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COMPTROLLER GENERAL'S EFFORTS TO DEVEI,I)P 
REPORT TO THE CONGRESS TWO NUCLEAR CON;:EPTS 

THAT COULD GREATLY IMPROb? 
THIS COUNTRY'S 

I 

DIGEST ---_-_ 
, ! 

FUTURE ENERGY SITUATION 
Energy Research and 

Development Administration 

’ 1 
. . _- I 

WHY THE REVIEW WAS MA-DE ---~ -Y-7---------- - 
could be jdeveloped by the 
earlv 1980s. 

Within the last Year, the I I 
‘ 

Atomic Energy Commission> has _ 
described, and many articles. 
have been published on, the 
extraordinary promise that 
two nuclear concepts being-‘--- 
developed-- fusion power and 
lzser isotope separation-- 
hold for greatly improving 
the energy situation in '%is 
country. 

If these concepts are devel- 
oped successfully, they could 

-+produce electricity with a 
ifuel that is virtually in- 
exhaustible and 

, 
---enrich ur at, ium fuel needed 

for current nuclear elec- 
I tr ic power-generat inq 
'plants more cheaply and 
with much less energy than 
at present. 

GAO reviewed efforts in this 
country to develop these two 
concepts. The /Atomic Energy 
Commission, the predecessor 
agency to the recently es- 
tablished Energy Research and 
Development Administration, 
predicted that fusion power' 
could be developed by the end 
of this century’ and that 
laser isotope separation 

~ejt~e@, Upon ~em0v.d the report 
cover date should be notc‘d hefmrr. 

FINDINGS AND CONCLUSIONS 

Fu-sion power 

Fusion --the joining of light 
atoms to form a heavier one-- 
could lead to the ultimat, 
nuclear power plant because 
it 

--would use a virtually in- 
exhaustible fuel found in 
ordinary water and 

--could reduce by over 
90 vercent the hazardous 
radioactive waste problem 
associated with current 
reactors. (See p. 2.) 

A fusion powerplant is 
projected co have other im- 
portant environmental ad- 
vantages over current power- 
plants, such as 

--inherent safety aqainst 
potential nuclear accidents, 

--reduced danger cf nuclear 
mater ial diversion for 
clandestine purposes, and 

--lower biological hazards in 
the event of sabotage or 

i RED-75-356 
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, natural disaster. (See 
p. 2.) 

Energy Research is developinq 
two fusion methods: magnetic 
confinement and inertial con- 

. f inement. Its officials con- 
sider the magnetic confine- 
ment method to be more 
mature. The Energy Research 
pLans for each method call 
for building a demonstration 
plant in the 1990s. 

. . Magnetic confinement involves 
Gldingasuff iciently hot r 

- dense plasma --a special type 
of gas --with the forces 
created by powerful electro- 
magnets, so that fusion reac- 
tions can occur over a 
Editably long time. (See 
?* 2.1 

From 1951 to 1974 the 
Commission spent about 
$544 millio;l on magnetic con- 
f inement research and devel- 
opment. It carried out this 
effort at its national lato- 
ratories, at universities, 
and at private industrial 
laboratories. Energy Re- 
search plans to. spend an 
estimated $1.5 billion on 
magnetic confinement re- 
search and development in 
fiscal years 1975-80, in- 
cluding $92.7 million in 
fiscal year 1975. (See 
p. 3.) 

, 

Inertial confinement 
i?ZiiGZ F;i-EtliGj a ve r y 
small pellet of fuel for a 
fraction of a second with 
powerful beams which heat 
and compress the fuel until 
fusion occurs. These beams 
can be produced with either 

_. 

laser or electron beam . .\ 
generatqrs. (See p. 4.1 

;‘i _: ./ 
The Commission carried out . 
most of its laser fusion ef- 
fort at Government labora- 
tories. 

Also, three private firms 
are involved in the research 
3nd development of laser 
fusion in the United States. 
In total, these three organi- 
zations have invested about 
$25 million in laser fusion 
research and development. 
(See pp. 12 and 16.) Gne 
Enerqy Research laboratory 
is developing electron beam 
fusion. (See P. 16.) 

The Commission spent about 
$116 million on inertial 
confinement research and 
development through fiscal 
year 1974. Energy Research 
plans to spend an estimdtEd 
$550 million in fiscal years 
1975-80, including $54 nil- 
lion in fiscal year 1975. 
Most of th’; money was and 
will be spent on developing 
laser fusion at its three 
weapons laboratories. (See 
pp. 4 and 16,) 

The Commission’s laser 
fusion activities originated 
in its weapons research and 
development program which was 
primarily for military appli- 
cations. Because of the 
potential of laser fusion as 
a possible .future energy 
source, addit ional funds wer.e 
prcvided for this program in 
1975 and a long-range energy 
development plan was estab- \ 

lished. Energy Research of- 
ficials emphasize that, at 

e 



A---- 
this stage of develcq@enetY, 
the program is aimed at 
understanding, laser fusion 
phenomenology which is ’ cc 
necessary to--eithz mili- \ 
tary applicat.ion or civilian 
energy development. (See 
P.l 1 ‘- Y :* 

‘. \ 
In addition to their . long- 
range goal of generating / 

.,electricity for commercial’ 
---. us, _ the inertial confine- .-- 

‘.. ._ .-. ment me.thods have shorter 
range goals in the military 

_- -_ applications area. Al though 
__ _ this report deals with the\ 

.- H energy aspects of fusion, 
its military appl icat itis 
are also important. _. (See 

Early pr ivate invo I.vement in -~---T---- __I_- 
national laser fusion --- 
program??ZYZZZi< __I---- 

All three private organiza- 
tions developing laser fusion 
believe that the first impor- 
tant milestone of laser 
fusion can be demonstrated 
by much less powerful 
lasers than those which the 
Energy Research laboratories 
consider necessary. (See i’ 
p. 16.) / 

One of these private 
organizations achieved an 
important step in May 1974 
that has not yet been dupli- 
cated by any Energy Research 
laboratory. In February 
1975 Energy Research awarded 
a $350,000 contract to this 
organization for certain 
laser fusion experiments. 
Energy Research is also re- 
viewing other funding 

Ted! Sheet 
iii 

proposals from these 

Energy Research recognizes * I 
the need for increased in- 
dustrial participation in 

\j t i 
its laser fusion program. It i 
recently established a panel 
to review and recommend the 
appropriate level of Federal 
support it sho.uld give di- 
rectly to industry for laser 
fusion development. (See 
p. 21.) 

In GAO’s view, early 
involvement of the private 
sector in developing and 
demonstrat inq the economic 
feasibility of laser fusion 
could expedite the accom- 
plishment of this Nation’s 
laser fusion goals. (See 
p. 22.) 

Energy Research and Develop- 
ment Administration’sefforts 
to improve management under ’ I__----- 
zzusfrs& approaches ------- ---- 

Although both fusion efforts 
have the same long-range 
goal, they are managed by 
two separate divisions each 
having different management 
philosophies. 

GAO believes that some method 
should be established which 
would identify the oriorities 
for all the fusion approaches-- 
lasers, electron beams, and 
various magnetic confinement 
systems. This would permit 
Energy Research’s top manage- 
ment to be in a better posi- 
tion to determine ( 1) the con- 
tent, pace, and budget for the 
total fusion proqram and (2) 
how scientific breakthroughs 



and achievement of milestones 
will affect future decisions 
and choices among the fusion 
approaches. 

The Commission set up a 
three-member fusion overview 
panel chaired by its Deputy 
General Matiager. The panel 
is developing key considera- 
tions for assessing the rela- 
tive prior-it ies and ‘goal s of 
the two methods. The panel, 
should serve to identify any 
management changes that arc 1 
needed in Energy Research’s- 
management .df fusion. .( See 
p. 27.: -_ 

-- - 
GAO endorses the panel’s 
mission and plans to closely 
monitor Energy Research’s ac- 
tions on the panel’s deter- 
minat ions. 

Laser isotope separation ------A- 

In addition to using lasers 
to develop fusion power, 

’ Energy Research and at least 
one pr ivats firm are exper i- 
menting with passing laser 
beams through uranium to 
separate its various forms, 
or isotopes i This process 
is called laser isotope 
separation. (See pp. 5 
and 29.) 

Natural uranium must be 
enriched before it can be 
used as fuel for most nu- 
clear powerplants. This 
country is now using a proc- 
ess called gaseous diffu- 
sion to enrich uranium 

i ore. About 10 new enrich- 
/ ment plants kiould have’to 
I be built by the year 2000 

to keepi up with demand for 
nuclear fuel. (See p. 29.) 

Gaseous diffusion plants are 
expensive to build and oper- 
ate. The capital cost for 
the Goyernment to build a 
gaseous, diffusion plant, as 
of 1974, was about $1.4 bil- 
lion. 

!i 
lso, each plant re- 

quires s much electricity 
as two hverage-sized nu- 
clear pbwerplants can gener- 
ate. (See Dp. 5 and 33.) 

If the laser isotope 
separation process is devel- 
oped commercially, it could 
offer tremendous economic 
advantages over the gaseous 
diffusion process. The two 
Energy Research laboratories 
working on this process esti- 
mated the capital cost 6f a 
laser isotope separation 
plant could be less than 
$90 miilion. 

Energy Research estimates 
that the electrical power 
needed to operate such a 
plant would be less than 
5 percent of the amount re- 
guired for an existing gase- 
ous diffusion plant. The 
total savings to the country 
by the year 2000 are esti- 
mated to be as high as 
$80 billion. According to 
Energy Research officials, 
these are preliminary esti- 
mates. (See p. 33.) 

Add it ional savings may result 
from laser isotope separa- 
tion’s greater enrichment 
potential. If successfully 
developed, this process is 
expected to be able to enrich 
uranium more efficiently 

, 
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than the qaseous diffusion 
process. More efficient 
processing will considerably 
reduce the uranium ore 
requirement and extend the 
existing ore reserves. 
Energy Research laboratory 
officials estimated that 
this aspect alone could 
result in estimated savings 
of $33 billion by the end of 
the century. (See p. 34.) 

In view of the potential 
savings, the emphasis end 
priority Energy Research 
qives to the process is very 
important. 

Funding for the program was 
less than,$l million in 
fiscal year 1973 but is 
projected at $14.6 million 
for fiscal year 1975. De- 
spite this sharp increase, 
there are technical prob- 
lems in the process which 
are not now being addressed 
because of the lack of 
funds. (See p. 31.) 1 

In an August 1974 repor't, a 
committee the Congress es- 
tablished to advise the 
Commission on technica. 
matters said considerable 
effort should be made to 
speed up the development of 
the laser isotope separation 
prccess because of its great 
importance. The committee 
recommended 

--increariny funding for 
laser development and 

--beginning a development 
effort, with the assist- 
ance of personnel experi- 
enced in enrichment 
technology, leading to a 

i 

pilot plant design in the 
late 1970s. (See p. 34.) 

The committee also noted 
that the overall technical 
management and staffing of 
the program needed to be 
increased. (See p. 35.) 

Because the laser isotope 
separation process holds 
great prjmise in its poten- 
tial to efficiently. and eco- 
nomically enrich uranium and 
to extend the existing ura- 
nium ore reserves, it is im- 
portant that Energy Research 
make every effort to carry 
out these recommendations 
promptly. 

In September 1974, the 
Commission responded to the 
committee by stating that it 
would 

--accelerate development of 
the process if resources 
could be made available in 
the face of competing pri- 
orities and 

--obtain, as quickly as 
possible, a principal pro- 
gram manager with a good 
technical understanding of 
the program and a belief in 
the program's importance. 

Or, February 20, 1975, Eilergy 
Research requested the Con- 
gress to approve $5 million 
of additional funds for fis- 
cal year 1975.. In April 1975 
the Congress approved this 
request for additional funds 
for developing the process. 
For fiscal year 1976 and the 
3-month transition period, 
Energy Research requested 
funds of $31.5 million. Th e 
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CS Joint Covriittee &%?+tomic 
7 Energy has authorized this 

aaount . I’n addition, cner,qy 
‘Research officials said that, 
since Septemkr 1974, they 
had hired a princieal pro- 
q am manager 

_- k 
and had strength- 

en the management staff. 
..\ \ 

EKOMMENDATIONS AND SUGGE$ITIONS 
j 

. . 

\ ’ _ ,// - ‘.... _ 1 
/ 

--\This revert contains..&' recom- 
InenJations or-s.uggeStions. 

-- _ 
AGENCY ACTIONS AND 
UNRESOL~DISS-@%-- 

_ . 
I' \ 

I GW discuss&i this report 
/ ,/ 

/' 

with Enerqy Research of%,i- -- ----...- )_ 
cials and included their 
cornvents where appraDr iate‘., 

\ i 

MATTERS FOR CCNSIDERATION BY 
THE CONI;RESS I 

The report should provide th’e 
Congress tiith useful informa- 
tion on the proqress and ex- 
pectations relatinq to the 
development of certain nu- 
clear energy concepts 
which--with adequate re- 
search effort and fundina-- 
could greatly imorove the 
energy situation in this 
country. 



CHAPTER 1 - 

INTRODUCTION --0 

The qrowing shortaqe of fossil fuels is spurrinq the 
search for alternative energy sources. Nuclear power reac- 

L tars, using enrjched uranium as a fuel. are an aite?native to 
fossil fuel . The Energy Research and Development Administra- 
tion (ERDA), l/; the successor agency to the Atomic Energy 
Commission (A%), predicts that U.S. e1ecL.r ical energy demand 
will double betbeen 1970 and 1985 and will’double again by 
the year 2000. At present, nuclear power accounts for about 
6 percent of the total U,S. electrical capacity. ERDA expects 
that, by the y-Par 2000, it will amount to $bout GO percent. 

, 
All presently operating nuclear reactors are fission- 

type reactors. Fission involves ‘splitting an atom, which re- 
, leases energy. Because U.S. reserves of economically usable 

nuclear fuel, uranium, needed for such reactors are limited, 
ERDA is developing an alternative to current fission plants; 
namely, breeder reactors. Since breeder reactors are to prod- 
uce more nuclear fuel than they consume while generating elec- 
tr icity, they will help extend o*lr uranium reserves. Hcwever, 
the supply of natural uranium which breeders need to make nu- 
clear fuel wil? eventually run out. Moreover, breeders, like 
all fission reactors, produce radioactive waste which remailIs 
hazardous for thousands of years. 

Within the last year, many published ar titles and AEC 
have described the extraordinary promise that two nuclear con- 
cep;ts being developed--fusion power and laser isotope separa- 
tion (LIS) 
this 

--hold for greatly improving the energy situation in , 
country. If these concepts are developed successfully, 

they could (1) .produce electricity with a fuel that is vir- 
tually inexhaustible and (2) enrich uranium fuel needed for 
current quclear ,electric power-generating plants more cheaply 
and with -ess en,ergy than at present. 

----- 

L/The Energy Reorganization Act of 1974 (Public Law 93-438) 
abolished AEC and estabiished ERDA and the Nuclear Regula- 
tory Commission on January 19, 1975 All the AEC programs 
and activities! discussed are now carried out by ERDA. Con- 
sequently , all1 actions that occurred after January 19, 1975, 
and all futurej actions should be considered ERDA’s, 

I 

I 



- FcISlW PGhLR ----- .I 
Fusion is/She--7oininq of two &iqnt atoms 

neavier one. It okcurs constantly in the sun and results in 
tne release of trcmenciops quantities ot energy. 

\i , 

. -- 

. --’ The main fuel su’bply for fusion is a form of hydrogen, 
[callea heavy hydrogen or deuterium, found in all water. PEC’S 

calculations show that the energy tnat would be produced by 
G ne deuterlum in 1 gallon of water woula equal that obtained 

f<oin tne combustion of 3011 gallons of gasoline. 

ERDA pro]ezts / t e safety ana environmental features of 
-.‘\_ fusion, in aaaitionto its potential to provide an inexhaust- 

-. --.ible fuel suppl+ to be much more acceptable than with the 
.‘l.. -_ fission process. ERDA has reported that fusion’s most im- 

portant advantages are 
.- 

/- 
--reauction of ‘r,adioactive waste problems by over 90 

., percent, 
/ ,’ 

\ . . 
\ 

rintere t’ safety against potential nuclear accidents, 
_~ .I /--‘- . /Y 

--reduced danger of nuclear material diversion for 
_.- clandestine purposes, 

--lower biological hazards in tne event of sabotage or 
natural disaster, and 

--the eventual possibility of urban siting. 

ERDA is developing two fusion methods: magnetic confine- 
ment and inert ial cant inement . LKDA officials consider 
the magnetic confinement method to oe more mature. ERDA plans 
for each method call for building c demonstration plant in 
tne 1990s. 

Magnetic confinement 
/ --I 

In magnetic confinement a gas is neated to such a point 
that its atoms hit each other hard enough to break into elec- 
trons, whict have a negative charge, and nuclei, which have a 
positive charge. ‘I’his hot gas ot charged particles, cal lea 
a plasma, is contarned by the siagnetic tortes created by an 
electromagnet. At sufficiently high temperatures (abole 
50 million degrees Centigrade) the nuclei can collide with 
each other with enough energy to overcome the natural repul- 
sive force between like charged particles and can nave a chance 
to fuse and emit highly energetic particles. These particles 

2 



would be capture3 to either r.!) produce I steam to generate 
e:ectricity or (2) be convertea air,?ctry into electricity. 

__ ERDA is developing three approaches usihg magnetic confine- 
ment to achieve fusi.ln. These approaches are discussed in 
chapter 2. 

The magnetic confinement effort is directed by the 
Division of Controllea Thermonuclear Research (DCTk) at ERDA 

\ 
headquartersr In fiscal year 1974, bG percent of the reseach 
and development effort was carried out at four ERDA labora- 
tories: Lawrence Livermore Laboratory,,Livermore, California; 
LOS Alamos Scientific Laboratory, Los Alamos, New Mexico; 
Oak Ridge National Laboratory, 0ak Ridge, Tennessee; and the 
Prir,ceton Plasma Physics Laboratory, Princeton, New Jersey. 
The remainder of ERDA's program is centered at a number of 
private fir_ms ana universities. The funding for fiscal years 
1951-74, as well as the projected funding for fiscal years 
1975-80, is shown below. . 

‘. 

Fiscal year 

1951-53 
1954 
1355 

/ 1956 
I 1957 

1958 
1959 
1960 
1961 

'1962 
1963 

1975 
1976 
1977 

; Total 

‘\ . 1 

Fundinq for the Magnetic 
CZifinement Fusion Proyram 

--- 

Total Fiscal year 

(millions) 

Funding for FY 1351-74 

$ 1.1 1964 5 22.6 
1.8 1965 23.1 
6.1 1966 23.1 
7.4 1967 23.9 

11.6 1968 26.6 
29.2 1969 29.7 
28.9 1970 34.3 
33.7 1971 32.2 
30.0 1972 33.3 
24.8 1973 39.1 
25.5 1974 56.4 

Total 

(millions) 

544.4 

Estimated funding through PY 1975-80 (note a) 

,92.7 1~78 314.0 
184.0 1979 344.0 

I 227.0 1960 

&Estimates obtAined from 5-year plan for magnetic confinement. 

-I 3 

I 
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Inertial confinement -_____ ---mm-- 

Inertial conrinement involves hitt’ing a very small 
‘! ! 

pellet of special fuel for a fraction of a second witn powerful 
beams. The beams can be producea with eitner laser or elec- 

1 
I 

tron beam generators. The energy from the beams is focused 
on the pellet, which causes an implosion, ; bursting inward. 
This implosion causes fusion. 

._ 
. .. 

Since fiarch 11974, the inertial continement research and 
develcpment effort has.been directed by the Office of Laser . and Isotope Separation 2eCtinOlOgy in the Division ot kiilitary 
Application (DNA). The Gtfice was establishea to increase 
management attention on laser fusion and LIS efforts. Previ- 
ously, the programs were under the Assistant Director for Re- 
search and Development, DXA, responsible for developing 
nuclear weapons. 

Three EkDA laboratories, Los Alamos; Liver-more; and Sandia 
Laboratory, Albuquerque, New ilexico, develop nuclear weapons, 
and also conduct research work on inertial confinement. The 
foilowing table shoi+s the past ana estimated future funding 
for this program. 

Inertial confinement funding FY 1963-74 --- ---L-------- 

r’iscal year Total -- I 
\ (millions) 

Fiscal year Total --- --- 

(millions) 

1963 1 $ 0.2 1969 $ 2.1 
1964 1.1 1370 3.2 ! 

. 1965 
::‘2 

1971 
1966 1972 1;:; 
1967 1.4 1973 34.2 
1468 1.3 1974 42.6 me- 

1375 

1976 
1977 

115.9 
-- 

Estimates of funding kY 1975-e; (note a) ------ 
53.9 1978 92.0 

90.0 1979 107.0 
85.3 1980 122.0 

550.2 i 
- m-m- , ! 

Total $666.1 . I 
-- 2 I 

a/Taken from the fiscal year 1976.bcaget estimate and fiscal \i - 
years 1377-80 projections. i 

i 
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Although both fusion methods are aimed at eventually 
being used to generate electricity for commercial use, fu- ‘., ’ 
sion also has other civiliah applicaticns, and the inertial ! 
confinemeneacI2 has military applications. 

i 
Miliiary applications 

i 
-La -ser- and electron-beam-initiated fusion are expected 
top able to simulate aspe 
nuclear weapons. 2 

s of the design and effects of 
This wq d allow laboratory investigation 

of the effects of nucle-dr weapons. 
--.----L. 

- 
I 

/ 

- -“Other potemmilitary applications include usins fu- 
sion for electrical ?ower at-military installations for-pro- 
pulsion. Although tnis report deals with the energy aspects 
of fusion power, the importance of fusion for military appli- 
cations should not be ove>looked. 

Civil ian ap 1 (cat ion6 
,/” P/ 

Y= A private-&np.any is developing a process which will use 
laser fusion to produce hydrogen. The company claims tha.t 
such hydrogen could be converted to methane which could be 
used as a substitute for natural gas at a competitive price as 
early as 1983. EkDA is studying the ,+;sible use of magnetic 
confinement reactors for hydrogen generation capabilities. 

Some ERDA officials Pelieve that a fusion reactor could 
also be used for transmutation--that is, to change material 
from on& substance to another. In this way, fusion could con- 
vert natural uranium into nuclear fuel, minimize the radio- 
active levels of fission waste, or recycle garbage. ERDA 
officials told us that these applications were in the con- 
ceptual stage and that EkDA was Funding only conceptual design 
studies. According to ERD’ laboratory officials, transmuta- 
tion requires proof of 2 t e fusion principle, and urtil proof 
of principle occurs, efforts beyond paper studies are prema- 
ture. The University of Rochester is also pursuing research 
in this area. 

LASER IjGTOPt. SCPAFCA’I’IO~ 

All current com;nercial nuclear power reactors in the 
United States use enriched uranium as a fuel. Natural 
uranium must be processes or enriched before it can be used 
as fuel. Ox country ;s now using a process called gaseous 
diffusion to enrich uranium ore. Gaseous diffusion plants 
are expensive to build and operate. AEC estimates showed, 
as of 1974, the capital costs 01: a Government-built gaseous 



diffusion p 
requires as 
powerplants 

.ant was about $1.4 oilli'on. AlSo, each plant 
much electricity as two average-sizea nuclear 
can generate. I 

Livermore and Los Alamos labcratories are nok experi- 
menting with uranium enrichment ny passing laser beams through 
uranium to separate its various forms, or isotopes. LIS, if 
cieveloped successfully, could have major economic advantages 
over the gaseous diffusion process. This process--which, 
except for using lasers, has no Sirr!i,larity to laser fusion-- 
is more fully discussed in chapter 4;. . 

‘\.. ..\ 
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CHAPTER 2 

THIS COUNTRY'S MAJOR EFFORTS TO ACHIEVE FUSION i! -- - 

The two fusion methods include five major approaches to 
developing a fusion reactor. The magnetic confinement method 
includes the tokamak, theta-pinch, and mirror approaches; and 
the inerti confinement method includes the laser and elec- 
tron beam approaches. The major efforts in all of these ap- 

* proaches are carried out in ERDA laboratories. 

MAGNETIC CWFINEMENT ___---- - 

'Three approaches to 
developing a fusion reactor 

ERDA is funding the development of three magnetic con- 
finement approaches. Even though other approaches exist, 
ERDA has determined that these three approaches have more 
potential for successful development. None of the- ap- 
proaches, however, has yet proven to be technically or eco- 
nomically feasible. ERDA projects that technical feasibility 
will be demonstrated in the ne?t 5 years. 

Development of the magnetic confinement approaches 
began in the early,1950s. These approaches, their basic 
distinctions, and the laboratories responsible are as 
follows: 

--The tokamak,' a Princeton, Oak Ridge, and General 
Atomic project, is a doughnut-shaped device with 
low-denkity plasma that will operate through 
repetitive, long (100 minutes) energy pulses or 
through continuous 0peration.l/ 

--The theta-pinch, a Los Alamos project, is a bicycle- 
tire-shaped device with high-density plasma that 
will be pulsed repetitively with each pulse last- 
ing one-tenth of 1 second. 

. --The mirror approach, a. Livermore project, is an 
open-ended device (the plasma containment device 
allows some plasma particles to escape out the 
ends) which will operate continuously after the 
initial pulse. 

;/ The frequency at which electrical energy is put into the 
magnetic confinement device to begin fusion reaction. 
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~roponents~%f%I1 three magnetic confinement approaches 

intend to use a fuel of deuter ium and tritium--two forms of 
hydrogen-- in initial reactors. In later reactors, pure \ 
deuteriuwnd in ordinary w’ater--and other mixtures of 
f,uels might be preferable because t!ley offer potential for ( 
lower radioactivity and greater efficiency. 

_- k ture’ milestones -- and current efforts_ 
. The future milesto 

spd 
s for the magnetic confinement ap- 

proaches and the da:? when ERDA expects them to be achieved 
-_ 

-.‘-. --‘---‘tz : ’ /! 
--I------ --Scientific feasibility, the point where all the 

conditions for a fusion reactor are met using hydro- 
.- 

/- 
gen plasma (lay 1950s). 

, --Break-even pwer production, the point where as much 
fusion energy is produced as was used to create and 

\ . /‘- . -heat th plasma (abbut 1980). 
%. ‘_ ,- / 

_- --Net energy gain, a step where usable electrical 
energy is produced for the first time (about 1985). 

--Demonstration plant, a refined device which is large 
enough to demonstrate the economics of fusion power 
(late 1990s). 

To achieve these milestones each magnetic confinement 
approach must reach a desired plasma temperature, density, 
and confinement time (the time plasma is held in a sta.te of 
fusion). Each approach has already reached the denrity 
needed to demonstrate scientific feasibility. The Leta- 
pinch and mirror approaches have produced the desired tem- 
peratures. ERDA says that none of the approaches has 
reached the desired confinement time because the requisite 
large experimental devices are only now being built. The 
problems which must be overcome to achieve and improve 
these plasma conditions are unique to each approach. Thus 
if one appr )ach reaches the desired temperature, density, or 
confinement time, this will not necessarily help solve the 
problems of other approaches. ! 

The best measurement of the technical Frogress of each 
of the three approaches is the product obtained by multi- 
plying density (number of atoms oer cubic centimeter of 
plasma) by confinement time. The following tabie indicates 
products already achieved and products desired for a power 
reactor. 
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Product of density Limes confinement time 
i3xizned------- 

-- 
DesirZfor 

to date a reactor -- - 

(000,000 omitted I 

Apprcsacn -_-- 

. 
Tokamak 1,000 / 100,000 
Theta-pinch ’ 1,000 ~00,000 
Mirror 10 100,000 

Each magetic confinement approach i/s being researched 
to solve problems hindering the achievement of the desired 
increases in temperature, density, and confinement time. 

--The organizations developing tokamak (Oak Ridge, 
Princeton, and General Atomic) are trying to (1) 
eliminate impurities in the plasma that affect plasma 
confinement and (2) optimize a means of increasing -_ 
temperature. ._ -. - .-- 

--Los Alamos is working to increase confinement time 
for theta-pinch. 

--Livermore’s mirror research.ers are working to j .;rease 
:conf inement time to make mirrors economical by con- 
verting into electrical power plasma particles lost 
out of its open ends. This will require major 
technical breakthroughs. 

I As shotin belOW each major laboratory is working with 
devices aimed at accomplishing goals necessary to develop 
fusion reactors. 



&eroach -- 

Tokamak 

To kamak 

Tokamak 

Tokamak 

Tokamak 
I 
0 

Tokamak 

Tokamak 

Theta-pinch 

Theta-pinch 

,Yirror 

Mirror 

Device -- 

Princeton large torus 
(under construction) 

Poloidal diverter 
(under construction) 

Fusion test reactor 
(construction to 
begin in 1977) * 

ORMrrK 
(in operation) 

Princeton adiabatic 
toroidal compressor 
(in operation) 

Doublet IIa 
(in operation) 

Doublet III 
(under construction) 

Syllac 
(in operation) 

Staged theta-pinch 
(in operation) 

9t3IIT 
(in operation) 

2xIIB 
(in operation) 

4,' Costs of project when constructed, 

Laboratory 

Princeton 

Princeton 

Princeton 

Oak Ridge 

Princeton 

cost 
(note a) 

(milTions) 

$13 

17 

159 

4 

1.5 

General Atomic 2 

General Atomic 26 

Los Alamos 11 

Los Alamos 1.5 to 2 

Liver-more 2.0 

Livermore 3.1 

Objectives ., - 

Experiment intended to pro- 
duce a reactor-like hydrogen : 
plasma. 

Experiment with impurities 
in plasma that affect con- . 
finement time. 

Experiment with fuel to 
eventually be used in a 
reactor. 

Experiment with impurities in 
plasma that affect confinement 
time and temperaturt scaling. 

Experiment to test new methods 
of plasma heating. 

Experiment to study the charac- 
teristics of noncircular 
tokamak plasmas. 

Experiment to produce reactor 
grade plasma with a noncircular 
cross section. 

Experiment to increase confine- 

ment time. 

Experiment to increase the 
plasma radius and temperature. ' 

Experiment with building plasma 
density. 

Experiment with high tempera- 
tures. 

--.. 

when converted from an earlier project, or projected 
construction costs in 1975 dollars. 

,, , 

-I’+----- 
-- ,,. 
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build a fusion test reactor based 
----__. - 

In addition, Los Alamos and Liver- 
plans to develop the theta- \ 

pinch and r&rt-orY approaches to the fusion test reactor stage: 
The Los Alamos, Livermore, and Oak Ridge laboratories plan to I 
bui,ld demonstration plants on all three approaches. Fulfill- 
me t of these plans will depend largely on the DCTR which 
man es -the magnetic confinement program--decisions on future a 
funding for the three approaches. 

/ DCTR ofEicials ad,v,-ised us, however I that only two of 
._ ---.$he magnetic confinement approaches would be scaled up for 

--. , fusion test reac-tcrS; 
--.y-. 

The first one will be a toksmak, and 
-_ its goal will be to demonstrate break-even power !+-oduction 

conditions. Initial funding fo: the tokamak fusion test 
reactor has been requested for fiscal year 1976. Construc- 

- _~ 
I -. tion of the tokamak fusion test reactor is scheduled to 

, begin in 1977. Accorging to DCTR officials, the decision 
on whether the theta’-pinch or mirror approach will be used 
in the reactor will likely be made in 1977 or 
197E!. 

Irivolvenient of private industry -_ --- 

DCTR has taken the position, al though ERDA laboratories 
will be=rr principal responsibility for near-term magnetic 
conf in lent research, that private industry mcst begin to 
develop fusion reactor technology at an early date. 
to the Division, 

According 
the best time and way to phase this into pri- 

vate industry has not yet been established. it is clear, how- 
ever, that private industry’s participation must increase 
markedly during the 1980s. Private firms now account for 
about 10 percent of all the Federal and private research 
and development funds spent on developing the magnetic 
confinement process, DCTWofficials believe that private 
funding in the 1980s wilyincrease and hope it will qrow 
to about 30 to 40 percent of total private and Federal 
funding in the mid- to late 1990s. 

. 
About 82 percent of ERDA’s fiscal year 1975 magnetic 

confinement fundinq supports its programs at Livermore, 
Los Alamos, Oak Ridge, and Pr incetqn laboratories. All ! 
the magnetic confinement work at these four major labora- 
tor ies is funded by ERDA. 

Also, ERDA is partially funding the magnetic confine- 
ment programs at General Atomic, the University of Texas, 
and United Aircraft Research Laboratory. 
funding the remainder. 

Private industry is 
The ultimate goal ‘of these three 



programs is to develop commercial fusion reactors. 
Moreover, ERDA is funding magnetic confinement work ‘at var- 
ious industrial, university, and other Government labora- 
tories. During fiscal year 1975, ERDA will spend about 

, $17.3 millien on magnetic confinement efforts at olaces 
other than ,its four major laboratories. 

INERTIAL COLFINEMENT 
i 

---7 
I 

Laser approbches to a fusion reactor - ---- I . . . 
AEC’s-laser fusion activities ori 4 inated in its weapons 

research and development program which ;was primarily for 
military applications, Because of the potential of laser 
fusion as a possible future energy source, additional funds 
were provided fc~ this progr-am in 1975 and a long-range 
energy development plan was established. ERDA off iciais 
emphasize that, at this staqe of development, the program 
is aimed at understanding laser fusion phefiomenology which 
is necessary to either military application or civilian 
energy development. 

Regarding the civilian energy aspects, both private 
industry and ERDA have laser fusion programs aimed at de- 
veloping commercial reactors. The Unilrersity of Rochester, 
Battelle Memorial Institute, and KMS Fusion, Incorporated 
(KMSF), have privately funded laser fusion programs. Liver- 

I more, Los Alamos, and Sandia--the three ERDA weapons 
laboratories--conduct laser fusion programs directed by DMA. 

I The Sandia laser fusion program is limited primarily to de- 
veloping the new lasers, while the Livermore and Los Alamos 
programs e dompass a full range of activities associated 
with developing laser fusion. At the time of our review, 
ERDA plans projected Sandia’s role as a developer of new . 
lasers and not as a major participant in the program’s 
pellet compression facets. 

The laser fusion method is relatively new compared with 
the magnetic conf inemerit method. Small-scale laser fusion 
work began at Livermore in 1963 and at Los Alamos in 1970. 
The private laser fusion programs in the United States 
started about 3 or 4 years ago. Total funding for AEC pro- 
grams almcsti doubled in fiscal year 1973, and funding pro- 
ject ions show cant inued growth. (See p. 4.) 

Four character istics distinguish lasers from one 
another : wav,elength, nulse length, efficiency, and lasing 

/medium. They are defined as follows. 
I 



--Laser beams are made up of light waves, and the wave- 
\ ! 

. 
length is the distance between two corresponding 
points on the waves. The wavelength and laser energy 
determine the details of the material interaction 
process when the laser beam strikes a pellet. 

.--Pulse length ii; the period of time consumed ,by one 
laser burst. 1 

--Efficiency is the percentage of light energy that a 
laser produces in relation to the energy it consumes 
during its operation. 

--Lasing :,ledium is the material within the laser which 
gives off light energy when properly stimulated. 

At present all public and private laser fusion pro- 
grams primarily depend on short wavelength, low efficiency, 
and glass-medium lasers of varying pulse lengths. The ERDA 
laboratories are also pursuing longer wavelength, high ef- 
ficiency, carbon dioxide, and other gas-medium lasers. Al- 
though ERDA has not yet made a long-range commitment, of- 
ficials of DMA's Office gf Laser and Isotope Separation 
Technology advised us that a short wavelength, repetitively 
pulsed, approximately lo-percent efficient, gas-medium 

' laser probably will be needed for a commercial power laser 
reactor system. / I 

i 

Only a limited nu'mber of fuel pellets have been hit 
with lasers at ERDA's laboratories. Before the scientific 
feasibility of laser fusion can be proven, numerous experi- 
mental goals must be met and the results analyzed. Los 
Alamos and Livermore are each developing a different type 
of large laser. Los Alamos has a carbon dioxide, l,OOO- 
joule (a unit of energy) laser on line, but it is not up to 
full power. Also, a l,OOO-joule glass laser is scheduled to. 
be on line at Livermore before the end of fiscal year 1975. 
Both laboratories are also developing different types of 
lO,OOO-joule lasers which they believe will be needed to 
demonstrate the scientific feasibility.of laser fusion. 
The laboratories are also developing several other types cf 
lasers. 

Future milestones and current efforts 

EBDA'S 5-year plan for inertial confinement has four 
future milestones leading toward military applications and 
the development of a commercial laser fusion reactor. 
These milestones are: 

13 



. -. 
=\ 

i 
/--- 

i--- , --k--. -.:< _ ---- -.:-- 
“\_.- _ 

1. 
\ 

Significant thermonuclear burn--to burn a pellet 
----- __ 

with Laser, beams until it releases a considerable number of: 
energy-pr odlx ing ne.ltrons .’ _- \; : 

\ I 
/2. Scientific break-even point--the point at which the 1 

f sion energy released through pellet burning equals the 
la er energy deposited. .~ ‘i 

.” 3. Net energy qain-- 
2 

e point at which more fusion 
energy is produced thro pellet burning than the total of 
the energy used to op,efite the laser. 1. 

“. ---\. __ ./ 
---Y-- __ 

._ 4. Demonstration plant --a plant that will demonstrate 
the economics of electrical power generation for private 

.A consumer 9. 
- -_ 
I- \ 

, Officials cf each of the ERDA and pr ivate laser fusion 
laborataries,discuqs4d their programs with us in terms of 

‘i -. 
these fo:ir mi 1 estones. Los Alamos, Livermore, and KMSF 

‘\ 
have p:n d-iicted,,&e achievement for .‘tese milestones, but 
Battelle and--the University of Rocho-. ?r were not as specific 

=in their plans for reaching milestone, beyond significant 
ihermonuciear burn. KMSF’s dates are more optimistic 
than those of Los Alamos and Livermore. The table on page 
15 shows each laboratory’s predictions qncerning the 
four milestones, including the dates when it expects to 
achieve the milestones and the lasers it believes will 
be needed. 

Development of the larger Los Alamos and Livermore 
lasers will require large capital expenditures. Projected 
costs of the lasers that ETIDA laboratory officials believe 
will acnieve the scientific break-even point and net energy 
gain are as follows: 

Laboratory 
/’ 

Status Laser 
Capital 

expenditures - 

(joules) (000,000 omitted) 

Los Alamos Under development 10,000 
Los Alamos FY 1975-79 project .lOO,OOO 
Livermore Under development 10,000 
Livermore FY 1975-81 project 100,000 

Most problems of the laser fusion method in 

$4 
23 ! 
25 

/ 

35 

character istics that distinguish lasers from one 
Current efforts are directed toward. reducing the 
increasing laser efficiency, and developing a su 

volve tne 
. 3 I 

another. 
pulse length, s 

itable laser 
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Milestones, Achievement Dates, and Required Lasers a---- 

Signif icant 
thermonuclear Scientific 

\ -, 
- --: aboratory-- _ --- burn--date and _ break-even point-- Net energy gain-; __. *- __ ...~. _ 

I aser date and laser date and laser -- I 
Los Alamo5 FY 1977-78. 

10,000 jouies 
FY 1979-81: either FY 1981-d3: 

(note a) _ 10,030 joules or 100.000 joules 
100,300 joules \ 

Livermore FY 1977-78; PY 1979-81: either PY 1981-83: 100,000 \ 
(note a) 10,090 joules 10,000 joules or joules i \ 

100,000 joules /' ; 

KMSF Undetermined Feb. 1975; 1,000 July 1976; 1;OdO to’ 
date: 200 to joules 2,000 joules , 
300 joules ! _--. 
(note b) /- 

University of Undetermined (Cl (C) 
Rochester date: 1,400 I. 

joules (note b) 

Battelle Undetermined 5,000 to 10,000 (C) 
date; 1,200 to joules 
1,500 joules 

c/ Milestones are based on DMA’s estimates of program-funding requirements 
which are higher than the fiscal year 1976 budget estimates and 
fiscal years 1977-80 projections recently submitted to the Congress. 
DMA believes that the funding reductions are important enough to 
cause major slippages in the milestones identified above. 

b/ Existing lasers. 

c/ Proqram does not currently oroiect accomplishment of these milestones. 

Cemunst; a, ion plant-- -_ datcmd laser 

r : 1995; to be 
determined 

FY 1995; 100,000 to 
l,OOO,OOO joules 

1979; 10,000 J 
30,000 joules 

.- --- 

-__ _- - -- ---.__ 
-~ ----- “. 

-_ 
_.. _.-- _ p--e-- 



medium. In addi.&-on,- laser size is be’.ng increased and the t - ----- _-.- 
capability to repetitively deliver laser shots is being 
developed; \ .: , 1’ 

,- to laboratory officials, neither cf the large; 
ljrsers now under construction at Livermore and Los 4lamos 
will resolve all the problems confronting successful develop- 

-.. . . m nt of laser fusion. The lasers will be tised primarily to . 
-- % pr ve the scientific feasibility of laser fusion. Researchers 

believe that, after the 
2 

borator ies prove scientific feasi- 
bility, larger lasers., 11 be needed to resolve problems which 
may arise in developing a commercial power laser reactor 

y-L-.sys tern. ;.’ .- -. -q-. -- 
Approaches taken by private firms -_I_ 

.A - 
--. 
I- 

Private laser fu%i,on programs in the United States are 
I at lower funding levels than ERDA’s programs at Los Alamos 

and Livermore. To&l cumulative private expenditures on 
laser- fusion amount to about $25 million. 

\,,\. - -.-x-x- / 
The lasers *that Battel le, the University of Rochester, 

- and KMSF use in their programs cost $1.5 million, $1 to 
$1.5 million, and $1.75 million, respectively. Annual program 
operating costs have averaged $200,000 at -Battelle, $1.2.to 
$1.3 million at the University of Rochester, and 

-- 

$3 million at KMSF. 

_.. - 

Officials at all the private laser fusion laboratories 
said they intended to demonstrate signif icant thermonuclear 
burn with their existing lasers. These lasers are much 
smaller than those Los Alamos and Livermore are proposing 
for the same type of demonstration. ;os Alamos and Livermore 
propose using lO,OOO-joule lasers to demonstrate significant 
thermonuclear burn, but the private laboratories propose us- 
ing from 200- to 1, SOO-joule lasers. 

/ 
Electron beam aDuroacn to a fusion reactor 

\ 

‘1.. 

Electron beam fusion, which involves the hitting of d 
special fuel pellet .with an electron beam and the resulting 
interaction, became a formal approach in AEC’s overall 
fusion power effort during fiscal year 1974. In the pas;, 
the primary functions served by electron beam machines 
were mil itary oriented. 

The electron beam fusion process is similar to the 
laser fusion process, i.e., an electron beam is focused on 
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3 pellet, causing it to implode and re’lease energy. Only 
Or;0 laboratory in the United States, Sandia, has carried out 
election beam fusion experiments. 

Electron beam fusion had not been seriously considered 
as a fusion method in the past because beam-focusing prob- \ lems made dt impracticable as a means of imploding a pellet. 
In mid-1972, Sandia made a breakthrough in electron beam 
focusing and proposed electron beam fusion as a method to 
achieve commercial fusion reactors. This work was funded 
largely by !DXA with some support by DCTR. 

Future milestones and current efforts I 
--- ---- 

l 
Sandia's electron beam: fusion program has the same four 

milestones' as the laser fusion program. The dates Sandia 
expects to accomplish these milestones and the types of elec - 
tron beam machines Sandia expects to use are presented in the 
following table. -- 

_.. _ - 
Mile- Projected 
stone 

(note a); 
fiscal year of Electron beam 
accomplishment machine needed --- -- 

Significant 
thermo- 
nuclear 
burn 

Scientific 
break- 
even 1 
-point j 

Net energy gain 

1978-79 

1979-81 

1981-82 

20,000-joule machine 

200,000-joule machine, 
scaled up to 1,000,000 
joules 

200,000-joule machine, 
scaled up to l,OOO,OOO 
joules 

Demonstration 
plant 1935 Undetermined 

a/ Milestones are based on DMA's estimates of program-funding 
requirements which are higher than the fiscal year 1976 
budget estimates and fiscal years 1977-80 projections 
recently ,submitted to the Congress. DMA believes that the 
funding reductions are important enough to cause major 

1 slippage in the milestones. 5 

, 

I 
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The problems of the electron beam approach relate to 
improving the focusing capability of electron beams and rel 
ducing the pulse length. Sspldia now uses 2 electron beam 
machines of 5,000 and 50,000 joules in its program, which 
ERDA says do not have the desired focusing and pulse length 
character istics necessary for ; ch;eving signif icant thermo- 
nuclear burn. Cur rent efforts al e directed at these problems. 
They must be solved in order to demonstrate the scientific 
feasibility of electron beam fusion. 

. EARLY PRIVATE INVOLVEMENT IN -- 
NATIONAL LASER FUSICN PROGRAM 
B DESIRABLE 

In fiscal year 1975, ERDA expects to spend about $3 mil- 
lion of its $53.9 million budget for laser fusion development 
at about 40 universities and private firms. Nearly all of 
this estimated $3 million will be used for support work in 
the laser fusion programs at the three ERDA weapons labcra- 
tories. 

DMA officials toid us that private industry should 
partici.pate in developing laser fusion technology. They 
said, however , that the limited funds for ERDA’s laser and 
electron beam fusion efforts and the limited DMA staff di- 
recting the efforts have precluded direct fundinq of large 
laser fusion programs at universities and private l.lbora- 
tories. I 

Officials of the three private laser fusion labora- 
tories expressed concern that the ERDA laser fusion program 
was being conducted in weapons laboratories which undertook 
weaoons projects that were based on national needs, like de- 
fense, rather than on the need for an economical product. 
They believed that the ERDA laser fusion program needed 
people wLth expertise in developing programs which judge a 
project’s feasibility primarily on economic grounds. In 
their opinion, this meant involving private industry. 

ERDA officials disaqreed and pointed out that the 
weapon laboratories were successfully engaged in research 

‘and development for a variety of c’ivilian energy and other 
applications, e.g., Departments of Transportation and 
Aqr iculture, in which economic conside;ations are important. 
However, ERDA agreed that private involvement was necessary. 

KMSF, Battelle, and University of Rochester officials 
be1 ieve that, althouqh some ERDA laboratories are expert in 
developing economically justified projects, Los Alamos \ 
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and Livermore we&ens--designers are not. Many of the ‘, --- ._ _- __ 

Livermore and Los Alamos personnel working on laser fusion 
are or were weapons designers. These industry of f’icials 
also said that-.-industry was prevented from becoming 
heavily izlved in laser fusion because much of the criti-’ ( 
ca> information was classif ied. ERDA officials stated they 
were aware of the classification problem and we;e attempting 
to alleviate this problem by declassifying some information 

L and aking it available to the private organizatiolls. ERDA I 
however F cannot declassif 

i-7 
-direct weapons expertise and in- 

formation relevant to 1 ser fusion because of weapons pro- 
-. liferation and national security considerations. 

‘-1 ,..” 
-‘. -1. 

-.y-l- ~- In August 1974 AEC declassified a considerable portion 
of the weapons-related information from its laser fusion pro- 

_- gram. In addition, during September 1974 AEC invited repre- 

>- 
sentatives from this country’s industrial and academic laser 

I fusion community to a meeting at Sandia at which AX labora- 
tory officials brie&d them on the status of AEC’s program. , This briefing in luded recently declassified information on 

\ ‘.. laser fugion. x_ -. . ,I 
_- ERDA’s laser fusion plan calls for developing larger 
and iarger lasers. This is because ERDA believes that 
a laser fusion powerplant will require extremely powerful 
lasers. Because ERDA expects such large lasers to cost 
from about $4 million to $35 million each and to take 
several years to design and fabricate, ERD4 is devoting 
more than half of its laser fusion efforts to laser develop- 
ment. 

All three private organizations det?loping laser fusion 
believe that signif icant thermonuclear bu- 1 can be demon- 
strated by much less powerful lasers than those the ERDA 
laboratories consider necessary. Officials of KMSF told us 
that, since lasers one- knth 

k 
to one-third as powerful were 

sufficient for commerc’al laser reactor systems, they be- 
lieved that ERDA’s program could move faster and cost less 
with less powerful lasers. Although Battelle and the Unive’r- 
sity of Rochester are not predicting the size of the lasers 
needed for a laser reactor system, the managers of their 
programs believe that lasers approximately one-tenth as 1 
large as those ERD% is projecting .for significant thermo- 
nuclear burn can achieve the same milestone. 

ERDA laboratory officials say their belief that large 
lasers are necessary is supported by their experience ‘in 
the nuclear weapons development field and their large com- 
puter calculation capability which permits them, among other 

i.- 
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things, to simulate fusion experiments. However, the’re is 
not enough experimental data for either the ERDA labora- 
tories or the private laboratories to prove which approach 
is correct. 

KMSF ihinks that its accomplishments support its be- 
lief. The j most signif icant of these acccmpl ishmencs was 
in May 1974 when, according to KMSF, it produced a con- 
siderable number of fusion-created neutrons by compressing 
pellets of special fuel with a laser. Neither the ERDA 
laboratories nor the other two private/ organizations dlaim 
to have reached this pint. ERDA doesi not see the produc- 
tion of these neutrons as bearing greatly on the- ultimate 
goal of economical laser fusion. although creating these 
neutrons is a notable achievement, ERDA says, it should 
not be misconstrued as resolving the technical uncertain- 
ties of laser fusion. 

-- 
AEC representatives -and consultants from the laser 

fusion programs a!. the AEC laboratories visited the KMSF 
laboratories on May 23, 1974, to review KMSF’s research pro- 
gram and to analyze the data supporting its claim. In its 
report on this visit, AEC concluded that 

“The achievement of laser-initiated compression is 
an impressive accomplishment demonstrating both the 
validity of the concept and the ability of the 
KMSF s.taff. The magnitude of the achievement is con- 
sistent with the laser system and target designs 
being used at KMSF and is consistent with the ex- 
pectations of qualified observers of the KMSF pro- 
gram even though it falls short of laser-fusion 
breakeven by nine orders of magnitude. For the 
overall laser-fusion effort in this country, the 
goals remain the demonstration of significant 
thermonuclear burn, scientific breakeven, and net 
energy gain. In order to reach these more signif i- 
cant goals, major advances in optics, laser design 
diagnostics, and perhaps even pellet design will be 
needed. The compression experiments of KMSF provide 
encouragement for the ultimate success of laser- 
fusioni” 

I 
KMSF has made two proposals to AEC for financial sup- 

port of its ‘laser fusion program. AEC turned down the 
first proposal --dated June 6, 1974..-because: 

, "* * * judged in the context of all AX-supported 

I 
laser fusion work, the KMSF proposal does not 

I I 
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. appear .to us to add a sufficient increment of techni- 
cal benaf it to justify the $7 million requested.” 

In August 1974 KMSF offered three alternative proposals 
for varied time frames and amounts ranging from 4 months and 
$1.5 million to 1 year and $3.5 miilion. KMSF officials said 
they had little hor;)e that AEC would provide funding for 
KMSL”s laser fusion program. 

. 
On February 5, 1975, ERDA awarded a $350,000 contrAct 

to KMSF, for KMSF to use its facilities to r,un a series of 
selected laser target interaction experiments. 

In addition to KMSF’s proposal, ERDA has also received 
proposals from Battelle, the University of Rochester, and 

_-a ITS. ERDA planned to award contracts totaling about 
illion to one or more of these organizations in fiscal 

1975. However, as part of the Federal effort to curb 
.ation, ERDA deferred spending th’is $2 million until fis- 

’ year 1976. 

A Senate member of the Joint Committee on Atomic Energy 
recently stated, regarding ERDA’s laser fusion program, that: 

“There has heen scant encouragement to industry to 
pursue laser fusion research and development. Any * 
Government program that rapidly builds up expendi- 
tures towards a quarter-billion-dollar figure should 
hav 2 room for complementary or parallel programs in 
private industry.” 

ERDA’s decisions on unding the private organizations 
are partially dependent upon recommendations solicited from 
a special panel which was set up on September 15, 1974. 
This panel is to review and report to ERDA the potential 
payoffs and the technical status of laser fusion efforts in 
Government and non-Government areas. 
is to recommend: 

In addition, the panel 

--Appropriate roles for the Government and the private 
sector in a national laser fusion program. 

--Appropriate interaction between the public and the 
private sectors. 

--Research and development strategy and appropriate 
support, if any, by ERDA and private firms. 

. 



As of January 31/>973; the panel’s final report was i-l ~-- :-- 
--_ 

-. - -__ 
completed and was being administratively reviewed. ERDA ex- / 
pects to release the report soon. \’ t i : \ 
CONCLUSION 

/ 

.- 

I 
a Improving the U.S. energy situation is a national goal. 

F; s&on power, if successfully developed, would play an in- 
portant role in helping to alleviate our energy problems. 

1 -i/ In keeping with ,ra ional policy, it has been the role 
.-._ <of the Government to/ (1) take the lead in developing com- 

plex, potentiM.iable, and expensive technologies bcvond 
~-I----. . . _ the reach of private industry and (2) encourage the private 

sector to assume an increasing share of the development 
costs for such technol\ogies. This policy was used in con- 

- 
I. nection with commercializing the currently operatinq fission 

I reactors. Commercf$ fusion power will largely depend on 
whether its/econom,ic advantages can be demonstrated tc the 
pr_ivate sector. 

L.. _ - f’- / 
ERDA has directly funded several private magnetic con- 

- finement programs aimed at developing commercial fusion re- 
actors. It plans to. spend about 18 percent of its fiscal 
year 1975 magnetic confinement budget at places other than 
the four major ERDA laboratories. About 6 percent of ERDA’s 
fiscal year 1975 laser fusion budget will be spent. at pri- 
vate organizations. Nearly all of these funds are for work 
that will support the three FRDA weapons laboratories’ pro- 
grams. . 

ERDA recognizes the need for increased industrial par- 
ticipation in its laser fusion program,. As previously 
pointed out, it recently established a panel tL review and 
recommend the appropriate level of Federal support it should 
directly give to indusyy for laser fusion development. 

Early involvement of the private sector in developing 
and demonstrating the economic feasibility of laser fusion 
could help this Nation reach its laser fusion goals more 
quickly. 

22 



ERDA'S MANAGEMENT OF VARIOUS FUSIGN APPROACHES _--__-- ___. __ _---_--___--.-- ---- 

I 
I 

The I 
AND HOti IT COULD BE IMPROVED _---_--_-_-_-----_-_--..--. 

. 

large commitment of funds for fusion research and 
development and the complexity of the var:ious approaches 
being investigated require sound, coordin,ated management. 
This will be especiall;l important if development progresses 
into advanced stages and if experimental power reactors 
costing billions of dollars are nuilt. Overall management 
control and coordination of fusion produc'tion will be needed 
to avoid unnecessary duplication and prolongatio;l of less 
viable fusion approackes,and to,insure that development ef- 
;'orts on the best approach or approaches proceed as rapidly 
as possible. 

MANAGEMENT APPROACH AND ORGANIZATIONAL _-_______~ ____ ---~-~-- __- 
STRUCTURE FOR DEVELOPING MAGNETIC CONFINEMENT --- -- -- ---- 

The Director, DCTR, administers and manages ERDA's 
magnetic confinement prcgram. The DCTR is divided into 
three offices which are responsible for 

--confinement systems, 
--development and technology, and 
--research. 

I DFTH also has 28 professional and technical staff members. 

DCTR operates under a centralized management philosophy 
and exercises fairly tight control over the various labora- 
tories participating in the magnetic confinement program. 
These controls seem most evident in the planning, project 
review, and device review areas. 

Management tools --- . 

One of the primary management tools DCTR uses is its 
S-year magnetic confinement fusion plan. DCTR prepared the 
pian f:cm a collection of research publications, ad hoc 
panel studies of specialized -3reas, previous program plans, 
and its exp-rience. The plan is periodically reviewed and 
modified in accordance with new scientific understanding 
;Ad budget changes. 

The latest plan, dated February 1314, lays out a 
pCogram leading to‘ the oberation of a demonstration fusion 
pbwerplant in the late 1990s. Between now and the late 

I 
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lS!IOs,’ DCTR xi11 use this plan as a guide for administering 1 
. , the maynetic~ confinement research proqram. _! I ‘i 

This plan indicates that the tokamak approach is more 
promising for achieving fusion than the theta-pinch and 
mirror approaches. DCTR has already decided that the first 
fusion test reactor will be based on a tokamak device and 
wants the second onp to be based on either a theta-pinch 
or a mirror device.1 Sin& DCTR has no responsibility for 
inertial confinement resedrch and development, neither 
laser nor electron beam fusion is considered in the divi- 
sion’s S-year plan. 

DCTR also uses its annual detailed budget review of 
major laboratory projects as a control mechanism. Under 
this re\*iew, a laboratory, when it wants to begin a major 
project in one of the three program cateqories--confinement 
systems r development and tec;;nology, and research--must 
describe the project in detail in its budqet submission to 
DCTR. DCTR reviews the project description and decides 
whether the project should be funded. If a multiyear 
project is funded, the laboratory must furnish DCTR with 
detailed information on the project’s proqress for each 
year it is underway. 

. 

DCTR officials told us that, although they could keep 
abrec;st of a labordtory’s major projects throuqh detailed 
budget reviews, expensive, experimental, magnetic confine- 
ment devices proposed by a laboratory required special at- 
tention. For this reason, DCTR has formal review proce- 
dures governing the fabrication of experimental devices 
estimated to cost over $250,906. 

Under these procedures, DCTR reviews, in detail, a 
laboratory’s experimental device proposals, to determine 
whether they are technically sound and programmatically 
‘relevant. For. some proposals, DCTH sets up ad hoc review 
panels. The panel’s membership can vary from only DCTR 
staff to a combination of DCTR staff and outside magnetic 
confinement experts. The Director of DCTR considers the 
recommendat.ions of the ad hoc review panel and those of 
his staff before making the final decision on the proposal. 

On June 4, 1974, the Director of DCTR formed the 
Fusion Power Coordinating Committee, which consists of the 
following voting members: himself (as chairman!; his 
three technical assistant directors: the project directors 
of the magnetic confinement programs at Oak Ridge, 
Princeton, Livermore, and Los Alamos laboratories; and thd 
DMA assistant director responsible for the laser fusion 

: 
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effort. The committ&?+-&s- formed to review technical 
\ 

7. .__--1 

projects in ERDA’s magnetic confinement program: assess 
--_. -- 

progress within specific areas of research and development, 
and promote communication and' coordination. '\ ;' _- \. \ : 
MANAGtiMENT 'APPROACH AND ORGANIZATIONAL ---A-- -_---~-.-~_---_ --- 
STRUCTURE F3R INERTIAL CONFINEhENT -+---- 

--. 
’ ‘.. 

h-r _- 
DM Is Office of Laser and Isotope Separation Technology 

is responsible for planning, irecting, 
2, 

and managinq ERDA's 
inertial confinement and la.er isotope separation p,ograms. 

--(TQe laser isotope separation program is discussed in chap- 
ter - 4 ..) The of fire ha-s two technical branches--laser fusion 
and laser isotope separation development. In January 1975 
it had eight professional staff members. The laser fusion 
branch is responsible for electron beam fusion development. 

-.. __ 
.J ’ Management tools ----- ---- 

/ 

\ 

,’ 

\. *. 
Dt4A -follows a 

does'not exercise A? 
ecentralized management philosophy and 

s tight a control over the laboratories 
in technical mafters as DCTR does. For example, where 
operating funds are used, DMA does not approve or disap- 
prove all experimental laser and electron beam machines 
estimated to cost as low as $250,000, as does DCTR for its 
experimental devices. DMA uses 5-year plans and reviews 
of laboratories’ programs as management tools and exercises 
a combination of control and coordination to manage the 
laboratories. ERDA officials have described DMA's phi- 
losophy as “buying management” from the laboratories. 

DMA provides programmatic direction to the laboratories 
through- plans and budgets, The laboratories, in turn, de- 
velop detailed technical management on a day-to-day basis. 
The function of the DMA staff is to establish controlling 
guide1 ines, to plan long-r'nge programs, and to insure 
coordination of the rp labo atory efforts toward meeting goals 

-ithin available resources. 

. 

-In January 1372 AEC organized the Laser Fusion 
Coordinating Committee to provide overall coordination of 
laser and electron beam fusion efforts. It consists of 

‘five Inembers: one each from Los Alamos, Livermore, 
Sandia, DMA, and DCTR. The committee prepared a 5-year I 
plan for inertial confinement development, which is up- 
dated at least annually. 

The elan lays out a program leading to a demoilstration 
laser fusion powerplant in about 1995. The plan identified 
technical. milestones which ERDA expects to- reach between 



1375 and 1380. Since DMA has no responsibility for . 
,nagnetic confinement development, the inertial confine- 
ment 5-year plan does not consider the magnetic confine- 
aent approaches. 

DMA reviLws.the Livermore, Los Alamc)s, and Sandia 
annual budgets for inertial confinement efforts and re- 
quires the laboratories to furnish detailed descriptions 
of proposeu programs within the inertialiconfinement area. 

The fabrication of most of the lowed energy, and 
hence lower cost, laser and electron bea? machines is ap- 
proved at the laboratories, although DMA !is made aware of 
these actions. The estimated cost of one such machine-- 
Los Alamos' l,OOO-joule'\carbon <dioxide laser--exceeded 
$1 million. The committee reviews proposals for high- 
energy laser and electron beam machines, as well as overall 
laboratory programs, and makes technical recommendations 
to DMA. After reviewing the committee's recommendation, 
the LIS technology staff makes a recommendation to the 
Director of DMA. 

MANAGEMENT NEEDS A WAY ---_____- 
TO MAKE CONSISTENT EVALUATIONS ~- 
OF ALL FUSION APPROACHES -- 

DCTR manages the magnetic confinement approach to 
fusion, and DMA manages the inertial confinement approach.&/ 
DCTR exercises centralized control management, but DkA be- 
1:ieves in less centralized control and in buying management 
from the laboratories. 

Both divisions have control mechanisms for the fusion 
efforts they manage. ERDA, however, has no overall mech- 
anisms to assist it in making decisions on its fusion ef- 
forts as a whole in assessing the effect of scientific 
breakthroughs and the achievement of milestones. The two 
divisions independently propose and justify commitments 
of dollars, manpower, and facilities for their programs. 

--- --I 

L/Under the ERDA organization, the magnetic confinement 
programs are: the responsibility of the Assistant Admin- 
istrator for:Solar, Geothermal, and Advanced Energy 
Systems and the inertial confinement programs are the 
responsibility of the Assistant Administrator for Na- 

jtional Security. 
j , 1 



, bq‘e believe’ that ERDA headquarters management needs a .. 
mechanism to assess the technical merits and promise of all 
f usiotl efforts in comparison with each other. The follow- 
ing example, we believe, illustrates this need. 

Eliminating the least promising ---------- 
fusion approach --- - 

I . 
. DCTR plans to sel’eci- two of its three magnetic 

confinement approaches for further development in 1977-75. 
DCTR plans to consider only the three magnetic confinement 
approaches in making its decision. Such a decisionmaking 
process may result in eliminating a more promising approach 
than laser fusion, electron beam fusion, or both.‘ Unless 
all five approaches are consistently and systematically 
reviewed and evaluated, ERDA cannot be certain that the 
least promising approach to long-term commercial fusion 
power is eliminated. 

ALTERNATIVE FOR IMPROVING -- 
FUSION MANAGEMENT 

One alternative for improving the management of ERDA’s 
fusion effort is to centralize all responsibility for fu- 
sion research in one division. DMA officials, however, 
believe that consolidating magnetic confinement efforts 
with the civilian portion of inertial confinement efforts. 
should come only when the technology has advanced far 
enough to separate civilian and military applications. 
They believe that an effective separation could be made 
only after achievement of net energy gain. At this point, 
they expect there will be a basis for assessing the poten- 
tial of military and comfilercial applications more confi- 
dently. Their schedule calls for achieving net energy 
gain in the early 1980s. 

During our review, AEZ appointed a three-member fusion 
overview panel to study how to approach determining priori- 
ties and goals for fusion technologies in a broader context. 
The panel’s work was to relate to 

--obtaining fusion as an energy resource in the nearest 
practicable time frame, 

e 

--including industrial par ticigation in the‘ fusion 
development effort, 

--the role of laser and electron beam fusion technologies 
in the area of nationa! security, and 

-0 
i 
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--the factorsY%=fecting relative emnhasis among fusiAp 
technologies in both the near-term budqet process 

-L.-. . ..--_- ___- 

and the long-range program planning. ’ ! 
.-- \i 

The Vanel’s findings and ‘recommendations were not available ’ 
at $he time we prepared this report. I 

. Management of the fusi n programs could be improved. 
Centralizinq manaqement a” r sponsibility is one possible 

._ -.x qlternative for imFrov.&ent. Others, such .as an overview 
.‘\ -.‘.. group, which woul&+eriodically review and technically 

-- evaluate fusion approaches, could also serve this purpose. 

S-;ne method should be established which would permit 
ERDA t (1) evaluate ar%,compare the relative merits of the 
approac..zs and (2) identify priorities for all the fusion 
approaches--lasers, electron beam, and magnetic confinement 
systems. -Th i; wo ld 
a---better pdsitio f? 

permit ERDA’s top management to be in 
to determine the content, pace, and 

budget for the/fusion proqram and how scientific break- 
throughs and the achievement of milestones will affect 
future decisions and choices among the three fusion ap- 
proaches .- -The. recently established panel should se.rve to 
identify any management changes that are needed in ERDA’s 
management of the fusion effort. We endorse the panel’s 
mission and plan to closely monitor ERDA’s actions on the 
panel’s determinations. 
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CHAPTEII 4 -- --- 

DEVELOPME?JI' c)l-' LASER ISOTOPE SEPARATION ---. __--___-- 

Officialslat ERDA's Los Alamos laboratory estJmate that 
it will cost less than $500 million to fully develop a new 
way of enriching uranium using the LlS process. This could 
save the countky as much as about $80 billion by the year 
2000. In viewi of this potential savinq, he em;)hasis and 
priority that ERDA gives to the process i important. 

, 

DEMAND FOR EN-kCHED "RA:-‘XM ----__ ---- 

Natural uranium ore:,contains essentiall:? two forms, or 
isotopes. One isotope, uranium 235 (U-2.35), is used as a 
fuel in fission .power reactors. The U-235 content of nat- 
ural uranium ore is 0.7 percent. Since the fuel for fission 
reactors requires about 3 peicent U-235, the percentage of 
U-235 in uranium must be increased from 0.7 to 3 percent, 
This is called enrichment. 

The present method cf enriching uranium--gaseous 
diffusion-- is expe.isive and requires large amounts of capi- 
tal and energy. Otr country has three gaseous diffusion 
plants located at ;)ak Ridge, Tennessee; Portsmouth, Ohio; 
and Paducah, Kentucky. 

ERDA expects that nuclear capacity--which is now about 
6 bercent of the total U.S. electrical capacity--will be about 
60 ‘percent by the year 2000. Consequently, the projected 
demand for enriched uranium will exceed the projected U.S. 
enrichment capacity by the mid-1980s. Because of the time 
(about 8 years) required to plan and build a gaseous diffi- 
sion plant, a commitment to increase enrichment capacity 
must be made soon. Since 1972 AEC, now ERDA, has been try- 
ing to get private industry to build the next enrichment 
plant. Private industry, however, has not yet made a commit- 
:nent to do so. ERDA has projected that a new enrichment 
plant must be completed every 18 months beyond the mid-1980s, 
to keep pace wil:h demand for enriched uranium. 

Because gaseous diffusion plants are expensive to build 
and operate, thd United States and foreign nations are de- 
veloping other processes to meet the projected future demand 
for nuclear fuel,. 

NEh: ENRICHMENT TECHNULOGY ----- I 
/ EHDA is investigating several new processes for 

enr,iching uranium. lhe two most promising are laser isotope 
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separation (LIS)<nd gas centrifuge. 
-54 ./--.--z- 

LIS is still in t;he --- ___- 
research stage a&-it is too early to determine its comm'er- .-- 

cial feasibility, but LIS has the potential to considerably 
improve the economics of uranium enrichment. Al though 
other ma-&rrTientif ic ano technological problems exist, 

\: 

L 5 is 

L 

critically dependent on the development of high- I 
owered lasers. 

_- -.ERDA says the gas centrifuge process has advanced 
* beyond the development stage to the point where there is no 

question that an operab Y enrichment plant using the cen- 
trifuge process can $e built. The main question remaining 

._ - ‘-w is one of economicsl' that is, whether the centrifuge proc- 
- . , .--. --, . Pss can do the-$66 at a cost as low as or lower than the 

. . gaseous diffusion process. 

Laser isotope separation 
\ I I I Los Alamos and,Livermore are doing research and 

I developmen t’ work 6n LIS. The technical details and status 

l...., . L 
of--- the Los Ala 5s process a‘re classified and therefore are 

_ .--Got presented”?* this report. Los Alamos started work on 
_ LIS in 1970 and now has a method it feels c’an be scaled up 

to a pilot plant. Although there are many uncertainties 
in establishing a time fra-me for developing the process, 
Los Alamos believes that the earliest that a pilot plant 
would be built would be 1979. A technical review group, 
set up ny AEC to review proposals and proqress in LIS 
development, stated in its December 1973 report that the 
Los Afamos approach hbd potential advantages for combining 
separation efficiency with high throughput of feed material. 
These advantages, according to its reportr are a desirable 
combination which iS not found in the gaseous diffusion 
process. The review group warned, however, that: 

n* * * it is too early to tell whether the process 
can be made econ$ically competitive with gaseous 
diffusion or the gas centrifuge. However, there 
iS such a great margin between the Los Alamos 
estimate of the cost of separating 2350 by the 
laser process and the cost by gaseous diffusion 
that the process must be given serious attention. ’ -- 

-- 

‘? : t -_ 

The review group recommended that a major effort be started, 
if scientific feasibility can be demonstrated,. to develop 
the Los Alamos process. This demonstration would involve 
actual production of enriched U-235 on a small scale. Los 
Alamos is focusing nearly all of its work on this one. 
project. 
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Jivermore is devoting about half of its LIS program 
resources to the evaluation of a number of new processes 
involving lasers. The other half is devoted to scaling up 
one process, which uses atoms of vaporized uranium as a 
feed material. Uranium vapor is extremely corrosive and 
will destrdy almost anything it touches. ,, 

Livermore officials told LS, however, that they had 
solved many of the uranium corro:ion &-oblems, Livermore 
is the only ERDA laboratory that has e perimentally dnmon- 
strated LIS of uranium, F although only :in microscopic 
quantikies. *.__ 

., 1 

The following table gives past at& projected funding 
for LIS. The projected funding shown below was taken from 
the Laser Fusion Coordinating Committee's 5-year plan. 

Fiscal y ear _ Total 

,(millions) 

1973 $ 0.8 
1974 3.5 
1975 (estimated) 14.6 
1976 (estimated) 35.5 
1977 (estimated) 63.0 
1978 (estimated) 72.8 
1979 (estimated) 58.9 
1980 (estimated) 56.9 

/ 306.0 

Capital costs (estimated:) 47.0 

$353.0 

Despite the sharp increases in funding, there are technical 
problems in the process which are not now being studied. 
For example, laser development is an important item for the 
Los Alamos process. Highly specialized lasers have to be 
developed before a pilot plant can be built. According to 
Los Alamos officials, they do not now have enough funds or 
manpower to develop these lasers. 

Gas centrifuge 

The gas centrifuge process for isotope separation has 
:been under development since about 1919, but mechanical 
:problems prevented cony measurable progress until 1934. 
:Since then, a great deal of- work around the world has been 
;done to study and improve the centrifuge process. It was 
I I 31 
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used in the United States and Germanv dur ins World War II 
for separation of uranium isotoPes on a laboratory scale. . . 

ThAre are many problems associated with putting the 
centrifuge theory into practical oberation. Despite these 
problems, many nations are interested in the crocess be- 

‘cause it has certain advantaqes over gaseous diffusion. 
For example, qas centrifuqe is expected to require only 
10 percent of the/ electrical power necessary to dperate a 
diffusion plant. I Another advantaqe is the centrifuqe 
process’ ability ‘to begin enriching uranium at an earlier 

1 time than a diffusion plant even if construction of both 
plants was started at the same time. 

‘. . . 
. . 
. . .. 

The following tab]‘- -aken from recent ERDA estimates, 
compares the cost of eq,.!. -sized qaseous diffusion and gas 
centrifuge plants. 

Capital cost 

Gaseous Gas 
diffusion centrifuge (note a) 

$1,400,000,000 $~,400,000,000 

Annual operating cost $ 16,000,000 $ 90,000,000 
(excludinq power ) 

Annual power cost 
(at 10 mills per 
kilowatt-hour) : 

$ 210,000,000 $- 21,000,000 

Power reuu irement j 2,400 megawatts 240 megawatts 

a/Preliminary estimates subject to continuous refinement. 

The capital .cost of either a qaseous difflrsion Dlant or 
a gas centrifuge plant is expected to be about the same. A 
gas centrifuge plant requires about 10 times less Power 
than a gaseous diffusion plant but requires more labor’ to 
construct. Also material costs are higher due to the 
shorter service life of centrifuge equipment. Ultimately, 
the economics of a qas c?ntrifuqe plant versus a gaseous 
diffusion plant will depend on the future costs of power 
versus the future costs of labor and materials, 

IYPACT OF SUCCESSFUL LIS PROCESS 

-- 

If successfully developed, LIS could impact considerably 
on the economics of. enriching uranium and on international 
security. i 
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* The most important advantage of a successful'LIS 
program is expected to be economic. Livermore officials 
estimate theal savings from using the LIS process 
from 1985 to 2000 coild amount to as much a $80 billion. . 1 
They point out that the cost estimates for LIS are 
speculative, but the diff erences between gaseous diffu- 

_ sion+.gas centrifuge, and LIS are so qreat that, even with 
c a tenfold error in the LIS stimates, the savinqs would 

still have a profound ef d ct on the U.S. economy. Ac- 
--- cording to ERDA officials these are preliminary esti- . . hates. 

--. ‘-\ 
,/’ 

-?----~ If, as ERDA has projected, a new enrichment facility 
will be needed every 18 mont:hs beginning in the mid-1980s, 
about 10 new enrichment,,plants will be required by the 

>- year 2000. If these plants are the gaseous diffusion or .I centrifuge ty,oe, the/capital costs will be about $14 bil- 
lion. If these plants are LIS plants, the capital costs, 
according -to the/laboratories' estimates, will be less 
than $90 mill-iok, a saving of about $13 billion. ~__ 

Additional savings could be realized in the cost of 
electricity to operate enrichment plants. A gaseous 
diffusion plant l/ that produces enough fuel to run 100 
average-sized powerplants requires about 2,400 megawatts 
of electricity annually. The average nuclear electric 
powerplant is designed to produce about 1,200 megawatts 
and to cost about $500 to $600 million to construct. 
Therefore, it would take two nuclear electric powerplants 
to operate one gaseous diffusion plant. Estimates of the 
annual electric power required for a comparable-sized LIS 
plant range from 3 to 100 megawatts, or less than 5 per- 
cent of the amount required for a gaseous diffusion plant. 
Conseyuently, LIS plants would probably not require dedi- 
cated 2/ powerplants. / 

Additional savings may result frqm LIS's greater ' 
enrichment potential. If successfully developed, the LIS 
process is expected to be able to en.rich uranium more 
efficiently than the gaseous diffusion anl gas centrifuge 

L/Gaseous diffusion plants can operate at various levels 
of efficiency or waste assay. In this instance, the 
waste assay is assumed to be 0.3 percent. 

z/A plant used to furnish power exclusively to one user. 
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processes. / More efficient processing will considerably 
reduce the uranium ore requirement and extend the existing 
ore reserves. The laboratories’ officials estimate that this 
aspect alone would result in savings of $33 billion by the 
end of the century. 

Becau(se of its higher separation *efficiency, LIS could 
also be used to enrich the tails, or waste, frcm gaseous 
diffusion plants. 

I 
This would result in even more savings. 

,I . 
An August 1974 report by the General Advisory 

Commit tee-- a commifitee established by/ the Congress to advise 
AK on technical and scientif ic’matters--stated that con- 
siderable-effort should be made to sp&ed up development of 
LIS because of its great importance. iAmong other things, 
the committee recommended __ , _ ,_ / -. 

--increasing funding for laser development and 

--beginning a development effort ,with the assistance 
of personnel experienced in enrichment technology 
leading to a pilot plant design in the late 1970s. 

In responding to this recommendation, the AEC Chairman 
said that AEC would accelerate LIS development if it were 
determined that resources could be made available in the 
face of competing priorities. On February 20, 1975, ERDA 
asked the Joint Committee on Atomic Energy to approve 
$5 million in additional fiscal year 1975 funding to ac- 
celerate efforts in the LIS program. In April 1975 the Con- 
gress approved this request for additional ftinds for develop- 
ing the process. For fiscal year 1976 and the 3-month transi- 
tion period, ERDA requested funds of $31.5 million. The Joint 
Committee on Atomic Energy has authorized this amount. 

International security 

There is a growing concern abol t the prospects of 
foreign nations * acquiring the capability to develop nu- 
clear weapons. The high cost of building and operating 
gaseous diffusion plants --which are necessary to enrich 
uranium to a weapons grade level--has prevented many 
nations from acquiring this capability. If it is success- 
fully developed, the LIS process could aiso enrich uranium 
to a weapons grade level. Also the LIS process might not 
present the financiai burden to some nations that gaseous 
diffusion does. 

ERDA officials told us that the Israeli .Government 
i was developing an LIS process and speculation is that 
1 several other countries are also developing it. According I 
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. , 
to ERDA, the Israeli process is similar to the Liver-more 
process in that it uses uranium vapor. 

PROGRAM MANAGEMENT 

The organizational structure for program management 
indicates ERDA’s lack of adequate attention. For example , 
LIS is under the Office of Laser and Isotope Separation 
Technology, which id part .of DMA. As of January 1975 there 

4 were only two persons working full time to manage the re- 
search effort of the two ERDA laboratories. 

The Ger;eral Advisory Committee, in its August 1974 
report, recommended giving the LIS program a: 

a,* * * principal program manager with a good 
technical understanding, a belief in the high 
importance of the program, and a flexibility 
that will assure the most rapid development of 
one or more forms of laser separation capability. 
Such a posit ion and such a person is not now a 
part of the system of management.” 

The AEC Chairman responded in September 1974 by saying 
that AEC would shortly staff a position similar to the one 
which the General Advisory Committee recommended. ERDA of- 
ficials have advised us that, since September 1974, they 
have required a principal program manager and have been able 
to strengthen the manaqement staff. 

Also, development progress on LIS was delayed because 
of limited participation in the deve.lopment of LIS by ERDA’s 
Division of Production and Material Management and Union 
Carbide --a contractor that operates the Oak Ridge gaseous 
diffusion plant for ‘ERDA. The Division of Production and 
Material Management and Inion Carbide ha.ve expertise in the 
commercialization of promising uranium enrichment concepts. 
Because the Los Alamos scientists did not fully inform the 
enrichment experts from Union Carbide about the details of 
the process, for 9 months Los Alamos unknowingly used in- 
correct material which the Union Carbide experts would 
have known was a mistake. Los Al amos personnel became 
aware of their mistake during a meeting with Union Carbide 
experts. * 

In commenting on this situation, ERDA officials gave 
us the following statement. 

“The interaction between Union Carbide Nuclear 
Corporation (UCYC) at Oak Ridge and Los Alamos 

i 
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personnel ha&&en extremely fruitful and has 
. ---_ - __. 

clearly acceler’ated LPS developments. Early in 
the program, in the absence of a close working 
relationship, Los Alamos used and experienced . \/ 

,-unfavorable results with material which UCNC ex- 
\ 

/’ perts would have known to’ be unsuitable. A very 1 

i 

close working .relationship has since developed, 
- - and we foresee no further probl.ems of this kind.” 

,-_ 
-\ 

LIS program funds hav 
/ 

since been qiven to Union Carbide 
for engineering-support, ork on the process. ERDA’s plans 
call For this funding40 continue. This arrangement could 

.‘-. 
--‘\-help expedite deve_lopment of the process and could minimize- 

-.I---~ avoidable mistakes, such as the one cited above. 

PRIVATE INVOLVEMENT _- 

I- 
\ 

The LIS process.is considered feasible by a private 
company developing,d LIS process reportedly similar to the 
Livermore and Israeli Government process. The company has 

\ ‘.. -invested-almos $15 million and estimates that it may need 
.-\ Y -- . $150 million more to develop the process. It estimates a 

--production-scale enrichment plant could be built by 1985 or 
1986. We cannot discuss additicnal information on this 
company’s development efforts because the company considers 
that inforn.ation proprietary. ERDA officials told us ,that 
other private companies were also developing LIS processes. 

CONCLUSION 

Insufficient funding appears to be hampering the 
solution.of technical LIS problems, such as laser develop- 
ment. Moreover, ERDA’s management of this program should 
be strengthened by increasing staffing and coordination 
between ERDA’s laboratories and Union Carbide’s enrichment 
experts. I 

/ 
The General Advisory Committee has made recommendations 

aimed at resolving these problem areas. Recause the LIS 
process holds great promise for this country in its poten- 
tial to more efficiently and economically enrich uranium 
and extend existing uranium resources, it is important that 
ERDA make every effort to carry out these recommendationd 
promptly. ERDA has said it will act soon on the Committee’s 
recommendations. We plan to monitor ERDA’s actions closely. 
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CHAPTER 5 . I -- i 
SCGhE OF REVIEW ; . . . 

We reviewed efforts in this country:-primarily Federal 
effort \ --to depelop fusion power and LIS and obtained the 
information used in this report by reviewing planning d-ocu- 
ments, reports, correspondence, and other r'ecords and by 
interviewing officials at the following locations: 

--AEC He!idcIuarters, Germantown, 
_' \ 
Mar land 

I _/- I 
--Los Alamos*&ientific Labo;itory, Los Alamos, New 

Mexico ..-.- -. ~ _ 

--Sandia Laborator'y,..Albuquerque, New Mexico 
-- .._. -__ 

--Lawrence Livermore. Laboratory, Livermore, California 

--Dak Ridge Na tional-taboratory, Oak Ridge, Tennessee 

--Union Carbide Nuclear Division, Oak Ridge, Tennessee 

--University of Rochester, Rochester, New York 

--Princeton Plasma Physics Laboratory, Princeton, 
New Jersey 

-4attelle Memorial Institute, Columbus, Ohio I 
--KMS Fusion, Incorporated, Ann Arbor, Michigan 

We obtained additional information through correspondence 
with Exxon Nuclear Company, Incorporated, Bellevue, Wash- 
ington. 

I 
We inade no attempt to make technical assessments. 

/ 
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APPENDIX I APPENDIX I 

‘. PRINCIPAL OFFICIALS OF THE _----_-------_-----_ 

ATOMIC ENERGY COMMISSION AND 0 
__-----~---_- ---- -- ---- - --- 

THE ENERCY RESEARCH AND ____-__ ------- 
c DEVELOPMENT ADMINISTRATION __I___-- -_-- ----.-----_- 

1 RESPONSIBLE FOR ADMINISTERING 
t . I 

THE ACTIVITIES DISCUSSED ' _____ --_------.-- 

IN THIS REPORT 

.Tenure of office _L--_-___-_- 
From To .-- -- 

ATOMIC ENERGY COMMISSION --- ----I__- 

CHAIRMAN: 
Dixy Lee Ray Feb. 1973 Jan. 1975 
James R. Schlesinqer Aug. 1971 Feb. 1973 
Glenn T. Seaborg Mar. 1961 Aug. 1971 

GENERAL MANAGER: j 
Robert D. Thorne (acting) Jan. 1975 Jan. ,1975 
John A. Erlewine Jan. 19.14 Dec. 1974 
Robert E. Hollingsworth Aug. 1964 Jan. 1974 

I 

ADMINISTRATOR: ' 
Robert C. Seamans, Jr. 

ENERGY RESEARCH AND DEVELOPMFNT ADMINISTRATION - -w-m---- 

Jan. 1975 Present 

ASSISTANT ADMINISTRATOR FOR 
NATIONAL SECURITY: 

Edward B. Giller (acting 
Deputy 1 

ASSISTANT ADMINISTRATOR FOR 
SOLAR, GEOTHERMAL AND ADVANCED 
ENERGY SYSTEMS: 

John M. Teem (crctinq Deputy) 

Jan. 1975 Present 

Jan. 1975 Present . 




