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Alexander J. Glass 
U.S. ITER Home Team Leader 

I want to discuss the role of ITER in the U.S. MFE Program Strategy. I 
should stress that any opinions I present are purely my own. I'm not 
speaking ex cathedra. I'm not speaking for the ITER Home Team, and I'm not 
speaking for the Lawrence Livermore National Laboratory. I'm giving my own 
personal opinions. In discussing the role of ITER, we have to recognize 
that ITER plays several roles, and I want to identify how ITER influences 
MFE program strategy through each of its roles. 

Officially, ITER has three missions: the Physics mission, about which 
you've heard a great deal; the Technology mission, about which you've heard 
almost nothing; and the Testing mission, about which you've heard 
something. In addition, ITER serves as a catalyst or a forcing function 
for the discussion of some key program issues such as the question of site 
requirements and environmental concerns; the issue of capital costs cf 
major research facilities; and, a3 has been discussed during this meeting, 
the need for other facilities to supplement what ITER provides. Finally, 
as we've all heard many times over, ITER serves as a model for 
international cooperation, but what is not often stated is that it is a 
model to be emulated if successful, and to be avoided, if not. Thus ITER 
will provide lessons that we will need to digest in terms of implementing 
international cooperation. 



To start with, let's consider the multiple missions of ITER. According to 
the official statements about ITER, its mission is three-fold. First, it 
will establish the scientific and tecnnological feasibility of fusion power 
by demonstrating controlled ignition and extended burn of a plasma, with 
steady state as the ultimate goal. This is generally what is referred to 
as the Phvsics mission. Secondly, in fulfilling the Technology mission, 
TTER will demonstrate the technological feasibility of fusion power by 
demonstrating technologies essential to a reactor in an integrated system. 
Third, through the Testing mission, ITER will also establish the 
feasibility of fusion power by performing integrated testing of high heat 
flux and nuclear components required to utilize fusion power for practical 
purposes. I won't go into this in great depth, because other speakers at 
this meeting have discussed the testing requirements extensively. 

As far as we can tell at this time, ITER will be the first operating 
burning plasma experiment. It will operate in the ignition regime. The 
exact machine parameters are currently at issue pending the resolution of 
what will be the actual ITER design, tut the general attributes of ITER are 
established. It will provide the first comprehensive test of alpha-
particle physics, because it will operate in a longer time regime which 
other machines will not be able to access, even below ignition, to examine 
the issues of continuous refueling and He ash removal. ITER will also be a 
test-bed for the development of the relevant divertor physics, which is by 
all accounts one of the key elements in long-pulse operation. 

In discussing the influence ITER might have on the magnetic fusion program 
strategy, we must specify if_bllil£.» because we have no commitment to the 
construction of ITER at this time. However, all of the planning is 
predicated on the construction of ITER. in anticipation of that, all four 
Parties have suspended plans for their individual ignition facilities. In 
general, each of the Parties had plans for the next generation of machines, 
all which have been set aside, at least temporarily, pending the decision 
to commit to construction on ITER. 
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ITER will provide some of the physics and technology data required for the 
construction of a demonstration power plan (Demo), but by no means will it 
provide the entire data base. New facilities will be needed to both 
complement and supplement the data which ITER provides. We have heard 
about the U.S. plans for new facilities which will focus on new regimes of 
operation. ITER is fixed at a certain design—a certain set of parameters. 
It does not address the entire range of parameter space, and it's very 
clear that there are other regions of parameter space, and other operating 
regimes that are very much worth investigation. However, current planning 
is based on the assumption that ITER will be built. If ITER is not built— 
if three or four years down the road the four Parties disagree on what to 
do—then we can anticipate that the MFE program will need to develop an 
entirely new strategy. It's very clear that our current strategy is 
entirely predicated on the successful design and construction of ITER. If 
it is not built, it is likely that one or more ignition machines will be 
built around the world, with different designs, and possibly even based on 
alternative concepts of confinement. 

There's also the question of genuine alternative approaches. Earlier, John 
Sheffield alluded to the fact that in the TPX study, they were specifically 
not asked to look at stellarators and other configurations. However, these 
other configurations exist and will continue to be discussed, and the 
difficulties that are encountered in developing, designing, and in 
constructing ITER will have an influence on the relative attractiveness of 
alternative configurations. 

Now let's turn to the issue of technological feasibility. The Technology 
mission, to my mind, will test the credibility of magnetic fusion as much 
as either of the other missions for ITER. The importance of the Technology 
mission is often overlooked. If the promise of the Demo is going to be 
taken seriously—if we are going to convince people that the next machine 
to be built after ITER is a demonstration power plant—then ITER must 
operate with very high standards of reliability. In the ITER CDA 
objectives, the goal was set for a 10 percent average availability, and 25 
percent peak availability during the technology or testing phase of 
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operation. That's a Herculean task considering the current availability of 
current machines. In fact, ITER must demorstrate a reliability far beyond 
anything we have seen to date. There must be no catastrophic failures in 
ITER'S operation, and we must demonstrate on ITER the ability to control 
disruptions to a very high degree. In terms of maintainability, it's 
absolutely required that there be a successful demonstration of remote 
maintenance, because ITER will be an activated machine. In terms of 
safety, ITER must operate for its full lifetime with no significant release 
of tritium. If any of these criteria are not satisfied, then there will be 
serious questions about whether magnetic fusion technology is ready to take 
the next step. 

ITER is expected to operate for 15 to 20 years. During the course of that 
operation, particularly in the early phase of the operation, there will be 
a number of lessons learned. There will undoubtedly be things one wants to 
change. There are already proposals to modify the machine between the 
Physics phase and the Technology phase—to install an improved divertor or 
to install high temperature blankets. Other modifications based on these 
lessons learned may be desirable. The capacity to modify the machine will 
be severely limited by the fact that it is activated, and it's a very 
complex machine. Thus this potential for modification must be kept in mind 
throughout the design activity because it will be taken as one of the 
criteria by which the credibility of the technology is judged. 

Turning flow to the Testing phase, we must recognize that ITER alone cannot 
provide all the data. It can't do end-of-life testing. However, it will 
play a very important role in materials development. However, for both the 
Physics and Testing missions, it should be recognized that ITER is a very 
large machine. Consequently, an experiment on ITER will be very expensive. 
The opportunity cost of doing an experiment on the machine, precluding 
other experiments that could be done, is very high. It's very beneficial 
to use smaller machines for preliminary tests of diagnostics and 
experimental procedures before you implement them on a big machine. We 
have heard proposals today for constructing a blanket test facility, for 
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example, to do precisely that. The principle applies as well in the 
physics area. 

As we've heardr a concentrated effort is required to develop low-activation 
structural materials to prepare for the Demo. We need to reduce the 
tritium inventory, develop a reactoc-qualified blanket, and demonstrate 
saf£, environmentally sound and efficient tritium retrieval. All the 
Parties support a need for a 14-MeV neutron source. There are long lead 
times associated with the development and qualification of new materials, 
and we cannot wait until ITER is operating in its testing phase, which is 
15 years from now or more, to start thinking about how we will develop the 
materials we will need for the Demo. 

Goirig beyond this specific mission of ITER, I would like to discuss the way 
in which ITER will serve as a forcing function for national decisions 
regarding fusion. First of all, by acknowledging that ITER will have a 
Technology and Testing mission, ITER becomes the first step away from 
purely a fusion physics program toward a fusion energy technology program. 
Accordingly, a new set of participants will become involved in the program. 
Tne materials community is clamoring to become more widely involved in the 
fusion program, limited only by the availability of funds. Wider industry 
participation is, in fact, mandated in all Parties as part of the ITER 
project. Furthermore, new facilities will be required for both physics and 
technology and this, again, implies a broader set of participants. 

Previous speakers have discussed the desire to accelerate site selection 
for ITER, and the need to identify a nuclear site for ITER, or for any 
other large DT machine. This is a rtixed blessing, because it will force 
us, and the country at large, to face up to the fact that magnetic fusion 
energy is a nuclear technology. Most segments of society don't 
differentiate one nuclear technology from another. The site requirements 
for ITER will emphasize the nuclear aspects of fusion technology. The site 
will be required to store kilograms of tritium, and provide for on-site 
disposal of activated structures. According to one estimate, if the first 
wall is replaced in order to insert a new blanket at the end of the physics 
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phase, disposal will be required for up to 1,000 tons of activated 
material. These requirements will stimulate a substantial debate about the 
relative merits of developing fusion energy, especially since ITER 
construction will require an investment on the order of the SSC. There 
will be many people who will say, "Wait a minute. I can do it better, and 
I can do it cheaper, and I can do it cleaner." As Voltaire said (and, of 
course, he said it more eloquently because he said it in French), "The 
better is the enemy of the good." We can expect to see these issues raised 
in the debate over tokamak fusion engendered by the ITER site decision 
during the next few years. We should be prepared for this debate, it's 
healthy and it's positive. If there appears to be a better way to do 
fusion, it should be carefully and critically examined before we commit to 
the construction of a machine as large, complex, and expensive as ITER. In 
this debate, we must recognize that ITER will not incorporate all the 
attractive features of the ultimate fusion technology. Subsequent designs 
will be able to take advantage of low activation materials, reduced tritium 
inventory, helium cooling, etc., and all the other features desirable in a 
fusion reactor, because ITER is the means by which these advances will be 
developed. Thus the ITER site will have stringent demands, which will be 
mitigated in future systems. 

There is a further concern regarding the cost of ITER. Even with 
international participation, during the period in which ITER is built (1998 
to 2005), each Party will be expected to pay from 20 to 40 percent of the 
construction cost, depending on whether it is the host Party or not. This 
reduces to an expenditure of at least $1 billion to $2 billion dollars over 
a seven year period, or an average of $150 million to $300 million dollars 
per year. This level of expenditure will profoundly limit each Party's 
ability to build other machines during this time, even with expanded 
international cooperation. It is likely that these difficult budget 
decisions will be made in an atmosphere of frugality; we have no reason to 
anticipate that the budget crisis which limits the ability of the United 
States to undertake any major new scientific venture today, will vanish 
within the next six years. Furthermore, the benefits of fusion research 
are poorly understood, and perceived by only a few of the decision makers 
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in government. If fusion energy is to proceed, and ITER is to be built, we 
must improve the public awareness of fusion's potential, and build 
confidence in our ability to be successful. 

ITER is viewed as a model for expanded international cooperation, which is 
highly beneficial to the project. We are now entering an era in which 
international cooperation is easier than it was before. One of the great 
attributes of fusion is that throughout the vicissitudes of the Cold War, 
with only a couple of minor exceptions, the United States and the former 
Soviet Union managed to maintain close cooperation in fusion, independent 
of the political ups and dc.ms, because both perceived that it was 
beneficial to their own interests. International cooperation only works if 
all participants feel that they are benefiting. The cost-sharing aspect is 
also attractive. After all, the United States is not the only country in 
the world which is encountering financial difficulties at this time. 

Global problems require global solutions. The fusion program addresses the 
problems of providing a world energy supply in an environmentally sound 
way. That's a global issue. There are other global issues of the same 
kind which will benefit from international collaboration: the issue of 
containing local military conflicts, and the issue of nuclear weapons 
proliferation. People are beginning to address these problems on an 
international basis, and they're examining what we have done in ITER, to 
see whether it can be used as a model, we are learning how to negotiate 
international partnerships, and we're learning that it's slow and it's 
difficult, but it can be done, and future projects clearly will benefit 
from our experience. 

In conclusion, let me state that there is no question that the ITER project 
will continue to influence the U.S. magnetic fusion program strategy. it 
already has had a profound influence on the program strategy in all the 
Parties. ITER plays a central role in each Party's program. Plans for 
domestic facilities that were high on the list in each Party have been 
placed in abeyance. I am concerned that the debate over ITER siting will 
heighten the awareness of the nuclear issues in fusion energy technology. 
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That fac t i s not t o be denied, but we had b e t t e r be prepared to answer the 
r e s u l t i n g q u e s t i o n s . I t i s a l so very c l e a r , t h a t new physics and 
technology f a c i l i t i e s w i l l be needed in p a r a l l e l with ITER t o prepare for 
the Demo. In order to do t h a t , as recognized by a l l P a r t i e s , i n t e r n a t i o n a l 
c o l l a b o r a t i o n in fusion i s l i k e l y t o expand. 
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