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I. INTRODUCTION 

The United States' participation in the 
International Thermonuclear Experimental Reactor 
(ITER) began ir! late 1987 when the initiative to start 
a cooperative program among the four Parties—the 
Soviet Union, Japan, the European Community, 
and the United States—was initiated. Participation 
then continued through the start of Joint Work in 
May 1988 until the conclusion of the Conceptual 
Design Activities (CDA) in December 1990. 

In the period between the conclusion of the 
CDA and the agreement to execute the Engineering 
Design Activities (EDA), the U.S. ITER Home Team 
continued to do work on the design, executed 
additional research and development (R&D), and 
participated in the preparations for the EDA. 
Activities included one major design study on a 
High-Aspect-Ratio Design (HARD) and input to the 
National ITER Technical Review, the ITER Steering 
Committee—U.S. (ISCUS), Special Working Group 
1 (SWG-1), and the Fusion Energy Advisory 
Committee's Panel 1 (FEAC-1). Research and 
development was continued in areas of work that 
were identified as crificaf-pafh elements by an 
international panel chartered by the four ITER 
Parties near the end of the CDA. 

During the interim period, the U.S. Home 
Team Management (HTM) was in the process of 
organizing to support the EDA both at home and in 
the central design sites. The major efforts have been 
in producing a management plan, establishing 
memorandums of agreement with the performing 
institutions for ITER tasks, establishing an 
industrial council, and producing a list of 
candidates who are qualified, willing, and available 
to serve on the Joint Central Team or to participate 
in ITER home tasks. 

I will describe the conclusion of the CDA and 
the interim U.S. ITER activities and will give an 
indication of our involvement in the EDA. 

n. CONCEPTUAL DESIGN ACTIVITIES 

The CDA constitutes the basis for 
continuation of the ITER project because if the 
Parties all agreed that the results of the CDA were 
encouraging enough, they would enter into 
negotiation to move the program forward into the 
EDA. The product of the CDA was a set of reports 
that described the design in some detail, outlined a 
plan for the continuation of ITER through the EDA 
and construction phase, provided a plan for R&D, 
and estimated a cost for construction. The plan for 
continuation called for the establishment of a 
Central Site that would be staffed by a Joint Central 
Team, on a continuous basis, for five years. The 
Joint Central Team would undertake to execute the 
design and R&D process through its own efforts 
and those of the Home Teams of the four Parties. In 
particular, all of the R&D would be done at home. It 
was estimated that the EDA would require 
approximately 1200 professional person-years and 
that the required R&D would cost about 
$750 million [Ref. 1]. 

m. INTERIM PERIOD 

During the period between the end of the 
CDA and the agreement to start the EDA, the U.S 
activities included design tasks defined by the 
Home Team Management, a continuation of 
agreed-to R&D work, and the preparation of reports 
and input to various reviews and panels, along 
with preparations to staff and manage the U.S. part 
of the EDA. 

The principal design task was a study of a 
High-Aspert-Ratio Design (HARD) for ITER. The 
intent of the study was to see if there was a design 
option that would allow the ITER to accomplish a 
high-fluence testing program in a shorter time than 
that proposed by the CDA. The introduction of a 
high aspect ratio reduced the plasma current 



requirement, thereby reducing the load on the 
divertor, which allowed the device to operate at a 
relatively high wall load on a steady-state basis. A 
comparison of the CDA ind HARD parameters is 
shown in Table I. 

TABLE 1. 
HARD and CDA ITER Designs Compared 

Parameter HARD CDA 
Major radius, R(m) 6.33 6.00 
Minor radius, a (m) 1.58 2.15 
Aspect ratio, A 4.00 2.79 
Magnetic field, axis B (T) 7.11 4.85 
Plasma current, I (MA) 

Ignition 14.8 22.0 
Steady-state 11.1 16.0 
Hybrid 10.1 15.6 

Fusion power (MW) 
Ignition 850 1080 
Steady-state 960 550 
Hybrid 1080 1090 

Neutron wall loading at test module (MW/m2) 
Ignition 1.75 1.46 
Steady-state 1.98 0.57 
Hybrid 2.20 1.46 

Bum pulse length (s) 
Ignition 2,060 240 
Hybrid 22,000 3,100 

The United States also participated in several 
international ITER workshops that were sanctioned 
by the Parties. These included Heating and Current 
Drive, Physics and Design Options, Blankets, and 
Plasma-Facing Components. 

Material was prepared for the U.S. ITER 
Review, ISCUS, the U.S. SWG1, and FEAC-1. Input 
was prepared on the ITER CDA as well as design 
options. Examples of such design options are 
shown in Table n, which gives a comparison of 
low-aspect-ratio devices provided to FEAC-1 for 
their deliberations. 

White papers on certain aspects of the ITER 
CDA were prepared as a way to record the U.S. ITER 
Home Team's concerns and objectives that were 
not completely covered in the official ITER 
documentation series. The intent was to provide 
input from the ITER CDA participants that 
indicated needed or highly desirable changes in the 
design. 

The Home Team Management, in 
conjunction with the Department of Energy, Office 
oi Fusion Energy (DOE/OFE), prepared long-term 
and short-term budgets, a management plan, and a 
mitigation plan for industrial participants and also 

TABLE U 
Low-Aspect-Ratio Devices A « 23,1 p«26MA 

Inductive bum time 

iao s<*> 1000s 2300s 10,000 s 

inductive ignition 
Maj. radius (m) 6.91 7.07 7.56 9.28 
Fusion power (MW) 14-0 14S0 1690 2470 
Bo/Bmax CD 4.67/11.1 4.76/103 4.45/9.90 4.01/6.40 
Burn V-s fraction'11' 0.09 0.21 036 0.59 
Cost rcl. to CDA 1.16 1.21 1.27 1.74 

Ncut. wall load 1.0* 1.0' 1.0* 1.0* 
(MW/m!) 
Confinement: Hir/HlO 1.77/1.77 1.80/177 1.83/1.75 1.93/1.70 

H«L/ Hn-mod* 1.65/0.79 1.63/0.60 1.58/0.80 1.44/0.B1 
Troyon coefficient 1.6 1.9 2,0 2.5* 
No. of inductive pulses 

fori MWy/mlflucncc 300,000 30,000 13,000 3000 
for 3 MW y/m* fluence 900,000 90,000 38,000 9000 

Stcady-statc 
MwA. VJill k*4 0.7S <J.7\ QS& <G.1W 
(MW/m*) 
Injection power (WW) 150* 150* 150* 150* 
Qslcody-state 7.1a 6.97 636 <3 
Plasma current (MA) 20 20 21 -fBS/fCD l*> 45/55 44/56 43/57 -Div. heatload 5.0' 5,0' 5.0" -( M W / m ^ l 

Hybrid 
Ncut. wall load 1.0* 1.0* 1.0* -
(MW/m2) 
Bum time (s) 6600 12,900 17,200 -Plasma current (MA) 18 18 19 -fBS/fCD/flrJD <*> 52/30*/18 54/30716 52/30*/18 -Div. heatload 3.6 5.0* 5.0* -(MW/ml)Wl 
No. of hybrid pulses : -for 1 MW y / m ! fluence 5,000 2,500 2,000 -for 3 MW y/m* fluence 15,000 7,500 6,000 -"At a constraint bound. W Not limiti (?; W - 2 W s 
^ Burn V-s as a fraction of total available V-s 
w> No safety or peaking factors 

generated a set of interim design and R&D tasks for 
the United Stat.*. 

TV. ENGINEERING DESIGN ACTIVITIES 

The United States intends to participate fully 
in the ITER EDA. This will entail secondment of 
individuals from industry, laboratories, and 
universities to the three co-design sites (at San 
Diego; Garching, Germany; and Naka, Japan) and 
accomplishment of agreed R&D and design tasks at 
home. The United States has a strong commitment 
to transferring the ITER-specific technologies to 
U.S. industry so that industry will be in a strong 
position to build the machine in the construction 
phase. 

The staffing plan, as of this writing, requires 
the assignment of 211 engineers and physicists, 
along with supporting staff, to the co-sites to form 
the Joint Central Team. The United States' share is 
slightly more than 50 individuals who will be 
assigned full time at the design sites. The existing 



plan is to build up to full strength over a period of 
about a year and a half, as shown in Table HI. 

Table III. Staff build-up for the ITER Central Team 
at all three cosites. 

• ITER Director's recommendation—end of three 
years—not including support personnel 
— 211 Total Physicists and Engineers 
— 20 Physicists 
—191 Engineers 

• U.S. level of Central Team Staffing—1/4 of total 
— 53 Total Physicists and Engineers 
— 5 Physicists 
— 48 Engineers 

• Staffing at the end of calendar year 
—1992 -105 Physicists and Engineers 
—1993 -190 Physicist and Engineers 
—1994 - 211 Physicists and Engineers 

It is presumed that each design group in the 
Joint Central Team will have representatives from 
each of the four Parties. The work will be divided 
among the three co-sites, with Garching 
specializing in tokamak internals, Naka 
specializing in tokamak externals, and San Diego 
responsible for design integration. 

The U.S. ITER Home Team has solicited 
expressions of interest from institutions and 
individuals for participating in both the design and 
R&D. We received approximately 340 responses 
from individuals, more than half of whom were 
willing to work at the two overseas sites. Lists of 
candidates for the various positions in the Joint 
Central Team organization have been submitted to 
the ITER Director, who, in consultation with his 
deputies, has selected individuals for assignment. 
The staffing process is ongoing and will continue 
throughout the lifetime of the project. 

One of the first tasks for the ITER Joint 
Central Team is to define all of the tasks necessary 
to complete the design on the agreed schedule and 
at the agreed cost. The tasks will be divided between 
Central Team Tasks and Home Team Tasks. The 
Parties will propose work to accomplish the Home 
Team Tasks, the Central Team will assign those 
tasks, and the Parties will receive "ITER credit" for 
completion of the work. Central Team Tasks will be 
accomplished by the international team, working in 
a conventional organizational structure that reports 
to the ITER Director. The balance of work between 
Home Team Tasks and Central Team Tasks is still 
to be determined. 

V. CONCLUSION 

The ITER EDA is still in the formative and 
organizational stage. Much of the work is still to be 
defined, and the organization is still evolving. 
Recruiting and maintaining a high-quality team 
both at home and at the three co-sites will continue 
to be a major challenge for the U.S. ITER Home 
Team. 

The technical requirements for ITER are 
extremely difficult. No other remotely maintained 
device of this size and complexity has ever been 
built and operated. A successful ITER project will go 
a long way to establish the credibility of magnetic 
fusion as a technically viable energy source. 
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