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Dear Mr, Chairman:

i This ig our report on the management of the Atomic Energy

.~ Commission's controlled thermonuclear research program. The
report was prepared in accordance with a request dated Febru-
ary l, 1972, from the Vice Chairman of your Committee,

The report has been discussed with representatives of the
Atomic Energy Commission, and the Commission's comments have
been incorporated in the report.

Copies of this report are being sent to the Vice Chairman of
y. v your Commiitee; the Director, Office of Management and Budget;

o and the Chairman, Atormic Energy Commission,

We believe that the report will be of interest to other commit-
tees and membears of the Congress. Therefore, as agreed to by the
Committee, we are distributing the report to such other committees
and members of the Congress,

Sincerely yours,

Vo (1 st

Comptroller General
of the United States

The Honorable John O, Pastore, Chairman
Joint Committee on Atomic Energy
Congrees of the United States
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WHY THE REVIEW WiS MADE

From fiscal year 1951 through fiscal
year 1972, the Atomic Energy Cormis-
sion (AEC) incurred costs of about
$449 million in the Controlled
Thermonuc lear Research program.
(See"p. 8.)

In November 1971 AEC told a subcom-
mittee of the Joint Committee on M
Atomic Energy that this program was
enter1ng a new phase and would re-
guire greater expenditures of funds
in the near future. (See p. 17.)

In view of the orogramn's substantial
costs, the Gereral Accounting Office
(GAQ) decided to examire into AEC's
manzgement of the program. The
Joint Committee requested a report
on the results of GAQO's review, in-
cluding information on AEC's efforts
and the role of its advisory commit-
tee--the Controlled Thermonuclear
Research Standing Committee--in con-
trolling and coordinating the ef-
forts of contractors involved in the
program. (See app. I.)

Background

AEC supports the program which is
conducted under research contracks
at. AEC-owned,.contracier~opecated
laboratories.and-at.universities.and
other institutions. (See pp. 7 to
10.

The overall objective of the program
is to develop.d-Rador-SQuBEaepF--
energy from controlled thermoouciear
fisien to help solve this Mation's
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energy problem. (See p. 5.)

Work within the various research
areas in the program generally in-
volves fabrication and operation of
major experimental devices, to find
suitable solutions to scientific and
technical problems. (See p. 28.)

o

TATT TR
4 i-D.’t-GS

AND CONJLUSIONS

RAEC has established various mecha-
nisms to control and coordinate
effcrts of contractors responsible
for. canducring.the program, to in-
sure tnat such efforts are consist-
ent with orogram cbjectives. These
mechanisms inciude:

--Reviews by the standing committee
and ad hoc technical panels relat-
ing to ongoing and planned program
efforts. (See p. 18.)

--Establishment of research priori-
ties. (See pp. 21 to 23.)

--Technical evaluations of research
proposals submitted by universi-
ties and other institutions. (See
pp. 24 to 26.)

AEC's technical evaluations of re-
search proposals and advice from its
standing committee appear to provide
AEC with useful mechanisms for con-
trolling and coordinating the pro-
gram.-

In establishing research priorities,
it wouid be useful if AEC would doc-
ument and communicate to each

DEC. 8, 1972



devices which reauire AEC's re- AREC's review and approval before

view and apcroval bafore fabrica- fabrication. (See p. 42.)
ticn,

--Require, as part of this rule, AGENTY ACTICNS AND UNRESOLVED ISSUES
that any proposed device which is
a rovicion or modificatine nf 3 BFC arreed with GAO's recommenda-
previously disapproved device, re- tions and sai1d that it was taking
gardless of the estimated cost of the action necessary to insure their
the revised device, be subject to implementation. (See p. 42.)
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INTRODUCTION

The necessity of supplying large amounts of electrical
energy for the future needs of our society has become an
issue of national importance, According to Federal Power
Commission projections, the demand for electrical energy
will double every 10 years from 1970 to 1990, Accompanying
this increasing demand is the problem of finding sources of
energy which will not pollute the environment,

In a message to the Congress on June 4, 1971, the
President of the United States stated:

"A sufficient supply of clean energy is essential
if we are to sustain healthy economic growth and
improve the quality of our national life., I am
therefore announcing today a broad range of
actions to ensure an adequate supply of clean
energy for the years ahead,"

Part of the President's plan to facilitate the develop-
maat of clean energy included increascd emphasis on research
in fusion power. The President stated that:

"For nearly two decades the Government has been
funding a sizeable research effort designed to
harness the almost limitless energy of nuclear
fusion for peaceful purposes. Recent progress
suggests that the scientific feasibility of such
projects may be demonstrated in the 1970s and we
have therefore requested an additional $2 million
to supplement the budget in this field for Fiscal
Year 1972, We hope that work in this promising
area will continue to be expanded as scientific
progress justifies larger scale programs."

GOALS AND APPROACHES TO
CONTROLLED THERMCHUCLEAR RESEARCH

AEC's goal in the Controlled Thermonuclear Research
(CTR) program is to develop a major source of energy from
controlled thermonuclear fusion., Controlled thermonuclear
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fusion occurs vhan certain light atoms, which are heated

to a high temperature in a confined region, collide and
rearrange themselves to form a smaller mass with a conse-
quent release cf energy., When the atoms collide, they

Shol 6llae wio<iwedins i vecome charged ions. The resulting
mixture of electrons and charged ions is a fully ionized
gas, often referred to as the fourth state of matter-~the

plasma state.

The essential fuel material for fusion is a form of
a aydrogen atom, called heavy hydrogen or deuterium, which
is preseni in all natural water. In theory, the amount of
energy procuced by the fusion of the deuterium nuclei (the
small, positively charged cores of atoms) present in 1 gal-
lon of wetor is equal to that obtainable from the combus-
tion of 300 gallons of gasoline. The enormous amounts of
water available on earth represent a virtually inexhaust-
ible potertial source of energy. A4EC has stated that a
fusion powerplant appears to have important environmental
advantages.,

™y

~-Combustion products are not released to the atmos-

--The Iinzl-reaciion products are nonradioactive,

~-Fusion powerplants will be inherently safe against
explosive or runaway reactions,

~-Increased efficiency may be possible by converting
fusion pcwer directly into electricity, which would
reduce thermal pollutiocn,

Thus fusion power represents a potential solution to
Mation's anticipated energy problems,

&
‘:'
0

Some of the scientific and technical problems which
.are baing studied by scientists in an effort to find suit-
able soluticns to controlled thermonuclear fusion are:

1. Applyinz heat sufficient to achieve a sustained
rate of cnergy production that is greater than the
energy lcoss through radiation.




2. Developing the most suitable and stable magnetic
confinement field. Confinement is essential to
sustain a fusion reaction.

3. Removing plasma impurities which cause plasma to
escape from its magnetic confinement.

4. Increasing plasma density.

The basic requirement for controlled fusion is the
adequate confinement of plasma in the temperature range of
one hundred million to a billion degrees. Because no solid
material can exist at these temperature ranges, the fabri-
cation of CIR devices using magnetic fields to confine the
plasma has been emphasized.

Two basic approaches to magnetic confinement are (1)
the open system and (2) the closed system. These two
approaches, upon which all CTR devices are based, are illus-
trated in the drawings, obtained from AEC, on page 9.

The open system is one in which plasma is trapped in
a roughly tubular region of space through the use of mag-
netic fields that are much strouger at the ends of the tube
than at its center. The strong end-fields reflect plasma
back into the central-field region, and therefore these
systems are referred to as magnetic mirrors.

The closed, or toroidal, system is characterized by
plasma confined in magnetic fields that are contained within

a toroidal, or doughnut-shaped, volume.

COSTS OF CONTROLLED THERMONUCLEAR RESEARCH

AEC's efforts in CIR began in fiscal year 1951. As
shown in the schedule below, AEC's accumulated costs for
the CIR program through fiscal year 1972 amounted to about
$449 million,

BESTIDOCUMENT AVAILABLE
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Fiscal Oper- Equip- Construc-
year ating ment tion Total
(millions)

1951 to 1966 $241,9 $10.5 $16.3 $268,7
1967 22.4 1.5 - 23.9
1968 24.7 1.8 .1 26,6
1969 26.5 1.6 1.6 29,7
1970 27 .7 2.0 4,6 34.3
1971 28.3 2.2 1.8 32.3
1972 31.0 1.5 o7 33.2
Total $402.5 $21.1 $25.1 $448.7

|
l

The above data includes CTR costs incurred under
AEC's onsite and offsite research programs, Under the
onsite program, substaentially all costs of the research
activities are incurred at the following four AEC-owned,
contractor-operated laboratories.,

Lawrence Livermore Laboratory, operated by the Uni-
versity of California,

Princeton Plasma Physics Laboratory, operated by the
Princeton University.

Oak Ridge National Laboratory, cperated by the Union
Carbide Corporation.

Los Alamos Scientific Laboratory, operated by the
University of California,

These four laboratories are referred to in this report col-
lectively as the CTR laboratories.

AEC's offsite research program is carried out under
contracts with universities or other institutions support-
ing individual scientists or small groups of scientists,

The amount of financial support provided by AEC through
contracts for the ofrsite research conducted by these
scientists usually supplements the support provided by their
respective institutions.

BEST DOCUMENT AVAILABLE
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The chart on the following page shows the amount and

‘percent of operating funds provided by AEC to the CTR
nd to contractors Ln ‘nha ("T'P ﬁ‘F'FQ11‘£= TT!"OQ‘T‘HTTI

.Ld.bu.t. atories and

from fiscal year 1967 through fiscal year 1972.
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AEC'S CUNTROLLED THERIGOMUCLEAR RESEARCH PROGRAM
AGCTUAL GPERATING COSTS
{in Hilons)

Millions § FISCAL YEARS 1957 - 1972
35
$31.0
30 |— -
$28. / 5500
$27.7 J— 283 16.1%
§%5 ‘o $4.10
ag | 824.7 / $3.7 14.4% e //’
14.0% e $4.7
$22.4 / $3.3 - ”" 15.2°
] L P 3.6 8.1
OFFSITE 32.2 o 1$2312 13.0% 14.5% o ——
20 L .8% $2.7 1% s -
$2.4 10.9% e — —
LOS ALAMOS
10.7% $5.8
— $4.6 35,2 $5.4 18.7%
$4.5 17.3% 18.8% 19.1%
$4.7 18.2%
15 _‘\‘OAK R'DGE 2}.0% / B /A»-
//,”
$7.4 $7.5 $3.0
| $6.9 21.9% 27.1% %6755 2..8%
$6.3 27.9% 3%
10 — PRINCETON | o'
I D - — e R
I 7.6 57
$6.8 $7.3 - A4 57.2 §7.5
LIVERMORE 20.4% 29.6% 28.7% 26.7% 25.4% 24,2%
0
1967 1968 1969 1970 1971 1972

2 [ncludes support of $15,000 to Brookh ven Natwonal Laboratory and $35,000 to Argonne Natonad [,aboratory,
b Includes support of $63,000 to Broolhaven Natianel Luboratory and $127,000 to Argonne Natronal Laboratory.
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ORGANTIZATIONAL STRUCTUPE FOR
ADMINISTERING CIR PROGRAN

Prior to December 7, 1971, the Assistant Director of CTR,
Division of Research, had overall responsibility for the ad-
ministration and management of AEC's CIR program. The Direc-
tor, Division of Research, in turn, reported to the Assistant
General Manager for Research and Development,

On December 7, 1971, AEC established a separate Division
of CIR and transferred the functions of the Office of the As-
sistant Director of CIR, Division of Research, to this new
division. Under the reorganization, the Director, Division
of CTR,l reports directly to the Assistant General Manager
for Research {(formerly the Assistant General Manager for Re-
search and Development).

According to AEC, the Division of CIR was established in
view of the increased emphasis being placed on the develop-
ment of fusion as a new source of energy. The functions of
the Division of CIR include planning, development, coordina-
tion, and supervision of prograias for research on, and de-
velopment of, controlled thermonuclear reactions and the re-
lated fields of science and technology to achieve the goal
of fusion power,

Prior to August 29, 1972, the Division of CIR consisted
of a director and a staff of five professionals., The Direc-
tor of CIR told us that each staff member was responsible for
certain areas of CIR research or program elements.

AEC told us that, in line with the increased emphasis
placed upon CIR within AEC, the Division of CIR was reorga-
nized effective August 29, 1972. Three offices were estab-
lished, each headed by an assistant director, to assume re-

" sponsibility for the three major elements of the CTR program:

For ease of expression, both the Assistant Director for CIR,
‘Division of Research, and the Director, Division of CIR, are
referred to in this report as the Director of CIR,

BEST DOCUMENT AVAILABLE
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Conf inement §§§tems, Development and Technology, and Re-
search. AEC said that in the near future the Division of CTR
would be increased to 12 technical and professional staff mem-

T m
UCL O,

The Division of Physical Research (formerly the Division
of Research) provides administrative support services to the
Division of CTR. AEC's field operations offices provide con-
tract administration for the CTIR program.

The laboratory directors and associate directors, whom
AEC considers to be experts in their respective fields, are
responsible for managing the day-to-day research activities
at the CTIR laboratories.

The Division of CTR at AEC Headquarters is responsible
for managing the CTR offsite program, including approving
AEC support and reviewing and evaluating the technical prog-
ress of the research projects. AEC's operation offices
negotiate and administer the nontechnical aspects of the con-
tracts.

ACCOMPLISHMENTS OF AEC'S CTR PROGRAM

AEC provided us with the following description of the
highlights of accomplishments of the CIR program, grouping
them into three general areas--achievement of thermonuclear
temperatures, confinement results, and technological advances.

"Achievement of Thermonuclear Temperatures:

"In the first years of the controlled-fusion re-
search program one of the major goals was to
achieve in the laboratory plasma temperatures of
60,000,000 to SO,OOO,OOOOC which are necessary

for fusion reactions. This goal was achieved in
1963, in a Scylla, theta pinch device, at the

Los Alamos Scientific Laboratory. This test re-
sulted in the release of fusion energy: 370 watts
of fusion power during the three-millionths of a
second duration of the test." -

BEST DOCUMENT AVAILABLE

13



"Confinement. Results:

"A major portion of the fusion research effort in
the 1960's was devoted to finding means of con-
fining plasmas in btoth open and closed systems,

In the early 1950's both major classes of magnetic
confinement systems were plagued with plasma 'in-
stabilities' which lead to unsatisfactory confine-
ment conditions, Substantial progress in identi-
fying and minimizing the effect of instabilities
has been made. '

"By 1964, a gross type of instability (discovered
in the 1950's) was found to be controllable, The
cure was based on the use of specially wound and
shaped magnetic coils.

"In 1969, fine grained instabilities which were
believed to cause unusually rapid loss of plasma
in closed systems, were controlled in a class of
devices known as multipoles. Confinement very
close to ‘classical' or the best possible was ob-
served in an off-site experiment at Gulf General
Atomic in a large toroidal octupole device, and
similar results were obse.ved at the Princeton
Plasma Physics Laboratory in the spherator
shortly thereafter.,

"In the ST Tokamak (closed systems) at Princeton,
it has been verified that it is possible to con-
fine a plasma of near thermonuclear temperature
and density in such a way that, if similar behav-
ior is observed in the larger plasmas necessary
for fusion reactors, then the confinement time
would be adequate for a practical fusion reactor."

"Technological Advances: BEST DOCURIENT AVAILABLE

"Progress towards fusion has often resulted when
new technological advances have permitted the pro-
duction of plasmas in new ways, under cleaner con-
ditions or in a more understandable (i.e. better
diagnostics) fashion. In fact, technology as well
as new physical insight has played an important

14
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role in defining where and how the experimental
research program can be pursued, Some important
technological developments have been:

""(a) The storage, switching and ultra-fast deliv-
ery of large blocks of electrical energy.

"(b) The generation in complex geometries of large
and strong magnetic fields, both pulsed and
steady-state, super-conducting and
non-superconducting.

"(c) The achievement of extremely high vacuums for
large chambers,

"(d) The development of intense, precisely focused
beams of ions or neutral atoms for plasma
production and heating,

"(e) The extension of optical, microwave, laser
beam and electrical measurement techniques
to the special problems of diagnosing the

plasma state. REST DOCUMENT AVALABLE

"(f) The development of advanced computational
techniques and computational soft ware has
made possible simulation of the plasma state
on a digital computer, Computer ‘'experiments'
performed on large digital computers have
given quite accurate representations of some
actual physical experiments performed in the
laboratory.

"{g) The generation of intense laser and electron

beams,"

Although there have been accomplishments in the CTR pro-
gram that, according to AEC, will assist in demonstrating
the scientific feasibility of fusion power, AEC has stated
that some of the more important technical questions still
remain unanswered and that several steps are needed beyond
the achievement of scientific feasibility to develop a fu- |
sion reactor for commercial use., During hearings before the
Subcommittee on Research, Development, and Radiation of the

15



Joint Committee on Atomic Lnergy in November 1971, AEC de-
scribed the major phases envisioned in the development of
comnercial fusion power as:

"A basic fusion plasma research and developmental
phase in which research experiments to produce, heat,
contain, and study thermonuclear plasmas are con-
ducted in parallel with the development of associ-
ated fusion technologies."

"A scientific feasibility phase in which experi-
ments are constructed and operated which attempt

to reach 'break even' fusion plasma conditions
(minimum values of density, temperature, and

plasma confinement time) in laboratory configura-
tions which lend themselves to development into

net power producing systems. Fusion fuels need

not necessarily be used in these experiments, The
program is beginning to enter this phase now. It
should be noted that the scientific feasibility ex-
periments for fusion are of an entirely different
nature from the zero power Stagg Field experiment
of 1942 which demonstrated the scientific feasibil-
ity of fission reactors. Proof of scientific fea-
sibility of fusion is highly technology dependent,
very much more costly, but with the advantage that
when it is accomplished, some of the most difficult
technical problems will have been overcome,"

"An experimental reactor ohase in which one or more
experimental reactors, designed to use fusion fuels
and to produce net energy in a useful form (steam

or electricity) would be constructed and operated."

""A prototype or demonstration reactor phase in
which one or more electric power producing units,
including all of the elements of a commercial
power plant, would be built and operated. Suc-
cessful operation of a demonstration plant would
be a prelude to commercial sales,"

4
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MECHANISMS FOR CONTROLLING AND

COORDINATING EFFORTS IN CTR PROGRAM

During hearings in November 1971 before the Subcommit-
tee on Research, Development, and Radiation of the Joint
Committee on Atomic Energy on the status of the CIR program,
AEC advised the Subcommittee that the program was entering
into the scientific-feasibility phase in its evolution and
would require greater expenditures of funds in the near
future. AEC also stated that the United States, with ap-
propriate increases in funds and no major scientific road-
blocks, should be able to demonstrate the scientific feasi-
bility of controlled fusion before 19801 and to pave the
way for practical fusion power before the turn of the century.

In a letter dated February 1, 1972, the Vice Chairman,
Joint Committee on Atomic Energy, requested a report on our
review of the CIR »regram, including information on AEC's
efforts in controllinz and coordinating the various organiza-
tions responsible for cenducting the program. The request
was made pursuant to the Coumittee's continued interest in
examining into the management of the CIR program in view of
the large amount of funds already spent for the program and
the potential for future funding levels significantly higher
than present levels,

Accordingly we have placed particular emphasis on re-
viewing AEC's efforts and the mechanisms it uses to control
and coordinate the research activities of the CTR labora-
tories, universities, and other crpanizations engaged in
CTR, Our comments concerning such efforts and mechanisms
are contained in the follovwing sections.

1AEC has advised us that, on the basis of a detailed study

completed subsequent to the November 1971 hearings, it is

now more proper to state that the cdemonstration of scien-

tific feasibility of fusion can occur sometime in the next
10 years,

17
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INDICATIONS CF PRTIOR PROBLEMS IN

A
CONTROL AxD COORDINATION OF CTR PROGRAM /Z’éi@[f

In June 19A5 AEC issued an "AEC Policy and Action Paper
on Controlled Thermormclear Research" which was based on
its evaluaticn of the CTR program and the findinzd of a
review panel established by AEC to review the program. The
review panel consisted of prominent scientists and engineers
from universities, industry, and Government.

The policy and action paper pointed out that the entire
effort in the U.S, CIR program unquestionably had been
hampered by a lack of effective coordination and cooperation
among the CIR laboratories. It also stated that the CIR
program consisted of activities of a mumber of scientific
and technical groups whose work was mutually interdependent
and that, in view of the limited amount of total furnding
available, it was essential that this interdependence be
recognized and that coordination and cooperation between
personnel in the program be sufficient to insure that what
was eventually pursued had been duly considered by others
having related interests in the program,

The ~»licy and action paper alsc poirted out that a
number of l:rge, new experimental devices were urgently

needed »°.- r1at careful consideration would have to be
given to *=: choice of new projects to be supported and to
the cont i+ »d effectiveness of those in existence. AEC

establishcd a CiR Standing Committee and provided for
creating subordinate ad hoc panels, to furnish guidance on
these and other matters and to insure effective coordina-
tion of the efforts within the overall program.

CTR STANDING COMMITTEE AND AD HOC PANELS

The CIR Standing Committee comprises the project
directors from each of the four CTR laboratories and four
prominent scientists selected from the scientific community
as a whole, The AEC Director of CTR is chairman of the
committee. The functions of the CIR Standing Committee,
which meets quarterIV, usually at one of the four CIR
laboratories, include:

1. Reviewing the areas of research being conducted.

18



2. Assessing the overall program balance as viewed in
the context of the national and worldwide programs.

3. Evaluating the scientific significance and produc-
tivity of program elements,

4, Identifying major questions requiring immediate
attention and research areas critical to the success
of the program.

5. Advising the Division of CTR on these matters and
recommending how available and projected funds can
most effectively be used to carry out AEC's CIR
program,

The ad hoc panels are created from time to time to
review specific programs or proposals, to insure that the
scientific and technical baszs for such prcgrams or proposals
are as sound as possible, 1In their review, the panels con-
sider similar research already performed and prepare reports
which include recommendations concerning the adequacy of
the programs or proposals reviewed. Thus the panels serve
in the capacity of technical advisors to the CIR ttanding
Committer, According to the policy and action paper, each
panel is to include a representative from each of the four
CTR laboratories, who are appointed by the laboratory's
project director, and several other representatives who are
appointed by the Director of CTR.

BEST DOCUMENT AVAILABLE
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AEC'S EFFORTS TO CONTROL AND CGORDINATE
FABRICATION OF I4AJOR CTR DEVICES /%

According to Division of CTR officials, reczarcl: ﬁzZ?
emphasis is on exploring and testing physics questicns to
find suitable sclutions to those scientific and technical
problems which must be resolved to achieve the goal cf
scientific feasibility. This generally involves fabricat-
ing and operating experimental CIR devices.

The Director of CIR told us that frem the spring of
1966 AEC had required the CIR laboratories to cttain its
approval before starting the fabrication of major devices,
He said that a major device was any new device or modifica-
tion of an existing device the total cost of which was
estimated by the CTR laboratories to be $500,00C or more
and that zenerally this requirement wss referred to as the
$500,000 rule.

Although AEC has not stated the reguirements utnder
this rule in writing, the Director cf CIR told us trat the
rule had been orally communicated fe the CTR projcet
directors at the CIR laboratories and that they had agreed
to abide by it.

According to the Director of CIR, the CIR lakoratories
are responsible for initiating and submitting vwritten
proposals for major devices covered by the rule to AIC Head-
quarters for review and approval. Generally, in deciding
whether to approve the fabrication of major CIR devices for
which proposals were submitted by the CIR labcrator:ies,

AEC has followed the practice of obtaining indepencent
scientific and technical evaluation assistance, These eval-
uations have been made by the CVR Standing Committee and,

in some cases, by the ad hoc panels.

Since 1966 eight ad hoc panels have been formed by the
Director of CTR with the advice cnd/or consent of the CTR
Standing Cecmmittee, The Director of CIR has told us that
a decision to create an ad hoc panel largely depends on
whether AEC and the CTR Standing Committee feel that they
need additional technical expertise on a given matter,

20
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Each ad hoc panel which was formed tc review a labora-
tory's proposal to fabricate a device reported on its
evaluation and recommended whether the proposed device
should be approved, modified, or disapproved.

In its review of a laboratory's proposal, the CIR
Standing Cormittee considered the recommendations of each
ad hoc panel, along with such other factors as the impact
of the proposed device on other projects at the laboratory
and on the CTR program as a whole, and made recommendations
to AEC regarding the proposal. AEC told us that it had
considered ths recommendations of the CTR Standing Committee
in making the final decision on the laboratory's proposal.

ESTABLISHMZNT OF RESEARCH PRIORITTES

In its efforts to control and coordinate the CIR pro-
gram, AEC's practice is to establish research priorities and
to communicate them to the CTR laboratories.

According to the Director of CTR, research priorities
are informally established by (1) a continual exchange of
technical and programmatic information tetween AEC Head-
quarters staff and laboratory m-r-rement and (2) periodic
reviews of each laboratory's CTR program by the CTR Stand-
ing Committee. Although some AEC priorities have been
documented and cowmmunicated to each of the CIR laboratories,
the overall CTR program priorities and the bases used by
AEC in determining such priovities have not been documented
and communicated.

Tn contrast to AEC's informally establishing research
priorities, the CIR Standing Cormittee, on two occasions
after its inception in 1966, formally recommended research
priorities for the overall CTR progrem to AEC. The Commit-
tee established these priorities on the basis of its rank-
ing of each major research arca or CTR device according to
several factors, such as the potential of the research area
or device for yielding results which would help accomplish
CIR goals.

The Director of CTR told us that the CTR Standing
Committee's ranking of research priorities was as of a
fixed point in time and thet, in his opinion, the existing
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informal svsten of considering priocrities on a continual
basis was more useful as a menagement toecl, He explained
that unexpected eveats occur during the year and that the
existinz inform:l ~vet~~ ~entinrally orovides him with
information which could indicate a need to shift priorities
on particular areas of research or experimental devices as
such events occur.

CTR officieals tcld us that the rankings made by the
CTR Standing Committese and, more importantly, the priorities
identified thrcugh less formal means provided AEC with a
mechanism for cenvincinzg the laboratories to reduce or
eliminate their efforzs on low-priority research areas or
devices and/or to incrsass their efforts on high~priority
areas or devices., AEC said that thesa priorities were

comnunicated to the latoeratories in written guidance ac-
companying the IR lstovateries' approved budgets at the
beginning of each Luaiet year,

As an examplz, .EZC Hiedquarters' guidarce to Oak Ridge
Laboratory in a Jure 1v7L letizr accempenying the Labora-
tory's budget fer izl yiar 1972 stated that:

"During FY _Sizcal vear 1672 rthe ORMAX TOak Ridge
tokamak-typs device! experiment will be the most
important sirgle £
and therefore of zhe **%* "Oak Ridge Laboratory ]
program. We expuct that the highest priority will
be given teo condu wting, =8 rapicly as possible,
the scientific emperiments for which it was
designec.

19V THYAY ININA30a 1839
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"We hope that in FY 1972 #*% [0Oak Ridge Laboratory
will begin to place a major expk sis on fusion
reactor mcterials, ,echrolcgy, and engineering
studies; thereby taking advantage of the unique
capabilities which exist throughout the labora-
tory, anc seizing the opportunity to become a

major force in this c¢irection.”

The letter, however, «id not indicate AEC's assessment of
CTR pricrities for the other work b:-ing performed at Oak
idge Latoratory or Ior the work tecing performed at the
other CTR laboratories., AEC's besis for assessing
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Oak Ridge's tokamak as the number one priority project in
the CIR program also was not indicated in the letter.

Thus the written guidance provided by AEC to a partic-
ular laboratery did not identify AEC's overall alignment
of research priorities for the CTIR program but rather

identified only those priorities, or parts thereof, appli-
cable to that laboratory.

BEST DOCUMENT AVAILABLE



~
MECHANISMS UStD FOR CONTROL AND COORDINATION
OF OFFSITE RESEARCH PROGRAM

The offsite research program is carried out under
contracts primarily with educational institutions support-
ing individeal scientists or small groups of scientists.
These contracts usually are awarded for a period of 1 year
and may be renewed for additional annual terms. As of
June 30, 1971, the CTR offsite research program had out-

standing 43 epproved contracts amounting to about $4.5 mil-

lion. The following table shows the number of approved <§
contracts by the dollar level of AEC support. {gp
Q‘\S\S/
Dollar level of AEC support  Number of contracts §§?
AL
$§ 0 to$ 49,999 26 S
50,000 to 99,999 8 S
100,000 to 249,999 5 §
250,000 to 499,999 2 S
500,000 and over 2 é}
— .
A
3

We examined irto the machanisms exercised by AEC for insur-
ing that the work by offsite research contractors was being
controlled and coordinated in a manner consistent with
meeting overall program objectives.,

We noted that certain aspects of the offsite research
progran were discussed during the quarterly meetings of
the CTRX Standing Committee and that the Committee occasion=-
ally advised AXC on major proposals submitted by offsite
research contractors, The Director of CIR told us that the
main consideration relating to the contrel and coordination
of the offsite research program was deciding which offsite
research proposals should be supported. He said that such
decisions were based primarily on (1) the results of tech-
nical reviews by peers in the scientific community, (2) the
evaluation of the proposal by the staff of the Division of
CTR, and (3) the needs of the CTIR program within the limits
of available funding. d

Following is a table showing the number of offsite
research proposals that required evaluation by the Division
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of CIR during fiscal year 1971 and those which were either
approved or disapproved.

New Renewal
pro- pro-
posals  posals Total
On hand July 1, 1970 - 26 7 33
Received during fiscal year 39 65 41 48 80 113
Less proposals acted upon:
Approved 3 39 42
Disapproved 41 44 3 42 44 86
On hand June 30, 1971 21 ] 27

In deciding whether to support offsite research pro-
posals, it is the Division of CIR's practice to submit the
proposals to peers in the scientific community either at
the CTR laboratories or at other offsite research contrac-
tors' locations for technical review and written comment.
CIR officials told us that this practice was extremely
valuable in their technical evaluation of research propos-
als because in many cases the written comments they
received from the external reviewers often identified
critical issues concerning such proposals.

According to CTR officials, the extent to which the
external review practice is used depends upon whether the
proposed research was a new proposal or a renewal proposal
for research previously approved and funded by the Division
of CIR.

CTIR officials told us that, in deciding whether a new
proposal should be submitted for external review, they
determined whether the proposal would be seriously con-
sidered for support, assuming that it received favorable
external review comments. They said that the main consider-
ation in making such a determination was the relevance of
the proposal to the CTR program and that those proposals
which did not meet that test were disapproved without obtain-
ing external review. g

BEST DOCURENT AVAILABLE
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Also we were told that renewal proposals were reviewed
- each year by the staff of the Division of CTR and generally
were submitted for external review about every 3 or 4 years.
They stated unot » vrenewal proposal probably would be sub-
jected to external review if the proposed research involved
a major change in scientific direction or if additional re-
search was being proposed.

AEC said that, in determining which renewal proposals
to support, it also considered information obtained during
its periodic monitoring of the ongoing research of its
off site research contractors, According to the Director
of CTR, this monitoring is accomplished through (1) convers-
ing with the contractor at technical meetings, (2) reviewing
technical reports and articles submitted by the contractor,
(3) making site visits, and (4) reviewing progress reports
which are subtmitted by the contractor with its renewal pro-
posal approximately 3 months before the expiration date of
the contract.

AEC provicded us with examples of new and renewal pro-
posals which had been submitted for external review. In
reviewing the records relating to these examples, we noted
that in many cesss AEC had sent the external review
comments to the proposers for information and/or comment
without identifving the reviewers, AEC told us that this
practice often was very useful because it afforded the
proposer the onportunity to strengthen the proposed research

work or to rebut those comments which might be incorrect,

CONCLUSIONS BEST DOCUMENT AVAILABLE

The reviews made by the CTR Standing Committee and the
ad hoc panels and the resultant advice provided to AEC
appeared to have provided AEC with an additional mechanism
for insuring coordination and cooperation within the CIR
program,

AEC's practices and procedures relating to its review
and evaluation of offsite research proposals and the over-
all monitoring of the CIR program by the CIR Standing
Committee appear to be useful to AEC in controlling and
coordinating the research efforts in the CIR offsite
research program. Because of the scientific and technical
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factors involved, we could not evaluate the decisions made
by AEC regarding its approval of offsite research proposals.

Regarding the establishment of research priorities by
AEC, we believe that it would be uceful to the CTR latora-
tories if AEC would document, and provide each laboratory
with, its complete ordering of priorities as well as the
bases used in arriving at such priorities. 1In this way
the laboratories could receive the benefit of AEC's ration-
ale and judgment underlying its ordering of priorities.
Also, in conjunction with the overall ranking of priorities,
the laboratories could use such knowledge to further align
their ongoing, as well as planned, research programs.

In commenting on this matter on August 29, 1972, the
Acting Director of CIR roid us that it was his express in-
tention to periodically review and evaluate CIR program
priorities and that such reviews and evaluations, along
with the resultant ordering of priorities, would be for-
mally communicated to the CTR laboratories.

With respect to the $500,000 rule concerning AEC
approval of fabrication of major devices, we believe that,
conceptually, this mechanism could be highly useful to AEC
in insuring that the fabtlicaticn of research devices and
the related research programs which are to be conducted
using such devices are consistent with CIR program ob-
jectives, We believe, however, that there is a need for
improved guidance to the CTR laboratories and field offices
on application of the $500,000 rule. The needed improve-
ments and our recommendations are fully discussed in
chapter 3.

BEST DOCUMENT AVAILABLE



~ CHAPTER 3

OPPORTUNITY TO IMPROVE CONTROL OVER AND

COORDINATION OF FABRICATION OF MAJOR CTR DEVICES

The work within the various research areas of the CIR
program generally involves fabricating and operating major
experimental devices to find suitable solutions to scien-
tific and technical problems. Because of the emphasis
placed on the need to control and coordinate decisions to
fabricate such devices, in 1966 AEC established the $500,000
rule requiring the CTR laboratories to obtain AEC approval
of any new device or device modification estimated to have a
total cost of $500,000 or more before starting its fabrica-

tion.

As discussed previously, one of AEC's objectives in es-
tablishing the CTR Standing Committee was to provide an in-
dependent evaluation of the scientific significance and pro-
ductivity of research areas, to assist AEC in achieving
overall program balance. In deciding whether to permit the
fabrication of proposed CTIR devices, AEC's practice has been
to obtain the advice of the CTR Standing Committee.

Since the establishment of the $500,000 rule in 1966,
the CTR laboratories have fabricated 13 major devices at an
estimated total cost of about $19 million from operating
funds. Each of these devices had a final estimated cost of

$500,000 or more, as follows:

Laboratory Device

Date
operational

Estimated
final cost
{note a)

Livermore Baseball II
2% I Modification (2X II)
Superconducting levitron
Astron Modification I
Astron Modifiecation II
Astron Modification II1
Princeton Stellarator Modification III
Adiabatic toroidal compressor
(ATC)
Floating rultipole (FM-1)
Spherator
Qak Ridge ORMAK
Injection microwave plasma
(IMP)
Los Alamos Scylilac

2Cost data furnishes by AEC.
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June 1971 $

2,500,000

Jan. 1971 1,350,000
June 1971 800,000
Feb. 1968 500,000
Dec. 1968 1,250,000
oct. 1970 500,000
July 1970 766,000
May 1972 1,350,000
Apr. 1971 4,940,000
June 1968 525,000
May 1971 2,189,000
July 1969 1,062,000
Apr. 1971 1,667,000

$19,399,000



We examined the records relating to AEC's review and
approval of these 12 devices to determine whether the pro-
posal for fabricating each device had been submitted to AEC
and subjected to the review mechanisms which consisted of
technical and programmatic evaluvaticns by AEC and the CTR
Standing Cim-ittee, Cur review shoved that:

1. Proposals for fabricating three modifications at one
laboratory had not been prepared and submitted to
AEC for evaluation and approval because of the labo-
ratory's intecrpretation of the $500,000 rule.

2. A laboratory fabricated a modified version of a de-
vice even though AEC had disapproved a proposal for
the original device. AEC had disapproved the origi-
nal proposed device because it appeared to AEC and
the CTR Standing Cormittee that the device would
duplicate an approved device at another laboratory.

3. A proposal for fabricating another device had not
been prepared and submitted to AEC because the labo-
ratory's initial cost, estimate was less than
$500,000, The final cost of the device was $525,000,

Cur revicw alsc indicated that costs had been incurred
toward fabrication of two of the 13 devices before AEC had
granted approval. Some pre-approval fabrication costs had
been incurred on these devices because (1) for one device
AEC had not adequately communicated to its cognizant field
office the intent of the $500,000 rule and (2) for the
second device an administrative oversight had occurred due
to the circumstances under which fabrication of the device
had been started.

We believe that AEC should furnish additional guidance
to the CTR laboratories and cognizant field offices on the
application of the $500,000 rule, to provide improved con-
trol over the fabrication of major CTR devices.

LARORATORY INTERPRETATION OF $500,000 RULE ) \d\@\\:‘ N
AFFECTED SUBMISSION OF PROPOSALS y\ g@@\ﬁ
BEd

The Director of CTR told us that AEC intended that the
CIR laboratories prepare and submit written proposals to AEC
for those new devices or modifications to existing devices
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which were estimated by ths CIR laboratories to have a total
cost of $500,000 or more. The Director also said that this
intent had been communicated to the project director at each
CTR latorntery and that cach laboratory had agreed to abide
by the rule,

In discussing the rule with officials at the Livermore,
Princeton, and Oak Ridge Laboratories, however, we found
that different interpretations had been placed on the mean-
ing of the rule.

For example, Livermore Laboratory officials told us
that, traditionally, AEC had expected the Laboratory to pro-
vide scientific and technical direction for its programs and
that they had therefore interpreted the $500,000 rule to
mean that the Laboratory had the authority to decide, among
other things, which devices should be fabricated as long as
such fabrication could be funded within the Laboratory's
normal operating budget. They also said that they did not
consider modifications to existing devices which, in their
judgment, did not involve significant changes in the scien-
tific direction ¢f the research to come under the $500,000
rule.

Thus, according to Livermore Laboratory's interpreta-
tion of the rule, AEC approval was required only for those
devices which could not be fabricated within the Labora~
tory's normal operating budget and for those devices which
would involve significant redirection of the research.

Princeton Laboratory officials advised us that they had
interpreted the $500,000 rule to include any new device or
modification of an existing device which they estimated
would have a total cost of $500,000 or more. In addition,
Princeton Laboratory's decisions to fabricate new devices or
to modify existing devices are subject to a clause in the
contract between Princeton University and AEC, which pro-
vides that Princeton Laboratory not initiate fabrication or
alteration of equipment or devices that probably will cost
$500,000 or more without the approval of AEC. Contracts at
the other two laboratories included in our review, however,
did not contain similar provisions. ;

sEST DOCUMENT AVAILABLE
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In discussing Oak Ridge Laboratory's interpretation of
the $500,000 rule, Laboratory officials told us that, be-
cause of the local procedures at Oak Ridge Operations Office
(OR0C0), the rule did not require their interpretation. They
explained that, in accordance with OR0QO prccadures, the Qak
Ridge Laboratory was wrequired to prepare a proposal for each
CTR device which the Laboratory estimated would have a total
cost exceeding $50,000. They told us that each proposal,
which included a cost estimate and a narrative description
and justification for the device, was submitted to OROO for
its review and approval and that, once the device was ap-
proved, OROO issued a directive authorizing the Laboratory
to proceed with the proposed work.

OROO officials told us that, prior to approving a CTR
proposal, they generally obtained the concurrence of AEC
Headquarters, if, in their judgment, the device appeared to
represent a change or redirection of the Laboratory program

or the estimated cost was significant (exceeded about
$100,000).

Since the establishment of the $500,000 rule in 1966,
three major modifications have been made to devices fabri-
cated by Livermore Laboratory for which proposals were not
submitted to AZC for its evaluatiorn =znd approval. Liver-
more Laboratory estimated the final costs of these three
modifications as follows:

Estimated
final cost

Astron Modification I $ 500,000
Astron Modification II 1,250,000
2X 11 1,350,000

With respect to the fabrication of these three modifi-
cations, Livermore Laboratory officials told us that pro-
posals had not been prepared for review and approval by AEC
because they considered such decisions to be within the
Laboratory's authority inasmuch as (1)} the fabrication work
involved modifications to existing devices that did not rep-
resent major changes in the scientific direction of the
projects and (2) the modifications were funded from the Lab-
oratory's normal operating budget.

BEST DOCUMENT AVAILABLE
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LABORATORY FABRICATION CF A MODIFIED VERSION
. OF A DEVICE DISAPFROVED BY ALC

ARC's $500,000 rule does not require that any proposed
device which is a revision or modification of a previously
disapproved device, regardless of the estimated cost of the
device, be subject to AEC's review and approval process be-
fore fabrication. The Livermore Laboratory decided to fab-
ricate a modified version of one device which had been dis-
approved by AEC. The originally proposed device had been re-
viewed by the CIR Standing Committee and an ad hoc panel, and
the Committee had recommended that AEC disapprove the orig-
inal device.

The ad hoc panel which reviewed the device, the super-
conducting levitron, was appointed by AEC on December 30,
1966, to provide an assessment of low-beta toroidal research
and to evaluate preliminary proposals to build new devices in
that area of research. Livermore Laboratory's proposal for
the levitron--a low-beta toroidal device--was submitted to
AEC on April 1, 1967. Livermore Laboratory estimated that
the cost to fatricate the device would be $1,184,000. At
about the same time, Princeton Laboratory submitted a pro-
posa. for the fabrication of another low-beta torcidal
device--the FM-1.

The ad hoc panel, which issued its report in September
1967, unanimously supported Princeton Laboratory's proposal
to fabricate the FM-1. Although the panel made critical com-
ments on several technical features of the levitron design,
it did not make a direct recommendation as to whether it
should be fabricated.

In September 1967 the CTR Standing Commiiiee considered
the two proposals and unanimously recommended the fabrication
of the FM-1 device proposed by the Princeton Laboratory.

With respect to Livermore Laboratory's proposed device, the
Committee stated that:

"The Standing Committee does not approve fabri-
cation of the supercoaducting levitron at the
present time, but the Committee feels free to
consider the guestion again at a later date." VLP&“Si
(Underscoring supplied.) N \l




In the foreword to the published ad hoc panel report,
the Director of CIR stated that, on the basis of the ad hoc

panel's report and the CTR Standing Committee's recommenda-
tion, Princeton l.aboratory was authorized to proceed with
the fabrication of the FM-1 tut that it had teen decided not
to initiate fabrication of the levitron. |

Livermore Laboratory, however, still maintained its in-
terest in the levitron, and by June 1968 the Laboratory had
nearly completed redesigning the levitron., Laboratory offi-
cials told us that the purposes cof the redesign effort were
to remove the major technical feature on which the ad hoc
panel had expressed criticism and to lower the estimated
cost to under $5C0,000 so that the decision to fabricate the
device would fall within the Laboratory's authority. Ac-
cording to an internal Laboratory study, the redesign re-
sulted, among other things, in lcwer cost and in simplicity.

On September 30, 1968, the Livermore Laboratory informed
AEC that the Laboratory was procezding with an inexpensive
version of the levitron and that its construction would be
-funded from the Laboratory's norinal operating budget. Liver-
more did not, hcwever, provide AZC with a cost estimate or a
proposal for the redesigned version of the levitren. An in-
ternal Laboratory cost a2stimate dated Novembter 8, 1968, showad
that the redesigned levitron was estimated to cost about
$477,000.

By letter dated December 5, 1968, the Director of CTR
transmitted to the CTR Standing Committee members the agenda
for the next scheduled meeting of the Committee and advised
the members that &z major topic of discussion would be the re-
cent decision by Livermore Laboratory to fabricate the
levitron, In his letter the Director stated that:

At the same time that the **% [FM-1] was recom-

mended by the Ad-Hoc Panel and the Standing Com-

mittee for construction *** a competing proposal

from *#*% [Livermore lLaboratory] (for the fabrica-

tion of a $1.2 m superconducting levitren, filled

by neutral beam injection) was considered and

turned down., Since that time *%* [Livermore Lab-

oratory] has continued its studies of a supercon-

ducting levitron with the stated intention of \
e

A

N
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peihaps proceeding with a less expensive experi-
ment (i.e., *** [less than $500,000]) which would
be built out of Hormal Operating Funds.

"Recently, *** [Livermore Laboratory ) has taken a
definitive decision to proceed with the construc-
tion of a superconducting levitron. The size of‘
this experiment is very comparable to that origi-
nally proposed; its cost, however, is estimated
by **%* [Livermore Laboratory] to be less than
$500K [$500,000]."

* * * * *

'"%%% more by happenstance than by coordinated
planning, we now find ourselves engaged in a ma-
jor way in the construction of *** [similar-type
devices] ***, 1In view of our limited resources
and the wide variety of experiments which we wish
to pursue, it is not clear to me that we are
making optimum use of the funds and manpower
available to us. *%% it seems to me, however,
that this should be a definitive decision
reachad within the framcwork of the Standing Com-
mittee, rather than by independent laboratory ac-
tions.

"I would like to stress that, if our effort is to
be effective, we must retain-~and indeed enhance--
the overall program coordination which we have
developed together over the past two years. Each
CTR laboratory must continue to feel that the
work underway at the other laboratories (and in
rhe off-site program) makes the best possible
sense from the point of view of the program as a
whole. In the light of recent developments, I
think it both desirable and essential to have an
open and free discussion of these matters, and I
will seek the advice of the Committee on how best
to proceed in this area of low-beta toroidal re-
search." ‘

Minutes of the CTR Standing Committee meeting of December 12
and 13, 1968, showed that the levitron was extensively dis-
cussed.
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In a December 1968 letter to the CTR Standing Committee,
the Director of CIR summarized his concern with the levitron
situation as discussed during the recent Committee meeting.

He stated that, except for the one member from Livermore Lab-
oratory and the cre roamter fZrow Princetcon Laboratory, each
Committee member had expressed concern as to whether it was
desirable, from the point of view of the overall program, to
fabricate both the FM-1 and the levicron., The Director stated
in his letter that, despite the apprehensions and extensive
discussion, there appeared to be no clear solution but to re-
quest Princeton and Livermore Laboratories to jointly consider
the concerns of the CTIR Standing Commnittee and to place pri-
mary emphasis not on the Laboratories' individual desires but
on the needs of the overall effort in the area of low-beta to-
roidal research., The Director further stated that:

"k*%k if Princeton and Livermore--after joint re-
flection on the issues ***% conclude that the plans
already underway constitute, in their minds, the
most appropriate course of action, I will accept
their judgment in this matter."

By letter dated February 17, 19469, Livermore Laboratory
advised AEC that it was proceeding with the levitron. The
Laboratory staved that:

"As indicated to you by telephone recently, we
have in the end decided to procesed with construc-
tion of the superconducting levitron essentially
as planned. We have discussed rhis decision with
the **%* [Princeton Laboratory_. staff, and they
have had the opportunity tec commrent on the con-
tent of this letter. Of course, we take full re-
sponsibility for the decision. Cost figures now
in do confin: our estimate that the project lies
within the jurisdiction of the Laboratory." (Un-
derscoring supplied.)

At the March 1969 meeting of the CTR Standing Committe,
background documents summarizing the outcome of the levitron
decision were provided to the members of the CTR Standing
Committee, The minutes of that meeting contained the fol-
lowing statement.

3
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%% [the Director of CTR] expressed his contin-
ued misgivings but stated, as promised, that he
would let the matter drop. A few remarks, both
pro and con, on the issue of duplication were

made by various members of the committee but the

issue was not re-opened for formal consideration."
(Underscoring supplied.)

!
According to Livermore Laboratory's accounting records, the

levitron, which was completed in fiscal year 1971, cost about
$850,000,
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PROPOSAL NOT SUBMITTED BECAUSE
INITTAL CCST ESTIUATE OF DEVICE
WAS LESS THAN $500,000

Under AZC's $300,000 rule, CTR laboratories are re-
quired to submit proposals to AEC for those devices esti-
mated to cost $500,000 or more. AEC's rule, however, does
not cover those devices which initially are estimated to
cost less than $500,000 but which, because of cost growth
resulting from price escalation, design changes, and other
factors, eventually ccst more than $500,000, During our
review we noted that substantial cost growth had occurred

during the fabrication of several major devices approved
by AEC.

Princeton Laboratory initiated fabrication of one
major device--the spherator--without submitting a formal
proposal to AEC for review and approval. Princeton
Laboratory officials told us that fabrication of this device
began in the fall of 1966 and that at that time the Labora-
tory had estimated its fabrication costs to be $278,000.

The final cost of the spherator amounted to $525,000,

The Director of CTR, in commenting on such situations,
told us that he was considering establishing a procedure
requiring the CIX laboratories to give AEC notification,
along with a cost estimate, prior to fabrication of any
device planned and estimated by the CTR laboratories to
cost less than $500,000. In our opinion, such a procedure
could be useful to AEC in controlling and coordinating the
fabrication of a2 device in that it would give AEC an oppor-
tunity to determine whether, because of the nature of the
device or the uncertainty of the cost estimate, such a
device should receive AEC review and apnuroval before
fabrication.

FABRICATION COSTS INCURRED ON TWC DEVICES

PRIOR TO AEC APPROVAL

We found indications that some costs had been incurred
on the fabrication of two major devices--one at Princeton
Laboratory and crne at Oak Ridge Laboratory--before AEC
approval had been given, \jﬁ&jL
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It appeared that the fabrication costs incurred before
approval on the Princeton Laboratory's device--the ATC--
were the result of a lack of communication of the intent
of the $500,000 rule from AEC Headquarters to the cognizant
AEC field office, It appeared that an administrative cver-
sight had led to incurring fabrication costs on the Oak
Ridge Laboratory's device--IMP--before AEC approval had
been given. f

ATC

Princeton Laboratory incurred costs amounting to about
$86,000 on the fabricztion of the AIC prior to its approval
by AEC on February 8, 1971, These costs included $38,000
for constructing a control room and $48,000 for procuring
special copper bars.

The construction of the control room was approved by
the New York Operations Officel on May 21, 1970, pursuant
to AEC's construction directive system which provided for
the review and approval by AEC's operations office of
certain types of construction activities.

The copper-bar purchase was approved by the AEC -Prince-
ton branch office of the New York Operaticns Office in
accordance with AEC's procurement regulations which, in the
case of Princeton Laboratory, required prior AEC approval
for any purchase order exceeding $10,000.

The Director of CTIR told us that AEC's field offices
had not been advised of the intent of the $500,000 rule.
Therefore, in the case of Princeton Laboratory, neither
the Princeton branch office nor the New York Operations
Office was required to ascertain from the Division of CTR
whether fabrication of the ATC had been approved prior to
approving the Laboratory's request to spend funds for con-
structing the control room and purchasing the copper bars.

1Effective January 1, 1972, the functions and operations of

AEC's New York Operations Office and its Chicago Operations

Office were consolidated at Chicago. \Xi
N LR
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On June 15, 1966, the Oak Ridge laboratory, in accord-
ance with established OR0OO procedures, submitted a proposal
to OROO to build a magnetic-mirror-type device--~the DIV.3__
at an estimated cost of $254,000. According to an internal
ORCO memorandum, the proposal had been discussed with ths
AEC Division of Research which determined that no objections
existed from a program standpoint. On June 27, 1966, OROO
issued a directive authorizing DCX-3,

At its meeting in September 1966, the CTR Standing
Committee expressed concern that Oak Ridze Laboratorv's
efforts on DCX-3 paralleled the efforts of another laboraw
tory, and at a meeting in February 1967 the Committee
recommended that the Oak Ridge laboratory discontinus it
efforts on DCX-3,

1

I

Subsequently the Oak Ridge Laboratory decided that
DCX-3 would not be built but would be replaced by another
device--IMP. According to the Latorateory, IMP aiso was a
magnetic-mirror-type device but it inveived a shift in
emphasis from the DCX~3 concept, In Msy 1968 the Labcocratory
submitted a proposal to ORCO to fabricate IMP, and cn
July 18, 1963, OR0C issued a directive authorizing *i.:
Laboratory to begin fabrication.

OROO records indicated, however, that the Oak Ridge
Laboratory had started fabricating IMP prior to its anproval
in July 1968, The AEC Hesadquarters and OROO recerds did
not show when the Laboratory decided to discontinue its
efforts on DCX-3 and to begin fabricaticn of IMP; key
personnel at these locations were no longer available for
comment at the time of our review. In comrenting on this
matter, the Cak Ridge Laboratory stated that:

"In fact, the parts fabricated for DCX-.3, involv-
ing vacuum tanks, control roocm, as well as calcu~
lations relating to stress analysis, were not
discarded but were used in the IMP facility,

Thus *** it was not possible to determine the -
exact date that the fabrication was discoatinued

on DCX-3 and begun on the IMP facility. The 4<$§
Laboratory's position is that fabrication on the ¢\
Nal
o
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IMP facility began in June 1966 when IMP evolved
from the DCX-3." (Underscoring supplied,)

Thus, because of the circumstances surrounding the
fabrication of IMP, which, in essence, evolved from DCX-3,
we could not determine the costs incurred on IMP prior to
its approval by OROO.
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CONCLUSIONS

AEC has mechanisms for achieving control over and co-

ordination among the CIR laboratories in designing and fab-
= N -1
L N e Tt T

ricating majcr CTA devices and for fully <
scientific merit of such devices prior to starting fabrica-
tion. We believe that the CIR Standing Cormmittc<e has as-
sisted AEC in meeting these objectives.

Our review, however, indicated a neszad

or improved
gu1dance to the CIR 1aboratorlps and field of

i
‘fices on apply-
1 ce that CIR
devices, whlch AEC intends to review and apprc ere sub-
jected to AEC's review process and approved belfore fabrica-
tion starts.

“

We believe that AEC should formally defire, and commu-
nicate the requirements of, the $500,000 rule wo its field
offices and the CIR laboratories. Particular cctention
should be given to clarifying whether devizazs tunded en-

tirely from a laboratory's normal operacing “i.d. 2t and pro-
posed modifications to existing device:. ~“hicse ¢osts are es-
timated to exceed the monetary lirit praescrib-a Ly the rule

are to be subjected to AEC's review and anproval.

Also AEC's rule should require that zr.v provosed device
which is a revision or modification of a proviousiv disap-
proved device, regardless of the estimated cost of the re-
vised device, be subject to AEC's review and approval before
fabrication. This requiremznt should provide greater as-
surance that such a device is in line with program cobjec-
tives because, under the review and approvel process, AEC
and the CIR Standing Committee can determin: wnether the de-
vice would contvibute significantly to the needs of the
overall preogram and therefore should te fabricated.

As previously noted, AEC has been considering establish-
ing a procedure requiring the CIR laboratories to give AEC
notification, along with a cost estirate, prior to fabrica-
tion of any device estimated to cost less than $500,000.

We believe that such a procedure, together with the imple-
mentation of the following recommendaticns, should provide
AEC with improved control over the fabrication of CTR de-
vices.

4 BEST DOCUMENT AVALABLE



RECOMMENDATIONS

We recommend that AEC:

1. Formally define and communicate to CTR laboratories
and AEC field offices AEC's rule pertaining to CTR
devices which require AEC's review and approval be-

1 fore fabrication.

2. Require, as part of this rule, that any proposed de-
vice which is a revision or modification of a pre-
viously disapproved device, regardless of the esti-
mated cost of the revised device, be subject to
AEC's review and approval before fabrication.

On September 21, 1972, AEC informed us that it agreed

with our recommendations and that it was taking the action
necessary to insure their implementation.

BEST DOCUNENT AYAILABLE
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CHAPTER 4

SCOPE OF REVIEW

We made our review at AEC Headquarters in Germantown,
Maryland, and at three AEC-owned, contractor-operated
laboratories at the following locations.

Lawrence Livermore Laboratory, Livermore, California

Oak Ridge National Laboratory, Oak Ridge, Tennessee

Princeton Plasma Physies Laboratory, Princeton, New
Jersey

Our review was made also at the following AEC opera-
tions offices or branch offices having cognizance over the
three laboratories.

San Francisco Operations Office, Berkeley, California

Oak Ridge Operations Office, Cak Ridge, Tennessee

Princeton btranch office of the Chicago Operations Of-
fice, Princeton, New Jersey

We directed our review primarily toward obtaining in-
fermation on the efforts of AEC and its CTR Standing Commit-
tee in controlling and coordinating the activities of the
laboratories, universities, and other institutions involved
in the CIR program. We did not evaluate the quality of the
research carried on under the CTR program.

During our review we examined pertinent documents and
obtained the views of various AEC and laboratory personnel

knowledgeable of, and responsible for, the administration
and management of the CIR program.

BEST DOCUMENT AVAILABLE
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February l, 1972

The Honorable Elmer B. Staats

Comptroller General of the
United States

Washington, D. C.

Dear Mr. Staats:

As you know, the development of power from centroller thermo-
nuclear sources would be a great aid to this country in solving its
energy problems, particularly for the next century. In this regard,
the AEC has been conducting a sizable research program directed
toward achieving a controlled thermonuclear reaction. The Joint
Committee 's Subcommittee on Research, Development, and
Radiation of which I am chairman, conducted two days of hearings
on the AEC's fusion program on November 10 ard 11, 1971, to
examine the past efforts in the program and its future direction,

Because of the large amount already expended on the program--about
$450 million--and because of the potential for future funding com-
mitments at significantly higher levels than the present funding level,
the Joint Committee will continue to have increased interest in the
tmprovement of the AEC's controlled thermonuclear research
program.

The Joint Committee staff recently met with members of your staff
at which time the Committee staff was apprised of a review of the
controlled thermonuclear research program which your office has
been conducting over the past several months. Preparation aid =~
submission to the Committee of a report on that review Woult? be of
great assistance in the Committee's future consideration of t;{li;?l'
important program.

BEST DOCUMENT AVAILABLE
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Page ¢
The Honorable Elmer B. Staats

The Committee desires that the General Accounting Office report
include information on AEC's efforts, including the role of the
controlled thermonuclear research standing committee, in con-
trolling and coordinating the efforts of the laboratories, universities,
and other orgarizations involved in such research, along with any
suggestions for improving the management of this program.

Melvin Price
Vice Chairman

BEST DOCUMENT AVAILABLE
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APPENDIX II

PRINCIPAL OFFICIALS OF
THE ATOMIC ENERGY COMMISSION
RESPONSIBLE FOR THE

ADMINISTRATION OF ACTIVITIES

DISCUSSED IN THIS REPORT

Tenure of office

From To

CHAIRMAN:

Dr. James R. Schlesinger Aug. 1971  Present

Dr. Glenn T. Seaborg Mar. 1961 Aug. 1971
GENERAL MANAGER:

R. E. Hollingsworth Aug. 1964  Present
ASSISTANT GENERAL MANAGER FOR

RESEARCH (note a):
Dr. Spoffnird G. English Aug. 1961 Present

DIRECTOR OF THE DIVISION OF
CONTROLLED THERMONUCLEAR
RESEARCH (note b):
Dr. Robert L. Hirsch (acting) Aug. 1972 Present
Dr. Roy W. Gould Feb. 1970 Aug. 1972
Dr. Amasa S. Bishop Feb. 1966 Mar. 1970

@prior to December 7. 1971, this position was entitled
"Assistant General Manager for Research and Development.!

bPrior to December 7, 1971, this position was entitled
"Office of Assistant Director for Controlled Thermonuclear
Research, Division of Research."
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