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I . Introduction

A. Purpose

This paper has two major objectives. The first
of these is to lay the groundwork for succeeding ORMAK
related papers in these proceedings. The second is to
make clear the general work environment in terms both
of the resources and the management requirements of
the ORMAK program.

B. Historical Background

The ORMAK program was conceived in early 1969 as
a two-phased project in which a conservative match to
the Russian TM-3 device geometry would first be ms.de
and then second, an attempt at a lover aspect ratio,
larger bore version, in which hot ions could be pro-
duced, would be cade. In 1970, the direction of the
program was changed to one aimed directly at the pro-
duction of a low aspect ratio, moderate field, large
bore, hot-ion device which is the present ORMAK fa-
cility. Later that year, recognition of the potential
usefulness of neutral beam injection heating led to a
further evolution of the program into one stressing
both confinement and heating. The completion of the
ORMAK device occurred in early I97I and after a number
cf months of testing and debugging, plasma operations
began. Machine operation,x plasma production, and di-
agnostics all were improved throughout 1972 and basic
tokamak physics experiments2 were conducted during
1973 along with injection heating experiments which
began in mid-1973.

II. Engineering:

A. ORMAK (and ORMAK related^ Program Elements - Pur-
pose and Present Work

1. ORMAK Operations (Operations Group within
ORMAK Section). The basic engineering thrust of this
element is to improve continuously machine operation
and diagnostic capabilities carrying on a large number
of widely differing and usually independent tasks.
Crucial problems detected early in the experimental
operation have, by and large, been corrected during
those first two years of operation. We are presently
at a point of improving those systems which still can
hamper reliable operation or impede rapid data acqui-
sition.3 These jobs include various disciplines of
engineering from electronics to electrical engineering
to mechanical engineering, cryogenics and vacuum con-
siderations.4'5 In terms of function, these jobs
range from improving the range of the OH power supply
and making it modular, to installing a subcooler on
the liquid-nitrogen Goolant system for increased TF
coil thermal capacity, to the general aim of extending
the coverage of many diagnostics6'T from single point
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have been noted, analyzed, and are being
The present and nesr term work is associated with the
removal of the remaining fisws from the present
end investigating improved ways of dealing with the
system. These present, mechanisms are within the vacuum
topology of ths outer vacuuir. system but are dssigr.au to
be outside the machine's thermal island at SOX. I t is
believed that, for the long term, an improved sysisa;
would result fro::; changing the vacuum topology so that
the mechanises ere removed from within the v&cuu:r anH
thermal enclosures.

3. KiEh ?ielfi ORMAK (Planning and Engineering
Group wi*,hi:s ORMAM Section). The bft.Ue idea of ti.v
High Field 03MAK modification is to permit a doui: ing
of the plasma current, which will enable us to
MM ineroaaincly hot ant! i!.crc:»::inciy coll is
plac.i:a. The plueran current doubling «t» be
doubling both the toroid&l field and the
capability of the central cere. There are two sr <*;.s
to the work in the train. One part is the design, pro-
curement, fabrication, and assembly of a 1C0-MV/. ;.«owar
system that, will generate tho doubled magnetic V\-.\fl
frojc a solid-state rect if ier system. The otii&r r.•••»•&
is the set of ncdifications to the toroidal fi*»3»: coil
system and other parts of the internals of the :.::«vhi: 2
associated with doubling the field, s.6»> OK -era, and
OK coil supports.

The never system provides trancforssatioa for the
1-sec, lOO-MvA pulse frcsr. xhe l-il-kilovo.'t levpl sovr.
to the one-thousand-'/nit level for the scl i t rs ta te
rect if ier systems, cor.trci of *-'r.» power itt the rull-
vave. mylti-phase crldge rij'-tiiior. and then irrer.s-
T3ir.ci.on to 'the present OHMAK device. V."£thin t:»i •"•"•-
chin*? i tself the tccicJnl ficl'; coils . &Ltho\.tg'r. ciwi-
lar to present ones, are l"iirg upsiMcen in terms ct
neeh^nical strength ar.C electrical '.nEul^ticn sc '.hz*
they cars withst«nc repgs^dly the casdrupled forces.
Similarly ths oia>;ic hsatisv^ -.ore has to cs sovxlesi '-.c
provide ths volt-second chtu.ge recoss*:ry ?.t tho higher
magnstic i'islcis anti the o;-:ric hof-ti'^r f-r-d vertical
field ceil systems r.i;st also be strcr-sfr-ensd tc -«|?port
t"".e quadrupled fore?s.

'•• OP-̂ 'i'I-F/BX (Planning and Sngint-erins Crcujr
vithin Olii/iK Section). Thin element of tr.c GÔAK rrs-
gr-̂ c- is cencerrs'i vith preps.raticn.» To? a Inr.-e, future
experiment dealing vit!n x'usior. feasibility or,;! ^-?
burring. 0;:e of tho basir t:o*j!:e?t8 is tho Mil i ty -:o
ass the sars facil i ty for both ths ityOrog^n rti\<i tv.e > r
cxperiKsnts with a minimum of change- ustveer the -.vs.
At present, a conceptual design s'cidy-' ir; *c?ir-s s&;:-
duc-ted to itleiitify th': i;rc-b?.eKS ':nd to -icvcl'-? ft >'*;!£-
consistent picture cf the eniira i'&':ility incl'.sdiijj
physics knovw âniS ursknovus relevant to the design,
personnel requirements. 'V*cf»no.\ogical develo;.«B;ent rs-
quireraersts, and design engineerins re^uireKassts. ?he
facil i ty description RR« i t s requirements wil.l c.?
transl&ted into costs to provide AEC-BC1R with useful
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duced, would fee !;.ade. In 1970, -he direction of the
program vac changed to one ulr.̂ d directly su the pro-
duction of a low aspect ratio, sscdersta field, large
bore, hot-ion device which is tVia present CKMAK fa-
cility. Later that year, recognition of the potential
ysofnln&Si; of i:-sutr.-.l baa::: injection heating lod to &
further evolution of ths program into one stressing
both confinenent and heating. The completion of the
ORMAK device occurred in early I97I and after a number
of months of testing and debugging, plasn-a operations
begun. Machine operation,1 plasma production, ana di-
agnostics all were improved throughout 19?£ <"nd "basic
to&tH&k physics experiment:;2 were conducted during
1973 along with injection heating experiments vhich
b*g®si in raid-1973.

II. ^

A. CRftAK land ORKAK related^ Progran Blesersts - Pur-
pose and Present Ivor?.

1. CRMAK 0c»rfttio;i3 (Operations Croup vitfcir
ORMAK Section). Sfce basic engineering: thrust of this
element is to improve continuously machine operation
and diagnostic capabilities carrying en P. large »ur:.ber
of widely differing and usually independent tasks.
Crucial problems detected surly ir. the expeririantfri
operation have, by and larg«», beer corrected during
those first two years of operation. We are presently
at a point of improving those systems which ctill can
hmspsr reliable operation or irspads rapid data acqui-
sition.3 These jobs include various disciplines of
engineering from electronics to electrical engineering
to mechanical engineering, cryogenics and vacuiat con-
siderations.4*3 In terras of function, these Jobs
ranpa frorr. improving tlfa ranee ef the OH power supply
and making it aodulcr, to installing a subcooler on
the liquid-nitroger coolant system for ircreapcd T?
coil thermal capacity, to the general air, of eEtendtfis
the coverage of ssany diagnostics3'7' frons singls point
sseasuressent to multipoint profiles to f<:c-cir.*?rt.-ional
matrices at various ?isi!fiutbnl locutions.

"?., Injection (Planning and Sngineerlr-g Group
within ORI4AK Section). This progyya elewetit is con-
cerned principally with the adaptation cf ion ssurces
to t'r.cj nlasKS oyster and is therefora bssically a v,z-
chanical, electrical, and vacuuss «n£i!:eerinc .job of
connections, alignments, and gas hcrdling.8 Tvo in-
jector systems have been in operation cr. the QM&K de-
vice for a number of months. Sssna oj»e?atihg ^eferts

Operated by Union Carbide Corporation for the USASC.
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vould result from changing the vacuum topology so that
the mechanisms are removed from within the vacuutr. and
thermal enclosures.

3. High ?ielfi ORMAK (Planning and Engineeri.-ig
Group within QKMAK Section). The basic idea of the
High Field OEMAK modification is to permit a doubJing
of the plasma current, which will enable us to g«».erate
an increasingly hot and iiicreftsincly collisior.lo:1.:.
plasma. The plasma current doubling can be achi'v,ec! by
doubling both the toroidal field and the volt-second
capability of the central core. There are two p'u/ts
to the work in the main. Or.e part is the design,, pro-
curement, fabrication, and assembly of a 1GO-MV/. power
system that, will generate the doubled magnetic fi--.ld
from a solid-state rectifier system. The other !-,•>•• t
is the set. of modifications to the toroidal fielc! coil
system and other parts of the internals of the wachirs
associated with doubling the field, e.g., OE cere, and
OE coil supports.

The pover systsu: provides trancfomsation for the
1-sec, 100-MVA pulse froa the l5l-kilovolt lev?! dowr.
to the one-thousand-volt level for the solid-stats
rectifier systems, control of the power in the full-
vave, multi-phase bridge rectifier, and then trans-
mission to the present ORMAK device, Within the *w-
chin-? itself the toroidal field coils, although siwi-
lar to present ones, are being upgraded in terms c?
cechcr/ical strength and electrical insulstion sc that
they can vithstanfi repeatedly the ctxsdritpied forces.
Similarly the ohnjic hs&ting f.oro has to be $ov.cled to
provide ths volt-ssconc change nersss#:ry at the higher
Tn?-sngtic fields and tVie ohric heutinij and vertical
field ceil systems r.ust also be strengthened to support
the quadrupled forces.

. (Planning and Engineering Group
)within OI'i'lAK Section). This element of the OKMAK pro-

gram- is concerrgd with preparations for a Inrse, future
experiment dealing with fusion feasibility and B-T
burning. 0;:e of the basic concepts is the ability to
use the sarre facility for both %'v.e hydrogen and fr.s D-'T
Experiments with e miniraur: of change bstvser the -..wo.
At present, a conceptual ciesign stjdy9 is bains con-
ducted to identify th~ problems fsrid to .k-vei'\? s. silf-
'rorssistent picture cf the entire facility including
physics know^and unkaoviss relevant to the design,
persoR?:el requirements, tecrno.'.ogicai ci2velov.r.v3nt rs~
quirements, and design erigineerifig rec!Uiren:ent.™. The
facility description ?.r.d i t s requirssant'j will c>
tr:.u,sir.':sd into co.itc to provide ASC-BCTH with usoful
planning infomation for i ts 5»cisicjn r.vakirig process.

5. Neutral BS'-'T, Develo în'gRt (En«:rg»tic Farticlo
Injection Group). Thir r.rea o*' injaclion heaifng +.̂ pii-
nology is bein.v; pursi;ec irs order to iicrsaso th? nc-n-
tr?.i beosr. source 3fcr«r.3th and usefulness for incr-sese'J
heating eKperi^e-nts ir. the nsar future. The work "coirg
conducted ncv has two psrts: one dealing with thr» c:e~
velopmeat cf the soui-ce itself20 aiisinjj in the near fu-
ture for a doubling; of the course strength either lj-
focussing in which the beam intensity would increase
or sioply ~oy enlarging the sise in which case the 'os^x
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power would increase. Additionally, vork is aimed to-
vard adapting a given laboratory source for field in-
stallation.11

6. iMagr.et Peyelcpi.-ient (Engineering Science Group)
There are two specific aims in the OEMAK magnet de-
velopment vork. The first is the development of vari-
ous possible types of cryogenically cooled copper coils
for use at centerlint fields up to ?0 KG in High Field
ORMAK.12' 1 3> 1 4 The second is the development program
aiiued toward successful design of larj.s 5~6m bore ORMAK
F/2X coils using superconducting; materials. In the
High Field OFC4AK case, the development centers about
the insulation problems encountered at high intensity
low temperature, pulsed coil conditions and the neces-
sary potting that goes along tc protect that insula-
tion . In the F/EX case the work is being conducted by
identifying the detailed steps in the development pro-
gram and ty preparing for conductor configuration se-
lection and qualification tests.

7. Liner Surface Development (Engineering Sci-
ence and Operations Groups). The basic requirement in
this area is -rise production of the least obtrusive
surface for use with high energy plasma particles. At
present the vork is focussing on the selection of par-
ticular Eetali or perhaps carbides for use as a possi-
ble liner surface. We are looking at those tcateris.13
that have low sputtering yields and low Z's in order
to produce the isost benign surface in regard to plasma
contamination from wall bombardment.

B. Description of the Present ORMAK Facility (Design
Objectives, Implementation and Tasks)

The basic design of low aspect ratio, moderate
magnetic field end long experiment tine was devised
to produce the roost reactor-like physics, specifically
in xerms of the orbits-per-collision measure. Al-
though each element in the design is presented as a
design objective, it is only through the particular
combination of elements that the physics goal car be
reached and, concotsitantly, that the engineering prob-
lems become severe.

1. The Design Objective of Lov-Aspect Ratio re-
quires high current densities in the various windings
and ttinimurn clearances for all parts of the device.
For short pulses, high current densities are most ef-
fectively achieved at cryogenic tessperatures, -fee cos-I
bij'.-ation of which ictplier high differential tempera-
tures across long conductors. The compactness of low
aspect ratio iseans that the thenral insulation has to
be cone with the minimus 3ize devar, or no csvar pre-
ferably, which then involves a large, all enclosing
vacuum system. The problems that or.e encounters in
this method of implementation ere those associated
vit'.i liquid-nitrogen temperature usage and vaciasn en-
closures and especially, and ir.ost persuasively, the
reliability questions exacerbated by snsali clearances
ami the close packing in a toroidal systets* (Vith
future, larger systems, sate of the difficulty associ-
ated with the scale size of "snail" clearances should
be lessened.) In particular, one must deal vith a
multitude of liquid-nitrogen temperature, vacuum
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rectifier systems. The problems accompanying th« mag-
netic field have to do with the mechanical, electrical,
and thermal problems associated with both the tens-of-
megawatts power handling and the more than 10-MJ energy
storage.

To support the nominal 25 kG center field which
produces a strong radial inward force of 500 tons, a
multi-part structural system was developed which in-
cludes at its center a thin, annular, bucking ring
against which each cf the 56 toroidal field coils
presses, The coil mounts are held at the top and bot-
and are keyed on the bucking ring by fiberglass plates
recessed into slots. In addition to the mechanical
forces on the toroidal field coils themselves, the more
difficult problem arises from the interaction of the
current in the (pcloidally directed parts of the)
ohmic heating and vertical field windings with the
toroidal field. These windings are enclosed in tight
quarters permitting rather small support structures
upon which and by which they can be fastened.

In terms of electrical engineering, a central
problem has been that of wave shaping of the long time-
constant, steady-state generator outputs for the par-
ticular job at hand. We have used solid-state regu-
lators to drive the generators' field windings first
with high voltage in one direction and then with high
voltage in the other direction as we ramp the current
up as fast as possible before maintaining a flat top.
Protection from conditions arising from faults in
either the lead or the generators Is provided by a
set of four large circuit breakers which are actuated
on each pulse to connect the rotating machinery at
full energization to the load and then remove it after
the field is removed at the end of the pulse.

In terms of the thermal problems, one must con-
sider the thermal inertia in the generators and in the
coils and make sure that tJvs overall experiment tine
is kept to an absolute mir.it: ~s; the actual usable flat
field time is small compared -. "he overall experiment
time. Associated with the thei. inertia is the heat
removal problem whose characteris. 5 of copper-to-
coolant heat transfer, coolant cirv. tion, and
coolant-coolant heat exchange determx he pulse repe-
tition rate allowable.

3. The Design Objective of Long Experiment Time
is necessary to allow us to observe and measure plasma
characteristics ever a period that is at least equal
to one, or, preferably, more periods of equilibration
between the plasma temperature and the injected beam
input. For long experiment time, it is necessary to
maximize the power -transfer into the load's given
thermal inertia and also to maximize the ohmic heating
flux change. The problems -that are encountered with
this scheme of implementation are based on ths fact
that one faces the temperature limit in the copper
coils. This limit is actually the temperature limi-
tation, of the liquid-nitrogen coolant because with so
many paths and so many fest per pat11, it is impracti-
cal to purge the lines of the coolant before each shot.
Therefore one uses pressurized liquid nitrogen so that
the coolant will remain in a single phase condition,
but, if the temperature were to rise continuously,
then at some point all the liquid nitrogen would vapor-



low temperature, pulsed ceil conditions and the neces-
sary potting that goes along to protect that insula-
tion. In the P/BX case the work is being conducted by
identifying the detailed steps in the development pro-
gram and "by preparing for conductor configuration se-
lection and qualification tests.

7. Liner Surface Development (Engineering Sci-
ence and Operations Groups). The "basic requirement in
this area is the production of the least obtrusive
surface for use "with high energy plasma particles. At
present the work is focussing on the selection of par-
ticular metals or perhaps carMdes for use as a possi-
ble liner surface. We are looking at those materials
that have low sputtering yields and low Z's in order
to produce the most "benign surface in regard to plasma
contamination from wall bombardment.

B. Description of the Present ORMAK Facility {Design
Objectives, Implementation and Tasks)

The basic design of low aspect ratio, moderate
magnetic field and long experiment time was devised
to produce the most reactor-like physics, specifically
in terms of the orbits-per-collision measure. Al-
though each element in the design is presented as a
design objective, it is only through the particular
eciEbirsation of elements that the physics goal car be
reached and, eoncomitantly, that the engineering prob-
lems becoraa severe.

1. The Design Objective of Low-Aspect Ratio re-
quire* high -current densities in the various windings
and rjitsiisraa clearances for all parts of the device.
For short pulses, hig>>. current densities are most ef-
fectively achieved at- cryogenic temperatures, the com-
bination of •uhich implies high differential tempera-
;£iir«s across long conductors. The compactness of low
ssp-sct ratio means that the thermal insulation has to
Xw cone with the jniistaun size devar, or no de-war pre-
fere'e.ly, which then involves a large, all enclosing

js system. The problems that one encounters in
setfcod of implementation are those associated

vlth liquid-nitrogen temperature usage and vacuum en-
closures and especially, and most persuasively, the
reliability questions exacerbated ty small clearances
asfi the close packing in a toroidal system. (With
future, larger systems, some of the difficulty associ-
ated with the scale size of "snail•' clearances should
be lessened.) In particular, one must deal with a
Kulfcitude of liquid-nitrogen temperature, vacuum
quality, insulating seals on the coolant lines. Also
ons deals with rather high and not necessarily uniform
ĥarsial stresses associated with a large, nulti-

material, rsralti-OssDpcnent structure. Additionally,
the electrical insulation technique and material in-
side the vacuum at cryogenic temperatures must be
carefully selected.

2. The Design Objective of a Moderate Magnetic
Field (25 KG) has required some tens of megawatts
power delivery from four steady-state DC machines.
With the change to High Field ORMAK, this tens-of-
megavatts requirement will increase to nearly a hun-
dred MVA but will be supplied from four solid-state
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recessed into slots. In addition to the mechanical
forces on the toroidal field coils themselves, the more
difficult problem arises from the interaction of the
current in the (poloidally directed parts of the)
ohmic heating a'.d vertical field-windings with the
toroidal field. These windings are enclosed in tight
quarters permitting' rather small support structures
upon which and by which they can be fastened.

In terms of electrical engineering, a central
problem has been that of wave shaping of the long time-
constant, steady-state generator outputs for the par-
ticular job at hand. We have used solid-state regu-
lators to drive the generators• field windings first
with high voltage in one direction and then with high
voltage in the other direction as we ramp the current
' up as fast as possible before maintaining a flat top.
Protection from conditions arising from faults in
either the lead or the generators is provided by a
set of four large circuit breakers which are actuated
on each pulse to connect the rotating machinery at
full energization to the load and then remove it after
the field is removed at the end of the pulse.

In terms of the thermal problems, one must con-
sider the thermal inertia in the generators and in the
coils and make sure that the overall experiment time
is kept to an absolute minimum; the actual usable *lat
field time is small compared to the overall experiment
time. Associated with the thermal inertia is the heat
removal problem whose characteristics of copper-to-
coolant heat transfer, coolant circulation, and
coolant-coolant heat exchange determine the pulse repe-
tition rate allowable.

3. The Design Objective of Long Experiment Time
is necessary to allow us to observe and measure plasma
characteristics ever a period that is at least equsl
to one, or, preferably, more periods of equilibration
between the plasma temperature and the injected t-saia
input. For long experiment time, it is necessary to
maximize the power transfer into the load's given
thermal inertia and also to maximize the ohmic heating
flux change. The problems that are encountered with
this scheme of implementation are based on the fact
that one faces the temperature limit in the copper
coils. This limit is actually the temperature limi-
tation, of the liquid-nitrogen coolant because with so
many paths and so many fest per path, it is impracti-
cal to purge the lines of the coolant before each shot.
Therefore one uses pressurized liquid nitrogen so that
the coolant will remain in a single phase condition,
but, if the temperature were to rise continuously,
then at some point all the liquid nitrogen would vapor-
ize and a large pressure would be encountered in the
lines. In order to stay below this critical point,
one has to keep ths coolant temperature below 12SIC.
Tills temperature limit puts a premium on the highest
voltage, highest power transfer possible to allov a
given experimental time with a minimum of joule heating
before and after that time. In addition to the tem-
perature limitation, the area available in the center
of the bucking ring for a ferro-magnetic core is
limited. This means that the highest quality (especi-
ally saturation field strength at reasonable perme-
ability) ferro-magnetic material must be used with the



highest packing factor and with the use of negative
flux biasing to achieve the greatest amount of flux
change.

k. The Design Objective of Proftraarcr.a'ble Plasma
Current and Vertical Field has been felt by us to be
important since the first days of sharing the Russian
tokarnak experience. One of the few (and as it turns
out one of the critical) experimental controls in the
tokamak device is control of the strength and timing
of the vertical field as veil as of the ohtnic heating
current. Because of the criticality of these two
wave shapes, ve instituted the use of transistor con-
trolled battery supplies for the production of both
these currents (magnetic fields). Although straight-
forward in concept the reliable use and protection cf
large scale transistor battery supplies has proven to
be. a considerable undertaking.

5. The Design Objective of High Plasma Purity
has only been recognized as being critical in the last
year or so. The implications on the engineering re-
quirements for this objective has now become clear —
that is, one requires a liner system that is rr.ore
bakeobie, more tight, and more clean than originally
required.15 The present i50°C-200°C bake is being ex-
tended to all parts of the liner system and the baking
temperature is being increased to 400—500°C in next
generation liners. The leak rate between the inner
and outer vacuum of the liner is now li/sec as opposed
to the original achievement of lOi/sec. The cleanli-
ness or base pressure is being improved from the pres-
ent 10"7 torr to the 10"e to 10"9 range. The problems
that are encountered are ones associated with high-
vacuum achievements in large, field systems as dis-
tinct from large, laboratory systems, i.e., in rela-
tively less controlled physical and support personnel
environments (field) rather than more (laboratory).
This distinction has to do with both cleanliness,
standards, and personnel procedures. One must be pre-
pared to deal with surface preparation, surface coat-
ing, various kinds of turbomolecular pumping and che
thermal expansions resulting from a temperature dif-
ferential in the liner surface as large as 7CC degrees
centigrade. This large differential temperature ex-
pansion requires rather strict accounting of all the
attachments onto the liner and how they affect the
overall iXner support and each other.26

6. The Design Objective of Diagnostic Access is,
in ORMAK as it is in other devices, the achievement of
many entrances into the plasma, each cf which is to be
made with ease and' reliability. The problems that
stand in the way of this easy, multiple access are at
least two. First, for best plasma behavior, the mag-
netic field coils are arranged in a two-dimensional
matrix around the plasma surface limiting the size of
any given typical access to a small square. Second,
the necessity for a double vacuum system, with the
liner being the inner system and the large vacuum tank
being the outer system, requires a set of double seals
at each point thereby reducing the number of accesses
that can be made for a given cost.

7. The Design Objective of Injection.Heating
Capability is instituted to provide a proof of an ade-
quate means of raising the ion temperature to that re-
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Figure 1 illustrates en overall view of the C<£!AX
system without the injectors on. Figure 2 illustrates
much the sarse view but in sketch form with asjor com-
ponents labelled, and ?ig. 3 illustrates the sasse r,ys-
tes; with the tar.k off showing more clearly the various
parts alluded to in the te>:t.

III. Manaqsroent

The ORMAK Section is but a large fraction or -he
Thermonuclear Division which is one of about tvan'.y
divisions in the Otk Ridge Rational Laboratory which,
itself, is one of four rcajor installations operate
for the USAEC by the IJuclear Division of Union Carbide
Corporation.

A. OWhK ns Part r.f t.hs Gengral Fu.-ion Effort

As ths 0I3W. program irscluaRC many of the er.T&wts
typical of ths overall CTR program today, we find, in
one system and in ons location, rcany of the effects of
the ô 'erall transition in fusion frora a small physics
and engineering program to a ouch larger and wore
engineering oriented, physics and engineering program.
As a result of bairsg in the transition between r.n.ul.1
and large, it is now appropriate and necessary for us
to institute on c i.iore consistent basis tho voric.'j.'s
techniques of professional management that are rct-OR-
nized and now available. In a circurastfince fortuitous
for us, the Unicr. Carbide Corporation has in the last
year instituted the practice of a pervasive Tnanâ tti-eRt
system which is based upon the ideas of professicviisie
and usefulness in management techniques. These ier-h-
niaues reinforce the positive parts of the action-, that
•we have been taking and give guidance where our eTi'orts
have been less than adequate. The experimental funion
systems are sufficiently large that it is no longer
possible for a single leader to be personally awars on
a daily basis of all the activities of the various
groups. Therefore a consistent reporting scheme and
controlling scheme isust be instituted and since it is
a long-range, long-term effort, personnel as well as
procedures must be developed. As an example, a year
and a half ago, we began to apply the existing UCCND
accounting scheme whereby each particular job is sepa-
rately accounted and its actual cost compared vith an
estimate in the various phases of a job whether it bs
design or prccurerrssr.t, fabrication or operation. This
scheme has allowed fcr development of the OEKA-C budget
in -its many elements ?.nr; now provides the bnse es.ch
ye*ir for informed preparation of the bucket.

B. ORMAK in the Ock Ricto;g System 2
The QRMAK program dews not stand as an entity unto

itself in the Onk Ridge complex but rather is one grow-
ing part of a rather large system. "Large" here is typi-
fied by the engineering phases of the system which.are
currently involved in projects that are orders of mag-
nitude larger than current fusion efforts and are as-
sociated with the gaseous diffusion plant expansion.
Therefore, in order to be successful, we must make our
requirements known as explicitly and as early as possi-
ble to the management of the larger systej
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thens&l ejxansions resulting froa a temperature dif-
ferential in the liner surface as large as ",'CC dasrees
centigrade. This large differential teeperature ex-
pansion requires rather strict accounting of all the
attachments onto the liner and how they affect the
overall liner support and each other.-**

6. The Design Objective of Diagnostic Access is,
in ORMAK as it is in other devices, the achievement of
tsany entrances into the plasraa, each of vhich is to 'a
made with ease and reliability. The problems that
stand in the way of this easy, multiple access fire at
least two. First, for best plasma behavior, tlra Kog-
netic field coils are arranged in a two-dimensional
matrix around the plasma surface limiting the size of
any given typical access to a small square. Second,
tb'D necessity for a double v.icuun system, vith th«
liner being the inner system and tha large vacuum tank
being the outer system, requires a set of double seals
at each point thereby reducing the nwnber of accesses
that can be made for a given cost.

7. The Design Objective of Injection Keatins
is instituted to provide a proof of 3*1 ade-

quate means of raising the ion temperature to that re-
quired for thermonuclear reactors. In the 56-fold
OHMAK symmetry, local distortion of a number of coils
is required to produce a sufficiently large tangential
access. The problems associated vith the injection
system have been two: first, we have the beam line
requirements which fonn the basis for adaptation "03-
tween the source and the plasma. These gas handling
and alignment requirements have to be met by various
valving, pumping, and structural systems in a re-
stricted area. Second, the perturbed 'coils must be
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of the
Thermonuclear Division which is one of about twenty
divisions in the Oak Bidge Rational Laboratory whSc",
itself, is one of four major installations operated
for the USASC by the Uuclear Division of Union Carbide
Corporation.

A. CRMAK as Part, of the General Fusion Effort

As the OKMAK program includes many of the el̂ issnts
typical of the overall CTR program today, we find, ir»
one system and in one location, many of the effects of
the overall transition in fusion from a small physics
and engineering program to a much larger and more
engineering oriented, physics and engineering program.
As a result of bains in the transition between ".will
and large, it is now appropriate and necessary for us
to institute on a wore consistent basis the vuriou.;
techniques of professional management that are vcs-ag-
nized and now available. In a circumstance fortuitous
for us, the Union Carbide Corporation has in the last
year instituted the practice of a pervasive managttKent
system which is based upon the ideas of profession" lism
and usefulness in management techniques. These tech-
niques reinforce the positive parts of the actions that
we have been taking and give guidance where our eTi'orts
have been less than adequate. The experimental fusion
systems are sufficiently large that it is no longs?
possible for a single leader to be personally avars on
a daily basis of all the activities of the various
groups. Therefore a consistent reporting scheme ami
controlling scheme must be instituted and since it is
a long-range, long-tera effort, personnel as well as
procedures must be developed. As an example, a year
and a half ago, we began to apply the existing UCCND
accounting scheme whereby each particular job is sepa-
rately accounted and its actual cost compared with an
estimate in the various phases of a job whether it be
design or procurement, fabrication or operation. This
ocherne has allowed for development of tbe ORKAK budget
in -Its many elements and now provides the bnse each
year for informed preparation of the budget.

B. ORMAK in the Oak Ridge System

The OBMAK program does not stand as an entity unto
itself in the Oak Ridgs complex but rather is cne grow-
ing part of a rather large system. "Large" here is typi-
fied by the engineering phases of the system which.are
currently involved in projects that are orders of mag-
nitude larger than current fusion efforts and are -as-
sociated with the gaseous diffusion plant expansion.
Therefore, in order to be successful, we must make our
requirements known as explicitly and as early as possi-
ble to the management of the larger system so that, we
might have our personnel needs met. Secondly, as the
ORMAK system grows from the three people that it was
four and a half years ago, we find it necessary to
write down in rather close detail each of our requests
and requirements because the assumptions and under-
standings that each of us has in his own mind are sel-
dom understood in exactly the same manner by others
even with the same objects in mind. Each of these prob-
lems is but a part of the whole that benefits immeasur-
ably from the introduction of consistent, professional
management te chn ique s.
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Fig. 1. Overall View of CSMAK D°vice without Injectors Shown. i
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Fig. 3. Overall View of ORMAlTTJevTce but with Vacuum Tank Top FeJSved.


