway to invest iga te  the p o s s i b i l i t y  of  using geologic  
re p o s i to r ie s  designed and b u i l t  fo r terminal disposal  as temporary storage  
f a c i l i t i e s  pending a future decis ion as to whether th i s  fuel should be 
reprocessed for  i t s  contained energy value. Periods of  up to 25 years 
during which r e t r i e v a b i l i t y  of th i s  stored fuel would be maintained are 
being invest igated.  Design parameters assoc iated with th i s  storage are 
discussed in Appendix E.

4• Status  o f  Program fo r  Select ion of S i te s  ond Construct ion of Repor itor ies 

Schedule f o r  Licensing and Construction

Since the time that the goal o f  a 1985 operating date was establi shed for  
the f i r s t  geolog ic  repository  for commercial wastes, a number o f  events and 
a greater  appreciat ion of  the level of outs ide par t i c ipa t ion  and approval that  
w i l l  be required now suggest that a 1985 goal is  u n r e a l i s t i c  fo r  a National  
Waste Repository.
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Si te exploration a c t i v i t i e s  have been delayed by p o l i t i c a l  res i s tance  and 
i n e f f i c i e n t  program management. Sca rc i ty  of d r i l l i n g  contractors  and d r i l l  
r ig s  i s  now beginning to be a problem because d r i l l  r i g s  are being employed 
fo r  a number of  explorat ion a c t i v i t i e s ;  many a l so  funded by DOE. The 
e a r l i e s t  poss ib le  date fo r  s i t e  se lect ion  i s  now considered to be la te  1979.

Standards to be released by EPA concerning waste management operations  
are s t i l l  in preparation and these are needed fo r  establ ishment of  
l i ce n s in g  c r i t e r i a  by NRC.

The degree of s i t e  character izat ion  and d e ta i led  ana ly s i s  required by NRC 
pr ior  to l i cen s ing  for construct ion i s  now a matter of  great uncertainty. NRC 
believes that f u l l  E IS  review, publ ic  hearing and a construct ion  permit w i l l  
be required before any sha f t s  may be sunk. Shaft s  may be required to 
characterize geology. In addi t ion,  design s tud ie s  by arch i tec t  engineers now 
indicate that  at leas t  60 months w i l l  be required fo r  repos i to ry  construct ion.

The elements o f  the schedule that would have to be met to s t i l l  achieve the 
1985 date are summarized in the attached Table A. Mo time i s  a va i la b le  f o r  
NRC review p r io r  to s t a r t  of construction. Given the more c le a r l y  defined  
requirements o f  the regu lat ion  process, an adjusted schedule which allows  
i n i t i a l  repository  operation by 1988 i s  shown in the attached Table B. Both 
of these schedules s p e c i f i c a l l y  address developing a repos i tory  fo r  'acceptance 
of  commercial spent fuel  or wastes which i s  separate from the proposed Waste 
I s o l a t io n  P i l o t  Plant  (WIPP) in New Mexico. The WIPP f a c i l i t y  remains on 
schedule and i s  not af fected by delays in the schedule for  the National Waste 
Repository.



SUMMARY SCHEDULE REQUIRED TO ACHIEVE 
1985 OPERATING DATE FOR A GEOLOGIC REPOSITORY

TABLE A

Miles tone Date

A-E S e le c te d /T i t le  I Design S tarted 11/78

I d e n t i f i c a t i o n  of Two Su i ta b le  S i t e s  fo r  Potent ia l  
Repos i tory  Development 7/79

S in g l e  S i t e  Se lect ion 9/79

S t a r t  Construction o f  F i r s t  Sha f t 1/80

Congressional Approval o f  Construct ion 10/80

S t a r t  Balance o f  F a c i l i t y  Construction 11/80

T i t l e  I I  Design Complete 7/81

DOE Submits Operating Plan to NRC 9/83

Sh a f t  Construction Complete 12/83

S t a r t  Cold Tost 10/84

F a c i l i t y  Construction Complete 7/85

NRC Operat ing License Is sued 8/85

S t a r t  Hot Operation 10/85
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TABLE B

SUMMARY SCHEDULE FOR 1988 OPERATING 
DATE FOR A GEOLOGIC REPOSITORY

Milestone Date

A-E Se le c te d /T i t le  I Design Started 11/78

Id e n t i f i c a t i o n  o f  Candidate S i t e s  fo r  Potentia l  
Repos itory  Development 9/79

S in g le  S i t e  Se lec t ion 3/80

DOE Tenders App l ica t ion  to NRC for  
Construct ion Authorization 7/80

NRC Hearings Begin 10/81

NRC Hearings End 2/82

NRC Permission to S t a r t  Construction — ___ ___
S t a r t  Construction of  F i r s t  Shaft  -------- -------- 5/82

S t a r t  Balance o f  F a c i l i t y  Construction 2/83

T i t l e  I I  Design Complete 9/83

Sha f t  Construction Complete 3/85

DOE Submits Operating Plan to NRC 12/85

S t a r t  Cold Test 1/87

F a c i l i t y  Construction Complete 10/87

NRC Operating License Issued 12/87

S t a r t  Hot Operation 1/88
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The pr inc ipa l  objective  of the WIPP project  has been discussed in Appendix C 
concerning TRU wastes. I n i t i a l  WIPP development w i l l  cover 200 acres. The 
potentia l  area that could be developed at each of two d i f fe re n t  levels i s  
2000 acres. I t  has been proposed that,  in  addition to the pr inc ipa l  miss ion,  
a l im i ted  number o f  spent fuel elements be placed in WIPP fo r  permanent di sposal  
as a demonstration of closure  of the once-through fuel cycle. I f  1000 fuel  
elements, fo r  example, were to be permanently disposed o f ,  they would occupy 
a tota l  of 20 to 40 acres, depending upon the heat loading per unit area that  
might be considered acceptable. Adequate space would s t i l l  remain ava i la b le  
fo r  poss ib le  placement of  defense program s o l i d i f i e d  HLW and fo r  contaminated 
equipment from decommissioning and decontamination operations.

I s sues  - Should a l im i ted  demonstration of the permanent d isposal  of
spent fuel be performed 1n the WIPP f a c i l i t y  at an e a r l i e r  date than 
the a v a i l a b i l i t y  of the f i r s t  commercial reposi tory?

Should the imposi t ion by NRC of detai led l i c e n s in g  requirements p r io r  
to sha ft  s ink in g  at a potential  repository s i t e  be reexamined?

Repos i tor ies  in non - sa l t  formations

Granite ,  ba sa l t  and shale  are a lternate formations p o t e n t i a l l y  su i tab le  for  
geo log ic  d i sposa l .  I f  long-term r e t r i e v a b i l i t y  for  resource recovery i s  
desired, hard rock repos i to r ie s  could be more su i tab le .  A committee of the 
American Physical  Society  (APS) has recommended hard rock development be 
accelerated in p a r a l l e l  with that in s a l t .

S u i t a b i l i t y  of  hard rock or shale fo r  d isposa l i s  less  examined than s a l t .
No te s t  equivalent  to Project  S a l t  Vault with rad ioact ive  material  in hard 
rock has yet been performed. Groundwater flow through fractures  i s  not well 
understood. Groundwater i s  a potential  vector fo r  rad io isotope migration.  
Poss ib le  f ra c tu r in g  of rock due to thermal load needs in ve s t i ga t ion .
Experimental te st s  with e le c t r i c a l  heaters are current ly  underway in grani te  
and shale and te s t s  are planned in ba sa l t .  These te st s  w i l l  be followed by 
addit iona l  experiments in which spent fuel elements are placed into  gran i te  
and ba sa l t  formations.

Most character ized non -sa l t  geologies  are at ex i s t in g  DOE reservations.
Hanford has p o te n t i a l l y  favorable deep ba sa l t  beds; the fac t  that considerable  
waste current ly  at Hanford would not need transportat ion  o f f  s i t e  i f  i t  could 
be placed in a repos i tory  there would o f fe r  an advantage. The Nevada Test  
S i t e  i s  p o te n t i a l l y  in te re s t in g  but the geology there i s  complex and future  
weapons te s t ing  may preempt poss ib le  repository  location.



P ote n t i a l l y  su i t a b le  formations of g ran i te  and shale do e x i s t  in the continental  
United States  which might be used f o r  construct ion  of repos i to r ies .  Information  
on these formations has been compiled, p r im ar i ly  from ex i s t in g  information  
ava i la b le  through the o f f i c e s  o f  S ta te  G eo log i s t s .  The current DOE program 
in these media i s  l im ited  to that  type o f  survey, however.

Is sue  ~ Should add it iona l  e f f o r t  be devoted to acce lerat ing  repository  
development a t  Hanford?

Design Bas is  fo r  Repositories

A major issue in design ing  the terminal s torage program is  what capacity fo r  
receiv ing s o l i d i f i e d  HLW, TRU waste or spent fuel elements an ind iv idua l  
repository  might have. The number of  ind iv idua l  repos i to r ies  that  should be 
developed in p a ra l le l  to al low fo r  waste volumes generated w i l l  have a large  
impact on the tota l  program scope and cost.

The capac ity o f  an ind iv idua l  repos i to ry  w i l l  be governed by geology type, 
depth of waste placement, waste form (quant ity  of Pu contained), poss ib le  
requirements fo r  r e t r i e v a b i l i t y ,  rate of  repository  loading,  poss ib le  need for  
unloading, and the age s ince generation in a reactor o f  the emplaced waste 
products.

The propert ies  of ind iv idua l  geo log ies  (rock types) w i l l  govern tota l  thermal 
loading per unit acre that w i l l  be permiss ib le.  E f fects  in s a l t  are room 
closure due to creep of  s a l t  in the near term and thermal expansion and s e t t l i n g  
in the long term. E f fects  in hard rock are poss ib le  cracking due to thermal 
s t re sses  which would increase groundwater c i r c u la t i o n  through f ractures .

Geologic d isposal was o r i g i n a l l y  proposed fo r  s o l i d i f i e d  HLW with low residues 
o f  plutonium and uranium. Considerat ion i s  being given to e i ther  permanent 
disposa l  or ret r ievab le  storage  of spent fuel in geolog ic  formations.

Current program assumptions--^ are that  wastes must be i n i t i a l l y  placed into  
repos i to r ie s  on a l im i ted  te st  ba s i s  with a c a p a b i l i t y  to remove the wastes 
i f  some unforeseen event ind icates  that  i t  i s  no longer safe or environmentally  
acceptable to leave them there. The current assumption i s  that th i s  l im ited  
te s t  phase with r e t r i e v a b i l i t y  of wastes w i l l  l a s t  f i v e  years. There i s  no 
f i rm  ba s is  fo r  th i s  assumption. Recent recommendations have been to expand 
the i n i t i a l  funct ion of geo log ic  r e p o s i to r ie s  to provide up to 25 years of 
re tr ievab le  storage of unreprocessed spent fuel to al low for a future decis ion  
to recover and reprocess th i s  fue l.

-•/ The Task Force in the main body o f  the report recommends that the approach 
to r e t r i e v a b i l i t y  be reexamined.
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Repository design i s  s i g n i f i c a n t l y  affected by thermal loading Imposed on 
the geo log ic  s tructure  by rad ioact ive  decay heat. Changes in al lowable 
thermal loading per acre are required to maintain r e t r i e v a b i l i t y  fo r  s i g n i f i c a n t  
periods o f  time. The presence of  decay heat from plutonium in spent fuel elements 
reduces the quant i ty  o f  fuel that  may be emplaced per acre because of long 
term ef fects .  Further d iscuss ion  of these impacts may be found in Appendix E,

Technical is sues which must be resolved in the l i cens ing of repos i tor ies  in 
s a l t  are being i d e n t i f ie d  with in  the terminal storage program. A vigorous  
e f f o r t  to address these issues in a complete and order ly  way w i l l  be needed to 
meet desired schedule for  NRC l i ce n s in g  action.

Is sues  - Should mu lt ip le  s i t e s  continue to be sought to increase p rob ab i l i t y  
of a cc e p ta b i l i t y  of required number? To accommodate i n i t i a l l y  
conservat ive estimates o f  reposi tory  capac ity?

Should s i t e s  continue to be sought in both s a l t  and hard rock?
Should exp lorat ion  be accelerated in sha les?

Should repo s i to r ie s  continue to be designed to receive e i ther  HLW 
or spent fue l?

Should the concept of a l imited period of i n i t i a l  operation with 
potentia l  fo r  re t r ieva l  be retained?

Should geo log ic  storage of fuel elements for  In te r  recovery 
continue to be considered?

When w i l l  s u f f i c i e n t  s i t e - s p e c i f i c  information have been 
accumulated to permit f i l i n g  o f  an app l ica t ion  for an NRC 
l i cense  fo r  a geologic reposi tory?



APPENDIX E

DESIGN CONSIDERATIONS FOR GEOLOGIC REPOSITORIES

Long-Term In te g r i t y

The engineering design o f  a geo log ic  repository must minimize perturbat ions  to 
the e x i s t in g  geology which might lead to a v io la t io n  of the in te g r i t y  of the 
formation. I f ,  fo r  example, the i n t e g r i t y  of a s a l t  bed i s  protected by a layer  
of  material  impermeable to water, any disturbances  which might crack that  layer  
and al low water to flow through must be avoided.

The development of a repository  and the disposal of rad ioact ive waste introduces 
several impacts on the geo log ic  formation: the mining operation! r a d io a c t iv i t y ;
new chemical elements or mater ia l s ;  and a heat generat ing source.

With extended experience in mine design and operat ions,  appropriate designs and 
operating procedures are ava i la b le  to minimize co l lapse  and subsidence which may 
compromise the geo log ic  in te g r i t y .

Radiation from emplaced waste w i l l  interact with surrounding minerals and may 
cause loca l ized  rad ia t ion  damage. Inves t iga t ion s  of th i s  phenomenon have shown 
that  th i s  e f fec t  w i l l  be loca l ized  around each waste can is ter  and w i l l  not impact 
the overa l l  geo log ic  in tegr i ty .

Chemical elements in the waste form and i t s  packaging could p o te n t i a l l y  in teract  
with the surrounding minerals and any moisture contained in those minerals.  
Detai led in ve s t i ga t ion  into the physical  chemistry o f  those potentia l  in teract ions  
w i l l  be required and work i s  current ly  underway. The e f fects  of such in teract ions  
are however expected to be loca l i zed  with minimal impact on the overa l l  geolog ic  
in teg r i ty .  A l im i t  on temperatures in the v i c i n i t y  o f  the waste form may resu l t  
from examination o f  these in teract ions .  Tentative temperature l im i t s  based on 
current knowledge are given in Table I.

The f ina l  fac to r ,  heat generation,  could p o te n t i a l l y  cause fa r ~ f ie ld  impacts 
which could a f fe c t  geo log ic  s t a b i l i t y .  Deta i led analyses of these e f fects  w i l l  
be required fo r  any s p e c i f i c  geo log ic  s i t e  that i s  considered as a potential  
repository. I t  i s  poss ib le ,  however, to examine potent ia l  e f fects  fo r  a generic 
s i t e  configuration.

As heat i s  released from a rad ioact ive  heat source i t  w i l l  g radua l ly  be t rans­
ferred through the over ly ing geo log ic  media and be eventua lly  d i s s ipa ted  at the 
surface. This trans fer  process w i l l  be extremely slow, however, and during th is  
time the tota l  energy stored in a column extending from the surface of  the earth 
to a point four to f ive  times the depth o f  the repos i to ry  w i l l  increase. The 
increase in thermal energy within the column w i l l  g ive  r i s e  to increased 
temperatures with accompanying thermal expansion toward the surface. The maximum
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thermal expansion of  th i s  column w i l l  determine the maximum s t r a in  or u p l i f t  
which could cause f rac tu r ing  o f  upper layers. As the rad ioact ive  heat generation  
decreases and the thermal energy 1s d i s s ip a te d ,  subsidence w i l l  occur. Mining  
experience Ind icates  that subsidence on the order o f  5 feet may be acceptable and 
i t  1s inferred that  u p l i f t  of the same re la t i v e  amount w i l l  a l so  be acceptable.

Ca lcu la t ions  taking in to  account the above cons iderat ions  have been performed 
fo r  a generic conf igurat ion  of bedded s a l t  with waste emplaced at  a depth of  
2000 feet. These ca lc u la t ion s  ind icate  that  j o l i d i f i e d  HLW could be placed with 
an i n i t i a l  heat loading o f  150 kW/acre 1f the waste has decayed 10 years  s ince  
i t s  i n i t i a l  generation in a reactor.  Spent fuel elements of the same age could 
be emplaced at a density o f  60 kW/acre. The lower value i s  required because 
the cumulative heating over very long periods o f  time is  higher fo r  spent fuel 
because o f  the longer decay time and continued heat ing from contained plutonium 
in spent fue l.  These pre liminary  values w i l l ,  o f  course, change as s p e c i f i c  
candidate s i t e s  are id e n t i f ie d  and examined. The thermal response w i l l  be 
affected by s p e c i f i c  condit ions such as: repos i to ry  depth, presence of  aqu i fe rs ,
varying rock s t r a t a ,  waste ch a ra c te r i s t i c s  and emplacement geometries. More 
work i s  required to assess  the s e n s i t i v i t y  of  repos i to ry  s t a b i l i t y  to changes 
in these proposed design parameters.

Operational Requirements

Increases in temperature due to heat generation 1n the waste w i l l  a f f e c t  condit ions  
during operation of the repository .  In s a l t  format ions,  higher temperatures 
w i l l  increase the rate o f  creep and open rooms and passages w i l l  tend to close.
By ba lancing the thickness o f  supporting  p i l l a r s  and the al lowable increase  in 
temperature the rate o f  creep can be contro l led  to permit machinery to enter an 
open room fo r  the purpose of r e t r ie v in g  emplaced mater ia l  and return ing  i t  to the 
surface. In n on - sa l t  format ions,  l im i t s  on heating and loca l temperatures w i l l  
be estab l i shed  to avoid excess ive loca l f rac tur ing .

The ca p a b i l i t y  to retrieve emplaced materia ls  has been proposed fo r  two separate  
reasons: (1) to al low re t r ie va l  fo r  sa fety  cons iderat ions  during an i n i t i a l
operating period during which measurements confirm design c a l c u la t io n s ,  and (2) 
to al low 'recovery of  spent fuel fo r  poss ib le  reprocess ing during a ’’onger e n r a g e  
phase. Periods of 5 years have been proposed for the f i r s t  reason and 25 years  
fo r  the second.
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In the gener ic  repos i tory  con f i gu ra t ion ,  the thermal de n s i t ie s  quoted above 
would permit a 5-year recovery period. R e t r i e v a b i l i t y  of  spent fuel fo r  25 
years would r e s t r i c t  loading of 10~year o ld  spent fuel to 36 kW/acre.

Using a generic repos i to ry  con f igura t ion ,  i t  i s  poss ib le  to compare a l lowable  
hea t ' lo ad ing s  for  var ious  geo log ies  and waste types. This comparison i s  
shown in Table I I .

A l l  of the tenta t ive  s p e c i f i c a t i o n s  and load ing  l im i t s  shown in  the tables  
must be va l ida ted  by i n - s i t u  te s t s  with e l e c t r i c a l  heaters now underway in 
granite  and shale and those planned in b a s a l t  and domed s a l t  and future exper i ­
ments which w i l l  be performed with spent fue l .  Many of  the complex in te rac t ion s  
current ly  postu lated as a f f e c t in g  these parameters can only be checked by actual  
i n - s i t u  te st ing .  The cur rent ly  planned program w i l l  provide the required 
v a l id a t ion  well before f i n a l  approval i s  sought for actual emplacement o f  rad io ­
act ive  waste.
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Table I

Tentat ive  Thermal Design Sp e c i f i c a t io n s

C lo se - In  (Cannister Sca le ) Bas i s

S a l t 260-320°C v

Granite

Basa l t

540°C

600°C

Storage Hole 
s t a b i l i t y  and heat 
t ran s fe r

Shale 200-300°C

Can is ter 376°C Corrosion during  
re t r ievab le  period

HLW G lass 500°C Glass  s t a b i l i t y

Spent Fuel 200°C Zr c lad  s t a b i l i t y  in 
absence o f  oxygen in 
sealed container

Near F ie ld  (Room Sca le )

S a l t 36 kW/acre 10-15% closure  in 25 yr.

S a l t 150 kW/acre 10-15% closure  in 5 yr .

Basa l t 190 kW/acre

Granite 190 kW/acre
P i l l a r  strength  to 

- s t r e s s  r a t io  2 fo r

Shale 130 kW/acre
5 yr.

Basa l t 100 kW/acre.

Granite 100 kW/acre J^>~~................—

P i l l a r  strength to 
" s t r e s s  r a t i o  2 fo r

Shale 60 kW/acre^"
25 yr .

Far F ie ld  (Regional Sca le )

Aquifer 5°C Increase Aquifer  in teract ion

Earth Surfece 0.5°C Increase Biota  e f fec t s

S a l t 60 kW/acre 5/ 5 f t .  u p l i f t  1n 2000 yr .  fo r  
10-yr. old spent fuel d i sposa l

S a l t 150 kW/acre a/ 5 f t .  u p l i f t  in 200 yr .  fo r
10-yr. old HLW d i sposa l

a/  Time o f  peak u p l i f t  depends on the thermo-mechanical propert ies  o f  
the rocks in the geo log ic  sect ion at the repos i to ry  s i te .



Table I I

Compari son o f  Repositor.y Capacl t l e s  
in G e n e r icT o n T lgu ra t i on at 2000 Toot Depth

Retr ieval Host Rock Waste Thermal^
Period Type Form loading

kW/acre

Near Term ^  Long Term ^  ^  

5 YR S a l t  Spent Fuel 150^ 60^

5 YR S a l t  HLW (U02 ) 150C 150U

25 YR S a l t  Spent Fuel 36C 60U

25 YR Granite Spent Fuel 100^ 190^

a/  C o n t ro l l in g  design capac ity  fac to r

C - Closure U - U p l i f t  R - Rock mass strength adjacent to the room

bj These numbers are KW per storage  acre.

c/ Thermal loadings  l i s t e d  are based on 10-year old mater ia l
at time of emplacement, 

d/  These numbers are KW per gross  repos i to ry  acre inc lud ing  
sha ft  p i l l a r ,  haulage ways, etc.
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A^PEMDIX F

SPENT FUEL POLICY AND CHARGES

Spent Fuel Po l i cy

In Apri l  1977, President Car ter  formally declared an in de f in i te  deferral  
of reprocess ing.  The opt ion of disposal of spent fuel elements in geolog ic  
formations was given added emphasis.

In October 1977, the Department of Energy announced a Spent Fuel Po l icy  
approved by the Pres ident whereby u t i l i t i e s  w i l l  be given the opportunity  
to de l ive r  spent fuel to DOE in exchange fo r  a one-time fee to cover the 
costs  of temporary storage and eventual geolog ic  d i sposa l .  P rov i s ions  
w i l l  be required to handle the ant ic ipated load of spent fue l.

Under the Spent Fuel Po l i c y ,  the United Sta tes  Government i s  proposing  
to accept and take t i t l e  to spent nuclear fuel from domestic u t i l i t i e s .
The Government w i l l  a l so  b-j prepared to accept a l im ited amount of foreign  
spent fuel when such act ion would contr ibute  to meeting nonpro l i fe ra t ion  
goa ls .  Under th i s  new p o l i c y ,  spent fuel transferred  to the United Sta tes  
Government must be de l ivered to a Government-approved storage s i t e  at  
user expense. A one-time fee w i l l  be charged a t  the time of de l ivery  
to cover the f u l l  co st  to the Government o f  prov id ing for  in ter im storage 
and subsequent permanent d i sposa l  of the spent fue l.  No c re d i t  w i l l  be 
included f o r  e i ther  the plutonium or uranium contained in the fue l .  I f ,  
at soi.ie time 1n the future, the United S tates  should decide that, commercial 
reprocess ing or  other energy recovery methods for  spent fuel can be 
accomplished without serious p r o l i f e r a t i o n  r i s k s ,  the spent fuel could 
e ither  be returned with an appropriate refund or other su i tab le  compen­
sa t ion  provided.

In order to implement th i s  po l i cy ,  spent fuel storage c a p a b i l i t y  w i l l  be 
required. The p o s s i b i l i t y  o f  ul t imate d isposa l of spent fuel in a geolog ic  
repos i tory  has led to the conc lus ion  that maximum use should be made of 
the geo log ic  f a c i l i t y  fo r  inter im storage through the concept o f  r e t r i e v ­
a b i l i t y  s ince  th i s  would go fur ther  toward demonstration of a waste 
management c a p a b i l i t y  than would above ground storage.  In add it ion ,  
re t r ievab le  geo log ic  storage  would e l im inate  the need for further  handling  
to achieve d isposa l  in  the event of a permanent no reprocess ing decis ion.  
Thus, DOE's spent fuel program assumes maximum use of ret r ievab le  spent 
fuel s torage in a geo log ic  f a c i l i t y  s u i t a b le  for permanent waste d i spo sa l .  
Toward t h i s  object ive ,  the National Waste Terminal Storage Program i s  
directed toward the goal of having such a repository  in  operation by the 
end of l'jtj-i. To f. extent that  storage serv ices  are required p r io r  to 
the ava i l  a b i l i t y  of a geo log ic  f a c i l i t y ,  inter im above ground storage  must

- !  The methodology jnd assumptions described in th i s  Appendix f o r  determining  
the charge r e f l e c t  the approach taken p r i o r  to the de l ib e ra t ion s  o f  the 
Task Force. Task Force recommendations on changes in the c a lc u la t io n a l  
approach are given in the main report,



a lso  be provided. DOE w i l l  seek to contract for  any necessary inter im  
above ground storage serv ices  with private industry.  I f  private  
serv ices  are not reasonably a v a i l a b le ,  DOE w i l l  seek to provide serv ices  
in Government f a c i l i t i e s .

The Spent Fuel Storage Program w i l l  provide interim storage for spent fuel 
while geo log ic  f a c i l i t i e s  are being developed. I t  w i l l  enable reactors to 
regain space in the ir  storage bas ins ,  thus avoid ing re s t r i c t i o n  of reactor 
operat ions. I t  w i l l  a l so  al low co s t s  for the d i spo s i t i on  of spent fuel to 
be conf ident ly  considered in  energy rate s tructures.

To estimate the magnitude of the l i k e l y  demand fo r  storage serv ices ,  in 
December 197'/, DOE sent l e t t e r s  to U.S. u t i l i t i e s  with e x i s t in g  or planned 
reactors to ascerta in  their in te re s t  in t r an s fe r r ing  spent fuel to the 
Government. Al so,  in  December 1977, DOE published a notice in the Commerce 
Business Da i ly  requesting express ions  of in te re s t  1n providing interim  
re tr ievab le  spent fuel storage serv ices  under contract with the Government. 
Copies o f  these two requests are attached. The re su l t s  of these s o l i c i ­
ta t ions  w i l l  permit DOE to determine national needs for  both storage and 
related t ransporta t ion  systems.

This program a l so  provides the a c t i v i t i e s  to implement the Government's 
po l icy  to provide storage for  l im ited amounts of fuel from fore ign  power 
reactors while geo log ic  f a c i l i t i e s  are being developed. I t  w i l l  assess  
in ternat iona l  needs for both storage and supporting systems. I t  w i l l  
offer  continued technical  a s s i s tance  and stud ies  of c r i t i c a l  fo re ign  fuel 
storage s i t u a t io n s  to maximize u t i l i z a t i o n  of spent fuel storage and other 
f a c i l i t i e s  a t  those s i t e s ,  cons is ten t  with the Government's nonpro l i fe r ­
at ion po l i cy  and w i l l  o f fe r  a cred ib le  a l ternat ive  to immediate spent fuel 
processing abroad.

CHARGES FOR SPENT FUEL STORAGE/DISPOSAL

Under the Spent Fuel Storage Program, the U.S. Government has offered to 
accept t i t l e ,  to store  re t r ievab ly  fo r  a period of time, and te rminally  
dispose of  spent fuel from commercial power reactors in exchange for a 
one-time charge.

Several Key po ints  of the po l icy  are fundamental to the development of 
th i s  charge. These are:

1. The charge w i l l  be a one-time charge -  a l l  further  l i a b i l i t y  of the
payee w i l l  cease at the time of payment.

2. Except for  emergencies which w i l l  be considered on a case-by-case
bas is ,  the fuel shipped to the Government must be cooled a minimum
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of f i ve  years and n o t i f i c a t i o n  of intent to transfer must be made at 
l e a s t  f ive  years in advance of shipment.

3. No c red i t  w i l l  be given fo r  uranium or plutonium contained in the 
spent f u e l .

4. Transfer of fue ls  to the Government i s  completely voluntary.

5. I f  recovery of fuel value i s  ever permitted, fuel may be e i ther  
returned or compensation made for net fuel value at the option 
of the Government.

6. The Government w i l l  a lso  accept some spent fuel from fore ign  countries  
on a case-by-case bas is  in support of our nuclear nonproli ferat ion  
pol icy .

7. A geologic repository w i l l  be provided by the end of 1985 for  re t r ie v ­
able storage and ult imate disposal of the fuel.

8. DOE w i l l  seek to provide interim storage f a c i l i t i e s  away-from-reactors  
(A,rR) beginning in 1983.

The one-time charge w i l l  be determined to recover the fu l l  cost  to the 
U.S. Government for  the complete operation includ ing inter im storage,  
t ransportat ion  from AFR's to repository, encapsulation, retr ievab le  
storage and terminal disposal for the fuel elements. Al l  R&D costs  w i l l  
be included. Government ind i rect  costs  (added factor)  w i l l  be included.
A contingency, i n i t i a l l y  assumed to be 15%, w i l l  a lso  be included. The 
fuel owner w i l l  pay the cost  of transportation to the Government-approved 
receiv ing point. T i t le  transfers  at the time of  de livery. Once the fee 
has been paid for  a given fuel element, no further charge w i l l  ever be
made for that  fuel element.

The charge w i l l  be neutral to the size of the nuclear industry neither  
subs id iz ing  nor penal iz ing  th i s  energy source. I t s  development should 
acknowledge and consider the existence of uncertainty in many o f  the 
parameters.

Since maximum use of retr ievab le  geologic storage i s  assumed, fo r  purposes 
of the charge, the repository w i l l  be assumed to be capable of s toring
50,000 metric tons of heavy metal in a retrievable  wiode. R e t r ie vab i l i t y
would be provided for  up to 25 years in th i s  mode. The fuel elements
placed in AFR's w i l l  be unloaded at a reasonable rate into the repository  
as capac ity in excess c f  annual demand i s  ava i lab le .  Under reasonable 
scenarios,  t h i s  i s  poss ib le  before the year 2000.
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In so far  as i s  p ra c t i c a l ,  the charge c a l c u l a t io n  w i l l  be patterned a f te r  
that  for  the uranium enrichment program. A s in g le  charge w i l l  apply to a l l  
customers. Costs w i l l  be reviewed annually  and the charge w i l l  be updated 
when necessary, thus prov id ing an opportunity to make adjustments for  
changes and unforeseen cons iderat ions.  I t  should be noted that  ear ly  
customers are * l s o  l a t e r  customers so co rrec t ions  for any over-charges or 
under-charges made aga in s t  l a te r  customers w i l l  apply e s s e n t i a l l y  to the 
same customers.

The time period over which the charge i s  ca lcu la ted  and updated i s  expected 
to remain through the year  2000 unti l  such time as better data beyond that  
year are ava i lab le .  Costs  w i l l  be la id  out as cash flows in constant 197k 
d o l l a r s .  These w i l l  be discounted at the rate of the cost  of money to the 
Government which current ly  i s  6.5% per year. The expected schedule of 
demand w i l l  a lso  be l a i d  out year ly  and discounted at the same rate. The 
unit charge, then, i s  determined by d iv id in g  the discounted cost  by the 
discounted demand. A contingency of M 5 %  w i l l  be added to the charge.

For purposes of developing the charge, the AFR's are considered to be 
water basins with a capac ity  of 5,000 metric tons. The receiv ing rate 
w i l l  be 2 ,QUO metric tons per year (some r a i l ,  some truck).  The geologic  
repository  i s  assumed to be in bedded s a l t .  The repository w i l l  have a 
small (one month surge capac ity)  water basin and an encapsulation f a c i l i t y  
at i t s  head end. The receiv ing rate w i l l  be small for the f i r s t  years  
and increase to a maximum cap ab i l i t y  of 10,000 metric tons per year, i f  
required. Mining in the repository  w i l l  be done as required to meet 
demand.

Spent Fuel Storage Scenar ios

Ultimately the requirements for s torage/d isposa l  capac ity  w i l l  be based on 
actual commitments on the part of u t i l i t i e s  to de l ive r  fue l.  I n i t i a l l y ,  
however, to assess  requirements for storage capac ity,  recent forecasts  of 
the growth of nuclear power in the U.S. and in  foreign non-centra l ly  
planned countries were used.

The U.S. forecast  assumes the National Energy Plan would be in e f fec t  and 
that  nuclear e lec t r i c  generating capacity a t  the end of year 2000 w i l l  be 
380 Gwe. Under th is  forecast ,  a l l  of the spent fuel discharged from 
reactors and cooled f i ve  years  i s  assumed to be sent to the U.S.
Government for storage.

The foreign forecast  for  countries with non-cent ra l ly  planned economies 
assumes 632 Gwe of nuclear power w i l l  be i n s t a l l e d  by the end of the 
year 2000. Under th i s  forecast ,  10% of the spent fuel discharged from 
reactors and cooled f i ve  years  i s  assumed to be sent to the U.S. Govern­
ment for  storage. Table F - l  provides d e t a i l s  of the spent fuel discharged
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from reactors  under these fo recast s .  The f i r s t  two column;, in Table F-2 
show by years  the cumulated q uan t i t ie s  in terms of metric tons of heavy 
metal that  are assumed to require storage.  D e ta i l s  o f  the breakdown 
between the spent fuel from l i g h t  water reactors and natural  uranium 
fue led reactors  can be determined from Table F - l ,

A v a i l a b le  Storage

Other cruc ia l  assumptions are the a v a i l a b i l i t y  and loadup rates  for the 
geo log ic  reposi tory  and a w a y - f rom -re a cW  water bas ins  (AFR 's ) .

The geo log ic  repository  i s  assumed to be ava i lab le  near the end of 1980 
and to require a period of two or three years  for operational shakedown 
procedures. The maximum loading rate assumed for  the repos i to ry  i s  100 
metric tons in 198b, 1,600 metric tons in 1986, 1,600 metric tons in 
1987, 5,000 metric tons in 1988, and a , 500 metric tons per year  there­
a f te r .  This schedule i s  based on a pre liminary  study made iri connection 
with conceptual designs  cur rent ly  being made for a repos i tory  which is  
assumed to receive ten year  cooled spent fuel and to mainta in  i t s
r e t r i e v a b i l i t y  fo r  f i v e  years .  Mo^e preci se  data i s  under development.

The f i r s t  AFR capac ity  i s  assumed to be ava i la b le  in 1983. Additional  
required storage space i s  assumed to be ava i la b le  when needed. The 
f i v e -ye a r  n o t i f i c a t i o n  should assure th i s .  The repos i tory  loading  
scheme adopted here i s  as given above through 1987 O im i t e c  to 100,
1,600, 1,600 metric tons in 1985, 1986, and 1987 re sp e c t iv e ly ) .  There­
a f t e r  the repository would be loaded at  a rate equal to the annual 
rece ip t s  of f ive  year cooled spent fue l.  Any spent fuel unloaded from 
AFR's in to  the repos i tory  would be in add i t ion  to the new rece ip ts .
This would probably not occur before 1990 and not exceed the rate of
1,000 metric tons per year as discussed la ter .

Storage Procedures and Need fo r  AFR ' s

The spent fuel po l i cy  p refers  to place spent fuel received d i re c t ly  into  
the geo log ic  repos i tory ,  i f  pos s ib le .  U.S. fuel would be placed there in 
preference to foreign fue l .  The AFil s torage space would be b u i l t  only to 
receive spent fuel that  the repos i tory  would De unable to receive. As 
can be seen, the load ing  rate for the repository  i s  a determining fac tor
in the requirement fo r  AFR space.

The a n a l y s i s  given here shows the repository  able to accept a l l  spent 
fuel de livered in 1988 and thereafter .  Before that, the need for  AFR 
space i s  a maximum of  8,900 metric tons of heavy metal through 1987 with
6,100 metric tons needed in 1983. However, these f i gu re s  include 3,800 
metric tons o f  spent fuel that  was al ready f i ve  or more years  cooied



before the AFR's were ava i la b le  in 1983. Since that quantity  had to have 
been stored somewhere, i t  i s  reasonable to assume that  most of that fuel 
would remain where i t  had been stored and would not be sent  to the new 
AFR f a c i l i t i e s .  I f  t h i s  were the case, th i s  would reduce the new AFR 
f a c i l i t i e s  requirement to 1,300 metric tons in 1983 and 6,100 metric 
tons in 1987. The f i gu re s  show the l a s t  AFR being needed in 1984 or 
1985. The required AFR capac ity  as  a function of several key parameters 
i s  g r a p h ic a l l y  portrayed in Figure F - l .

Spent fuel elements could be unloaded from AFR's ir'to the geologic  
repos i to ry  beginning in 1988. However, fuel assemblies once loaded into  
an AFR would probably remain there fo r  »ome time fo r  economic reasons 
unless  there are other reasons (such ?.> leakages) fo r  removing them.

On the other hand, a reasonable polic> to adopt might be to unload from 
AFR's into  the geolog ic  repository  that  quantity necessary to provide and 
maintain space for  the quanti ty  of newly received spent fuel scheduled to 
be added to the repos i tory  for one year. This would provide a contingency  
fo r  the pos s ib le  breakdown of equipment or unforeseen problems. For th i s  
paper, l.OOu metric tons per year beginning in 1991 i s  thought to be a 
reasonable rate for  t rans fe r  from AFR to geologic reposi tory .



TABLE F-l y 
Spent Fuel Discharged from Reactors 

(Metric tons of heavy metal)

YEAR
U.S. Reactors Foreign Reactors la-5 of 

ForeignAnnual Cumulated LWR Nat & Other Sum Cumula ted

1975 1300 430 3600 4000 4000 400
1976 600 1900 340 1800 1200 6200 600
1977 1000 2900 500 2000 2500 8700 900
1978 1100 4U0U 540 2200 2700 11400 1100
1979 1300 5300 870 2300 3200 14600 1500
1980 1300 6600 1030 2400 3400 ISOOO 18U0
1981 1400 8000 1200 2500 3700 21700 2200
1982 1600 9600 14u0 2500 3900 25600 2600
1983 1900 11500 1800 2600 4400 30000 3000
1984 2200 13700 2100 2700 4800 34800 3500
1985 2700 16400 2500 2800 5300 40100 4000
1986 2900 19300 3000 3000 6000 46100 4600
1987 3400 22700 3500 3100 6600 52700 5300
1988 3600 26300 4200 3300 7500 60200 6000
1989 3900 30200 4800 3500 8300 68500 6800
1990 4200 34400 5400 3600' 9000 77500 7800
1991 4600 39000 59U0 3800 9700 87200 8700
1992 4900 43900 5700 4100 10800 98000 9800
1993 5200 49100 7400 4300 11700 109700 11000
1994 5700 54800 8000 4600 12600 122300 12200
1995 6000 60800 8700 4800 13500 135800 13600

~ Excludes 400 mt currently stored at Morris, Illinois and West Valley, New York



Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
20UU

TABLE F-2 
Spent Fuel Storage (Maximum) 
(Metric tons of heavy metal)

5-Year Cooled
_____Spent Fuel
U.S. 10% Foreign

Addi ti ons 
to Geologic 
U.S. Foreign

Use of 
Geologic 
Repository

Use of AFR Storage 
U.S. Foreign Total

400
2,0 00 600
3, QUO 900
4,000 1,100 4000 1100 5100
5,300 1,500 5300 1500 6800
6,600 1,800 100 - 100 6500 1800 8300
8,u00 2,200 1400 200 1,700 6500 2000 8500
9,600 2,600 1600 - 3,300 65U0 2400 8900
11,500 3,000 1900 400 5,600 6500 2400 8900
13,700 3,500 2200 500 8,300 6500 2400 8900
16,400 4,000 2700 500 11,500 6500 2400 8900
19,300 o 2900 0 14,400 Begin to unload AFR's so
22,700 S - 3400 0 17,800 that they can be avail­
26,300 >

* r* 3600 0 21,400 able for contingencies
30,200 o

" 3 3900 0 25,300 i.e., tc- take fuel if
34,400 c; 4200 0 29,500 repository is tied up.
39,000 s_ 4600 0 34,100
43,900 <4- 490U 0 c59,000
49,100

wc: 5200 0 44,200
54,800

v»>
c r3
t/5

5700 0 49,900
60,800 CO<0 6000 0 55,900



Th
ou
sa
nd
s 

o£ 
Me
tr
ic
 
Ton

s 
o£
 
Hea

vy 
Me
ta
l

S f". •
:.v-r

40r

30 *

20 -

10 -

FIGURE F-7
AFR CAPACITY REQUIREMENTS 

FOR SPENT UNREPROCESSED FUEL STORAGE

AFR requirements are insensitive to the 
domestic installed capacity because fuel 
discharges through the year 1990 are the 
same for the three cases considered - 
380 GWe, 224 GWe, and 148 GWe.
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Departm ent of Energy
W ashington, D .C . 2 0 5 4 5  pEC ,  q 1977

The purpose of this letter is to determine the interest of the 
United States utilities in transferring spent nuclear fuel to the 
Federal Government under certain terms and conditions.

On April 7, 1977, President Carter announced that the United States 
would defer indefinitely all civilian processing of spent nuclear 
fuel. Other countries were also asked to join the United States in 
deferring use of this technology in order to evaluate alternative fuel 
cyclcs and processes which may reduce the risk of nuclear weapons 
proliferation. Thî , deferral, however, will require increased capacity 
for storage of spent nuclear fuel to be discharged from reactors.

On October 18, 1977, the Department of Energy (DOE) announced a new 
spent nuclear fuel policy, approved by the President, whereby the 
United States Government is proposing to accept and take title to 
spent nuclear fuel from the United States utilities. The United 
States will also b'j prepared to store limited foreign spent fuel when 
such action would contribute to meeting nonproliferation goals. Under 
this new policy, spent fuel transferred to the United States Government 
must be delivered fro a Government approved storage site at user 
expense. A one-tit;e storage fee will be made to cover the full 
cost to the Government of providing for interim storage and subsequent 
permanent disposal of the spent fuel should that be required. No 
credit will be included for either the plutonium or uranium contained 
in the fuel. If, £t some time in the future, the United States should 
decide that commercial reprocessing or other energy recovery methods 
for spent fuel can be accomplished economically and without serious 
proliferation risks, the spent fuel could either be returned with an 
appropriate'storage charge refund or compensation provided for the net 
fuel value.

In order to Implement this policy, DOE will require retrievable 
spent fuel storage capability. It is DOE's intention to ultimately 
provide retrievable spent fuel storage in ' a geologic facility suitable 
for permanent waste disposal. DOE has a National Waste Terminal 
Storage Program with a objective of having such a repository in



-70-

operation by the end of 1085. To the extent that storage services 
arc required prior to the availability of a geologic facility, Interim 
retrievable storage must be provided. DOE will neck to contract 
for any necessary interim retrievable storage services with private 
industry. If private services are not reasonably available, DOE 
will seek to provide services in Government facilities.

To facilitate utility consideration of the Government proposal, 
the following possible acceptance guidelines and criteria are provided. 
These guidelines and criteria are for initial planning purposes 
only and are subject to change.

1. Five years advance notice of intent to transfer spent fuel to
the Government would be required. An exception might be granted,
at DOE's option, in emergency cases where transfer prior to
that tine is necessary to maintain discharge capability.

2. Fuel should be cooled for a minimum of five years except: in
emergency situations noted in (1) above.

3. The storage/disposal fee range for preliminary considerations 
of this proposal is estimated in 1977 dollars at $150 - 250/KG 
of total mass of heavy metal. Approximately 60 percent of the 
total charge may be considered as applicable to interim water 
basin storage of the spent fuel assemblies end transportation 
thereafter of the assemblies to the geologic, repository. The 
remaining approximately AO percent may be considered as applicable 
to storage in the gcologic repository.

4. Fuel would be transferred, at owner expense and in owner provided
casks, to a Government approved storage site.

5. If reprocessin? or other alternate recovery of the residual 
energy potential contained in the spent fuel is approved, the 
Government would offer the domestic utility the election of 
retrieving the spent nuclear fuel and receiving a refund of the 
portion of the storage fee attributable to permanent storage
or having a- credit of such amount applied toward charges for 
later permanent isolation of wastes resulting from reprocessing 
of such spent nuclear fuel. If the domestic utility elected 
not to retrieve the fuel, the Government thereafter would have 
no obligation to return the spent nuclear fuel or make any payment 
or credit therefor.
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6. Fuel transfers would be voluntary.

To carry out the Government's spent nuclear fuel policy, DOE 
would need information on the spent fuel storage capacity it may 
be required to provide. Should your company be interested in a program 
such as that outlined above, DOE would accordingly need from your company 
information such as that outlined below. Please understand that any 
information you furnish will not commit your company or DOK in tiny 
manner whatsoever.

Any information in your response which you consider to be proprietary 
should be clearly identified as such* with reasons therefor. DOE 
reserves the right to make any information, including' any proprietary 
information contained therein, available to personnel of; DOE, its 
contractors, consultants, or other Government agencies for the sole 
purpose of assisting DOE in its evaluations.

1. A calendar year by calendar year estimate through 1990, if 
practicable, of spent fuel discharges fron each of your nuclear 
reactors, specified in metric tons, number of assemblies, and 
type of assemblies respectively, such as boiling water reactor, 
or pressurized water reactor types.

2. Calendar year cumulative totals, as of December 31 of each 
respective year, through 1990, if practicable, of spent fuel
on Viand which has been cooled for at least five years, specified 
in both mctric tons and number and type of fuel assemblies.

3. Estimated transfers to the Government, described in both metric 
tons and number and type of fuel assemblies for the same annual 
and cumulative periods specified in (1) and (2) above. When 
preparing your estimates, assume that adequate Government approved 
spent reactor fuel storage will be available on a timely basis
to receive your estimated transfers to the Government.

4. A statement of the need for any fuel transfer prior to five 
years notice and cooling.

5. Comments on the acceptance guidelines and criteria provided for 
consideration.

6. Comments on time and form of fee payment proposed above.

7. Any other comments.
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We will appreciate your providing the requested information within 
30 days, if practical, to:

U. S. Department of Energy
Eric S* Jieckjord, Acting Director
Division of Nuclear Power Development
Mail Stop F-305
Wafthinyton, D*C. 20545

Plear;e note that this request for information i n  not a request for 
proposal. (HEP) and does not commit the Government to contract with 
any party or to pay any co.it.'i incurred in connection with preparing 
and f;ubmit:tin;; any response.

Sinc.orol.y,
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APPENDIX G - TRANSPORTATION FOR SPENT FUEL AND WASTE

Background

Transportation of nuclear materials is an essential link for each of the 
steps in the nuclear fuel cycle. Historically shipments of fuel cycle 
materials have moved with relative ease for a small fraction of the cost 
of nuclear power. More recently, concern has been expressed regarding 
future transport of nuclear materials. These concerns are related to 
meeting the requirements for shipping spent reactor fuel, transuranium 
materials and radioactive wastes. There are no special requirements for 
transporting low level waste.

Status

There is a growing backlog of nuclear materials to be shipped, including 
spent fuel, transuranic waste from Government programs and high level 
DOE waste. Transportation of these materials is fast becoming the limiting 
factor in both current operations and in maintaining the option of nuclear 
energy. Expressions of transportation concerns have developed in various 
forms: Congressional legislation • state and local jurisdictions developing 
restrictive transport regulations • heightened public concern ; the paucity 
of container manufacturing capability ; licensing reviews; and the need for 
Government decisions on system operations and parameters. The costs of 
nuclear shipments are Increasing rapidly. These costs are both direct 
and indirect. Direct costs include use charges, while indirect costs 
include operational delays, public hearings and litigation, and the need 
for procedures, reliable forecasts and matching equipment.

Special Issues

Public Acceptance - The safety of transporting nuclear materials has been 
questioned. There is a need to put the relatively low transportation risks 
in perspective with other risks through an adequate program for (a) informing 
the public on the subject and (b) restoring public confidence in the federal 
safety regulatory system. Recent full-scale crash tests of shipping casks 
have been completed and are reassuring. The testing program should be 
expanded to include tests of current generation equipment.

2. Hardware - At present there is a serious lack of availability of 
containers for spent fuel, transuranium waste, and high level waste. The 
current commercial cask inventory can transport only about one-third of the 
spent fuel output from reactors and there are no industry commitments to 
build more. One conceptual design exists for a high level waste cask but 
none has been built, and no safety analysis has been prepared. Transuranium 
waste is now shipped only in DOE-owned railcars; these are neither licensed 
for nor available to industry. Their numbers are very limited (about 10).
To transport the current inventory of transuranium waste stored retrievably, 
from INEL to WIPP, would take over 12 yeara if started now, using the best 
equipment currently available (ATMX railcars). To transport the transuranium 
waste predicted to be stored by 1985 to WIPP, it would take over 28 years 
using all of the ATMX railcars available.
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spent; fuel and high level waste). Standardization offers many advantages: 
efficiency in handling, maintenance, decontamination, testing; lower 
capital costa for casks and handling hardware; increased safety in 
handling; shocter turnaround times and lower labor costs; and better 
public acceptance. There is a need to provide incentives to expeditiously 
restore a mtional capability to fabricate large casks.

5. Security - There are increasing questions of a need for guards for 
spent fuel casks and transuranium container shipments. Based on container 
integrity tests and the lack of defined threats, the NRC, DOT. and DOR nos"! t ion 
is that guards are not necessary.

6* Need to define problems - There are several good recent studies by 
Battelle Northwest (PNL 2457 and BNWL 2066) and by AGNS (Y/OWI.-SUB-77/
42513). The results need to be disseminated and digested. A 1977 DOE 
internal task force also studied and defined problems; a final report 
has not yet been issued ,

Shipment Characteristics

At present, about 90% of the spent fuel shipped is done by rail (4 casks) 
with the balance transported by truck (9 casks). This split is assumed 
to apply to spent fuel, as well as high level waste, over the 1977 to 
2000 timeframe. Transuranic wastes will continue to be shipped using ATMX 
railcars. The capacity, "turnaround time", and estimated cost characteristics 
of the various shipment modes are summarized in Table G—1. Since spent 
fuel and HLW casks are expected to be very similar, identical cost and in- 
service characteristics are assumed. Development costs have not been 
included.
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Table G-l - Spent Fuel and Waste Shipment Characteristics

General - All casks and raiicars in service 2.75 days/year.
- Spent fuel and HLW are transported by rail (90%) and track (10%). 
TRU waste transported by rail only.

Spent Fuel and HLW Casks (rented)

Spent Fuel Cask Capacities/Shipment 4.5 MT - rail
0.5 MT - truck

HLW Cask Capacities/Shipment 9 cannisters (56̂ ; ft^) rail
1 cannister ft3) - truck

Cask Shipments'/Year 14 (20 day roundtrip) - rail 
39 (7 day roundtrip) - truck

Costs / Shipmen t~~ $66,500
4,000

rail
truck

ATMX RnHears For TRU Waste (purchased)

Capacity/Railcar

Shipments/Year

1000 ft3

Acquisition Cost $150,000

Operating Cost $3000/shipment

1/ Includes use charges, operating costs, decontamination, and maintenance.



-77-

APPENDIX H 
Decontamination and Decommissioning

Commercial Faci l i t i e s  ,

Nuclear power reactors as well as other fuel cycle f a c i l i t i e s  w i l l  
eventua lly  reach the end of  th e i r  useful l i f e  e i ther  due to obsolescence 
or adverse economics of  continued operation. U l t imate ly,  i t  w i l l  be 
necessary to provide for the d i spo s i t i on  o f  these f a c i l i t i e s  in a way 
that assures protection o f  public health and sa fe ty  and permits the 
f a c i l i t y  and land to be released for  other nuclear  use or unrestr ic ted  
use.

E s tab l i sh in g  the future costs  and o b l i g a t io n s  o f  decommissioning la rge  
reactors and estimating the quan t i t ie s  of  waste mater ia ls  to be managed 
are pr inc ipa l  concerns of industry ,  u t i l i t i e s ,  government, and the 
public. Most estimates o f  cost  and quan t i t ie s  o f  rad ioact ive  wastes 
to be handled have been based on decommissioning experience for  small 
reactors and extrapolated to a rr ive  at conc lus ion  about large reactor  
decommissionings.

TaJjJe H-l shows the decommissioning h is to ry  of l icensed experimental 
andNdemonstration reactors and indicates  the type o f  decommissioning 
used,

The United Sta tes  Nuclear Regulatory Commission (NRC) Guide 1.86 
describes methods and procedures current ly  considered acceptable by 
the NRC s t a f f  fo r  decommissioning a l te rnat ives  (1).  The Guide presents  
three primary decommissioning a l te rna t iv e s ,  namely, mothbal l ing,  in -  
place entombment, and removal o f  rad ioact ive  components and d ismant l ing.

Mothba l1ing - cons is t s  o f  removing a l l  fuel and r a d io ­
act ive f l u i d s  and wastes and putt ing the f a c i l i t y  in  
protective storage. Adequate rad ia t ion  monitoring,  
environmental su rve i l lance ,  and appropriate secu r i t y  
procedures must be es tab l i shed  to ensure pub l ic  health  
and safety.

y?tj?!Rbir.ent. - cons is t s  of removing a l l  fuel as sembl ies,  
rad ioact ive  f l u id s  and wastes, and shipment o f  selected  
components o f f - s i t e ,  fol lowed by the se a l in g  o f  a l l  
remaining h igh ly  rad ioact ive  or contaminated components 
(e . g . ,  reactor pressure vessel and m ater ia l s )  with in  a 
structure integra l  with the b io log ic a l  sh ie ld .  An 
appropriate and cont inuing  surve i l lance  program is  
required to assure publ ic  health and safety.

Removal/Pismantl i ng - requires removal from the s i t e  
of  al l fuel '  assemblies, rad ioact ive  f l u id s  and wastes,  
and other mater ia ls  having a c t i v i t i e s  above acceptable  
surface contamination leve ls  establ ished in the U. S.
NRC Guide 1.86. Mater ia l s  which contain induced r a d io ­
a c t i v i t y  are evaluated on a case-by-case b a s i s .  The
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f a c i l i t y  owner may then have u n r e s t r i c i te d  use o f  the 
site.

The Atomic In d u s t r i a l  Forum recently  sponsored a study (2) o f  decommis­
s ion ing  a l t e rn a t iv e s  fo r  a 1160 MW(e) L ight  Water Reactor (LWR) and o f  a 
s i m i l a r l y  s ized High Temperature Gas Cooled Reactor (i(TGR). The quan­
t i t i e s  o f  rad ioac t ive  wastes estimated to re su l t  from decommissioning 
commercial nuclear f a c i l i t i e s  are based on the information developed in 
the AIF study.

Bas ic  data, such as reactor s tructure,  rad ioact ive  inventory, component 
contact rad ia t ion  dose rates,  number o f  cuts required to remove vessel  
i n te r n a l s ,  number o f  feet o f  various  pipes to be decontaminated, volume 
o f  contaminated or act ivated concrete to be removed and buried, were 
s p e c i f i c a l l y  ca lcu la ted for  each reactor  type. Th is  information led to 
the d e f in i t i o n  of the indiv idual work a c t i v i t i e s  inc lud ing  required  
equipment and personnel resources, determination o f  program schedule,  
c a lc u la t io n  o f  a c t i v i t y  duration, program co s t s ,  and other impacts such 
as occupational rad ia t ion  exposures, e f f lu en t  re leases  and non-occupa- 
t iona l  exposures.

Other reports on decommissioning experiences are i d e n t i f ie d  in the 
References (3 through 14).

In the Atomic In d u s t r i a l  Forum study, the inventory by component in  a 
typ ica l  1160 MW(e) reactor was c a l cu la t e d  with t ime , beginning at  shu t ­
down and cont inuing for  200 years .  The fuel and control rods were 
excluded from the inventory. Based on an 80 percent p lant  factor  and 
a 40-year l i f e ,  the l a r g e s t  total  inventory at shutdown w i l l  occur in 
a PWR, and w i l l  be about 15 m i l l i o n  cur ies.  At the end of  100 years  
a f t e r  shutdown t h i s  decreases by a fac to r  o f  35 with over 90 percent o f  
the remaining inventory being n i c k e l -63,

I n i t i a l l y  a f te r  shutdown the reactor vessel and i t s  in ternal components 
together w i l l  contain greater than 99 percent of the to ta l  residual  
r a d io a c t i v i t y .  Over 90 percent o f  the ac t iv a t ion  product inventories  
w i l l  c o n s i s t  of the sh o r te r - l i v e d  i sotopes o f  coba lt -60  and iron-55.

Because o f  the high contact dose rate sho r t l y  a f te r  shutdown, any 
removal o f  vessel in terna ls  for  an LWR would require soph is t ica ted  
underwater cu t t in g  and handling equipment. A delay period o f  about 
100 years would permit s u f f i c i e n t  decay of  the cobalt -60  to al low  
manual removal techniques with loca l  personnel sh ie ld in g .

While the contact dose rate due to n i c k e l -59 at shutdown was ca lcu la ted  
to be only 30 MREM/HR, because o f  i t s  80,000 year h a l f - l i f e ,  the re ­
duction in dose rate w i l l  require a long time. In  decommissionings o f  
the small experimental and demonstration reactors ,  n i c k e l -59 has not 
been a l im i t i n g  nuc lide because o f  the r e l a t i v e l y  short  periods o f  
reactor  operat ions.



-79-

The quan t i t ie s  o f  a rad ioact ive  waste estimated to require disposal  
from a nominal 1160 MW{e) nuclear power s ta t ion  are shown in  
Table H-2.

Assuming a reactor mix of 1/3 8WR 2/3 PWR, a reference 1200 MW(e) LWR 
might generate the fo l lowing  q u an t i t ie s  of low-level rad ioact ive  waste.
I t  i s  a l so  assumed that  a 1000 MW(e) reactor would not reduce these 
quan t i t ie s  s i g n i f i c a n t l y .

Waste Volume fo r  a Typical  LWR ( In  thousands o f  cu. f t . )

Mothball ing  2,000

Entombment 70,000

Removal/Dismantl ing 500,000

The actual quan t i t ie s  of  low-level waste r e s u l t i n g  from decommissioning 
l i censed nuclear power f a c i l i t i e s  between now and the year 2000 are 
dependent on dec is ions  yet to be made on the timing o f  reactor shutdown 
and mode o f  decommissioning.

Table H-3 l i s t s  the commercial reactors  which are considered candidates  
fo r  decommissioning act ion by the year  2000.

Assuming a 40-year reactor operating l i f e ,  only those reactors l i s t e d  
would be shut down, and depending on the mode o f  decommissioning se lected,  
i t  i s  conceivable that  no low-level wastes from decommissioning w i l l  be 
generated by the year  2000.

However, in actual fac t ,  there may be techn ica l ,  economical,  env iron­
mental, regula tory,  and p o l i t i c a l  i s sues  which may r e s u l t  in a l l  of  
the l i s t e d  reactors ,  or others, being shut down and in var ious stages  
of  decommissioning by the year 2000.

As a ba s i s  fo r  the low-level rad ioact ive  waste volume estimates,  i t  
i s  assumed that  for the high case reactors  located on s i t e s  where 
no other nuclear f a c i l i t i e s  are located, the decommissioning mode w i l l  
be tota l  dismantlement and removal. Such s i t e s  include Yankee, Big  
Rock Point,  Humbolt Bay, Genoa, and Haddarn Neck.

For the smaller  reactors,  the volume o f  low-level wastes assumed to be 
generated are based on the experience o f  tota l  dismant l ing/removal  at  
the Elk  River Reactor, i . e . ,  100,000 cu. f t .  o f  rad ioac t ive  waste.

For the large reactors,  the volume of  wastes estimated in the AIF study 
fo r  a 1200 MW(e) s t a t io n  are assumed.

For the low case i t  i s  assumed these same f i ve  reactors  are mothballed.
The low level waste volumes are bassd on the AIF  study fo r  a 1200 MW(e)
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stat ion.  The estimated waste volumes are shown in Table H-4.

Ret ired Defense F a c i l i t i e s

A program to e s ta b l i sh  methods, cos ts ,  and p r i o r i t i e s  fo r  the decon­
tamination, decommissioning and d i spo s i t i on  (D/D) o f  re t i red  contaminated 
f a c i l i t i e s  was in i t i a t e d  in 1973 as part o f  the annual DOE s i t e  plans for  
waste management.

The majori ty  o f  the current ly  contaminated surp lus  f a c i l i t i e s  are at  
Hanford. A ' 'Resource Book - D i spos i t ion  o f  Ret ired Contaminated 
F a c i l i t i e s  at Hanford," BNWL-MA-88, was issued in 1975 and i s  updated by 
the B a t te l le  P a c i f i c  Northwest Laboratories. In add i t ion ,  development of a 
DOE National D i spos i t ion  Planning System was i n i t i a t e d  in July  o f  1977.
The DOE National D i spo s i t ion  Plan w i l l  provide a tabu lat ion  o f  a l l  DOE 
f a c i l i t i e s  that are rad ioac t ive ly  contaminated and surplus  to current  
program needs, a means fo r  documenting the s ta tus  and key data pert inent  
to d i s p o s i t i o n ,  and w i l l  a l so  provide a ba s i s  fo r  p r i o r i t i z i n g  d i s p o s i t i o n  
projects.  At present, there are over 460 surp lus  DOE f a c i l i t i e s ,  80 
percent o f  which are located a t  Hanford. Included are b u i ld in g s ,  reactors,  
reprocess ing p lants ,  ponds, c r i b s ,  p i t s ,  and d i tches ,  and an add i t iona l  
100 f a c i l i t i e s  are expected to become excess over the next few years.
The system to be estab l i shed  fo r  generating the plan w i l l  provide per iod ic  
updates to assure that  the l i s t  o f  surplus f a c i l i t i e s  i s  complete and that  
the information provided i s  accurate. Eventua l ly ,  a l l  r a d io a c t iv e ly  contami 
nated DOE s i t e s  and f a c i l i t i e s  may be included in the plan as well as former 
AEC contractor  s i t e s  and inac t ive  uranium m i l l  t a i l i n g s  s i t e s .

The output from the planning system w i l l  be u t i l i z e d  in developing annual 
budget estimates and f ive -year  plans for  the surp lus  f a c i l i t i e s  program.
I t  w i l l  be issued annually and w i l l  i d e n t i f y  p ro ject s ,  p r i o r i t i e s ,  
a l te rna t ive  d i spo s i t ion  modes, schedules, costs  and budgets, manpower 
needs, and waste volumes. The p r i o r i t i e s  fo r  var ious  d i s p o s i t i o n  projects  
and cost estimates w i l l  provide a bas i s  fo r  developing a r a t io n a le  fo r  
future budget requirements.

Fcr th i s  study preliminary estimates o f  rad ioac t ive  waste volumes re su l t in g  
from decontamination and decommissioning o f  excess f a c i l i t i e s  a t  a l l  DOE 
s i t e s  are based on estimates for  D/D o f  re t i r e d  Hanford f a c i l i t i e s .
Estimated to ta l  waste volumes from D/D act ions  are given on Table H-5.
Table H-6 provides the base o f  estimated volumes re su l t in g  from Hanford 
D/D. I t  i s  assumed the volumes w i l l  be generated over a 20-year period 
of  1981-2000. The actual volumes w i l l  be contingent on the p r i o r i t i e s  
and funding leve ls  assigned to  D/D act ions at DOE s i t e s ,  and the modes o f  
decontamination selected. Table H-7 surtmarizes the tota l  volumes o f  low 
level wastes which may re su l t  from var ious D/D act ions.
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Estimated Costs f or  Decontamination and Decommissioning o f  DOE 
Current ly  Surplus  F a c i l i t i es

Three cases were ca lcu la ted  based on information in the Pre liminary  
Plan fo r  Decontamination and Decommissioning a t  Hanford, and from 
personal communciations with J. W. L i t c h f i e l d ,  PNL.

Al l  costs  are in constant 1977 d o l l a r s .  A l l  cases assume a 20-year  
campaign from 1980 to 2000.

The total  costs  are based on cost  estimates fo r  D/D of  current ly  surp lus  
f a c i l i t i e s  at Hanford plus 25 percent to cover the cost o f  D/D o f  
current ly  surp lus  f a c i l i t i e s  at other DOE s i t e s .

High Case:

Assumes to ta l  d i smant l ing  of a l l  cur rent ly  surp lus  f a c i l i t i e s .  LLW i s  buried 
while TRU wastes are stored or put in a ge o lo g ic  repos i tory .

Estimated Total  Cost: i . l J 0 0 jm 11ion

flGdi urn _Ca_Sje:

Assumes d ismant l ing  o f  reactor  bu i ld ing  in  the Hanford 100 and 300 
areas, entombment o f  the 200 area fuel process ing  b u i ld in g  and 
placing a l l  other f a c i l i t i e s  such as c r ib s  and trenches, in  pro­
tect ive  storage.  Resu ltant  waste m ater ia l s  disposed of as in high 
case.

Estimated Total Cost: $300 m i l l i o n

Low Case:

Assumes p lac ing  a l l  f a c i l i t i e s  in protect ive  s torage.  I t  I s  
recognized that  th i s  case i s  not a f i n a l  s o lu t io n  but defers  
further act ion  for 50 to 100 years.  Resu ltant  waste m ater ia ls  
disposed o f  as in medium and high case.

Estimated Total Cost: $130 m i l l i o n

Estimated Costs f o r  Decontamination and Decomm i s s i oning Commercial 
NuclearPower S t a t i ons

Two cases were assumed based ori information contained in  the AIF study  
on D/D a l t e rn a t iv e s  fo r  Nuclear Power Reactors (2).

A l l  costs  are in constant 1977 d o l l a r s .

The f i v e  reactors  l i s t e d  in Table H-4 were assumed to be candidate  
reactors fo r  decommissioning sect ion.  I t  i s  recognized the reactor  
s ize  ranges from 50 MWe to 575 MWe and the A IF  study i s  based on 
a 1200 MWe s ta t ion .  Therefore, the cost  estimates are only approxima­
tions.
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High Case ;

Assumes tota l  d i smant l ing  and removal o f  f i v e  reactors .  Wastes 
are removed to an o f f  s i t e  LLW bur ia l  ground.

Estimated Total  Cost:  $135 m i l l i o n

Low Case:

Assumes mothbal l ing o f  the same f i v e  reactors  continued su rve i l l ance  
costs  are not included. Wastes are removed to an o f f  LLW bur ia l  ground. 

Estimated Total  Cost:  $10 m i l l i o n

NOTE: The above estimates  were developed from information contained in "An
Engineering Evaluat ion  o f  Nuclear Power Reactor Decommissioning Al terna  
t i v e s , "  AIF/NESP-009, November 1976, which gave the fo l lowing  cost  
estimates fo r  decommissioning a 1200 MWe reactor:

M i l l i o n s  o f  1975 D o l la r s

PWR BWR

Mothball 2.3 2.5
Entomb 7.4 7.6
Dismantle 26.9 31.2

Questions have been ra ised as to the adequacy of these est imates. Addi 
t iona l  examination of the co s t s  of decommissioning is  required. A l so ,  
che NRC i s  p resent ly  conducting independent cost estimate stud ies  for  
the BWR and the PWR, as well as fuel cycle f a c i l i t i e s .



TABLE H - l EXPERIMENTAL AND DEMONSTRATION REACTOR DECOMMISSIONING HISTORY*
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Reactor 
Facility 

and Location
Reactor
Type

Reactor 
Thermtl 

Rating, MW
Type of

Decommissioning
Status of 
License

Monitoring
System

Protective
Storage

Measures

C V T R  
Parr, SC

Pressure tube 
heavy water

65 Mothballing Byproduct 
per 10 C f  R 
30

Periodic
surveillance

Welded closure, 
locked doors, 
security fence

Pathfinder 
Sioux Fells, SD

BWR
nuclear superheat

190 Mothballing with 
steam plant 
conversion

Byproduct 
to state*3

Continuous
security
force®

Welded closure, 
security fence

F E R M I 1
Monroo Co., Mich.

Sodium cooled 
fast

200 Mothballing Possession
onlyd

Continuous
security
force®

Locked doors, 
security fence

Peach Bottom 1 
York Co., Penn.

Gas cooled
graphite
moderated

115 Mothballing Possession
only

Continuous
security
force0

Not yet 
established

v e w n
Alamacia Jo., CA

BWR 60 Mothballing with 
steam plant 
conversion

Possession
only

Continuous
security
force®

Locked doors, 
security fence

N A S A  Plumbrook 
Sandusky, Ohio

Light water 0.1 Mothballing Possession
only

Continuous
security
force®

Locked doors, 
security fence

GE E V E SR  
Alamedn Co., CA

BWR with
nuclear
superheat

17 Mothballing Possession
only

Contlnuour
security
force®

Locked doors, 
security fence

Saxton, PA PWR 23.5 Mothballing Possession
only

Intrusion
alarms

Welded closure, 
locked doors, 
security fence

SEF O R
Stricklcr,
Arkansas

Sodium 
cooled, fast

20 Mothballing Byproduct 
to state

Intrusion
alarms

Welded closure, 
locked doors, 
security fence

Wer.tlnghouse 
Test Reactor 
Walt* Mill, PA

Tank 60 Mothballed Possession
only

Continuous
security
force®

Locked doors, 
security fence

B &  W
Lynchburg, V A

Pool 6 Partial
dismantling

Byproduct 
per 10 CFR  
30

Not required Not required

Hallam 
Hallem, Neb.

Sodium copied
graphito
moderated

256 Entombing Operating
authorization
terminated

Not required Welded closuro, 
concrete cover, 
weatherproofed

Piqua
Piqua, Ohio

Organic 
cooled and 
moderated

45.5 Entombing Operating
authorization
terminated

Not required Welded closure, 
concrete cover, 
waterproofed

BO NUS  
R icon, Puerto
RIC O

BWR with
nuclear
superheat

50 Entombing Operating
authorization
terminated

Not required Welded closure, 
concrete cover, 
locked doors, 
security fence

Elk River 
Elk River, 
Minn.

BWR 68.2 Dismantling &
partial
conversion

Operating
authorization
terminated

Not required Not required

®Ref erente: "D ecom m ission ing  and Decontamination of Licensed  Reactor Facilities an J  Demonstration Nuclear Power Plant*”, by 
P.B. Erickson and G. Lear, U.S. NRC, presented at conference on Decontamination ond Decommissioning in Idaho Falls. Idaho,
August 19-21,1975.

bA  byproduct license may be issued by agreement state per 10 C F R  150.

c The use of a continuous security force was not squired by the N R C  because continuous manned security was provided for oth«r on-slte 
activities that were unrelated to the decommissioned reactor. If such a security forco was not present, the NRC may have stipulated 
manned security or other additional access control measures.

- j

A  possession-only license permits possession of a reacto' facility but not its operation.
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Table H-2

Estimated Volumes of Low-Level Radioactive Waste 
From various modes of Decommissioning a 1160 MW(e)

Reactor

Reactor Type Volume of Low Level Radioactive Waste
(in cubic feet)

Mothballing Entombment Removal/Dismantle

BWR 2,000 80,000 800,000
PWR 2,000 60,000 350,000
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T a b le  H -3

Commercial Reactors which may be Candidates for  
Decommissioning by the Year 2000

Reactor

1. Sh ipping Port Nuclear Power S ta t ion

2. Dresden Nuclear Power S ta t ion ,
Unit  I

3. Yankee Nuclear Power S ta t ion

4. B ig Rock Point  Nuclear Plant

5. Indian Point  S ta t ion ,  Unit I

6. Humbo'lt Bay Power P lant,
Unit 3

7. Genoa Nuclear Generating S ta t ion

8 . San Onofre Nuclear Stat ion,
Unit I

9. Haddam Neck P lant

10. Ginna Nuclear Power Plant,
Unit  I

11. Nine M i le  Pt. Nuclear S tat ion,
Unit I

12. Oyster Creek Nuclear Power
Plant ,  Unit  I

Iy£e
PWR

BWR

PWR

BWR

PWR

BWR

BWR

PWR

PWR

PWR

BWR

BWR

Size (MWe) 

90 

200

175

72

265

63

50

430

575

490

610

650

Year of  
S ta r t  Up

1957

1959

1960 

1962

1962

1963

1967

1967

1967

1969

1969

1969



- 8 6 -

T a b le  H -4

Volume of Low-Level Waste from D/D of Commercial 

Reactors through Year 2000

High Case 

Yankee Rowe 

Big Rock Pt. 

Genoa

Haddam Neck 

Humbolt Bay

Dlsmantling/Removal  

175 MW(e) PWR

72 MW{e) BWR

50 MW{e) BWR

575 MW(e) PWR

63 MW(e) BWR

cubic feet

350.000

100.000 

100,000

350.000

100.000

1 ,000,000 ft.

Medium Case

Yankee Rowe 

Big Rock Pt. 

Genoa

Haddam Neck 

Humbolt Bay

Low Case

Yankee Rowe 

Big Rock Pt. 

Genoa

Haddam Neck 

Humbolt Bay

Entombment

- Mothball

cubic feet

50.000

15.000

15.000

50.000

__ 15,000

145,000 f t . '

cubic feet 

2,000  

2,000  

2,000  

2,000

2 , 0 0 0 ___
10.000 f t . '
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Table H-

Estimates of Wasfce Volumes from D/D Activities Currently 
Surplus Facilities (460 total, 360 Hanford)*

High Case

Vol (106 
TRU

Assumes a dedicated area will be. identified 
at each site; for Hanford all contamination 
is removed from 100/300 areas and stored in 
200 area (200 area protection storage)

91

1.5 
92.5

For purposes of this report 95.0

Hanford
Other Sites (4 x 10^ cu. ft. total for 

ORNL, of which 4 x 10^ cu. 
ft. is TRU)

Lov Case

Soils are excluded from the estimates - 
assumes a method ia found to decontaminate 
them. Only rubble and equipment is included.

3.8 
0_._5
4.3

For purposes of this report 4.5

*Based on draft "Preliminaxy Plans for Decontamination 
and Decommissioning at Hanford," Battelle Pacific 
Northwest Laboratory, by J. C. King and J. W. Litchfield, 
dated August 1977

Hanford
Others

cu. ft.) 
Non-TRU

144

___ 15_.

1 5 9

160

3.0
7.2

10.2

10.0
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Estimated Volumes of Contaminated Waste From D/D 
Of Hanford Retired Facilities

Vol. (106 cu.ft.)

Table H~6

200 Area

1. Highly contaminated soil (0.06 Ci/cu. ft.) 54
2. Moderately contaminated soil (0.Ol^Cu/cu. ft.) 243
3. TRU and U contaminated soil 14

100 Area (assume 1/10 of 200 Area)

1. Highly contaminated soil 5
2. Moderately contaminated soil 25
3. TRU & U contaminated soil 1

Solid Waste Disposal Sites 

200 Area

1. Volume waste (TRU) 6
2. Volume waste and soil (TRU) 405

100 & 300 Area

1. Volume waste: TRU 0.6
Non-TRU 0.7

2. Volume waste and soil: TRU 81
Non-TRU 108

Fuel Reprocessing Bldgs (3)

1. Volume rubble (TRU) 3
2. Volume rubble and soil (TRU) 6

Fuel Storage Basin 

200 Area (3)

1. Volume rubble (TRU) 0.2
2. Volume rubble and soil (TRU) 1.0

100 Area (8)

1. Volume rubble (TRU) 0.6
2. Volume rubble and soil (TRU) 3.0
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Table H-6 (Cont'd) 

Vol. (106 cu.ft.)

Gas and Exhaust Air Syctems (Reactors) 

100 Area (8)

1. Volume rubble(Non-TRU) 0.4
2. Volume rubble and soil (Non-TRU) 0 .8

Reactors

100 Area

1. Volume rubble (Non-TRU) 1 . 1
2. Volume rubble and soli (Non-TRU) 2.2

Retention Basins (5)

100 Area

1, Volume rubble (some soil) (Non-TRU) 1.5
2. Volume rubble and soil (Non-TRU) 4.0
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Summary o f  Estimated Volume of Low Level Wastes 
from D/D by the Year 2000

T a b le  H-7

Commercial Reac tor

Low (40-year operation— 5 reactors  
mothballed)

Medium (5 reactors entombed)

High (5 reactors  dismantled)

DOE Defense S i te s

Low

Medium

High

Low

Medium

High

Volume of Low-Level Waste (cubic f t )

10,000

145,000

1,000,000

Volume o f  Low-Level Waste 

10 m i l l ion  cubic feet  

ICO m i l l ion  cubic feet  

550 m i l l ion  cubic feet  

Volume o f  TRU Waste 

5 m i l l i on  cubic feet  

95 m i l l ion  cubic feet  

640 m i l l ion  cubic feet

No estimate made on contaminated waste from former MED/AEC s i t e s  which are 
being resurveyed fo r  remedial act ion.
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APPENDIX I

URANIUM MILL TAILINGS

Uranium m i l l  t a i l i n g s  contain res idua l  radium v/hich generates radon gas  
and other daughter products that r a i s e  the r a d io lo g i c a l  background in  
the v i c i n i t y  o f  t a i l i n g s  p i l e  to p o t e n t i a l l y  hazardous leve ls .  A study 
o f  r ad io lo g i c a l  conditions  and p ract icab le  remedial a l t e rn a t iv e s  and costs  
at  22 loca t ions  where uranium m i l l s  have been closed down i s  now complete.
The total  volume o f  t a i l i n g s  i s  estimated a t  about 500 m i l l i o n  cubic  feet  
(assuming a dens i ty  o f  100 l b . / f t .  f o r  compacted s o i l ) .  The general  
f ind ings  are as fo l lows:

1. At none o f  the s i t e s  can the t a i l i n g s  be considered adequately  
s t a b i l i z e d  for  long-term storage.  Contamination u sua l ly  extends 
beyond the property boundaries due to wind or  water erosion.

2. Based on the co r re la t ion  observed between exposure to radon and 
other radium daughter products and incidence of  lung caricer in  
uranium miners, the r i s k  of incurr ing  lung cancer i s  about double 
the normal to populat ion l i v i n g  in c lo se  proximity to the t a i l i n g s .

3. Most o f  the m i l l  s i t e s  are in p o t e n t i a l l y  favorab le  loca t ions  for  
a l te rn a t iv e  uses, and are in  demand.

The question a r i s e s  as to what o b l i g a t io n  the Federal Government has to 
undertake remedial act ion.  The t a i l i n g s  resu lted from the operat ions  of  
pr ivate  companies that  processed uranium ores fo r  the Manhattan Eng ineer ing  
D i s t r i c t  (MED) and AEC under procurement contracts  from the mid 1940's to 
the la te  1960*s . Most of  the contracts  provided f ixed  pr ices per pound of  
uranium de l ive red,  based on production co s t s .  The costs  fo r  eventual 
t a i l i n g s  s t a b i l i z a t i o n  were not included.

MED and AEC exerted no operational control or regu latory  j u r i s d i c t i o n  over 
the t a i l i n g s  and neither the Federal Government (DOE, NRC, EPA) nor the 
s tates  appear to have lega l r e s p o n s i b i l i t y  for  cleanup of the m i l l  t a i l i n g s  
s i t e s .  The owners are e i ther  u n w i l l in g  or f i n a n c i a l l y  unable to clean up 
the s i t e s .  The Federal Government does not appear to have the au tho r i ty
to requ ire them to do so. Thus, l e g i s l a t i o n  would be required to authorize
Federal a s s i s t a n ce  in a conprehensive remedial ac t ion  program a t  the 22 s i t e s .

A s i t u a t io n  s im i l a r  to the in s tan t  one exis ted a t  Grand Junction, Colorado,  
where t a i l i n g s  had been removed from an inact ive  m i l l  s i t e  and used in  the 
construct ion  o f  bu i ld in g s  in  and around that  c i t y .  S im i l a r  to the 22 lo ca ­
t ions  now a t  i s sue,  the t a i l i n g s  a t  Grand Junction resu l ted  from the opera­
t ions  o f  a p r ivate  company that  de livered uranium concentrate to the AEC 
under a f ixed pr ice  procurement contract  with the AEC exert ing ne ither  
operational nor regulatory contro l over the t a i l i n g s .  Nevertheless,  in
1972, Congress, us ing  the approach which tt o r ig in a ted  in 1955 to ameliorate
the health and sa fe ty  problems a r i s i n g  from the "Texas C i ty  D i s a s t e r , "  
enacted T i t l e  I I  o f  P.L. 92-314 which recognized and assumed "the compassion­
ate r e s p o n s i b i l i t y  o f  the United S ta te s "  to a s s i s t  in  provid ing remedial 
act ion  where no other remedy by law was apparent. That l e g i s l a t i o n  authorized  
Federal a s s i s t ance  up to 75 percent o f  the d i re c t  co s t  of a s ta te  remedial 
act ion  program fo r  Grand Junction.
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I t  1s estimated that the co s t  o f  remedial ac t ion s  at these 22 inact ive  mi l l  
s i t e s  w i l l  range form $80 m i l l i o n  to $126 m i l l i o n .  The va r ia t i on  i s  due to 
the uncerta inty in  the remedial opt ion ( s t a b i l i z a t i o n  or  removal) to be 
adopted fo r  each s i t e .

A NEPA environmental assessment is  in preparat ion to determine the environ­
mental s i gn i f i c a n c e  o f  the remedial options  under cons iderat ion  a t  each 
site.
NRC i s  u t i l i z i n g  NEPA to control and s t a b i l i z e  uranium m i l l  t a i l i n g s  at 
act ive  s i t e s .



APPENDIX J

International Program In Radioactive Waste Management

Although the problem of waste management is universal to 
the nuclear community, the technical approaches and programs of 
execution are in the main national in approach and execution.
Waste management research and development is being supported by 
the respective governments through government affiliated companies 
such as BNFL (UK), GEA (France), and PNC (Japan). International 
cooperation exists mosL actively in the European combines such 
as United Rtprocessors or the collaboratively funded program of 
the Organization for Economic Cooperation and Development (OECD).

The OECD (through its Nuclear Energy Agency) has established 
a comprehensive program ot radioactive waste management technology 
development to be conducted in various laboratories throughout the 
European Community. It parallels the U.S. program and supports 
the Eurochemic high level waste solidification program, Including 
geologic surveys of the suitability of disposal in various types 
of formations in UK, France, Belgium, Italy, Germany and Holland.

The International Atomic Energy Agency (IAEA) provides a 
multinational focus for investigation and development in the 
waste management area. The activities are carried out through 
technical meetings and research contracts dealing with a broad 
range of radioactive waste problems as well as through the 
development ot health and safety standards to serve as examples 
for national regulations.

The IAEA organizes annual meetings of countries actually 
working in or working toward large-scale waste management programs. 
One of these is a group called the "International Working Group 
for High-Level Waste and Transuranium (Alpha) Waste." The meeting 
agendas usually include a mixture of policy and technical 
discussions. A panel is developing mutually agreed upon criteria 
for the selection and operation of long-term high-level waste 
disposal sites and practices for storing and disposing of high-level 
wastes. Another is developing recommendations concerning disposal 
of high-level radioactive wastes unsuitable for dumping at sea.

Following are summaries of waste management programs of 
countries with significant efforts in this area.



United Kingdom
The UK has been reprocessing Magnox fuel at Wind, cale from 

its domestic gas cooled reactors on a regular basis for about ten 
years at a rate of approximately 1000 metric tons per year. Fuel 
from the two gas cooled reactors exported to Italy and Japan is 
also being reprocessed at Windscale.

In addition to the reprocessing of domettic fuel the UK is 
conducting negotiations for the reprocessing of LWR fuel from other 
countries. The UK Department of Environment held a planning inquiry 
on a proposed 1000 metric ton per year plant, planned for completion
in the mid to late 1980's and designed to handle this foreign LWR
fuel. The inquiry has been completed but the decision to proceed 
with construction has not been made.

The high level wastes from the reprocessing operation are 
presently being stored in liquid form in doubled walled steel tanks.

The development of waste processing technology within the 
UK covers high-level waste, transuranic or alpha contaminated waste, 
and airborne waste. The UK plan is to store high-level liquid 
waste for the interim and then to convext it to borosilicate glass.

The UK is a member of United Reprocessors GMBH which is a
combine of UK, France and West Germany entities to service primarily 
European commercial fuel reprocessing requirements.

The UK has initiated a program to evaluate the concept of 
terminal isolation of radioactive waste in geological formations.
In the UK it seems likely that there are two options, clay formations 
and crystalline rocks.

France

France has been reprocessing domestic power reactor fuel from 
its graphite moderated gas cooled reactors since 1959. This 
reprocessing was originally accomplished at Marcoule and more 
recently at La Hague. A new front end facility to accommodate LWR 
fuel at La Hague started operation in early 1977. The second LWR 
fuel campaign is scheduled for completion in January 1978.
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The French are also equal partners with the British and 
West Germans in United Reproceosors GMBH (URG). The French 
shareholder, originally the French Atomic Energy Commission (CEA) 
and now a CEA subsidiary, COGEMA, operates the reprocessing plants 
at Marcoule and La Hague, They plan to operate these plants at 
a low rate in 1978 and plan gradual increases in capacity, reaching 
800 metric tons uranium per year by the mid 1980's. In addition, 
COGEMA plans a third reprocessing plant, to be built at La Hague, 
with two similar reprocessing lines each of 800 metric tons 
uranium capacity per year. These two lines are planned to come 
on stream during the mid to late 1980’s,

COGEMA, under United Repror.essors auspices, is offering 
long-term contracts for storage and reprocessing services for
6,000 metric tons of Irradiated fuels.

Reprocessing wastes have been stored in liquid form in 
engineered storage facilities. However, the French have recently 
started operation of their AVM plant (150 cubic meter capacity) 
at Marcoule for the continuous vitrification of high level wastes. 
Another such plant (AVH) for La Hague with a capacity of 800 cubic 
meters per year is now being designed and scheduled for completion 
in the early 1980’s.

The French national waste management program, under the 
guidance of CEA, is at an advanced stage of development: of technology 
for converting high-level liquid waste to a borosllicate glass.
Their program Involves non-radloactive engineering scale testing, 
radioactive testing and the AVM demonstration facility now completed 
at Marcoule.

The French geologic program is primarily an assessment of 
available geologic information. They have salt formations and 
even domes in the southern part of the country and are gathering 
data on them.

Canada

The CANDU nuclear power system, based on a high neutron 
economy natural uranium fuel cycle, currently closes with secure 
retrievable storage of spent fuel until such time as processing 
to recover the plutonium is economical. Future development of 
the CANDU system is focused on conversion to plutonium and thorium 
recycle fuel cycles.



The majority of the Canadian current waste management interest 
is on interim spent fuel storage concepts and packaging designs.
Since reprocessing oJ: fuel may eventually become a requirement, the 
Canadians are becoming interested in developing a reprocessing 
capability for the CANDU thorium U-233 fuel cycle, including waste 
processing.

Canada recognizes that geologic terminal storage of high 
level waste from reprocessed fuel will be necessary and is there­
fore engaged in efforts to find siH fable geologic formations for
both secure retrievable storage and tetminal storage. The
Canadians have followed the U.S. geologic program closely using 
the logic that they have the same formations as the U.S. and if 
a need for disposal capability should arise, they could use 
technology developed and demonstrated here. However, since the 
Canadian Geologic Survey has become more actively involved a more 
independent approach is evolving. While they are continuing to 
stay abreast of the salt technology, they are exploring the use 
of crystalline rocks;

In 19?'/ Canada's Department of Energy, Mines and Resources 
commissioned a group of independent experts to study the long
term storage of radioactive wastes. This study was completed in
August 1977 and the results published in a report entitled 
"Management of Canada's Nuclear Wastes".

The study group recommended that the Canadian Government 
develop a draft plan that should be submitted for Federal provincial 
discussions that would lead to its adoption as a national plan.

The group concluded that the prospects were good for the 
safe, permanent disposal of reactor wastes and irradiated fuel 
since they foresaw no environmental or health impacts once these 
radioactive materials have been placed in carefully selected 
repositories.

They considered underground disposal in igneous rock as the 
most promising option for the disposal of spent fuels and 
radioactive wastes. Also, that initially one repository will 
suffice, and that the repository chosen should be regarded as a 
central national facility, Federally owned and operated and 
available to all provincial utilities. The cost of building and 
operation should be recovered via charges from the organizations 
from whom the waste is received.



The group also concluded that spent fuel reprocessing is not 
necessary for safe disposal - both spent fuel and reprocessing waste 
can be disposed of in the same repository, and that no commercial 
fuel reprocessing plant should be approved in Canaria until satisfactory 
methods for dealing with the associated radioactive wastes have been 
developed.

Finally, the group excluded that the ongoing Canadian 
research and development program in this area was well conceived 
but that it should be given greater priority and increased 
financial support, especially in the areas of geological, 
geophysical, geochemical and engineering research required for 
the geological formation disposal sites.

Japan

In Japan more than ten nuclear power plants of industrial 
scale are now in operation and some other ten plants ar«; under 
construction or in the planning stage.

Japan has 3 210 metric ton per year reprocessing plar\t 
at Tokai Kura that began limited operation in the Fall of JA977 
and reportedly has intentions to build a 1500 ton per year plant 
for operation in the 1990's. To alleviate the spent fuel situation, 
in the meantime, consideration is being given to construction of 
a centralized away from reactor, spent fuel storage pool. They 
also have a  contract with United Reprocessors (COGEMA) and a 
pending contract with BNFL.

The waste management program in Japan Is coordinated through 
the Japan Atomic Energy Commission (JAEC). The high-level liquid 
waste from the pilot reprocessing plant they have purchased from 
France will be stored Initially as acid liquid in stainless steel 
tanks pending a decision on solidification or more sophisticated 
processing treatment, such as partioning and transmutation which 
the Japanese have studied in some detail.

Japan does not permit the land burial of radioactive wastes 
at the present time. However, they are evaluating a number of 
sites for possible use. These are either at nuclear laboratories 
or nuclear power plants sites. Since Japan has no terminal storage 
capability, low-level waste is currently being mixed with cement 
in drums and stored in warehouses and underground concrete trenches. 
The tentative conclusion is that Japan may have no suitable geologic 
formation on the home island. Therefore, they are Intensely



Interested in activities in other countries to conduct geologic 
disposal and while not open advocates of the program, are known 
to have intensive interest in seabed disposal. They are also 
intrigued by the island disposal concept.

Germany
The Federal Republic of Germany has an extensive nuclear 

power program, however, unlike its partners in United Reprocessing 
the French and the British, it does not have an existing spent 
fuel reprocessing capability except for the small WAK 40 MT/yr 
experimental reprocessing facility located at Karlsruhe. The 
FRG has a commitment from their French United Reprocessing partner, 
COGEMA, to reprocess all uncommitted German fuel discharged 
through 1931.

The FRG is heavily committed to spent fuel reprocessing 
and eventual geologic disposition. In fact, approval of reactor 
construction licenses have been contingent on the Radiation 
Irotectlon and Reactor Safety Commission's approval of a re­
processing and waste disposal complex. Recently these two 
Commissions concluded that the feasibility of such a concept is 
proven from a safety and technological point of view.

The merman nuclear industry and political and governmental 
circles feel that in order to gain public acceptance of nuclear 
power they must prove that nuclear wastes can be handled and 
disposed of safely. The classic FRG position to date has been 
that reprocessing is an essential precondition to effective 
disposal of radioactive wastes. It is also Important to them 
that nuclear power, including the backend of the fuel cycle, must 
be successfully demonstrated domestically in order to demonotrate 
to the world nuclear export market that German industry has the 
technical and management resources required for both converter 
and breeder reactor systems.

The FRG does not expect to have its first commercial 
reprocessing plant in operation until the late 1980's. This is 
expected to be a 1400 metric ton per year plant to be located at 
Gorleben In Lower Saxony. The Germans plan to concentrate 
reprocessing, recycling and disposal of fissionable material, 
waste handling treatment and storage at Gorleben. It is also 
their plan to solidify their high level waste and to place it in 
intermediate storage in retrievable form to allow sufficient time 
to develop and demonstrate a final disposal system in geologic 
formations.
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As a result of reactor storage pool size restrictions and 
the distant dates for the operation of the reprocessing plant, 
the government plans to construct large scale, away from reactor, 
storage pools (3500 MTU capacity by 1989) to be located at the 
eventual reprocessing site.

Waste processing technology in the FRG is being developed 
for treating high-level, alpha contaminated, intermediate-level, 
and airborne waste. The German plan for high-level liquid waste 
disposal Involves spray calcination and vitrification.

The Germans are recogniz.id as one of the world's leaders 
In the disposal of radioactive waste. They have a salt mine 
located at Asse which is receiving waste on a routine basis much 
like a scaled-down version of the pilot plant for DOE defense 
waste in New Mexico. Their Asse salt mine is limited to waste 
having a .low transuranic content and is not intended to serve as 
the major fuel reprocessing waste disposal facility.

Belgium

Belgium presently ha3 three operating power reactors and 
another four planned for operation by 1982. Currently none of 
the fuel from these reactors is committed for reprocessing.
Reportedly* Belgium is planning to expand the storage pools at 
some of the reactor sites.

Until July 1974, the Eurochemic reprocessing plant was 
operated at Mol, Belgium as a multinational pilot venture. At 
that time it was shut down as uneconomic. The Belgium government 
is now considering refurbishing, upgrading, and reopening that 
plant by mid 1981. Its capacity would ba devoted to Belgium 
needs. Reportedly the plant would be brought up to full 30C MTU/ 
year capacity over a 3 to 4 year period.

The Belgium government's proposed Waste Management Research 
and Development 5 Year Plan for 1978-1982 includes work to be done 
mostly under the framework of the Commission of European Communities, 
in the following areas: Radioactive waste burial in geologic
formations; studies of compaction and encapsulation of cladding waste; 
Investigation of high temperature incineration of plutonium containing 
waste; and purification of gas released from reprocessing operations.

A waste management technical exchange agreement with the 
U.S. is now under negotiation. The proposed areas of cooperation 
are: terminal storage in geological formations; technology of
retrievable storage; high level waste solidification and environmental 
effects of radioactive waste disposal.



Sweden

Sweden currently has five LWF plants in operation, two more 
expected to begin operation shortly and a total of twelve reactors 
are expected to be in operation by 1983.

The Swedish government requires that, prior fco initial 
operation, react:or operators must demonstrate that they have a 
valid reprocessing contract and demonstrate that waste generated 
can be safely deposited or demonstrate that: spent fuel can be 
stored with absolute safety.

In 1976 a waste management policy committee chartered by 
the government recommended that Sweden develop a reprocessing 
and waste management capability. With the recent change in 
government: emphasis is being placed on external reprocessing 
with a major research and development effort: directed toward 
the disposal of nuclear wastes in Sweden. However, the Swedish 
government has indicated that they will not have their fuel 
reprocessed until the completion of International Nuclear Fuel 
Cycle Evaluation Prograin.

The present waste management strategy la to store solidif.■ fid 
waste or unreprocessed spent fuel in bed rock, probably granite 
foundations. Therefore, waste management research and development 
is directed toward this end. The present program includes:

. Ion exchange processes for fractionation of hip^ level 
liquid wastes and collection of radionuclides in solid 
form.

. Powder-pressing and sintering techniques for making 
waste glass forms and for making ceramic containers 
for spent fuels

. Design of underground spent fuel storage pools

. Preparation for commissioning a pilot plant for terminal 
storage of spent fuel or solidified high level wastes

Recently a Swedish group has been concentrating on a scheme 
that would involve the placement of high level wastes or unreprocessed 
spent fuel in crystalline rock waste repositories located in existing 
mine shafts at depths on the order of 500 meters. The waste or spent 
fuel would not be put into a final repository until after a sufficiently 
long cooling period such that the rock in the vicinity of the cannisters 
would not exceed 60°C.
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This group is especially interested in the retardation of 
hydrologic flow and repository designs with long sorptive flow 
paths to the biosphere. For this reason they are looking at the 
placement of secondary barriers, immediately around the waste 
containers, made of material with high absorptive properties 
such as bentonite (a clay mineral) and the backfilling of the mine 
workings with this material after the wastes are in place.

USSR

It is estimated t) at the USSR will have on the order of
20,000 MWe of nuclear power generating capacity on line by the 
early 1980s. The USSR has a significant LMFBR program and is 
committed to the plutonium breeder cycle.

According to available information, the Soviet Union does 
not have a commercial-scale spent fuel reprocessing plant on line 
but is reportedly building one with a 5 metric ton per day 
capacity, to be operational in the early 1980s. A vitrification 
plant to be located near the reprocessing plant is also projected.

The USSR has an experimental high level waste solidification 
program. They have a pilot vitrification unit using a single 
stage phosphate glass process that has been operating for several 
years. They have also been working with a two stage fluidized bed 
calcination process.

In the area of high level waste disposal, studies of geologic 
isolation have been conducted, however, they presently seem to 
emphasize surface storage for solidified high level wastes.
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I . INTRODUCTION
The term”"waste management" encompasses a complex system comprised 
o f  numerous types, sources and d i spo s i t ion s  of rad ioact ive  waste 
and the processing and transporta tion required to move them from 
source to ul t imate d isposa l .  To f a c i l i t a t e  the understanding of  
waste management as a system, two basic cases are defined and analyzed.
The object ives  of th is  an a ly s i s  are mult i fo ld :

a) to e x p l i c i t l y  express the physical  nature of the waste
management system;

b) to i de n t i f y  and analyze the consequences o f  key assumptions;
c) to provide a framework fo r  ident i fy ing  the major decis ions

and act ions  required to make the system v iab le ;  and
d) to define the boundaries of poss ib le  condit ions and s i tu a t io n s  

that may develop in the future.

What fo l lows are, admittedly, two extreme cases. This i s  not to 
imply that a l l  the assumptions for each case are extreme and, by 
imp l icat ion ,  u n r e a l i s t i c .  Rather, the composite e f fec t s  of indiv idual  
assumptions fo r  each y ie ld  re su l t s  which delineate broad boundaries 
fo r  the whole waste management system. Both cases are genera l ly  
cons is tent  with the proposed policy.

11• CASE DESCRIPTIONS
the’  f i r s t  case re f l e c t s  a geographica l ly  centra l ized waste 
management system.

Case I i s  designed to minimize  the need for LLW (low level waste) 
buria l  ground acreage and the need and number of geo log ic  repos i to r ie s  
for TRU ( t ransuran ic )  waste, HLW (high level wastes),  and spent 
fue l.  This i s  accomplished through assumptions which re f le c t  low 
nuclear capac ity  leve l s ,  volume reduction techniques for  LLW and 
TRU, sm a l l - s ca le  decontamination and decommissioning (D&D) programs 
fo r  commercial and DOE f a c i l i t i e s ,  and minimization of material  sent 
to a s in g le  DOE repos i tory  (WIPP).

The second case describes a l a rge r ,  more decentral ized waste management 
system. Case 2 i s  structured to maximize burial  ground needs and the 
need and number o f  re po s i to r ie s  (DOE and commercial) by assuming s i g n i f i c a n t  
nuclear growth cons is tent  with the National Energy Plan (NEP), no volume 
reduction for  LLW and TRU, a moderate sca le  D&D program for DOE and 
a large commercial D&D program, maximization of DOE material  sent 
to two DOE re p o s i to r ie s ,  and more techn ica l ly  conservative  
repository  design  assumptions.
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The fo l lowing  d i scuss ion  focuses on the forms and quan t i t ie s  of 
rad ioact ive  wastes to be handled and the requirements for t ransport ing  
and d ispos ing  o f  them. Table K-l summarizes the assumptions us..d in 
each case. Assumptions about nuclear power and repository  design which 
apply throughout the appendix are d iscussed below. Other assumptions 
are presented in the appropriate sect ion.

Table K-2 g ives  the nuclear capac ity  project ions used 1n the cases. The 
f i r s t  project ion includes only those reactors which are presently  
operating or have construct ion permits or l imited work author izat ions .
The secund projects  nuclear growth cons is ten t  with the National Energy Plan.  
Tablo t<-3 presents annual spent fuel and waste generation rates fo r  a 
typ ica l  1000 MWe reactor (1/3 BWR, 2/3 PWR) and assoc ia ted  fuel cycle  
a c t i v i t i e s ,  assuming a "once through" fuel cycle (no re p rocess ing ) , an 
average capac ity  fac tor  of 67 percent, a thermal e f f i c ie n c y  of .32, and 
an average burnup of 25,000 MWD/MTHM. Table K-4 summarizes key 
repository  design assumptions fo r  the commercial spent fuel repos i to r ie s  
and required DOE repos i to r ie s .  (These design bases are covered in more 
deta i l  in Appendix E and la te r  sect ions . )
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TABLE K-1 

CASE DESCRIPTIONS

DESCRIPTION

Nuclear Capac ity,  Year 2000 

Commercial Waste Generation 

o Low Level Waste

- Reactors

Through 1980

CASE 1 

148 GWe

CASE 2 

380 GWe

1981-1985

Post-1985

- Fuel Cycle
- Non-Fuel Cycle

a) Past Experience
Continues

b) Volume reduced to
1/3 of a)

Past Experience 
Continues

( a l l  years )  

1c) Volume reduced to 
1/9 o f  a)

{Same annual quan t i t ie s  per reactor fo r  both cases)  
(Same project ion  for both cases)

- D&D to  the year 2000

o Transuranic Wastes 

DO" Waste Generation 

o Low Level Wastes

- Operations

Through 1985 
Post-1985

D&D to the year 2000

- Other

o Transuranic  Wastes

- Operations

- D&D to the year 2000

- F.xhumation of buried
TRU

Mothball  5 
reactors

Dismantle 5 
reactors

(Same fo r  both cases)

No volume reduction 
Volume reduced to 1/5

10 m i l l i o n  cubic feet

Decontaminated s a l t

Volumei reduced to 1/5 
a f te r  1985

5 m i l l i o n  cubic feet

No

No volume reduction 
( a l l  y e a r s )

160 m i l l  ion cubic feet

none

No volume reduction

95 mi l l  ion cubic feet

Yes
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Table K-l  (continued)  

CASE 1

o High Level Wastes

- Savannah River  
(Decontaminate s a l t
cake and v i t r i f y  the 
balance)

- Idaho (ca lc ine  or
v i t r i f i e d  ca lc ine )

- Richland (same as
Savannah River)

- West Va l ley  (NFS)

1. S a l t  cake to LLW 
buria l

2, Balance to WIPP

Entomb o n - s i t e

1. S a l t  cake to LLW
buria l

2. Balance to
WIPP

V i t r i f y  and co locate  
with DOE HLW

CASE 2

A l l  waste sent to 
WIPP

Ship to WIPP

A l l  waste placed 
in a ba sa l t  repos i tory  
below s i te .

Same as Case 1

o ORNl. Intermediate 
Level Wastes

In ject  grout made with Same as Case 1 
waste into  hydrofractured  
shale below s i t e
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TABLE Kr2 - NUCLEAR CAPACITY PROJECTIONS

Gigawatts (GWe)

Year C a s e ~ W ~ Case 2 ^

77 47.9 47.9

80 61.1 61.1

85 126.9 126.9

90 148.4 194.6

95 148.4 282.8

2000 148.4-/ 380.0 - /

-^The 148.4 level represents reactors  which are now operating or  have 
construct ion  permits or l imited work author izat ions .

^ C o n s i s t e n t  with the National Energy Plan.

■^Excludes decommissioning.
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TftBLE K-3

ANNUAL WASTE GENERATION RATES 
(Normalized to a TypTcaTTDOO MWe LWR)

Spent Fuel Discharged (Ave.) 25.4 MT0HM/yr
(332 f t v y r )

Low Level Waste, Onsi
3

a) Present Experience 45,000 f t  / y r

b) Design B a s i s  15,000 f t 3/ y r
2/ 3

c)  Advanced Volume Reduction- '  5,000 f t  / y r

Low Level Waste, O f f s i t e

a) Uranium M i l l ,  T a i l i n g s  S o lu t io n s -^

T a i l i n g s  So l id ' s3-/

b) UFg Conversion

c) Enrichment-^’-^

d) Fuel Fabr ica t ion

Transuranic  Waste, Ons ite  and O f f s i t e

254,000 tfT/yr

96,000 KT/yr

1,200 f t 3/ y r

50 f t 3/ y r

750 f t 3/ y r

0

-^Rough ly  40% of current  volumes generated i s  contaminated trash.

^  This estimate r e f l e c t s  the use o f  methods which are present ly  
not economical. Current, a l lowable  a c t i v i t y  le v e l s  per package 
may preclude actual achievement o f  t h i s  leve l in  the future.

These wastes are current ly  disposed o f  at the p rocess ing  f a c i l i t y  s i t e .

4 / This value 1s based on gaseous d i f f u s i o n  technology. The new 3 
centr i fuge  process could p o t e n t i a l l y  generate more (up to 2900 f t  / y r ) .
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TABLE K-4

REPOSITORY DESIGN ASSUMPTIONS 

(Commercial and DOE)

CASE 1 CASE 2

A. Medium S a l t Sa l t (except  fo r  ba sa l t  at RL)

B. HLW heat load 150 KW/acre-^ 100 KW/acre?/ (127 for  basa l t )

C. Spent fuel, min. age 
heat load

5 years  
99 KW/acre

5 years  
66 KW/acre£/

D. TRU and other non­
heat l im ited  waste

36,600 ft^/acre Same as Case 1

\ j  These parameters r e f le c t  the amount of heat generated per acre 
when the materia l  i s  emplaced in the repos i tory ,  as described in 
Appendix E, assuming 5 year r e t r i e v a b i l i t y .  The spent fuel parameter 
has been adjusted for  the shorter  period o f  coo l ing  ( 5 vs. 10 years ) .  
Since spent fuel emplacement i s  determined by long-term heat e f fec t s  
(thousands o f  ye ar s ) ,  which do not vary dramat ica l ly  with the age of 
the fue l ,  the i n i t i a l  heat loads are higher than for  10 year old fue l.

?.J A r b i t r a r i l y  es tab l i shed  at 2/3 o f  the Case 1 values to r e f l e c t  a 
greater degree of technical  conservatism.
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l l  J • LOW LEVEL WASTE (LLW) STORAGE REQUIREMENTS
there are three bas ic  source's o f  commercial low-level waste: 
nuclear reactors  and assoc ia ted fuel cycle f a c i l i t i e s ;  non-fuel  
cycle  sources such as industry,  academia, and hosp i ta l s ;  and D&D 
a c t i v i t i e s .

Table K-5 projects  the quan t i t ie s  o f  LLW expected from these 
sources fo r  Case 1.

The model reactor data in Table K-3 were used fo r  project ing  LLW 
from reactor and fuel cycle a c t i v i t i e s .  I t  i s  assumed for  reactor  
waste that  volumes cons is ten t  with past experience w i l l  continue 
through 1980, fol lowed by achievement o f  leve l s  expected when the 
reactor  was designed for  1981-85 and i n s t i t u t i o n  of  advanced volume 
reduction techniques thereafter.  Low leve l waste (LLW) from 
reactor  operations ( i . e . ,  ons ite)  c o n s i s t s  o f  contaminated trash,  
used HEPA f i l t e r s ,  ion exchange re s in s ,  e tc . ,  and i s  packaged and 
shipped to commercial bur ia l  grounds fo r  d i spo sa l .  The packaging  
step increases the volume by a fac to r  o f  2. Present operating  
pract ice s  re su l t  1n volumes which are 3 times what was ant ic ipa ted  
during design  and about 9 times more than i f  advanced, though not 
present ly  economical, volume reduction techniques were in s t i tu te d .

LLW is  a l so  generated by fuel cycle  a c t i v i t i e s  related to the reactor,  
as p rev ious ly  shown in Table K-3 normalized o one year o f  reactor  
operat ion.  Only UFg conversion and fuel fab r ica t ion  LLW are packaqed 
and shipped to commercial bur ia l  grounds, Volume reduction i s  not 
assumed for  fuel cycle wastes shipped o f f s i t e .  LLW generated by 
I n d u s t r i a l ,  academic, medical and other sources are a lso  not expected 
to undergo volume reduction because the p a r t i c u la r  quan t i t ie s  generated 
by these many small contr ibutors  probably preclude economic j u s t i f i c a t i o n  
of  ind iv idua l  Investment in volume reduction f a c i l i t i e s .  F in a l l y ,
LLW from D&D a c t i v i t i e s  are assumed not to undergo volume reduction,  
since much o f  the material  i s  contaminated equipment.

The quan t i t ie s  of projected LLW under Case 2 assumptions are presented 
in Table K-6. Ind iv idua l reactor waste quan t i t ie s  re f le c t  a continuation  
o f  previous experience without any volume reducti  )n and are appl ied to 
the 380 GWe projected fo r  the year 2000. Fuel cycle wastes on a 
normalized bas is  are unchanged. The to ta l  waste from non-fuel cycle  
sources are the same as in  Case 1. The D&D component, however, re f le c t s  
complete d ismant l ing  of the f i v e  small reactors ,  as described in 
Appendix H.
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TABLE K -5  -  TOTAL COMMERCIAL LLW GENERATED -  CASE 1
( m i l l i o n s  b f T u F I c  f e e t )

Year

77

78

79

80 

81 

82

83

84

85

86
87

88

89

90

91

92

93

94

95

96

97

98

99 

2000

Reactors and 
Fuel Cyc lej£_

2.25 

2.45 

2.69 

2.87 

1.21 
1.40 

1.59 

1 .8 6  

2.15 

0.98 

1.01 

1.02 

1.02 
1.03

Non-Fuel
Cycle

1.0

1.5

2.0

2.5

V
3.0

Total
D&D^ Ann. CumT Required

Bur ia l  Ground 
Acres

3.25

3.45

3.69

3.87

2.71

2.90

3.09

3.36

3.65

2.98

3.01

3.02

3.02

3.03 

3.53

4.03

3.25

6.70

10.39

14.26

16.97

19.87

22.96 

26.32

29.97

45.03

62.68

11.82

24.36

37.78

51.85

61.71 

72.25 

83.49

95.71 

108.98

163.75

227.93

" 0.01 4.04 82.84 301.24

-^Re f lec t s  present experience (77-80), design ba s i s  (81-5),  and advanced volume 
reduction ( 86- 2000) for reactor wastes.

•^Mothball 5 reactors ,  each y ie ld in g  2000 f t 3 .

3/At 275,000 f t 3/acre.
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TABLE K -6  » TOTAL COMMERCIAL LLW GENERATED -  CASE 2
( m i l l■ I o n s  o f  c u b i c  f e e t )

Bur ia l  Ground

Year
Reactors and 
Fuel C.yclal/

Non-Fuel 
Cycle D&D^

Total  
Ann. Cum.

Acres «/ 
Required-

77 2.25 1.0 D 3.25 3.25 11.82

78 2.45 3.45 6.70 24.36

79 2,69 3.69 10.39 37.78

80 2.87 3.87 14.26 51.85

81 3.34 1.5 4.84 19.10 69.45

82 3,78 5.28 24.38 88.65

83 4.40 5.90 30.28 110.11

84 5.14 6.64 36.92 134.25

85 5.98 7.48 44-40 161.45

86 6.62 2.0 8.62

87 7.21 9.21

88 7.80 9.80

89 8.43 10.43

90 9.14 11.14 93.60 340.36

91 9.88 2.5 0.10 12.48

92 10.67 13.27

93 11.46 14.06

94 12.35 14.95

96 13.28 15.88 164.24 597.24

96 14.21 3.0 17.31

97 15.14 18.24

98 16.07 19.17

99 17.00 20.10

2000 17.84 20.94 260.00 945.45

-^Based on current experience, no volume reduction.  

-^Dismant le  5 reactors.

^ A t  275,000 f t 3/acre.
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Both tab les  a l so  provide the acres o f  buria l  ground required to 
accommodate these wastes assuming an average u t i l i z a t i o n  factor  
based on commercial pract ice  of 275,000 f t fyacre .  As shown, the 
cumulative acres required d i f f e r  by a fac tor  of about 1.5 in 1985,
2 in 1990, and 3 in the year 2000. The 1985 di fference  i s  due 
s o le ly  to lower unit quant i t ies  generated by reactors ,  s ince  
nuclear capac ity  in 1985 for  both cases i s  the same, whereas tho 
d i f ference in the year 2000 1s due about equally  to d i f f e r i n g  
nuclear capac ity  le v e l s  and unit  quan t i t ie s  deriv ing  from volume 
reduction techniques.

Project ions  of LLW re su l t in g  from DOE programs are given fo r  Case 1 
and 2 assumptions in Table K-7 and K-8  respect ively .  Case 1 re su l t s  
depict  a constant generation rate of 1.25 m i l l i on  f t 3/year from 
normal operations through 1985, when volume reduction techniques which 
cut the rate to 1/5 the o r ig in a l  level are assumed. This assumption i s  
genera l ly  cons is tent  with current DOE R&D programs for  developing  
volume reduction technology. Case 2 projects  the constant rate o f  1.25 
m i l l i o n  ft3/year  through 2000.

The D&D program inpacts  re f le c t  ' sm a l l "  and "moderate1' programs for 
Cases 1 and 2, respect ive ly ,  and are described in more de ta i l  in 
Appendix H. The "other"  category perta ins  only to Case 1 and includes  
about 10 m i l l i o n  cubic feet o f  decontaminated s a l t  recovered from the 
removal o f  rad ionuc lides  from HLW present a t  RL and SR. (The decontaminated 
s a l t  cake i s  a " f l u f f y "  product which has a la rger  volume than the material  
processed.) For ca lcu la t iona l  purposes, the projected HLW inventory f o r  
the beginning of 1985 (as discussed l a t e r )  i s  assumed to be processed 
over the preceding f i v e  years with the fol low-on rate representing  the 
decontaminated s a l t  cake derived from newly generated HLW a f te r  1984. (Th is  
may not re f le c t  ac tua l ,  future p rac t ice . )

Also  shown i s  the buria l  ground acreage required, assuming the commercial 
pract ice  rate o f  275,000 ft^/acre.  Though DOE experience to date i s  
a c tu a l l y  about 1/2 t h i s  value, i t  i s  assumed that the assumption of  
r e s p o n s i b i l i t i e s  fo r  commercial bur ia l  grounds, as proposed under the 
new po l icy ,  w i l l  lead to l i cen s ing  of a l l  s i t e s .  Th is ,  coupled with the 
premium placed on dedicat ing  land fo r  th is  purpose in the future,  may 
r e s u l t  in a future DOE u t i l i z a t i o n  fa c to r  more comparable to commercial 
experience.

The acreage of bur ia l  grounds required to handle LLW from DOE and commercial 
sources are summarized in Table K-9 f o r  both cases. The commercial r e s u l t s  
show that  addit iona l  acreage beyond the presently unused and l icensed  
360 acres would be required a f te r  2000 fo r  Case 1 and around 1990 fo r  Case 2, 
This  , in f a c t ,  i s  not p a r t i c u la r l y  s i g n i f i c a n t  under the proposed po l icy  
s ince the d i s t i n c t i o n  between commercial and DOE s i t e s  would be lo s t .
However, the fac t  that  volume reduction techniques can have such a 
profound e f fe c t  on land requirements leads to the fo l low ing  recommendations:



TABLE: K - 7 -  TOTAL DOE LLW GENERATED -  CASE 1
' ( m i l l i o n s  o f  c u b i c  f e e t )

Year Base

77

78

79

80 

81 

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99 

2000

1.25

D&D

0

Other

Bur ia l  Ground 
Total Acres 9/

z!

2.03 1/
0.5

0.16

Ann. Cum. Required

1.25 1.25 4.55

1.25 2.50 9.09

1.25 3.75 13.64

3.28 7.03 25.56

3.78 10.81 39.31

14.59 53.05

18.37 66.80

22.15 80.55

1.91 24.06 87.49

0.25 0.91

28.61

33.16

104.04

120.58

37.71 137.13

T7— ------------------ —
-  Decontaminated s a l t  from SR & RL HLW processing.  Backlog i s  assumed to  

be worked o f f  by beginning o f  1985, though t h i s  may not be the actual  
pract ice.

At 275,000 f t 3/ac re .  Actual experience has been roughly  h a l f  t h i s  va lue in  
the past.
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Year

77

78

79

80 

81 

82

83

84

85

86

87

88

89

90

91

92

93

94

95 

9(5

97

98

99 

2000

TABLE K -8  -  TOTAL DOE LLW GENERATED^
( n r i l T i o n s  o f  c u F T c  f e e t " )

CASE 2

Base

1.25

D&D Other

0

ffnnT
1.25

Total

8.0 9.25

Cum.

1.25 

2.50 

3.75 

5.00

14.25 

23.50 

32.75 

42.00

51.25

97.50

143.75

Bur ia l  Ground 
Acres , ,  

Required--

4.55

9.09

13.64

18/18

51.82

85.45

119.09

152.73

186.36

354.55

522.73

190.00 690.91

37aT  275,000 f t  /acre. Actual experience has been roughly  h a l f  t h i s  value  
in the past.
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TABLE K-9, - LLW BURIAL GROUND REQUIRED 

(acres--/)

Case 1 Case 2
By Year DOt Commercial M i l . D P I ' Commercial Total

1980 26 52 78 18 52 70

1985 87 109 196 186 161 347

1990 104 164 268 355 340 695

1995 121 228 349 523 597 1120

2000 137 301 438 691 945 1636

X)-- ------------ — -- q
“'Assuming average u t i l i z a t i o n  of  275,000 f t  /acre.  Excludes acreage used 

through January 1, 1977.

4
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a) Substant ia l  opportun it ies  e x i s t  to reduce the volume of  
waste for  buria l  in the future through minimization of 
volume creation at the source and through volume reduction 
p r io r  to d i sp o s i t i o n .  DOE should pursue these approaches 
a g g re s s ive ly ;

b) Cons iderat ion should be given to both R&D and i n s t i tu t io n a l  
approaches ( e . g . ,  p r i c in g ,  support of centra l ized volume 
reduction f a c i l i t i e s )  to reduce the volumes o f  waste buried; 
and

c) A l te rna t ive s  to shal low land burial  (hydrofraetur ing;  deep geo log ic  
disposa l  fo r  some m ater ia l s )  should a l so  be pursued.

Prese n t_ I.L W_S i t u at ion
Th ere "X :e”'sTx~ 1 icensed , commercial low level bur ia l  grounds current ly  
e x i s t in g  in the United S tates ,  but two are present ly  closed. (A new 
s i t e  near Cimarron, New Mexico, 1s under considerat ion by the s ta te ) .  
Waste buried to date at these s i t e s  i s  summarized in Table K-10 and 
t o t a l s  '15.8 m i l l i o n  cubic feet.

The current volume of DOE low level waste buried at seven major s i t e s  
and numerous smaller  ones 1s shown 1n Table K - l l  and equals almost 51 
m i l l i o n  cubic fee t ,  c o n s i s t in g  o f  7,000,000 cubic feet of dried sludge  
and 44,000,000 cubic feet o f  s o l i d s .  These quan t i t ie s  include DOE 
transuranfc waste burled p r io r  to 1975. (The recent generation rate  
of  DOE low-level  waste i s  roughly  comparable 1n volume terms to 
so l id  waste generated annually  by a community o f  55,000).

1v • TRANSURANIC WASTES (TRU)
For case purposes',”aTTTRU wastes are assumed to be emplaced 1n DOE 
geolog ic  r e p o s i to r ie s ,  Inc lud ing  commercial TRU. Transuranic waste 1s 
" u n o f f i c i a l l y "  defined as low level waste with concentrat ions of  
transuranic  elements in excess o f  10 nanocuries/gram. (This cu to f f  
level i s  under review by NRC but has been adopted by the bur ia l  s i t e  
operators ,  save Hanford).

I



Table K -1 0

EXISTING COMMERCIAL LOW LEVEL WASTE (LLW) 
(as oFT/T777j

Site^ Status
Millions of 

Cubic Feet Buried2 /

Barnwell, S.C. 

Beatty, Nev. 

Hanford, Wash. 

Maxey Flats, Ky. 

Sheffield, 111. 

West Valley, N.Y.

Open

Open

Open

Closed

Open

Closed

Total

3.52 

1.97 

0.51 

/i. 95 

2. AO 

2.46 
15.81

1/ Another site near Cimarron, New Mexico, is under considerat ion  
by the state.

2/ Includes commercial TRU waste buried.
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Table K-11

(as of 1/1/77)

Millions
Site Cubic Feet 1
Hanford, Wash. 6.40

Idaho Falls, Idaho 5.27
Los Alamos, N.M. 8.55
Oak Ridge national Lab,, Tenn. 6.42

Savannah River, S.C. 9.27
Nevada Test Site 0.27

Sandia Lab., N.M. 0.04
Otheri/ 14.59

Total 50,81

y

y  Includes p rev ious ly  burled TRU waste.

2/ These are wastes contaminated with uranium
only which are buried onsite at Pantsx (Texas),
fmpc (Ohio), National Lead (N .Y . ) ,  ORGDP and 
Y-12 (Tenn.), Paducah (Ky.), Portsmouth (Ohio), 
and Weldon Spr ings  (Mo.),
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Projected quant i t ies  of  TRU waste generated by DOE programs and commercial 
sources; are given in Tables K-12 and K-13 f o r  Cases 1 and 2, respect ive ly .  
For DOE! programs, a constant generation rate  o f  250,000 f t ^ / y r  i s  assumed 
fo r  Case 2 whereas Case 1 re f le c t s  a volume reduction to 1/5 the o r i g in a l  
l e ve l ,  as assumed e a r l i e r  for  LLW. However, s ince stored and newly 
generated TRU w i l l  be re a d i ly  a v a i l a b le  p r io r  to emplacement 1n a 
repos i to ry ,  volume reduction I s  assumed to apply to both.. TRU 
wastes re su l t in g  from the small and moderate DOE D&D programs used in 
the e a r l i e r  LLW sect ion  a l so  apply (see Appendix H fo r  d e t a i l s ) .
Commercial generation rates  in both cases  are assumed to continue at  
th e i r  1977 leve ls  (10,000 f t ^ / y r ) .  Case 2 a l so  assumes exhumation of  
a l l  p rev ious ly  buried DOE TRU waste over the 1981-90 timeframe. Volume 
reduction o f  wastes from commercial sources,  exhumation, and D&D 1s not 
assumed. (A large f r a c t i o n  of D&D materia l  i s  contaminated equipment and 
s o i l .)

The acres o f  repos i to ry  required to receive these qu a n t i t i e s  are a lso  
shown. An e f fec t ive  u t i l i z a t i o n  fa c to r  o f  36,000 f t 3/ to ta l  acre i s  used 
s ince TRU wastes are not heat l im ited.  Th is  f i gu re  r e f l e c t s  a packing 
e f f i c ie n c y  o f  0.6 (due to the geometry o f . the  conta ine rs ) ,  s torage room 
(440* x 36' x 12 ')  c a p a ' U ;  o f  190,000 f t^  x 0.6 or 114,000 f t J , 8 rooms 
per 21 acres of useable i^ .ce ,  and a to ta l  useable space of 1680 acres 
per each 2000 acre reposi tory .  As shown, the acreage requirements by 
the year 2000 d i f f e r  by a fac to r  of over 15. The predominant reason 
fo r  th i s  d i f ference 1s the much larger  scope of  the D&D program assumed fo r  
DOE under Case 2.

ATJL TRU wastes are assumed to be shipped to the WIPP f a c i l i t y  for  d i sposa l .  

Pres ent TRU S i tua t ion
E x i s t i n g  fnventorTes"of commercial t ransuran ic  waste are buried at f i v e  
o f  the s ix  commercial low level bur ia l  s i t e s  ( I . e . ,  the Barnwell,  South 
Caro l ina,  s i t e  has always prohib ited bur ia l  o f  transuran ic  wastes).  The 
TRU content o f  low leve l waste buried t o t a l s  123 ki lograms,  and ranges 
from 69 ki lograms at Maxey F la t s ,  Kentucky, to 4 ki lograms at West Va l ley,  
New York, as shown in  Table K-14. The only commercial waste bur ia l  s i t e  
current ly  receiv ing TRU waste i s  Hanford.



TABLE K-12- TOTAL TRU WASTE GENERATED -  CASE 1 
(mi'1'1 fon's’ o'f cubic feet)

Year

77 + Stored

78

79

80 

81 

82

83

84

85

86
87

88
89

90

91

92

93

94

95

96

97

98

99 

2000

Base"
DOE Total   *j t I U t Q  I

DSI) Commercial-^ Ann. Cum.

0.05 + 0.34 0

0.05

0.25

0.01 0.40

0.06

0.31

0.58

1.82

2.13

2.44

2.75

3.06

3.37

3.68

3.99

4.30

4.61

4.92

5.23

5.54

5.85

6.16

6.47

6.78

Repository
Acres*/

Required^

15.9

49.9

58.4

66.8
75.3 

83.8

92.3 

100.8
109.3

117.8

126.3

134.8

143.3

151.8

160.3

168.8

177.3 

185.8

y Assumes cessat ion o f  burial  o f  commercial TRU.

36,000 f t 3/acre.
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Year

77 + Stored

78

79

80 

81 

82

83

84

85

86
87

88

89

90

91

92

93

94

95

96

97

98

99 

2000

TABLE K- 1 3 -  TOTAL TRU WASTE GENERATED -  CASE 2
( m i l l i o n s  o f  c u b i c  f e e t )

DOE ____ Jotal
D&D Exhumation Commercial Ann.Base Cum!

0.25

0 .
+ 1.72 

25

0 0.01

4.75 1.3

1.98

0.26

0.26

0.26

6.31

5.01

2.76

28.00

34.31

40.62

46.93

53.24

59.55

65.86

70.87

75.88

80.89

85.90

90.91

95.92

100.93

105.94

110.95

115.96

Repos itory  
Acres 

Required - *

75.6

767.1

940.0

1112.9

1285.8 

1458.6

1631.5

1804.4

1941.6

2078.9 

2216.2

2353.4

2490.7

2627.9 

2765.2

2902.5

3039.7 

3177.0

!_/ At 36,000 f t . 3/acre.



Table K-14

EXISTING COMMERCIAL TRANSURANIC (TRU) WASTE (ag Qf 1/J/77)

SITE BURIED TRU CONTENT (KG)

Barnwell, SC 0

Beatty, NV 14.3
Hanford, WA 22.7
Maxey Flats, KY 69.1
Sheffield, IL 13.4
West Valley, NY 3.6

123.1

1/ The associated volumes of TRU waste are not known. 
The only site presently receiving commercial TRU 
waste for burial is Hanford.
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Approximately 15,000,000 cubic feet of  TRU waste e x i s t  a t  s ix  
DOE s i t e s ,  as shown in Table M 5 .  Of that tota l  volume, nearly
2 ,000,000 cubic feet is  r e t r ie vab ly  stored while the balance i s  
burled. Bur ia l  o f  DOE TRU waste ceased at most s i t e s  in 1970 and 
at  a l l  s i t e s  by 1974.

Intermediate Level Haste - Oak Ridge

Some rad ioact ive  wastes generated at the Oak Ridge National Laboratory 
are disposed of ons i te  by mixing the wastes with cement and in jec t in g  
the re su l t an t  grout into the shale medium (after  hydrofractur ing)  
which e x i s t s  below the s i t e .  This technique has resulted 1n the 
disposa l  o f  1,600,000 ga l lon s  as o f  January 1, 1977. Of that t o t a l ,  
approximately 25 percent cons is ted of s ludge and the remainder, waste 
so lu t ion .  Annual add i t ions  o f  approximately 90,000 ga l lons  are 
expected to continue for the foreseeable future. This d isposal  
technique has no e f fec t  on buria l  grounds or repository  requirements.

V * HIGH LEVEL WASTES (HLW)

High level waste re su l t in g  from DOE defense and R&D related programs 
e x i s t s  in a var ie ty  of forms at  a number o f  s i t e s .  Total volume of high 
level waste stored at the Savannah River, Idaho and Hanford s i t e s  current ly  
equals 9.4 m i l l i o n  cubic feet and if, projected to decline to 9.1 m in i o n  
cubic feet  1n 1985 as a r e su l t  of  evaporation and processing (cesium/ 
strontium recovery and encapsulation;  ca l c in in g  of HLW). L iquids  
cons t i tu te  about 40 percent of the current volume, with s a l t  cake and 
sludge representing nearly a l l  o f  the remainder.

High level wastes have a l so  accumulated through the operation of  the
only commercial reprocessing plant 1n the United S ta tes ,  the NFS
f a c i l i t y  a t  West Va l ley,  New York (which I s  shutdown). These wastes current ly
to ta l  82,000 cubic feet and are stored in the form of  l i q u id s  in
underground tanks.

I t  i s  assumed below that a l l  e x i s t in g  HLW (Table K-16) and material  
projected through 1984 (Table K-17) are converted Into  whatever f in a l  
form i s  chosen for  each case by the end of  1984. This may not re f le c t  
actual p ract ice  in the future. HLW generated a f te r  1984 i s  assumed to 
be processed immediately.
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Table K-T5

EXISTING DOE TRW WASTE 
(m i l l io n s  o f  cubic feet  as o f  1/1/77)

Burled"^
Retrievably-
Stored Total

Hanford, WA 5.40 0.27 5.67
Idaho Falls, ID 2.30 1.28 3.5*
Los Alamos, NM 4.10 0.06 4.16
ORNL, TN 0. 2 0 0.05 0.25
Savannah Rivar, SC 1 . 0 0 0.06 1.06
Nevada Test Site <; 0 . 0 1 < 0 .0 1 <  0 . 0 1

Total 13.00 1.72 14.72

TRU Content (KG) (>700) (374) (>1 1 0 0)

l/_

2/

These are approximate volumes of TRU waste Included In the buried 
LLW. Buricl of DOE TRU v/aste ceased In 1974 (most sites In 1970).

Do not reflect any potential volume reduction.
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EXISTING HIGH LEVEL WASTE (HLW)"'' 
(Thousands of cubic feet as of 10/1/77)

Table K-16

DOB Total Liquid
Sa3 c 
Cake Sludfte Calcine

Savannah River 2900 1700 900 300 0

Idaho m 350 0 0 54

Hanford 6102.5 1600 2800 1700 0

Sub 9406.5 3650 3700 2000 54

West Valley (NFS)—^

Neutralized 
(600,000 gal.)

80.2 80.2 0 0 0

Acidic
(1 2 , 0 0 0 gal.)

1 . 6 1 . 6 0 0 0

Sub 81.8 81.8 0 0 0

Total 9488.3 3731.8 3700 2000 54

This reflects the present form of the existing waste, not 
necessarily the form that would be placed in permanent disposal.

CsjSi.*
Capsules

0

0

2.5

2.5

0

0

0

2.5

The neutralized waste 13 stored in a 750,000 gal. carbon steel tank 
while the acidic waste is in a 15,000 gal. stainlaos steel tank. 
There is a spare tank for each in case of leaks.



TABIK K-17

PROJECTED HLW (as of 1/1/83) 
(Thousands of cubic feot)
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DOE Total Liquid
Salt
Cake Sludge Calcine

CsjSr 
Ce pfeul

Savannah River 2630 560 1660 410 0 0

Idaho 310 150 0 0 160 0

HanfordI/ 6122.9 J 340 3060 1720 0 2.9
Sub 9062.9 2050 4720 2130 160 2,9

West Valley (NFS)

Neutralized 80.2 80.2 0 0 0 0

Acidic 1 . 6 1 . 6 0 0 0 0

Sub 81.8 81.8 0 0 0 0

Total 9144.7 2131.8 4720 2130 160 2.9

~ This assumes that the entire backlog of fuel from N reactor has 
been processed by 1/1/85 (i.e., Purex startup), which may not 
necessarily be the cade.
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The deta i led  der iva t ion  of  repository  acreage and bur ia l  ground impacts 
are shown for  both cases in  Tables K-18 (Savannah R iver ) ,  K-19 ( Idaho),
K-20 (R ichland),  K-21 (West V a l le y ) ,  and are genera l ly  se l f -exp lanatory.
The options  se lected for Savannah River,  Idaho, and Richland are among 
many contained in the corresponding Defense Waste Documents (DWD's) fo r  
those s i t e s  (NUREG-0043 for  West Va l ley ) .

VI.  REPOSITORY REQUIREMENTS FOR TRU AND HLW
the' acres of* repos i tory  required for  TRU and HLW 1n Cases 1 and 2 are 
summarized 1n Table K-22. The requirements are p r i n c i p a l l y  driven by 
the TRU waste quan t i t ie s  but 1n neither case exceed the to ta l  potential  
WIPP capac ity o f  4000 acres (2 leve l s  a t  2000 acres per level If, the 
waste i s  predominantly TRU). Case 2 re su l t s  In  two re p o s i to r ie s ,
WIPP and a smaller reposi tory ,  because i t  assumes some d isposa l  in  
b a sa l t  beneath the DOE reservation near Richland, Washington. The 
repos i tory  loading schedules 1n e i ther  case appear to be fe a s ib le ;  
however, the existence of  storage f a c i l i t i e s  a t  the s i t e s  makes the 
schedule less  c r i t i c a l .  As mentioned e a r l i e r ,  the HLW processing rates  
assumed may not r e f l e c t  actual future pract ice.

While there 1s no compelling land-use reason to pursue volume reduction  
of  TRU, such techniques might be necessary for  repos i tory  safety  
reasons such as prevention o f  placement o f  combustible material  ( f i r e  
hazard) or of waste that might generate s i g n i f i c a n t  quan t i t ie s  o f  gas 
through decomposit ion, thereby p o t e n t i a l l y  leading to a breach in  the 
geo log ic  formation.

In conc lusion, the potent ia l  o f  larqe volumes o f  TRU waste from D&D 
and exhumation supports the view that  WIPP should remain dedicated to 
the emplacement o f  TRU waste and p o s s ib ly  s o l i d i f i e d  h igh  level waste.

V I I .  REPOSITORY REQUIREMENTS FOR COMMERCIAL SPENT FUEL

For a once-through fuel cyc le ,  spent fuel i s  assumed to be disposed 
of  in  geolog ic  repo s i to r ie s .  Since spent fuel has a high (and long-  
l i v e d )  heat content, repository  design assumptions for  al lowable  
heat loads, as well as the age o f  the spent fuel disposed of,  become 
very important. General repository  design c r i t e r i a  and maximum loading  
rates  are presented in  Table K-23 for  the two cases.  The lower assumed 
heat load* for the spent fuel 1n Case 2 re su l t s  In a 2000 acre repos i tory  
capac ity  o f  two-thirds the capacity under Case 1 assumptions. Since the 
a b i l i t y  to handle can is te rs  conta in ing spent fuel 1s the l im i t i n g  fac to r ,  
maximum loading rates are the same in both cases. Repos itory and away-from 
reactor  (AFR) storage requirements fo r  both cases were ca lcu la ted,  assuming

* Case 2 heat loads in KW/acre were a r b i t r a r i l y  set  a t  two-th irds  o f  the 
value used 1n r ase 1 to r e f le c t  a higher degree of  technical  conserva­
t ism In reposi tory  design.
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TA8LE K-18-  SAVANNAH RIVER (SR) HLW

Case 1
’(150 KW/acre) Decontaminate s a l t  cake; v i t r i f y  rad ionuc l ides  and

remaining s ludge and l i q u id

Ship decontaminated s a l t  to LLW bur ia l

Ship g la s s  to WIPP

A) Beginning o f  1985 Inventory (assuming process ing  o f  ent ire  backlog)

i )  Decontaminated s a l t  s 2 . 6 0 m i l l i o n  f t  (9.5 acres at bur ia l  ground)

11) G lass  « 156,000 f t 3 @ 12.6 wat. ts/ f t3 ■ 1966 KW (heat l im i ted )  
fo r  heat load 3 150 KW/acre, repos i to ry  acres  “ 13.1

B) Generation rate (1985 on)

i )  Decontaminated s a l t  @ 140,000 f t 3/ y r  needs 0.5 acres /yr  ( b u r ia l )

11) G lass  @ 7000 f t 3/ y r  (88.2 KW/yr) needs 0.59 acres o f  repos1tory/yr

Case 2
XlOO KW/acre) Decontaminated s a l t  and g l a s s  from v i t r i f i c a t i o n  shipped

to WIPP

A) Beginning o f  1985 inventory

1) Decont. s a l t  (not heat l im i ted )  2.60 m i l l i o n  f t 3/36,000 f t 3/acre  «

72.2 acres

11) G lass  @ 1966/100 = 20.0 acres
TOTAL repos i to ry  §272"acres

(3) Generation rate

1) Decont. s a l t  140,000/36,000 3 3.89 acres/yr

11) G lass  @ 88.2/100 « 0.88_________
TOTAL repos i to ry  X T fl acres/yr
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TABLE K - 19 -  IDAHO ( ID) HLW

Case 1 Leave ca lc in e  (or  v i t r i f i e d  product) in bins and entomb

— No impact on WIPP or buria l  grounds ----------

Case 2 Ship ca lc ine  (or  v i t r i f i e d  product) to WIPP
TlW~i<W/acre)

A) Beginning o f  1985 inventory

180.000 f t 3 o f  ca lc ine  @ 17.5 w a t t s / f t 3 * 3150 KW 

Repos itory  acres = 3150/100 = 31,5 acres

B) Generation rate

11.000 f t 3/ y r  @ 17.5 w a t t s / f t 3 = 192.5 KW/yr = 1 . 9 3  acres /y r

(Acreage would be the same fo r  v i t r i f i e d  product since i t  is  heat l im i ted ,  

even though volumes o f  g l a s s  would be higher (294,000 f t 3 in  1985;

18,000 f t 3/y r  generated).)
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TA8LE K-20 - RICHLAND (RL) HLW

C | s e i  Decontaminate s a l t ,  recover Cs/Sr ,
v i t r i f y  balance ( inc lud ing  Cs/Sr  recovered)

Ship decontaminated s a l t  to LLW burial

Ship g l a s s  to WIPP

A) Beg inning o f  1985 inventory (assuming processing of ent ire  backlog)

1) Decont. s a l t  7,540;,000 ft^/275,000 a 27.4 acres of bur ia l  ground

11) G lass  from rad ionuc l ides,  sludge and l i q u id  a 485,000 f t 3/36,C00 

(not heat 1 mi ted 0 1 w a t t / f t3) *  13.5 acres

G lass  from Cs, Sr  capsules ° 2900 f t 3 G> 345 w a t t s / f t3 s

1000.5 KW/150 « 6.7 acres

TOTAL repos i tory  20.2 acres

B) Generation rate

1) Decont. s a l t  @ 24,000 f t 3/y r  .09 acres of b u r i a l / y r

11) G lass  (R, S & L) 1300 f t 3/yr/36,000 » 0.04 acres/yr

G lass  (Cs,  Sr)  53 f t 3/yr  (? 345 w a t t / f t 3 * 18.3 KW/yr <* 0.12 acre s /y r

TOTAL repos i tory  0.16 acres/yr

Case 2
"(100 KW/acre enuiv. Send decont. s a l t  and g la s s  to on~s1te ba sa l t
or 127 fo r  b a sa l t )  repos i tory

A) Beg inning of 1985 inventory

1) Decont. s a l t  7,540,000/36,000 * 209.b acres

11) G lass  (R, S, & L) 13.5 acres

G lass  (Cs,  Sr)  1000.5 KW/100 « 10.0 acres

TOTAL repos i tory  233.0 acres

B) Generation rate

i )  Decont. s a l t  24,000/36,000 » 0.67 acres/yr

i i )  G lass  (R, S, & L) 0.04

Glass  (Cs,  Sr )  18.3/127 -  0 J 4 _________

TOTAL repos i tory  0.85 acres/yr

This  i s  true because Cs & Sr  are the major sources of heat in  HLW.
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TABLE K-21 - WEST VALLEY (NFS) HLW 

Al l  Cases: V i t r i f y  and co locate  with DOE HLW 1n WIPP

Case 1
T T M T w /a c re )  600,000 gal + 12,000 gal y i e ld s

504 meter3 or 17,800 f t 3 o f  v i t r i f i e d  product (NUREG-0043)

Heat *> (0.7 BTU/hr - g a l )  (570,000 g a l )  +

(140 " " ) ( 30,000 g a l )  +

( 3 " " ) ( 12,000 ga l )  « 4,635,000 BTU/hr

* 1,359 KW

Acres - 1359/150 KW/acre “ 9.1 acres o f  repos i tory  

Case_2
ITTOO KW/acre) 1359/100 ° 13.6 acres of repos i to ry

(For purposes o f  case, th i s  material i s  assumed to be ava i la b le  by the 
beginning o f  1985.)
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TABLE K-22 - CUH. REPQSlTQRY M B £ $ .R im iJ m , lP 0 1 .M P .M S lJ A L L £ lJ .^

Case 1

TRU HLW
WIPP

Total

through
1984 49.9 42.4 92.3

85 58.4 43.2 101.6

86 66.8 43.9 110.7

87 75.3 44.7 120.0

88 83.8 45.4 129.2

89 92.3 46.2 138.5

90 100.8 46.9 147.7

91 109.3 47.7 157.0

92 117.8 48.4 166.2

93 126.3 49.2 175.5

94 134.8 49.9 184.7

95 143.3 50.7 194.0

96 151.8 51.4 203.2

97 160.3 52.2 212.5

98 168.8 52.9 221.7

99 177.3 53.7 231.0

2000 185.8 54.4 240.2

TRU
HLW 

(Excl.  RL)

C

WIPP
Total

B a s a l t  
Repository  
@ Hanford

767.1 137.3 904.4 233.0

940.0 144.0 1084.0 233.9

1112.9 150.7 1263.6 234.7

1285.8 157.4 1443.2 235.6

1458.6 164.1 1622.7 236.4

1631.5 170.8 1802.3 237.3

1804.4 177.5 1981.9 238.1

1941.6 184.2 2125.8 239.0

2078.9 190.9 2269.8 239. fi

2216.2 197.6 2413.8 240.7

2353.4 204.3 2557.7 241.5

2490.7 211.0 2701.7 242.4

2627.9 217.7 2845.6 243.2

2765.2 224.4 2989.6 244.1

2902.5 231.1 3133.6 244.9

3039.7 237.8 3277.5 245.8

3177.0 244.5 3421.5 246.6

1/ These schedules are not to Imply that  the material  must be emplaced in 
the time frame shown. Rather, the re su l t s  define the acreage requirements 
as a function o f  time if. the material  and re p o s i to ry ( s )  were both 
ava i la b le .
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TABLE K-23 - COMMERCIAL REPOSITORY DESIGN DATA

1) 2000 acre f a c i l i t y  in s a l t

2) Spent fue l  cooled 5 (or  more)
'$} Loading rates  (maximum)

Year 

P a r t i a l  year 

F i r s t  f u l l  year

2
3

4

5 on, un t i l  f u l l

4) Ult imate repos i tory  capac ity  

Case 1 -

99 KW/acre heat load when emplaced

99.000 MT capac ity  

(49.5 MT/acre)

Case 2 - ^

66 KW/acre heat load when emplaced- '

66.000 MT capac ity  

(33.0 MT/acre)

5 ) E a r l i e s t  time o f  f u l l  loading  

Case 1 - 13 years

Case 2 - 9 years

years.

MI
100

1500

5000

5000

5000

10,000

\J  A r b i t r a r i l y  se t  at 2/3 o f  Case 1 value to  r e f l e c t  a greater  degree of  
technica l  conservatism.
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the f i r s t  repos i tory  i s  a va i la b le  in 1988 ( f i r s t  f u l l  year 1989).
For th i s  ana ly s i s , an  AFR i s  assumed to hold 5,000 MT of spent fue l .

The spent fuel ava i la b le  for  geo loq lc  d isposa l i s  determined by:

a) the nuclear growth rate assumed, with the inc lu s ion  o f  10% of
fore ign spent fuel discharges through the year 2000 (or 22,000 MT); and

b) the c o o l in g  period required by the Government before  accept ing  
spent fuel for d isposal  (and storage,  i f  necessary),  The recent ly  
announced Spent Fuel Po l icy  requ ires  a minimum o f  f ive  years  coo l ing .

AFR requirements are expected to reach a maximum level during operation  
of the f i r s t  repos i tory  and then dec l ine  as the backlog 1s worked o f f .
In order to obtain conservative  estimates  of repos i tory  needs, the 
AFR backlogs are assumed to be depleted as rap id ly  as poss ib le .  Once 
the AFR's have been emptied, the schedule fo r  subsequent re po s i to r ie s  
i s  determined by not a l lowing another buildup in AFR spent fuel inventory.  
In  e f fec t ,  the AFR's can bo considered as standby capac ity  in the event 
repo s i to r ie s  are delayed or, in the extreme, a repos i to ry  must be emptied 
ear ly  in i t s  operational l i f e  due to some unforeseen occurrence.

AFR requirements are ca lcu la ted by subtrac t ing  the cumulative quant i ty  
of spent fuel placed in the repos i to ry  from the cumulative spent fuel  
a v a i l a b le  ( i . e . ,  cooled for  5 or more years)  fo r  d i sp o sa l .  The recent ly  
announced Spent Fuel Po l icy  env is ions  "Government1' AFR's (e i ther  owned 
by the Government or private  f a c i l i t i e s  under Government contract)  
being a v a i la b le  s t a r t i n g  in 1983. As a re s u l t ,  spent fuel a va i la b le  
through 1982 i s  subtracted from the cumulative values fo r  subsequent 
years  to re f le c t  the assumption that  a l i k e  amount o f  material  w i l l  
remain in private  storage f a c i l i t i e s .

For Case 1, Table K-24 shows that  on ly  one repos i tory  i s  needed through 
2005 and probably wouldn't  be f u l l  f o r  another 2-1/2 years.  The maximum 
Government AFR requirement of 11,800 MT o f  storage occurs in 1989 and i s  
worked o f f  in f i ve  years.
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TABLE K-24 REPOSITORY AND AFR REQUIREMENTS - CASE 1' -----_-------------------------fTjr R r  ------ --------
y

CUMULATIVE 
SPENT FUEL 
AVAILABLE

0
1300 
3000 
4600 
6400 
8400 

10 * 700 
13,400 
16,600 
20,100 
24,200 
28,500 
33,000 
37,700

78,000
83,300
88,600

CUMULATIVE 
LOADING 

REPOSITORY #1

0
0
0
0

100 (Startup)  
1600 
6600 

11,600 
16,600 
26,600 

t
Same as Spent Fuel 
A v a i l a b le  (Loading  
Limited By Denand)

GOVERNMENT 
AFR STORAGE 

REQUIRED

0
1300 
3000 
4600 
6400 
8400 

10,600 
11,800 
10,000 

8500 
7600 
1900 

0

(Max.)

Spent fuel i s  coolcd a minimum of 5 years  p r i o r  to " a v a i l a b i l i t y " .
The cumulative quant i ty  o f  spent fuel a v a i l a b le  has been reduced by 
the amount a v a i l a b le  through 1982 (4200 MT) to r e f l e c t  a l i k e  amount 
o f  mater ia l  being kept in on s i te  s torage pools and any required  
pr iva te  AFR capac ity.  The Sperr. Fuel Po l i cy  env is ion s  Government AFRs 
being a v a i l a b le  s t a r t i n g  in 1983.
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I f  the f i r s t  repos i to ry  were delayed, the amount o f  Government AFR
storage required and the time necessary to work off  the backlog would Increase
(Table K-25). The AFR requirement roughly  doubles fo r  a 3-year
delay and t r i p l e s  for a de lay  o f  5 years in the f i r s t  repository.  Due
to assumed AFR loading and unloading 1 Imitation';  o f  1500 MT/yr, more AFR's
would be required for  de lays  o f  1 or 2 years  th in  implied by storage
requirements (See Figure K~ l).

In Case 2, h igher  nuclear growth assumptions and the lower capac ity  of  a 
repos i to ry  w i l l  lead to a greater number o f  repo s i to r ie s  required. As 
shown in Table K-26, two re po s i to r ie s  are needed through 2005. The 
second repos i to ry  w i l l  need to s t a r t  up in 1997, with a th i rd  and 
fourth required sho r t l y  a f t e r  2005. The th i rd  and fourth re po s i to r ie s  
are necessary since the f i r s t  two w i l l  be f u l l  by then and the rate of  
increase in spent fuel a v a i l a b i l i t y  (about 10,000 MT/yr) i s  roughly  
double the permitted loading rates  during the second through fourth years 
of  operation (5000 MT/yr),  Once f u l l  design loading i s  po s s ib le ,  the 
l a t t e r  two re p o s i to r ie s  should be s u f f i c i e n t  fo r  a number o f  years unt i l  
the spent fuel a v a i l a b i l i t y  rate increases  markedly or the repo s i to r ie s  
are f i l l e d .

The loading rate  fo r  repos i to ry  if 1 from 1997 to 2001 i s  reduced to al low  
repos i to ry  #2 to gear up as r ap id ly  as p o s s ib le ,  thereby ga in ing  
experience in a new formation and prov id ing a buffer,  i f  needed.

The impact o f  d e ^ y s  in the f i r s t  repos i to ry  on Case 2 re su l t s  i s  
shown in  Table K-27. In the case of delays o f  3-5 years,  the second
repos i to ry  i s  needed in 1996 (1 year e a r l i e r ) .

A v a r i a t i o n  of  Case 2 was ca lcu la ted  us ing the heat load (99 KW/acre) 
assumption o f  Case 1. The AFR requirements, delay impacts, and times 
required to e l im inate  the spent fuel inventory for  the base case and 
var ious de lays  analyzed were the same as 1n Case 1 for  delays up to 3 
years ,  s ince spent fuel a v a i l a b i l i t y  from reactors  in excess o f  148 GWe 
does not occur un t i l  1999. The need for a second repos i tory ,  however,
was advanced to 2001 (from 2007 b in Case 1).

Spent  Fuel Discharges
AnnuaT~ancTcumuTative q u an t i t i e s  of U.S. spent fuel discharged are shown 
in Table K-28 for  projected nuclear capac i t ie s  o f  148 and 380 GWe by the 
year 2000. Spent fuel i s  present ly  stored in water storage pools on the 
reactor s i t e  and storage  f a c i l i t i e s  in Morr i s ,  I l l i n o i s  and West Va l ley,
New York. A l so  shown I s  10% of  the fo re ign ,  free-world d ischarges  
projected through the year  2000.
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TABLE K-25 - GOVERNMENT AFR NEEDS FOR DELAYS IN FIRST REPOSITORY ■ CASE 1

Maximum
Government Minimum

Years AFR Year Time Required
°' Storage of To El iminate Backlog Number o f , ,

Delay  (MT) Max. AFR (Years)______  AFR 's

0 11,800 1989-90 5 3

1 15,000 1990-1 5‘ 4

2 18,500 1991-4 7* 4

3 22,600 1992-5 £  5

4 26,900 1993-6 9* 6

5 31,400 1994-7 10* 7

* The backlog remains r e l a t i v e l y  constant for four years and then decl ines.

1 / An AFR f a c i l i t y  could have a storage capac ity  of 3-10,000 MT , 
with a typica l  value of 5,000 MT used above.
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TABLE K - 26 REPOSITORY AND AFR REQUIREMENTS - CASE 
H h  Mr“o O e a v y  Me taT) ’

>1/

YEAR

1993
4
5
6
7
8 
9

2000
01
02
03
04
05

CUMULATIVE 
SPENT FUEL 
AVAILABLE

CUMULATIVE LOADING

(198*8 startup)"
REP #2

(Same r e s u l t s  as Case 1 through 1993)

28.500
33.200
38.000
43.900
49.900 
56,300
63.200 
70,600
78.500
87.000
95.900 

105,400 
115,300

26,600
33,200*
38,000*
43,900*
49,800£'
54,700|/,
56,600?'
59,000-;-/
61 ,900=/
64,000*
66,000

4-

I

GOVERNMENT 
AFR STORAGE 

REQUIRED

1900
0

100 ( s ta r tup )  
1600 
6600 

11,600 
16,600 
23,000*
29,900*
39,400*
49,300*

V

♦Determined by demand, not loading rate.

1/ Same assumptions on spant fuel a v a i l a b i l i t y  as Case 1.

2/ Loading i s  reduced in Repos itory  #1 in order to ga in experience in 
br ing ing  Repos itory  #2 up to e a r ly  design loading rates.
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SPENT FUEL GENERATED^  
’ (MT o f  Heavy M e ta l f  

DOMESTIC

T a b le  K -2 8

148 GWe " 3 8 0  Gwe 10% o f  Foreign

YEAR ANNUAL CUMULATIVE ANNUAL CUMULATIVE ANNUAL CUMULATE

Ex i s t in g » 2,300 2,300 600^
1977 1,000 3,300 1,000 3,300 300 900
1978 1,100 4,400 1,100 4,400 200 1,100
1979 1,300 5,700 1,300 5, >00 400 1,500
1980 1,300 7,000 1,300 7,000 300 1,800
1981 1,400 8,400 1,400 8,400 400 2,200
1982 1,600 10,000 1,600 10,000 400 2,600
1983 1,900 11,900 1,900 11*900 400 3,000
1984 2,200 14,100 2,200 14,100 500 3,500
1985 2,700 16,800 2,700 16,800 500 4,000
1986 2,900 19,700 2,900 19,700 600 4,600
1987 3,400 23,100 3,400 23,100 700 5,300
1988 3,600 26,700 3,600 26,700 700 6,000
1989 3,700 30,400 3,900 30,600 800 6,800
1990 3,700 34,100 4,200 34,800 1,000 7,800
1991 3,800 37,900 4,600 39,400 900 8,700
1992 3,800 41,700 4,900 44,300 1,100 9,800
1993 3,800 45,500 5,200 49,500 1,200 11,000
1994 3,800 49,300 5,700 55,200 1,200 12,200
1995 3,700 53,000 6,000 61,200 1,400 13,600
1996 3,700 56,700 6,500 67,700 1,400 15,000
1997 3,700 60,400 6,900 74,600 1,600 16,600
1998 3,600 64,000 7,300 81,900 1,600 18,200
1999 3,600 67,600 7,800 89,700 1,700 19,900
2000 3,500 71,100 8,100 97,800 1,800 21,700

I f  Volume i s  about 13.1 ft^ /MT HM for  spent fue l.  
2/ Excludes discharges p r io r  to 1975.
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V I I I .  TRANSPORTATION REQUIREMENTS FOR SPENT FUEL, HLW, AND TRU

Shipments o f  spent fuel from industry  to the Government and 
the corresponding requirements fo r  sh ipping  casks  are given in 
Table K-29 fo r  both cases. There are 9 truck casks  and 4 r a i l  
casks a v a i l a b le  fo r  use today.

Truck and r a i l  casks a l so  w i l l  be required to unload spent fuel
from Government AFR's and sh ip  i t  to r e p o s i to r ie s .  Assuming
Government AFR's are unloaded as r a p id ly  as p o s s ib le  and 
accounting fo r  poss ib le  de lays  in repos i to ry  opening* the
transporta t ion  requirements would be as shown in Table K-30. Th is
requirement could be reduced (or  even e l iminated)  by loca t ing  
AFR's at repos i to ry  s i t e s .

F in a l l y ,  the movement of HLW from DOE s i t e s  and West V a l le y ,  N.Y. w i l l  
place demands on the same t ransporta t ion  resources.  For Case 1,
HLW w i l l  require 1,590 shipments/year (21 truck casks,  and 57 r a i l  
casks)  on the average, fo r  each year from 1985 to 2000. Over the 
same per iod, Case 2 w i l l  require 2,530 shipments/year  (33 truck casks,  
and 91 r a i l  casks ) .  Both of these r e s u l t s  are comparable to the 
Industry  spent fuel shipments required under each case.

Taken together,  these requirements sum to roughly  200-270 casks  needed 
in th-' 1990‘s (5000-6500 shipments per year ) .  These requirements more 
than t r i p l e  the t ransporta t ion  requirements fo r  the 1990's when compared 
to industry  needs alone.

The magnitude of the to ta l  t r anspor ta t ion  requirement r a i s e s  ser ious  
doubts os to the f e a s i b i l i t y  o f  meeting these needs and, thus, questions  
the wisdom of  emptying AFR's as r a p id ly  as p o s s ib le .  The problem i s  
overstated s ince AFR's w i l l  probably remain f u l l  fo r  longer per iods and 
HLW d isposa l  w i l l  probably occur over a period greater than the 15 
years assumed.

Nonetheless, given the potent ia l  f o r  a shortage o f  t ra n sp o r ta t io n  casks  
fo r  commercial spent fuel and HLW, the fo l low ing  recommendations are 
offered:

a) Every e f f o r t  should be made to construct  AFR's at  the repos i to ry  s i t e s  
to minimize t ransporta t ion  needs, even at the r i s k  o f  construc t ing  
an e a r ly  AFR at  a potent ia l  repos i to ry  s i t e  which may subsequently 
be forcsaken.  Ser ious  thought should be given to the appropriate  
balance between (1) emptying AFR's to prov ide fo r  contingency  
capac i ty  in  the event of de lays  or unforeseen events, thereby 
maximizing t ransporta t ion  needs, and (2) b u i ld in g  add i t iona l  AFR's  
fo r  contingency purposes, working inventor ie s  o f f  at a much slower 
pace, and reducing t r anspor ta t ion  requirements.
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TABLE K-29 -  DOMESTIC SPENT FUEL TRANSPORTA T IO N ^  
{from industry  to Government!

Assumptions: 1) Shipments 90% r a i l ,  10% truck

2) Casks in serv ice  275 days/year

3) Cask c a p a c i t ie s :  4.5 MT r a i l ;  0.5 MT truck

4) Average round t r i p :  20 days r a i l ;  7 days truck

5) Cask c a p a b i l i t y  per year:

r a i l  @ 14 shipments/yr a 63.0 MT/yr per cask  

truck @ 39 shipments/yr « 19.5 MT/yr per cask

Case 1 Case 2

Annual Shipments Casks Annual Shipments Casks
Year Spent Fuel 

- % } -------
Truck Rai l Truck R a i l S p j ^ F u e l Truck Rai l Truck Rai l

1985 1300 260 260 7 19 1300 260 260 7 19

1990 2700 640 540 14 39 2700 540 540 14 39

1995 3700 740 740 19 53 4200 840 840 22 60

2000 3700 740 740 19 53 6000 1200 1200 31 86

2005 3700 700 700 18 50 8100 1620 1620 42 116

- T h i s  does not include (1) any shipments from a Government AFR to a 
repos i to ry ,  (2) fore ign  shipments,, or (3) HLW shipments.



TABLE K-3 0 -  TRANSPORTATION REQUIREMENTS TO UNLOAD AFR'S

___ _Delay (Yrs . )  In F i r s t  Repository

0 JL JL 4_ 6

’se JL
Total # cf Shipments 4720 6000 7400 9040 10760 12,560

Time o f  Peak Withdrawal-^ 1993 1995 1995-6 1998 1998 1998

Shipments in Peak Year 2280 2560 2120 2040 2040 2040

Additiona l  Casks Required 
in Peak Year

isej.

60 66 66 54 54 54

Total $ o f  Shipments 4720 6000 7400 9040 10,920 13,320

Time o f  Peak Withdrawal--/ 1993 1994 1995 1996 1997 1998

Shipments in Peak Year 2280 2120 2080 1640 1600 1440

Additiona l Casks Required 60 56 54 44 42 38
In Peak Year

I^ThTs assumes that  Government AFR's are emptied as rap id ly  as poss ib le .  
The same s p l i t  fo r  r a i l  and truck t r a f f i c  i s  assumed as 1n Table K-29.



b) Specia l  at tent ion should be given to transporta tion as a 
potential  weak l ink  In the waste management system. Near- 
term action should be taken to ensure that casks w i l l  be 
a v a i l a b le  when needed. Development o f  dual purpose casks  
(spent fuel and HLW) should be se r iou s ly  considered.

T rfin ?])o rt_atio n  JST JM
In the U.S.,  DO! TRU i s  curren t i y  being shipped in AMTX r a i l  cars.  
There are now 10 AMTX un i t s  1n serv ice,  each capable o f  averaging  
14 shipments/year while carry ing  1000 ft^ of TRU/sh1pment.

Assuming that the TRU generated in Case 1 (6.78 m i l l i o n  f t 3 ) 1s moved
over 15 years, t i l l s  would require 33 AMTX r a i l  cars averaging  about 
452 shipments/year s t a r t i n g  in 1986. Using s im i l a r  assumptions for  
Case 2, I t s  116.0 m i l l i o n  f t J of'TRU would require about 553 AMTX 
r a i l c a r s  making about 7731 shipments/year.



IX. COST " GUESST 1MATJS1’
An" attempt to quan t i fy  the DOE cost  Im p l ica t ions  through the year 2000

( c a p i t a l ,  operating,  program, and R&D co s t s )  of the two bas ic  cases 
I s  summarized in Table K-31.

These represent "b a l lp a r k "  estimates and are, in some cases,  only educated 
guesses. An add i t iona l  contingency o f  about 20% has been added to each case.  
The cost categor ies  c i ted  include the fo l low ing:

a) Commercial and DOE respo5.itories - spent fuel r e p o s i t o r ie s ,  WIPP,
b a sa l t  repos i to ry  at KL (Case I I  only)  
and f a c i l i t i e s  for  putt ing  spent 
fuel into c a n i s te r s  pr ior  to 
emplacement,

- cap i ta l  and operating  costs  fo r  
Government AFR's.

-  bur ia l  ground operat ions ,  TRU 
ret r ievab le  storage and D&D; plus  
cos t  of TRU exhumation for -Case  2 
and volume reduction costs  fo r  Case 1.

- f a c i l i t i e s  and operat ing costs  for  
preparing HLW fo r  geo log ic  
d i sp o sa l ,  inc lud ing  packaging.

b) AFR's

c) LLW/TRU Operations

d) HLW treatment programs

e) DOE Transportat ion  - cost  of spent fuel shipments from
Ar R ' s  to re p o s i to r ie s  and 1ILW and 
TRU shipments, inc lud ing  cask lease  
charges (spent f u e l , HLW) or 
a cq u i s i t i o n  cos t s  {AMTX r a i l  cars  
fo r  TRU).

f) DOE R&D programs - a l l  R&D programs fo r  HLW treatment,
WIPP, commercial r e p o s i t o r ie s ,  LLW and 
TRU volume reduction,  and other waste 
management re la ted a c t i v i t i e s .

As shown, the co s t  o f  Case I I  i s  roughly  50% higher than Case I .  The two 
major cost  f a c to r s  are re p o s i to r ie s  and HLW treatment. Transporta tion  
cos ts  account fo r  about 10% o f  the tota l  in each case.



Jabl e>_ K-31 COST IMATr S" TiilHHJWI 2000

( b i l l i o n s  of undiscounted, constant 197? d o l l a r s )

Case; 1 Case 2

I. F a c i l i t i e s  and Programs ( e x c l . R&D) 

Commercial and DOE Reposif.ories 3.0 - 3.8 5,6 - 7.3

Away-From-Reactor-Storaye - Al'R's 0.7 - 0.9 0.7 - 0.9

LLW/TRU Operations 0.6 - 0,9 1.8 - 2.4

HLW Treatment Programs 4.2 - 5.2 3,5 - 4.4

DOE Transportation 1.0 -1.2 1.9 - 2.1

Sub to tu 1 9.b- 12.0 13.5 - 17.1

I I . DOE R&D Programs 1.5 - 1.7 1.5 - 1.7

I I I . Contingency 2.0 - 3.0 3.0 - 4.0

IV. Total costs  through 2000 13 - 17 18 •• 23

Note: These values are preliminary estimates. In some cases, the va lues
are based only  on preconceptual design or educated guesses. Potent ia l  
a cqu is i t ion  costs  or o f f s e t t i n g  revenues are not included.

] J  Includes operat ing  costs  of a l l  LLW bur ia l  grounds, DOE D&D co s t s ,  and 
re t r ievab le  s torage of DOE TRU, Cost estimates  fo r  TRU exhumation fo r  
Case 2 and volume reduction (l.LW ft FRU) for  Case 1 are a lso  included.
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APPENDIX L

ENVIRONMENTAL PROCESS

A l l  a c t i v i t i e s  in the waste management area should be conducted in 
compliance with the National Environmental Po l icy  Act (NEPA) and 
other re levant  environmental nrotection s ta tutes  and regu la t ions .
In order to assure that environmental requirements are meaningfu l ly  
considered in program planning, decisionmaking and implementation and 
that  re su l t in g  s t ra te g ie s  are environmentally acceptable, environmental 
i ssues must be integrated into the program design process.

NEED FOR STRENGTHENED PROGRAM ENVIRONMENTAL ANALYSIS CAPABILITY

In order to accomplish th i s  task the environmental a n a l y s i s  c a p a b i l i t y  
of  the waste management program needs to be strengthened to include  
the fo l lowing  broad functions:

• I d e n t i f i c a t i o n  o f  environmental i s su es  and s i g n i f i c a n t  potential  
impacts assoc ia ted with the program.

• Development of research and development s t ra tegy ,  inc lud ing  the 
gathering of ba se - l ine  data to reso lve  or m i t iga te  such issues  
and potential  impacts.

t Preparation of environmental documentation, inc lud ing  records o f  
environmental review, environmental assessments, negat ive deter­
minat ions,  environmental impact statements and supplements nec e s s i ­
tated by program or project design changes.

« Monitoring  of a c t i v i t i e s  to assure  that m i t i g a t ion  objectives  
are achieved during program implementation and system operation.

• Id e n t i f i c a t io n  and implementation o f  a l l  environmental- and land 
use-rela ted permits, l icenses  and c e r t i f i c a t e s  necessary fo r  the 
conduct of  program a c t i v i t i e s .

I t  i s  es sent ia l  that  the Environmental Ana lys i s  O f f ice  maintain c lose  
working re la t ion s  with both the technical  programs with in  the Waste 
Management D iv i s io n  .ind the env ironmenta lly -oriented elements wi th in  
and outs ide DOE.

NEPA STRATEGY

An attempt has been made to systematize the potent ia l  future act ions  in 
the waste management area, fo l low ing  the recommendations o f  t h i s  ta sk  
force, by construct ing  a decis ion  tree for  DOE's recommended NEPA s t ra tegy  
in th i s  area. The underlying ba s i s  fo r  th i s  s t ra tegy  i s  to provide to 
future decisionmakers t imely and r e l i a b l e  environmental information fo r  
a l l  reasonably a v a i l a b le  decis ion  opt ions.



This  NEPA s t r a te gy  i s  presented in Figure 1. I t  projects  through various  
stages  o f  subprogram completion a maximum of  f o r t y - f i v e  (45) separate  
environmental reviews with the likeTTftoocT that  those reviews would re su l t  
in DOE's preparat ion o f  seven (7) environmental impact statements ( E I S s )  
and fourteen (14) environmental reports  (ERs) to support Nuclear Regulatory  
Commission E I S s  and r e s u l t i n g  l i c e n s in g  dec is ion s .  The projected minimum 
case would be eighteen (18) separate environmental reviews with the l i k e l i ­
hood that  those reviews would r e s u l t  in f i ve  (5) E IS s  and three (3) ERs.

COMMENTS ON BATTELLE-SUBMITTED PRELIMI NARY VERSION OF GEIS

A major E IS  cur rent ly  under preparat ion i s  the so - c a l le d  generic waste 
management E IS  (GEIS) .  Review o f  the p re l im inary  version o f  the GEIS  
submitted by Batte l  1e suggests a number o f  areas that  requ ire  fu r the r  work 
in order to br ing  the GEIS to a level where i t  can be meaningful input  
fo r  the two ( ? )  key waste management de c i s ion s  i t  seeks to support - -  
acceptable means (1) fo r  permanent commercial waste i s o l a t io n  and (2) for  
re t r ie vab le  storage o f  spent fuel elements - -  as well as  a d d i t ion a l  waste 
management research and development necessary to reso lve areas o f  uncer­
ta in ty .  The fo l low ing  comments are designed to a s s i s t  in i d e n t i f y in g  
those areas where further  e f f o r t  can p r o f i t a b l y  be expended:

Gener al Comments

1. batte l  1e may not yet have been furn ished s i g n i f i c a n t  techn ica l  data 
necessary fo r  an adequate environmental a n a l y s i s  o f  geo log ic  media 
under current program cons iderat ion ,  i . e . ,  s a l t ,  ba sa l t  and g ran i te .

2. Major i s sues  involved in reaching the two (?.) major scope dec is ion s  
should be more c l e a r l y  a r t i c u l a t e d  and analyzed ( e . g . ,  b a s i s  o f  
rep o s i to ry  design c r i t e r i a ) .  Indeed, the document appears to focus  
more on a de sc r ip t ion  o f  technolog ica l  s ta tu s  o f  the commercial waste 
management program than on an environmental a n a ly s i s  o f  waste manage­
ment c o n t r o l .

S p e c i f i c  Comments

1. A d e sc r ip t ion  i s  not included concerning generic s i t e  se le c t io n  fac tors  
and/or design c r i t e r i a  which would bracket the impacts a ssoc ia ted  with 
commercial waste d i sposa l  at designed production throughput and capac ity.

2. Inasmuch as th i s  i s  a generic statement, i t  should ind icate  the 
l im i t a t i o n s  and/or confidence leve l o f  the data and methodology, due 
to the f a c t  that i t  uses t y p i c a l ,  hypothet ical  d isposal s i t e s .  This  
s i t u a t i o n  p a r t i c u l a r l y  a p p l ie s  to acc identa l  release p r o b a b i l i t i e s  
and r e su l t a n t  inputs.



S u f f i c ie n t  treatment does not appear to have been given to:

(a) Ana ly ic :  o f  acc idents  (phys ical  events or design f a i l u r e s ) ,  
the consequences, and quan t i ta t ive  p r o b a b i l i t i e s ;

(b) The treatment o f  r a d io lo g i c  dose to both ind iv idua l s  and 
general populat ion and other environmental consequences, 
subject to appropriate time commitments;

(c) The fate  o f  f i s s i o n  product gases and other sa fe ty /env i ron­
mental quest ions  about gases;

(d) Environmental consequences o f  scenarios invo lv ing  unloading and 
reemplacement a t  r e p o s i t o ry ( ies)  subjected to r e t r i e v a b i l i t y  
requirements; and

(e) Monitoring  and remedial action requirements at both interim  
storage and f in a l  d isposa l s i te s .

There i s  work in Sweden and elsewhere invo lv ing  sp e c i f i c  repository  
design  concepts, and assoc ia ted  environmental protection phi losophies.  
These concepts should be described and the i r  poss ib le  relevance to 
se lec t ion  of media, repos i to ry  design, and environmental consequences 
fo r  d i sposa l  of U.S. waste should be discussed.

The coverage o f  t ransporta t ion  scenar ios  fo r  h igh- leve l  and TRU commer­
c ia l  waste does not appear complete. The GEIS seems to cover only r a i l  
and motor shipments. With the advent o f  f lo a t in g -n u c le a r  p lants  and 
the p os s ib le  increase in the use o f  barge shipments from fixed f a c i l i t i e s  
near waterways, the barge shipping option should be included; work has 
been done in the area (e . g . ,  ch. 8 o f  NUREG-75/113) and should be 
included.

The mining potent ia l  o f  the geo log ica l  s t ra ta  being invest iga ted  
( e . g . ,  potash Indigenous to s a l t )  should be b r i e f l y  described.

The statement does not appear to cover the fo l lowing  miscellaneous  
top ics :

(a) A v a i l a b i l i t y  o f  i n s t i t u t io n a l  ba r r ie r s  during Interim stor^jo  
to l i m i t  re leases;

(b) C r i t e r i a  for monitoring and remedial act ion  for reducing 
long-term r i s k s ;  and

(c) Descr ip t ion  o f  engineering  barr ie rs  a t  appropriate time periods.



8. Some d i scuss ion  should be provided o f  the probable time, co s t s ,  r i s k s  
and environmental consequences o f  developing and us ing a l te rna t ive  
technologies or media for  ult imate d isposa l  (e .g . ,  transmutation,  
seabed) and deferr ing  the use o f  deep geo log ic  re p o s i to r ie s  in the 
interim.

9. Section 10 needs to be f leshed out to obtain a better feel fo r  the 
s i gn i f i c a n c e  o f  the I s sues  raised by those outs ide DOE and i f  there 
i s  a di fference  of  opinion with respect to a s i g n i f i c a n t  I s sue,  th i s  
should be ref lected,

Broadening GEIS Scope

The foregoing comments are a l l  directed at  improving the data base and 
an a ly s i s  within the e x i s t in g  scope o f  the GEIS. While that  e f f o r t  i s  
proceeding, recons iderat ion  might be given to broadening the scope of-' 
the GEIS to include commercial ly-generated low-level waste.



-152-

FOOTNOTES

1 An environmental assessment (EA)will be prepared to determine 
the environmental s ign ificance  of any action to acquire land 
at the potential WIPP site for burial  of THU waste.

p
The Idaho Interim storage EIS has adequately analyzed the treatment 
processes which could p o te n t ia l l y  be u t i l i z e d  for the process ing/  
packaging of stored TRU material  that might be shipped to WIPP; thete-  
fore,  only a b r ie f  environmental ana ly s i s  should be necessary to 
support acceptai.ce o f  the TRU waste at WIPP.

3
The environmental report (ER) w i l l  be prepared for the purpose of  
prov id ing  environmental input to NRC's l i ce n s in g  procedures and 
re la ted documentation, p a r t i c u l a r l y  fol low-on E I S ' s ,  for WIPP and 
f i n a l  d isposa l  in'tes ( i . e . ,  covering a l l  categories  o f  waste from 
both defense and commercial sources).  In pa r t i cu la r  for WIPP, the 
o r i g in a l  environmental report would describe the u lt imate  disposal  
of  stored TRU at  Idaho, the potential  acceptance of commercial TRU, 
the c a p a b i l i t y  to demonstrate the ret r ievab le  d isposa l  of spent fuel 
and the c a p a b i l i t y  to experiment with the storage o f  h igh - leve l  
defense waste.

 ̂ I t  i s  assumed that a decis ion on the d i sp o s i t i o n  of buried TRU waste 
at  Idaho w i l l  be rendered together with decis ions  on the d i spo s i t ion  
o f  both stored and buried TRU waste at Richland, Savannah River, Oak 
Ridge and Los Alamos; therefore, one environmental review '(probably 
an E IS )  would appear s u f f i c ie n t .

r
No e x i s t in g  E I S ' s  provide s u f f i c i e n t  environmental a n a ly s i s  for  these 
treatment processes, r e su l t in g  in the l i k e l y  need to perform future 
environmental assessments of these processes to determine their  
environmental s i gn i f i c an ce .

c
The timing o f  these potential  land acqu is i t ion  decis ions  for  ult imate  
d isposa l  i s  c r i t i c a l  fo r  planning purposes, fo r  I t  i s  l i k e l y  one or 
more o f  these land acqu is i t ion  act ions w i l l  not be required, i f  the 
s i t e  i s  on DOE land (none required) and/or several categor ies  of  waste 
from both the commercial and defense sector are sent to a se lec t  number 
o f  ul t imate d isposa l  s i t e s ;  1n fac t ,  the e ight  (8) potent ia l  land 
acq u i s i t i o n  act ions  for ult imate repos i to r ie s  could be p o ten t ia l l y  
boi led  down to one (WIPP) or two (WIPP and "The R e p o s i t o ry " ) . This,  
of  course, assumes that WIPP and The Repository w i l l  not be located 
on DOE land.

An EA w ill  be prepared to determine the environmental 
s ig n ifica n c e  of each potential land acquisition  a c t 1 o n .

7
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flThe WIPP l icense,  and i t s  under ly ing environmental report could bo 
supplemented to support dec is ions  to d ispose in WIPP buried TRU waste 
from Idaho and stored and buried TRU waste from Richland, Savannah River,
Oak Ridge and Los Alamos.

9D0E's decis ions  on what category o f  wastes, 1f any, should be disposed of  
at  a non-WIPP f a c i l i t y  d ic ta te  the need to seek a new NRC l i cense  for such 
f a c i l i t y ,  the scope o f  that l i cen se ,  and the environmental review DOE ( f• R) 
and NRC (E IS )  must undertake to suoport that l i ce n s in g  act ion.  For examole, 
1f a decis ion  i s  made to dispose o f  non-Idaho stored TRU at that f a c i l i t y  
and there is  the p o t e n t i a l i t y  for future disposal  there o f  commercial spent 
fuel and h igh- leve l  defense waste, the l icense would be so shaped as to  
provide fo r ' these  cont ingencies  and the environmental input fo r  the l i cense  
would be s im i l a r l y  scoped, Then, i f  a decis ion  i s  l a t e r  made t,o d ispose  of  
commercial spent fuel and h igh - leve l  defense waste at t h i s  f a c i l i t y ,  no 
further  environmental review would be required unless s i g n i f i c a n t  new 
environmental data was developed in the interim.

10I t  i s  assumed that the commercial GEIS w i l l  include in  I t s  scope the 
managing of both stored and buried, commercially-generated TRU waste, and 
that the schedule to publ i sh  the GEIS w i l l  be compatible with future NRC 
1icens ing proceedings,

u The decis ion  t ree ( s )  for the m u l t i - r e po s i t o ry  case would dup l ica te  
exac t ly  the flow appearing fo r  the commercial spent fuel on a production  
b a s i s ,  once the GEIS i s  published.

li!I t  appears fea s ib le  to use the GEIS as the base - l ine  environmental 
a n a ly s i s  for the d i sposa l  o f  alj_ wastes in all^ geo lo g ica l  media fo r  which 
technical  data can p r a c t i c a l l y ' b e  obtained ( i . e . ,  other fol low-on env iron­
mental documentation for  defense waste dec is ions  w i l l  u t i l i z e  the data in 
The GEIS) .  The E I S ' s  for long term management of defense high level waste 
for  the Savannah R iver,  Richland and Idaho s i t e s  could be combined into  one 
overa l l  EIS.

53I f  DOE has not determined a charge rate for  the acceptance o f  spent fuel 
ot the time other p o l i c y  dec is ions  are required fo r  inter im storage o f  
spent fue l,  a subsequent environmental review may be conducted as input 
fo r  that  determination.

1 I f  the Federal Government takes over the West Va l ley  s i t e ,  cognizance  
should be given to the fact  that  no e x i s t i n g  E ISs  prov ide s u f f i c i e n t  
environmental ana ly s i s  to descr ibe the treatment processes for  West 
V a l le y  commercial waste, re su l t in g  in the need to do an environmental 
review as input for  any takeover dec is ion,
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15I t  appears that  other E ISs  w i l l  adequately cover t ransporta t ion  Impacts 
fo r  West Va l ley  comnercfal waste (1 ,e , ,  Savannah River h igh - leve l  waste 
E I S ) ,  i f  no dec is ion  i s  needed on transport ing  th i s  waste un t i l  a f t e r  one 
o f  these other E IS s  i s  ava i lab le ,

l6The o r i g in a l  environmental report  for  WIPP would ind icate  a potent ia l  
future longer tern c a p a b i l i t y  to handle h igh- leve l  defense waste on a 
production bas is .



APPENDIX M

CURRENT RESOURCES

NUCLEAR WASTE MANAGEMENT SUMMARY
($ in Thousands)

Operating Expense
Commercial Waste Management .....
Domestic Spent Fuel Storage .....
International Spent Fuel Storage ■
Defense Waste Management ........
Decontamination & Decommissioning 

Total .......................

Capital Equipment
Commercial Waste Management .....
Defense Waste Management ........
Decontamination & Decommissioning 
Total ........................

Cims true t ion
Commercial Waste Management 
Defense Waste Management ... 
Total ..................

Total
Commercial Waste Management .....
Domestic Spent Fuel Storage .....
International Spent Fuel Storage .
Defense Waste Management ........
Decontamination & Decommissioning 
Total ........................

Estimate 1978 Estimate 1979
B/A b/o b/a B/0

$158,500

5,000
123,247
18,000
304,747

$117,175

5,000
116,211
16,150
254,536

$.152,100
3.000
3.000 

165,000
25,000
348,100

$145,815
3.000
3.000 

148,900
23,500
324,215

11,500
6,982

200
18,682

6,850
5,364

200
12,414

9,700
8,000

200
17,900

5,460
4,000

200
9,660

10,482
157,480
167,962

2,097
136^258
138,355

25,000
177.000
202.000

12,025
128,700
140,725

180,482

5,000
287,709
18,200
491,391

126,122

5,000
257,833
16,350

405,305

186,800
3.000
3.000

350.000 
25,200
568.000

163,300
3.000
3.000 

281,600
23,700

474,600
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APPENDIX M

Current Resources ~ continued

I. Commercial Waste Management - FY 1979

A• Terminal Storage

Tiiis program provides the research and development Cor the determina­
tion of sites for repositories and for the development of technology 
for designing, licensing, and operating a repository scheduled for 
operation in 1985. The repository will be designed to accept 
spent fuel, solidified high-level waste and other transuranic waste.
In accord with the national nuclear nonproliferation objectives, 
the primary emphasis is directed toward the retrievable and terminal 
storage of unreprocessed spent fuel in geologic facilities, and 
the development of facilities for packaging spent fuel elements.
More geologic work has been done over the years in salt formations 
than in other media and as a result, the work is more advanced in 
this area. Work is being accelerated in Crystalline and Argilla­
ceous rocks at the Hanford and NTS sites. The packaging facility 
efforts will include evaluation of alternative concepts and prepar­
ation of conceptual designs and cost estimates for the packaging and 
storage facilities needed in association with the terminal sites. 
Packaging technology R&D studies will establish methods and packages 
which are suitable whether the fuel is placed in near-surface or 
retrievably stored in a geologic repository. Construction funds 
provide for site acquisition, A-E design, and long-lead procurement 
of specialized equipment. Material to be accepted for storage will 
include all commercially generated high-level wastes, TRU-contflminated 
intermediate and low-level wastes, and unreprocessed spent reactor 
fuel. The packaging facility to serve the geologic repositories is 
planned for 1985 operation concurrent with the repository.

B. Waste Immobilisation R&D

This program provides costs related to the development of technology 
for immobilizing waste from the nuclear fuel cycle and converting 
it to forms which provide for better safety and economy of manage­
ment, satisfy regulatory requirements, and are acceptable for 
receipt by repositories. The processes deal with three waste 
forms: liquid, solid, and gaseous. This technology is being
developed in a fuel cycle Insensitive manner so that waste can be 
prepared for appropriate disposal, including shipment to repositories 
when required. This also covers development of processes that 
will be required by the future operators of the West Valley NY 
plant (NFS) In converting the HLW from the Thorex and Purex 
processes to solid form. It will also satisfy the requirements of 
Title 10, Code of Federal Regulations, Part 50.



II. Domestic Spent Fuel Storage - FY 1979

This program provides the government with th- means with which to meet 
its commitment to assure that interim storage for spent fuel is 
available while retreivable geologic facilities are being developed.
It is the objective of this program to! (1) prepare the studies and 
assessments of the timing and the need for AFR storage; (2) assess 
some of the unique problems AFR storage may present; and (3) develop 
arrangements between the federal government and private firms interested 
in building and financing AFR storage facilities for future government: 
controlled or private spent fuel,

III. International Spent Fuel Storage - FY 1979

Tilly program will be conducted by DOE and coordinated with the Stale 
Department and is in support of U.S. nonproliferation objectives in 
that it will seek to reduce the pressures to reprocess caused by 
critical spent fuel storage needs. Foreign fuel storage requirements 
and capabilities will be assessed and meai'is for providing additional 
fuel storage will be developed. Ultimately the program may support 
the development of international spent fuel storage, facilities.

This program will support U.S. nonproliferation objectives by 
enabling DOE to assess foreign fuel, storage capabilities and 
requirements in conjunction with foreign requests for approval to 
transfer fuel. Means of providing increased storage at reactors 
will be developed as an alternative to possible fuel transfers to 
the U.S. This funding provides technical support to international 
studies being conducted on spent fuel storage. International 
criteria will be developed on siting, design, construction, and 
operation of fuel storage facilities. Preliminary design studies 
will be performed on an international spent fuel storage facility 
which is suitable for use by an international organization having 
responsibility for spftnt fuel storage, Contractual arrangements 
for International storage will also be Investigated. Studies will 
be performed to estimate fuel clad lifetimes for safe storage of 
foreign-origin spent fuel, to extend basin storage capacities in 
foreign plants. Available data on potential sites for International 
facilities will be evaluated and studies and evaluations of logistics 
requirements and needed systems will be conducted. An Environmental. 
Impact Statement (EIS) will be completed and the technical support 
for licensing, environmental, and economic aspects of spent fuel 
storage from foreign countries will be provided.

Current Resources - continued



1V• Defense*. Waste Management - FY 1.979

This program provides for the management of DOE generated high-level 
nuclear waste including surveillance and maintenance of waste tanks, 
concentration and solidification of waste to a safer form, and 
fractionizntion and encapsulation of long-lived isotopes for 
retrievable storage. Start-up activities on operating costs are 
provided for the New Waste Calcining Facility (NWCF) aa well as 
continued operation of the Idaho Chemical Processing Plant (ICPP) used 
for the reprocessing of spent naval reactor fuel, Management of TRII 
and low-level DOE generated wastes at six sites are ulao provided for 
in this program, Waate R&D efforts consist of investigations of:
(1) alternatives for DOE defense related waste; (2) preparation of an 
BIS on high-level waste at Richland, Savannah River, and Idaho* and 
(3) development of information considered necessary for the start-up 
and operation of the Waste Isolation Pilot Plant (WIPP), including a 
Safety Analysis Report, waste acceptance criteria, pre-WIPP in-situ 
experiments and engineering studies, related geology studies and 
demonstration of Borehole plugging techniques. Conceptual design 
studies on a wfltste treatment and storage facility for secure long-term 
storage of high-level waste at Savannah River are planned In FY 1979. 
Construction funds provide for.’ (1) the continual ion of work on 
facilities for the safe interim storage of defense high-level waste; 
and (2) A-E and long-lead procurement of special equipment, 1/ind and 
mineral rights, and Title I and II design on the WIPP project.

V• Decontamination and Decommissioning - FY 1979

The Decontamination and Decommissioning (D/D) program is responsible 
for the safe management and disposition of surplus radioactively 
contaminated DOE sites and facilities, as well ns programs to identify 
and eliminate unacceptable radiological conditions at former contractor 
sites and facilities, buildings at Grand Junction constructed using 
uranium mill tailings, and the inactive uranium mill tailings sites. 
Programmatic activities Include: (1) Management of Surplus Radioaclively
Contaminated DOE Facilities; (2) Remedial Action for Inactive Uranium 
Mill 'fallings Sites; (3) Grand Junction Remedial Action under (PL-92-314) 
and (4) Remedial Action for Former Manhattan Engineering District 
and Atomic Energy Commission (MED/ABC) Sites. The goal of this program 
is to provide planning, R&D programmatic support to projects that will 
progressively reduce the number of surplus DOE facilities and, within a 
term of five years, complete remedial actions at sites formerly utilized 
by MED/AEC, inactive tailings sites, and Grand Junction.

Current Resources ~ continued
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API'KNDIX ,N

1■ Introduction

The principal goal of DDK's Waste Management Program is the* ultimate 
disposal of radioactive waste in stable, continental geologic formations 
at deptliB reachable by conventional mining methods. The subject radio- 
active waBte may bo spent fuel, tranfiuranie and high-level wastes from 
the defense program, or tho transuranie and high-level wastes derived 
from reprocessing of commercial spent fuel if the indefinite deferral 
of reprocessing is rescinded In the future, Alternatives to tills 
approach are under study by DOK, other federal agencies, and foreign 
nations. Tho alternatives to conventional geologic disposal discussed 
below are of. two battle type;;; a) variations on geologic disposal, 
which may entail (1) added processing steps prior to disposal to reduce 
the volume or change the character of tho wastes and/or (1i) the use 
of alternate geologic approaches or locations; and b) alternatives to 
the use of geology no the barrier between man and the wastes,

JI, Variations on Geologic Dl

The approaches discussed in thin section ares

A. Additional Processing Steps

1, i'art itioning and Transmutation
2, Chemical Resynthesls to reduce the mobility of the waste

B, Alternate Geologic Approaches

1. Island Disposal
2. Ocean Bed Disposal
3. Tectonic Plate Disposal 
h. Kock Melting Alternatives

The processing alternatives would require some form of chemical 
reprocessing of spenf. fuel prior to further treatment via these 
techniques. With the possible exception of rock melting, Lhe alternate 
geologic approaches ^ould accommodate disposal of spent fuel or 
reprocessing wastes.

A . Add it:l_onal V ro ce Mi) lug Steps

J’artltlontngniH] Transmit ta t i on

While the reprocessing fuel cycle would include partitioning of the 
uranium and plutonium from high-level wastes for subsequent reuse 
in a reactor, this alternate approach would recover more of tho

I
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The bepnrtment of Energy hns no program to actively investigate 
the concept. Suggestions for assessment of the concept have b(;en made 
from time to time by groups considering international aspects of 
radioactive waste repositories. Hov^ver, a consensus for the 
need of such /in international repository has not developed.

Orc/in J5ji;.d J) J

The basic concopt of ocean bed disposal is to place wastes beneath 
(.lie deep ocean floor in n geologically stable, biologically Inactive 
region. The concept is being investigated to determine Its environ­
mental and technical feasibility and to develop and maintain the 
r.-ip.tbl 1 I t.y of assessing similar programs developed by other countries.

\ three-phased program 1b envisioned, i.e., determine environmental 
feaHibl 1 lty, assess engineering feasibility, and provide demonstrations 
of the concept. Within tho Phase I period of 1978 to 1.98'j, the major 
objectives are to acquire oceanographic, biological, and sedimentologlc 
data to establish that the deep sediments in isolated regions of the 
ocean floor are an effective barrier to the dispersal of radionuclides 
Irom (suitably emplaced waste. Provided that feasibility is established, 
appropriate data would be accumulated to allow further consideration 
of thin option.

Thu Investigations which began in 1974 are concentrating on the mid- 
gyre, mid-tectonic plate regions of the North Pacific and North 
Atlantic oceans In the abyssal-hiU provinces. Detolled assessments 
are being made of i the. deep ocean sediments as barriers to radio­
nuclide migration; coherency of tho sediments; heat and heat trans­
fer effects; characteristics of the deep dwelling biological 
communities; and biological transfer and interactions of radio­
nuclides. lii-situ hunt transfer and biological experiments are 
planned.

Technical program martag moot is provided by Samiia Laboratories, in 
conjunction with Woods Hole Oceanographic institution, Scripp.-j 
Institute of Oceanography, and the University of Rhode Island.
Other participants Include Lamont-DoheiLy Geological Observatory, 
University of Washington, University of New Mexico, and Harvard 
Uni.ver-jity.



•161-

long-lived radionuclides (actinides) from the high-level waste 
and transmute them into shorter-lived or stable Isotopes, Trans­
mutation could be accomplished by neutron bombirdme'U using a 
nuclear reactor or an accelerator.

Partitioning could be of possible benefit in dividing the ultimate 
geologic disposal and isolation problems into two parts. The 
fission product fraction is characterized, to a first approximation, 
as involving nuclides with short (<30 years) half-lives and high 
specific thermal power, while the actinide fraction (assuming Pu 
removal) is characterized by long half-life nuclides with low 
specific thermal power in general. If Pu remains in the material 
to be disposed of, the generalization regarding lower specific 
thermal power of the actinides must be modified. For example, in 
the case of typical LWR spent fuel elements, more than 15% of the 
thermal output (per metric ton heavy metal fuel) generated 1.0.5 
years after removal from the reactor is produced by the actinides 
in the fuel as demonstrated in the accompanying table which 
summarizes the thermal properties of spent fuel, high-level waste, 
and partitioned high-level waste over time.

Though the objective of this approach need not be the economic 
recovery of unused nuclear fuel (uranium and plutonium), tills 
method would be more costly than conventional reprocessing which 
assumes recycle of those fuels for economic reasons. The use of 
partitioned and/or transmuted elements in defense or commercial 
activities would be desirable as an economic offset. The 
feasibility and economics of this option are under study. An 
assessment is scheduled for completion in 1979 with publication 
of the report in 1980.

C h om i c a1 Res y n 111 esIs

The chemical resynthesis of elements recovered subsequent to 
reprocessing in order to reduce the mobility of these species is 
the main goal of this option.

However, separation of elements beyond tho fission product-actlnide 
partitioning stage through further chemical processing specifically 
for purposes of simplifying the ultimate geologic disposal and 
isolation problems has not to date received significant attention. 
The objective of such further chemical separation on an element- 
by-element, or elemental group, basis would be to provide starting 
materials for preparation of synthetic crystalline mineral phases 
that incorporate the environmentally undesirable nuclides.



Idrja 11 y* the* synthetic crystalline mineral phases would bej: 
thermodynamically stable over the range of intensive parameter 
variation to be expected in the geologic disposal scenario; jn 
equilibrium with the assemblage of natural minerals in the geoJogi 
host; and exhibit low solubility in contact with natural ground 
waters. In addition, the concentration of radio-nuclIdes would be 
maintained at a level sufficiently low In the synvhetic mineral 
phase so that radiation damage to the crystal structure would not 
violate the previously stated boundary conditions. It would seem 
highly probable that a variety of specific geologic media with 
different natural mineral assemblages would be required for tho 
disposal ef the hazardous, toxic, radiogenic and heat-producing 
nuclides. The fundamental premise underlying this alternative 
to conventional geologic disposal and isolation Is that di.Hpursl.ng 
undesirable nuclides in a form analogous to stable natural 
crystalline minerals of low inherent solubility in natural waters, 
with a minimal perturbation of the natural environment, results in 
a system which has long-term environmental safety and stability 
Independent of any natural breaching of the repository site.

Several potential problems of a scientific and technological naiure 
are obvious in this proposed alternative. Chemical, processing 
typically results in an increase in the amount of contaminated 
material. The approach requires synthesis of mineral phases in a 
"hot" environment. Retrievability of material once disposed of 
could be a significant problem. A major research program would be 
required to address these and other questions related to scientific 
and technical feasibility of this alternative.

Alternate Geologic Approaches

The options discussed below continue to rely on geology (i.e., 
rock, sediments) as the primary barrier between nuclear wastes 
and the biosphere, though additional barriers may be used 
(e.g., the ocean). Each of the options below, with the possible 
exception of rock melting alternatives, could accommodate the 
wastes from either the "once-through" or reprocessing fuel cycles, 
as well as the wastes arising from the additional processing 
options just described.

Island Disposal

Island-based disposal would involve the emplacement of wastes 
within deep stable geological formations at depths reachable by 
conventional mining methods. The island would be used for port 
facilities and access tunnels, while providing a remote location 
and posaibly an international repository. The concept is similar 
to land based geologic disposal, with an over water transportation 
route.
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'Hiroiigli t.hu Oi:<:i)/Ni:A Radioactive Waste Management Committee, a 
Seabed Working Group with members from Canada, Franco, .Japan,
Uni Loti Kingdom, anil Llto United Slates provide a forum for 
international cooperation, assessment of progress, anti exchange 
of data.

funding has been provided at the following levelr

I'I seal Jfe/irs Thousands of Do liars

1977 1300
1978 3100
1979 3100

Tei'Lon i e JMate JH sposa .1

This variation of ocean bed disposal Involves emplacement of waste 
in deep-sea trenches found at the base of most leading edges of 
continental margins where the ocean tectonic plate is being driven 
(or pulled) beneath the continental plate. The waste would Ideally 
bo entrapped within the sediments overlying the oceanic plate and 
could, ultimately, descend to a depth of >■ 600 kin beneath the 
earth's surface.

There appear to be several significant problems associated with 
this concept. The trench liones are the most seismically and 
volcanically active zones of the earth. The sediments are unstable 
with abundant evidence of sliding and slumping. Where well studied, 
the sediments on the oceanic plate appear to be in part subducted 
and in part crumpled or thrust onto the edge of the continental 
plate, thus there is no assurance that the radioactive waste would 
in fact be subducted. Adjacent to continents, the waters of the 
trench are often characterized by high biological productivity and 
are rich fishing zones. JiRDA 76-43, volume A, section 25.2.2 briefly 
discusses the dynamic nature of the continental margins and trenches 
in the context of radioactive waste disposal. It does not appear 
that any significant effort has been devoted to a further and more 
detailed study of this concept.

Rock Mel_t_ing_ A1 ternat 1 ves

Emplacement of liquid or solid high level waste produced by repro­
cessing of LWR spent fuel in a particular geologic host can produce 
melting if the thermal power per unit volume is high enough and the 
emplacement geometry is appropriate. The melting and subsequent 
cooling (to a glass or crystallized liquid) could provide a barrier 
to migration of potentially hazardous nuclides from the repository 
site. This alternative might also be attractive from the standpoint
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of minimal land usage, The 1977 report on Radioactive Waste 
Disposal by the American Institute of Physics Committee suggested 
further study of t.v.8 alternative. ERDA 76-43 volume 4, section 
25.1.6 noted, "No disposal technique involving melting has yet 
been extensively investigated," in connection with high level 
waste produced by reprocessing of LWR spent fuel. The potential 
problems associated with generic rock melting waste disposal schemes 
and four specific options were discussed in ERDA 76-43, volume 4, 
section 25.

To evaluate the scientific feasibility of geologic disposal using 
this approach of spent f'*el elements and isolation of their toxic 
hazardous constituents would entail a major research program of a 
site-specific nature.

III. Alternatives to Geo logic J)iflpottal

The principal alternatives to some form of geologic disposal are:

A. Disposal in the ice sheets of Antarctica; and

B. Extraterrestrial or space disposal.

Retrievable surface storage is not considered as an alternative :vince
it is an interim measure encompassing storage for up to a few hundred
years, followed by some type of permanent disposal.

Ice Sheet Disposal

This alternative would emplace wastes within the ice sheets of * 
Antarctica. Although various Federal agencies support scientific 
studies of the Antarctic regions, no programs are specifically 
funded to evaluate ice sheet disposal of nuclear waste. A thorough 
environmental analysis of this alternative would be required and, 
since Antarctica is an international region, implementation would 
probably be subject to international treaties. The recent American 
Physical Society report strongly recommended against pursuing this 
option.

Space Disposal

NASA Is presently funding a study to explore the possible use of 
space to augment the DOE studies on terrestrial disposal of 
radioactive wastes. In the early 1970's a cooperative AEC/NASA 
study indicated the technical feasibility of space disposal#
However, on the basis of the cost and apparent risk, terrestrial 
methods were favored for immediate development. The current NASA 
study la giving more specific attention to a space system based
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on the space shxit11 e capability and the experience established 
with isotopic power systems for space applicationn. The space 
transport system would use two shuttles to place the waste package 
and an orbiting transfer vehicle into an earth orbit, The waste 
would then be coupled to the transfer vehicle and maneuvered into 
the final emplacement mode. The current NASA study is emphasizing 
tho use of a solar orbit between the Earth and Venus for the 
emplacement of the waste with tho possible use of a moon crater as 
an alternative. Both the solar orbit and the moon crater provide 
long-term stability. The moon crater system would require more 
energy but could provide a retrieval capability.

The NASA study, funded in FY 1977 and FY 1978 at $400,000 per year, 
is being carried out by NASA's Marshall Space Flight Center with 
the support of JPL and Ames. By the end of I'Y 1978, NASA in 
cooperation witli DOK intends to complete the present study and, 
based on this study, consider action for further work. DOU has 
provided information informally requested by NASA to support this 
study and has participated In NASA program reviews,

The capacity of the shuttle appears adequate to handle the waste 
from the U.S. nuclear power program through tho year 2000. However, 
to achieve this and possibly for economic reasons, it; would be 
necessary to process the spent fuel to remove the fuel hardware 
and uranium for terrestrial disposal. If recycle of plutonium 
In the future was not consistent with national nonproliforation 
goals, the plutonium along with the other actinides and fission 
products would be sent into space. This would reduce the toxicity 
of the commercial waste remaining for terrestrial disposal to a 
few percent of the toxicity of spent fuel. The space shuttle Is 
now undergoing flight tests. The orbiting transfer vehicle will 
be developed for other operational missions by 1985. The energy 
requirements for space disposal, to be further evaluated in FY 1978, 
appear to be a few percent of the energy generated from the nuclear 
fuel.



t h e r m a l  p r o p e r t i e s  o f  s p e n t  f u e l  a n d  h i g h - l e v e l  w a s t e s

Spent Fuelc High-Level Waste Partitioned High-Level Waste

Tim©
(years)

Therasl
power

(W7-MTHM)

Integrated 
thermal 

energy output 
(J/5GEM)

Time
(years)

Theraal
power

(tf/MTHM)

Integrated 
theraal 

energy output' 
(J/JCFHM)

diUEe
(years)

Theraal
power

(rt/MTHM)

Integrated 
thermal 

energy output 
(J/MTHM)

10 1.14 s io3 0 10.44 9.29 x ->10“ 0 10.44 S.SI X 102 0

30 7.15 X 10~ 5.44 X io11 30.4 5.20 x I02 4.23 X 10U 30.4 4.92 X
•>10" 4.02 X io11

100 2. SI X
010“ 1.47 X io12 100 l.Oi x io2 1.01 X io12 100 9.14 X io1 9.4S X io11

300 1.26 X
•?

10" 2.61 X 1012 300 6.5 S 1.18 X
1210 300 S.3S X 10-i 1.04 X io12

1000 5.46 X 101 4.31 X 1012 1000 2.32 1.26 X
i  ■> 10*" 1000 2.91 X

_■> 10 ~ 1.04 X
1210

3000 2.26 X 1 0 1 6.48 X 1 0 i 2 3000 0.S1 1.35 X
1210 3000 2.44 X 10 ~ 1.04 X

I10
10000 1.36 X 10A 1.04 X 1013 10000 0.48 1.47 X

1210 10000 2.25 X
+ \

10 ~ 1.05 X
1210

30000 5.29 1.52 X 1 0 1 3 30000 0.20 1.69 X 1 0  “ 30000 1.94 X 10 ~ 1.06 X
12

1 0

100000 1.06 2.01 X 1013 100000 0.07 1.94 X
1210 100000 1.35 X 10 “ 1.09 X 10"

a2ircaloy-clad, enrichea-U07 fuel continuously irradiated at a specific power of 37.5 Mw/MTHM to a bumap of 33,000 Mvd/HTKM-
^High-level waste contains 0.5" of the uranium and plutoniua, 100% of the neptuniun, aisericiuja and curiuxa, 0.1* of the iodine 
and bromine, and 0" of the tritiua and noble gases in the spent fuel at the tiae of reprocessing (160 days after fuel is 
discharged from the reactor).
^Partitioned high-level waste contains 0.01% of the uraniun and p-Iutoniua, 0-1% of the neptunium, aaericiua, and curiuxs, 0.1* of 
the iodine and broadne, and 0% of the tritiuE and noble gases in the spent fuel at the tiae of reprocessing (160 days 3fter fuel 
is discharged froe the reactor).

^ime is with respect to discharge of the fuel frosc the reactor.
integrated between ten years after fuel discharge and the indicated tisxes-


