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July 2 7 ,  1990 

ALTERNATIveS WAYS TO DEveIX)P A NATIONAL CONSENSUS AND 
PROGRAM PLAN RELATED TO ACTINIDE BURNING 

The Problem 
Q$2J\ 

This paper discusses the merits of differing strategies that the 
Department of Energy might care to adopt for developing a broader 
consensu; within the United States on whether the U.S. sh&d 
proceed with a major program on actinide burning and,, / ,  if so, in 
what manner. '1 * 

Backsround - The Informal DOE White Paper 

For several months the Department of Energy has been stressing 
the potential role that the development of the LiMR might play in 
fostering actinide burning within the United States with 
potential consequential beneficial effects on the handling of 
radioactive wastes in this country. 
if a successful and sufficient actinide burning program, centered 
around the LiMR, is developed in the United States it might be 
feasible to first arrest and then burn off the inventory of 
actinides that is being built up in U.S. spent fuel from light 
water reactors. 

It has been suggested that 

The DOE staff has prepared an informal draft "White paper" 
outlining the potential of the concept which is enclosed as Annex 
A to this report. 
tion is that with the successful development of an actinide 
burning system the amount of long-lived hazardous materials in a 
repository will be significantly reduced. 
the White Paper, that the elimination of the very long-lived 
transuranic elements from a repository could reduce public 

As will be seen from this paper, the assump- 

It also is assumed, in 
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concerns about nuclear waste management, and possibly reduce the 
potential delays in licensing and siting repositories. 
understanding that this is hot DOE'S intention, however, to 
suggest that a repository may no longer be needed. The DOE draft 
White Paper also has visualized that' over the next several years 
steps should be taken to develop a national consensus as to how 
best to proceed in this area. 

It is our 

As visualized in the 
burning system would 

- A facility(s) 

c 

White Paper, conceptually, an actinide 
consist of: . +  
for conversion of light-water rFactor spent 

fuel (and gas-cooled reactor spent fuel when a i s  type of 
plant is deployed) into highly radioactive ALMR fuel feed 
material in the form of metal or oxide. (The very 
radioactive rare earth isotopes may be left in the feed 
material to make it more difficult to divert it for 
illicit purposes and to avoid the politically sensitive 
subject of introducing a nplutonium economy" involving 
conventional reprocessing, shipment, and handling of 
readily accessible weapons usable material.) 

- Depending on the location of the conversion facility, 
casks for shipment of the partially separated radioactive 
feed material from the conversion facility to the ALMR 

facility . 
- A reactor complex optimized for actinide conversion while 

producing electric power at costs competitive with other 
methods . 

- 5  - A remotely operated facility for accepting the initial 
charge of ALMR fuel feed and for recycling the spent ALXR 
fuel as the reactor operates. 
ALMR waste streams into acceptable forms for geologic 

The capability to process 
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disposal would be part of this recycle facility. 
facility could be an integral part of each AIXR complex or 

- it could be- located. separately. 

This 

(It is interesting to note that the'drafe White Paper does not 
comment or visualize an accelerator approach to actinide 
conversion even though some Laboratories, including Los Alamos, 
are understood to favor this option.) 

Three major phases of an overall DOE program plan have been 
,' ..' envisaged in the White Paper. 

4 

Phase 1 - Would be carried out over approximate1y;the period 
of 1991-1993 and would entail the implementation of a near 
term program strategy. 
contractors would: 

During this phase, DOE and its 

- Examine the institutional, regulatory, and economic 
impacts of actinide burning for different sets of goals 
and assumptions. 
would include: (1) the relationship of the 
implementation of partitioning and transmutation to 
existing NRC regulations, (2) the impact of an actinide 
burning program on the cost, licensing and schedule of 
the DOE repository system, (3) the relationship of the 

concept to defense and civilian waste activities, (4) 
the nature of a desired optimum system design, 
including technical/institutional interfaces between 
facilities, and (5) international implications. 

Important issues to be addressed 

- Drawing on current pyrochemical and aqueous/organic --. 
technologies DOE would investigate processes for 
conversion of LWR spent fuel into ALMR fuel feed 
material in order to decide which process should be 
demonstrated and deployed. The goal for these 



processes would be non-TRU waste streams with 
essentially complete recovery of all of the transuranic 

- actinides. 

- DOE also would explore, in-parallel with the above, the 
possibility of converting HTGR spent fuel into feed 
material for the AIXR. 

- Further, during the F i r s t  Phase DOE would complete the 
ALMEt closed fuel cycle development, i.e. equipment and 

initial charge of fast reactor fuel, partial 4 

decontamination of spent A m  fuel fo1lowed;Qy recycle 
back into the reactor, the processing of the waste to 
remove nearly all of the actinides followed by 
packaging and shipment of the waste to a repository. 

' process development required for: fabrication o'f"*the 

- It is proposed that DOE also would complete the design 
and obtain NRC certification of licensability of an 
ALMFt prototype to permit early deployment of ALMR 

actinide converters. (pate: It is not clear to us 
whether this would be feasible if DOE is not moving 
forward at the time with a specific demonstration AL,MR 
project) . 

- Finally, working with other interested agencies during 
the first Phase, DOE would develop an appropriate 
safeguards perspective on actinide burning, (from a 
non-proliferation perspective) to assure the program 
poses no added risks to diversion of fissile materials 
for illicit uses. Such a safeguards perspective - -  would 
be compared to safeguards issues associated with 
current fuel cycle approaches. 



phase 2 - The second phase of the postulated program, as 
visualized in the informal White Paper would be the 
demonstration phase for' refining and proving the technical 
aspects of the required steps, while detailed analyses, 
public review and scrutiny as well as the regulatory aspects 
are examined in order to firm up a "go or no gon decision. 
This phase would last from about 1993-94 to 1998-99. 

phase 3 - Would involve actual deployment of the requisite 
facilities on a commercial scale - including the first * 

advanced liquid metal reactor (presumably of PRISM desxgn) 
and the requisite reprocessing and conversion facilities. 
The DOE informal White Paper has visualized the goSsi3jle 
initiation of construction of these facilities about the end 
of the century and operation beginning in the period of 2005 
to 2010. 

, 
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Finally, in its overall Conclusion the White Paper had the 
following observations: 

Wvaluating the current stage of development of the A N R  
design, the closed-cycle processing of the metal fuel and the 
studies on stripping the actinides from the process waste 
streams, actinide destruction burning is technically 
feasible. The potential now exists to strip almost all of 
the very long-lived, million year hazard, actinides from 
spent LWR fuel prior to geological disposal of the resultant 
high-level waste. Perhaps, if worthwhile, mobile long-lived 
fission products can also be stripped from the process waste 
and burned in a high flux fast or thermal reactor. 
National Government and Industry commitment to actinide 
burning is required. First, for the R&D phase and then for 
the UlR deployment. If deployment of the IXRs starts early 
in the next century, the build up of spent LWR fuel could be 
capped and thru actinide conversion essentially only fission 
product waste would have to be sealed in the repository." 

It must be emphasized that the DOE White Paper has 

A 

-- 
Comments: 
been viewed as strictly an informal discussion document and, to 
our knowledge, it has not received any formal endorsement of top 
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level officials at DOE or at other agencies of the Executive 
Branch although Secretary Watkins has made some very positive 
statements - about the promise of actinide burning. 

Moreover, the concept of actinide burning is still very much in 
its infancy and there is, as yet, no broadly endorsed strategy or * -  

game plan as to how one might proceed from the current early 
conceptual stage to a practical demonstration of the economic 
feasibility of the concept. 
on a broad basis with members of the U.S. nuclear community; 
short, the U.S. still has a way to go to achieve a national” 
consensus on strategy as to how to proceed in this area. 

In this regard concerns have been expressed that the current high 
visibility of being given the promise of actinide burning could 
add to the problems already facing the DOE repository program by 
suggesting that there is a novel new approach to waste management 
that now needs to be proven before further major steps to 
establish a repository are taken. 
burning concept could be misconstrued to imply that no repository 
is needed (which is not the case) and that this could serve to 
derail the repository program which is vital to the future of 
nuclear power in the United States, They also have indicated 
that there are several technical, institutional and economic 
issues that need to be resolved before the real viability of 
actinide can be determined. 
suggested by the Edison Electric Institute that the radioactive 
waste committee of the National Academy of Sciences should be 
requested to perform an objective assessment of the merits and 
feasibility of actinide burning. (Some illustrative articles in 
the trade press on the subject appear in Annex B to this - 5  paper). 

Neither has the concept been vetted 
In 

4 .  / .  
’# 1 

Others fear that the actinide 

In this regard, it has been recently 

Adding all these factors together the critics or skeptics of 
DOE‘S current directions tend to argue that DOE should reduce its 
public advocacy of actinide burning and give far greater emphasis 
to the idea that the concept is being pursued and evaluated as a 
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longer range option whose practicality has not been 
demonstrated. 
to carry out is basic waste management program and to seek to 
characterize and designate a suitable location for a U.S. 
repository a5 soon as possible. 

In the meantime they would expect DOE to continue 

In light of this background it would appear that DOE still has a 
way to go to establish a common approach with the U.S. nuclear 
cornunity as to how this subject should be treated. 
mind, in the balance of this paper we discuss some alternate 
procedural steps that DOE could consider undertaking that. 'would 
be designed to help develop a common view of the potential 
contribution of actinide burning and how the subject,should be 
approached. 
million for actinide burning in the FY 1991 budget and the 
discussion that follows assumes all of this request would be 
authorized and funded by Congress.) 

With this in 

1( 

(It will be recalled that DOE has requested $2 

praior mtional Amroaches 

The choices that are discussed include the following: 

ODtion 1: 
implement an actinide burning program but without taking any 
special steps to involve others, including the U.S. 
utilities, in assessing the merits of the concept and in 
defining a national program plan. 
1991 would be devoted primarily to carrying out defined 
experiments which are judgedto be important to on-going 
progress in the field - including those associated with 
evaluating fuel cycle options to nsynergistically couple the 
actinide recycle capability of metal fueled A m s  to-the 
existing commercial cone-through fuel cycle." 
the DOE FY 1991 budget from which the quote comes, DOE would 
also: 

DOE could proceed on its own to define and 

The funds requested for FY 

As stated in 



"Develop an actinide. recycle program plan that 
identifies objectives, technology development tasks 
and implementation actions.n 

Moreover, DOE would initiate and maintain fuel cycle cost 
data base for cost analyses using established methodology. 
DOE also might issue a revised version of its White Paper on 
actinide burning to various organizations for their review 
and comment, but it would not organize any systematic , effort 
to develop & a "national plann with the ora anizeq participation c . ,- 
of others . 

1 

Option t 2 :  
sponsor a maior indeDendent review, assessment, and 
commentary by the National Academy of Sciences or some 
independent body that does not report to DOE, on (a) the 
technical and economic merits and feasibility of actinide 
burning, and the role it should play in the U.S. waste 
management program: (b) the nature of the U.S. program that 
should be sponsored in this area over the next two to three 
decades. 
given to a prestigious institution or group like the National 
Academy of Sciences or a major national research institution. 
The DOE role would be limited in this instance to funding the 
activities of the group, presenting questions to the group 
for consideration and providing the group with information 
and support as mutually agreed. 

As suggested by EEI, DOE would undertake to 

The task for performing this assessment could be 

Option #3: 
that the interest in actinide burning is not confined to the 
United States but also includes countries like Japan-pnd 
France. Accordingly, and possibly under the auspices of the 
OECD Nuclear Energy Agency as well as the IAEA in Vienna, the 
Y.S. would press fo r  an international assessment of the 
merits of actinide burnins includina recommendations for 
on-aoina R&D and topics for international collaboration. 

Under a third option the U.S. would recognize 
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This review would be open to any OECD member state wishing to 
participate. It would be undertaken by international working 
groups studying specific major issues and would operate 
somewhat similarly to the International Nuclear Fuel Cycle 

. Evaluation (INFCE) that was conducted in the late 1970's. 
The presumed product of the effort would be an overall report 
commenting on the technical, economic, feasibility and 
promise and other aspects of actinide burning - possibly with 
recommendations that nations should take to pursue the 
concept. It would be up to the U.S. to define and pursue its 
own hational program in light of these recommendation's;'. 

n 
Option #4: 
DOE would develop a draft detailed program plan for pursuing 
actinide burning in all significant respects ranging from 
pursuing the major technical and economic questions to the 
major institutional issues. The major topics referred to 
above from the draft White Paper would be discussed. 
However, the plan would be more detailed than the White Paper 
in identifying tasks to be performed, recommended milestones, 
etc. Moreover, in contrast to just pursuing to defining and 
implementing the plan on its own, DOE would submit the plan 
in draft form for review and comment by an ad hoc advisory 
Qroup reportina to DOE. with the idea that revisions miaht be 
made after comments from the aroup are received. 
advisory body would be designed to represent various 
interests and would include representatives of the interested 
national laboratories, members of the academic community, 
representatives of the U.S. nuclear industry and 
representatives of U.S. utilities - including EPRI, the 
Edison Electric Institute. The avowed objective would - 5  be to 
try to attempt to reach a wide measure of agreement on a 
national program plan for the development and assessment of 
actinide burning. However, DOE would reserve itself the 
exclusive right to proceed as it best deems appropriate in 
light of the comments it has received. 

Under the last option addressed in this paper, 

The ad hoc 

9 



In the paragraphs that follow we discuss the pros and cons and 
possibly implications of each of these alternatives. 

- 

1. W E  Sho uld Proceed On Its Own To Define And I mlement The 
proaram, And Seek The Views Of Others On An A d Hoc Basis But 
pithout T akina Anv SR ecial SteDs T o Oraanize A C ol 1 ect ive 

jndeDendent Assessment Of The Subject. 

This option would have the advantaaes of preserving maximum DOE 
control over the course and direction of the program and would 
avoid the risks of delays and possible controversy and confusion 
that might be encountered if the concept of actinide>urning were 
now subjected to an extensive degree of independent review and 

' .I 

commentary. 

On the other hand, this option might do very little to help DOE 
develop a nnational consensusn on the desired course and 
direction of the program which is one of the stated DOE goals. 
This approach would ignore and not be responsive to the recent 
suggestions of the EEI that the National Academy be asked to 
perform an independent objective assessment of actinide burning. 
Accordingly, if this option were adopted and if DOE continued to 
give substantial visibility to actinide burning, it might find 
itself at continued odds with elements of the utility industry on 
the merits and practicability of the concept. 

2. DOE Would Call In An nIndependentN Group Or Institution (Not 
J?eRortina To DOE) To Perform An In-DeDth Assessment Of The 
Technical And Economic Merits of Actinide Burnina And To 
pecommend That Nature Of The Desired Future U . S .  Prosram In 
This Area. The Task Could Be Given To The National Academy 
of Sciences. A s  Proposed BY EEI Or A Major Research 
Institution To Perform. DOE Would Present The GrouR - With 
Questions To Be Considered But Would Not Present The 
peviewina Group With A Recommended Detailed Proaram Plan For 
Consideration. 
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This option would have the advantage of subjecting the concept 
presumably to high calibre, "-enden tn assessment while the 
program - is still i n  an early stage of development. This might 
help assure that the program evolves in a well conceived manner 
that also has the endorsement of a prestigious, and hopefully 
representative group. If representatives of the U.S. utility 
industry were invited in, or involved in the assessment their 
reservations could be factored into the planning process which 
conceivably might make them supporters rather than detractors of 
whatever on-going program is agreed to. 
of the solution as to how best to proceed with a program'oi 
actinide burning rather than part of the problem. Is the National 
Academy were employed to perform the assessment of Gighly 
respected scientific body would be involved in the process and 
this could contribute to the development of a national consensus 
on the prospects and a desired plan of action. 

They could becomepart 

On the other hand, this alternative could serve to put the DOE 
program on "hold" while the subject review is taking place, it 
cold place DOE in a highly dependent position on the views of 
others, and DOE conceivably could lose a desirable degree of 
control over the course and direction of the activity. If the 
Academy were employed it could be argued that, in essence, DOE 
would be abdicating part of its own technical program 
responsibility. Expressed in other terms, it could be argued 
that as a major technical organization - with important program 
responsibilities - it should be feasible for DOE to perform its 
own objective assessment of actinide burning - either by 
performing its 
itself of its own advisors or advisory committees. 

assessments "in house" or by also availing 
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Coll abora tion With Jap an. And The West European S - Possiblv 

neruv Aaencv Of Th e OECD Ynder the AU spices Of The Nuclear E 
Workina In Collab oration With The 1 AEA. 

In some respects, this option would be a variant of the second 
option just described except that the evaluation of the merits of 
the concept would be conducted on an international basis - 
possibly under the auspices of the NEA, or possibly the NEA in 
collaboration with the International Atomic Energy Agency ( IAEA).  .' .. & 

Drawing on the experience of the International Nucle,?r Fuel Cycle 
Evaluation (INFCE) it might be feasible to establish-:one or more 
working groups under NEA (or NEA-I=) auspices to assess the 
technical and economic merits of actinide burning, to discuss the 
status of the technology, the steps that have to be taken in 
terms of further R&D and demonstrations and to make appropriate 
observations and recommendations about the role actinide burning 
might have in the future nuclear fuel cycles of interested 
states. This could include recommendations for possible national 
and international action. 

This option would have the advantage of bringing foreign 
perceptions to bear on the issue - which could be of value since, 
through the 'so-called OMEGA program, the Japanese appear to be 
spending more money in looking at partitioning and transmutation 
than is the United States. 
experiences, and perceptions the participants in an international 
review might make greater progress collectively than if they 

opted to continue to proceed on their own. Also, the U.S. should 
have an interest in learning how other nations view actinide 
burning and the longer term role they perceive for it in the 
nuclear fuel cycle and how it relates their existing and planned 

Thus by pooling resources, 

waste management and repository programs. 
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On the other hand, the organization of some form of international 
review and study of this issue could be a very laborious and 
time-co-nsuming task. 
European countries are likely to be extremely cool to the idea of 
such a multilateral effort. In pafiicular, it will be recalled 
that at one time the Japanese had hoped to convert their national 
OMEGA program into a multilateral effort and they made overtures 
in this direction to the NEA Fuel Cycle Committee. 
understood that this overture was rejected by most NEA members 
who appeared to be concerned that such a high visibility study 
could interfere with their on-going waste management prerims . 
Accordingly, they only agreed that the interested NE+ member 
states should periodically exchange information on their 
partitioning and transmutation programs but they resisted 
suggestions that a more ambitious joint program should be 
undertaken. 

Experience suggests that many of the 

* -  

It is 

Against this background, if the U.S.  came out in favor of some 
high visibility international review of actinide burning on the 
INFCE model, we believe there is good likelihood that it would 
encounter resistance to the proposal. We suspect that several 
European states would be seriously concerned that such a review 
could prove to be politically disruptive to their national waste 
programs. Alternatively, if perchance the proposal for an 
international review were adopted, we believe there is some 
likelihood that the U.S. would lose a degree of control of the 
assessment process. Conceivably, it also might find the course 
and direction of its national program somewhat hostage to the 
international effort. There might, for example, be a tendency on 
the part of some U.S. officials - and especially when it came to 
budgetary decisions - to delay matters until the international 
study and resultant report were completed. Lastly, it should be 
noted that the U.S. would not have to involve itself in a 
multilateral study in order to obtain in depth information about 
the course and direction of the Japanese OMEGA program since such 
data presumably could be obtained directly from the Japanese on a 
bilateral basis. 
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PDtion 34: W E  would ~ r e ~ a r e  a draft   roar am ~ l a n  for 
evaluatina an d Dursuina the concep t of actinide burnina ov er 

at least t he next dec ade. 

prosram I31 an for review and commen ts bv a sDecial ad h oc 
. advisorv c ommittee reDortina to DOE of emert s or Der sons 
Jceenlv in terested in the U,S, n uclear Droara m. 
would be carefully s elected to in clude not onlv indi viduals 
familiar with waste manaaement, D artitionina a nd 
$ransmutation, but also remesentatives of t he utility 
jndustrv who would be sensitive to the Dractical Dolit ical 
effekts of the adODtion of n ew courses of direction in the 
pield of waste manaaement. 
community, the environmental community, possibly% S . 
equipment manufacturers, and persons knowledgeable of U.S. 
regulatory policies and procedures might also be included. 
In the course of carrying out its activities the subject 
advisory committee would be requested to comment on (a) the 
soundness and proposed course and direction of the proposed 
DOE program plan; (b) the current status of the relevant 
technologies, the likely practicability of the concept being 
favored by DOE (as well as the alternatives) and the likely 
relative ease or difficulty of undertaking a major U.S. 
effort in this area; and (c) the nature of the desirable 
interactions between the proposed program on actinide burning 
and DOE'S basic waste management program, including the 
repository program. 

It woul d then s m i t  this draft 

The c ommittee 
- 

/' 

- 

Representatives of tlpe academic 

An illustrative list of some of the key questions or issues that 
might be put to such a group is enclosed with this paper as Annex 
C. After receiving the advice and comments of the committee, DOE 
would revise its program plan and recommended direction ip 
whatever'manner it best judged to be appropriate. 
understood throuqhout that the ultimate decision for shapina the 
recommended direction of the Droaram - would rest with DOE. 

It would be 



The advantage of this approach would be that it presumably would 
allow DOE to take the lead in shaping the course and direction of 
the proposed program while still hopefully benefitting from the 
advice, input, and support of a representative.group of advisors 
able to contribute to the process. 
compromise between continuing to conduct the program in its 
current mode (as basically a DOE-Argonne operation) or asking an 
outside organization or blue ribbon group to independently assess 
the promise and likely practicability of actinide burning. 

On the other hand the likely viability and attractiveness’*of this 
approach may depend very much on the thoroughness an$ 
completeness of the draft R&D program plan that DOE develops and 
puts before the group. 
DOE will be vulnerable to the criticism that it has been 
popularizing the potential promise of actinide burning without 
having come up with a specific and credible program plan to 
evaluate and prove out the concept. 

This would represent a 

Unless this plan is reasonably complete 

Conclusions and Recommendations 

On balance, it is the conclusion of this paper that a course of 
action along the lines of the last one just discussed may be the 
best one to pursue because it would allow DOE to solicit the 
views of a responsible group of people on the merits of a 
proposed program while still maintaining some control of the 
operation. 
afford enough of an opportunity for independent review (Option 
#l) or they might make the DOE program hostage to overly 
elaborate, and time consuming process. 

The other choices as we see them either would not 

--. 
If such an ad hoc committee is convened, it is recommended that: 

- it be broadly represented to include (1) technical experts 
on partitioning and transmutation including one or two 
representatives from the academic community; (2) some 
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recognized leaders of the U.S. nuclear community; (3) 
appropriate representatives of some key U.S. utilities as 
well as EPR; and the EEIt (4) at least one former senior 
WRC official familiar with the regulatory implications; 
and (5) possibly a "moderated members of the environmental 
community 

- DOE present the Committee with a draft program plan and a 
series of issues or questions t h a t  it wishes the Committee 
to focus on. 

DOE and the Committee agree on a work plan and schedule 

submission of an appropriate report that is geared to the 
DOE budget cycle. 

& 

- 
for timely completion of the Committee's work I and 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thcrwf, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, Or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement. recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

- .. 

16 


