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Turther evolutlen of thz program into oie sir
beth confinement and hrh.in The completicn of the
ORMAX device occurred in early 1971 ané after £ nmuoer
of months of tesiing and debuggire, plasmz operaticns
begnun., Machine operation,? plasma ; prod juction, and di-
agnestics all were improved throughout 1972 unc tasie
tohmnak physies experimenis? were eewﬂuctné during
1973 along with injectfon heating experiments which
bagzn in mid-1973.
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1. A Opsrations (Operations Group within
ORMAX Section). She Easﬁc enginzering thrust of ihis
elerent 18 tc improve ceorntinucusiy wzchine cperation
and disgnostic capabiliisies earrying on e large nurler
of widely differing and usvally indeunndent insis.
Crucial nrodlems detectcd surly in ihe e"ﬂnWirontql
operation have, bty and large, teoen norrcc.s
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hemuar reliasble operation or impede ropid date
sition.? These jobs include various discipline
engineering from electrenics io electrical engi
to mechaniecn) engineering, crrogsiics ondé vacu
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range from duproving the range of the CH power
and making it wodular, to installing a2 subccole
the iigquid-nitroger coolant system for inr.aaﬂed
coil thersal ecapacity, to U e
the coverage of many disgnos

¥

(o]

1 % )

3

} 3
o3
A

‘)

.lcs
moasurenent to muliipoirt 2rofilas 4o Luc- o
matrices at verious uzimuthal lceuniions,
2. Injection (Planning and Sngineering Oroup
within ORMAK Section). This progrum slewment is con-
corned princlpally with the adapintien of ion sourcss
%

to lie nlasma system and is therelor
chanjcal, electrical, and vecuuws an

connecctions, aligrments, and gos 1 in-
Jeetor systems have been in oneratis% or the (AL de-
vice for 2 nunber of months., Somez operating Jefectc

- ¥

Operated by Union Carthide Corporaticn for 4he US Q-C.

o

elieved that, for the long term,
would result from chenging the va
the mechanisms are removed from w
thermal enclosures.

3. Eigh Field ORMAK (Planni
Group within ORMAK Section). The |
Hign Fleld CRMAK modification is
of the plasma current, which will
an incereasingly het and inercusin
plassza, The plasma current doubl
doubling voth the toroldal field
capavility of' the central core

<o the work in the main, One par
curement, favricetion, and assemb
systen tharv will ganerate the doub,
from a solid-state rectifier syst

iz the set of modifications to the
systemm and other parts of the inte
associated with doubling tne Tiel
O coil sumports,

The nover system nrovides
l-sec, 1OO-#WA pulse from the 1o
to the cone-<housund-voli
reetificr ayzioms, conir
wave, mulii-phase trldge
ninsiop 49 the nregsent
shine i he torcidn?
iar o nt ongs, 2
meehkeni rengih ond e
hey on and repes i
Shmilor rmle nentl
nrovids t=gocond «
wnatl and the
finkd ccil ¢ s must
she gundy Teress,

he O Jﬂﬁ-F{ﬁE (Pianm

dthin OIFAR Senticn). T
ar@w is conesrred with or
cxporiment denllng with Jusi
burning, Gue of the basic g
usa fthe sore {noilidy for Loibh ¢
crperiments witﬁ BN aimm“ of on
s grcﬁ*nt, 3
R H o

*n"ﬁno.ari
neoving

- 2e
reg ssy

'-
(8]
]
£

KIS LNt ]
4 = :-lnl}'

Yoyl ,}ﬂu e "\nv,-; ToMmant

1l Loiard

w3

Ll neoe
Trd i "

e

heasing o*pn*
vendicted noe
veitment of
ture for o 4oy
fomussing in
or simply by -



ficeived in eariy 90, as
2 conservative matceh o
try wouid first be mede

t a lower aspect raiio,
hot ions could be pro-

s the direction of the
red directly at the nro-
, moderate field, large
the present ORMAK fa-
ognition of the potential
ection heating led to &
am Into one stressing
The completicn of the
1971 and after a number
ging, plasma operations
asma production, and di-
hroughout 1972 anq hasic

iing experiments which

rzm Elements — Pur-

rations Group vithin
ineering thrust of +this
pusly machine operation
rrying ocn e large nunmber
independent tasks.

Yy ir tke experimental
been corrected during
tion. We are presently
systems wnich still can
pmpede rapid data acgui-
arious disciplines of
electrical engineering
rogenics erd vacuum con-
netion, these jcbs

of the CH power supply
jalling a2 subcooler on
ten fer increased TF
general aim of extending
s517 from single point
iles +o two-dimenszional
lccations.

18 Bngireering Grouvp
rogrem element is con-
piation of ion sources
refors basically a me-
nneineerlng job of
ps handling.® Two in-
ration on the ORMAK d
operating cfefect

boration for +he USAEC.

#
would result from changing the vacuum topology so that
the mechanisus are removed from within the vacuuw and
thernal enclosures.

3, EHich Tield ORMAK (Plenning and Engineering
Group vithin ORMAK Section). The basic idea of the
Hign Field CEMAK modification is to permit a doubling
of the plasma current, which will enable us to gzr.erate
un increasingly het and iLuercusingly collisionlen:.
plasma, The pluasma current doubling can be achimved by
uoabllng Toth the toroidal field and the volt-second
capability ¢f' the ceniral ccre. Tnere ave two pruis
to the work in the main. Orne part is the dssign, pro-
curement, fabrication, and assembly of a 1CO-MVL powar
system that v;ll generate the doubled magnetic ©i-1d
from a solid-state rectifier system. The other u:
iz the set of mo‘ifications to the toroidal fiele coil
system and other parts of the internals of the wachire
associated with doubling the field, e.g., OE cecrz, anrd
OH coil supports,
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The power system provides trancformation for ihe
l-sec, 10C-MVA pulse from the 151-kilovolt level doun
t0 the one-+housznd-volt level for the sclic-state
reetifier "YOmeu. cortrol of the power in the full-
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Similariy the chmic hezating rors has to be dovbled to
provids the volt-second ange necessaty it the higher
maznetic Lields and the obwic hexting and vertieal
field ccil systems rnust 2lco be stirengthened +o support
the guadrupled forces.
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power would increase, Additionally, vork is aimed to-
ward adapting a given lavoratory scurce for fiszld in-

stellation,?

6. Meanei Develcoment (Ergincering Science Group)
There are two specifiic 2ims in the ORMAK magret de-
valepment vork, The first 1s the development of vari-
cus nossible tyves cf cryogenically conlied copper coils
Tor ucse 3t centerline fields up to 50 KG in Hign Field
ORUAK, 13,14 The second is the development program
aimed toward successful design of large 5~&m bore ORMAK
F/EX coils using supsreonducting materials, In the
High Fleld ORMAK case, the development cen*ers aboutl
thc insulaticn probleme encounterz2d at high intensity

louw tavoaraihrc, nulsed ccil conditions and the neces-
sary potting that goes alonz tec proteet that inzula-
tien., In ~hc r/FX case the work is being conducted by
identifying the detailed steps in the development pro-
grziz end by premcring for conductor configuration se-
lection and qualification tests.

T. ZLiner Surface Dgvelooment (FErgireering Sci-
ence and COperations Gronps) The basic reguirement in
this arez is <the production of the lezst obtrusive
surface for uze with high energy plasma pariicles. At
present the work is focussing on the selection of par-
ticular metals or perneps carvides for use as a possi-
ble liner surface, We are locking a+t those meterizls
that have low sputtering yields and low Z*'s in order
to preoducs the nrost benigr surface in regard to plesma
corntamination from wall borbardment,
B, scripti T Pacility (Design
OCtjectives, Implementation eand Tasks)

The basic design of low aspect ratio, moderate
negnatic fleld ené long experiment time was devised
40 produce the mest reector-iike physics, specifically
in terms of the orbits~per-colilsion messure, Al-
though each element in the dGesign is presented as 2
desizn objective, it is only throvgh the perticular
contination of elements that the physics gzoal car de
reathed and, concomtiantly, that the engineering prcb-
lems become severe,

1. The Desgign Objective of Iow-Aspect Ratic re-

quires high current densities in the varicus windings
and minimum clearances for all perts of the device.
For short pulses, high current densities are most ef-
fectively achieved at cryogenic tempersturses, itke com~!
bination of vhich implier high differentizl ‘empera-
turss acress long conduciors. The ccrpaciness o low
aspact retio means that the thermwal insulation nas 1o
be done with the minimur size dewsr, or no Gewar pre-
ferzbly, which then irvolves a large, all enclosing
vacuum 8yster, The problems thet ore encounters ir
this method of implerentation ere those zasociated
with liquid-nitrogen tomperaturs usoge and vacium en-
cleusures and especislly, and most p-rsuesiv-ly, the
relisbility questions ewacerbated ty swmell clearances
and ihe close packing in s toroidal sysiem, (With
future, larger systems, some of the difficulty associ-
at2d vith the scale size of "small® clesrances should
bte l23sened.) 1In perticular, cne must desl with e
ruliitude of liquidrnitrogen temperature, vacuuw:

. I Y e B onomoe o ol o e
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", one must desl with a

n temperature, vacuum

pn the ccolant lines. Also
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rectifisr systems, The problems accompanying the wag-
netic field have to do with the mechanical, elacirical,
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 sysiem 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 platas
recessed into slots, In addition to the mechanical
forces on the toroidal field colls themselves, the more
difficult problem arises from the intersction of the
current in the (pcloidally directed parts of the)
ohmic heating and vertical field windings with the
torcidal field. Thess windings are enclosed in tight
guarters permitting rather small support structurss
upon vhich and by which they can be fastened,

In terms of electrical engineering, a central
problem has been that of wave shaping of tkhe long time-
constant, steady-state generator outputs for the par-
ticular job at hand. %We have used sollid-state ragu-
lators to drive the generators! field windings first
with hligh voltage in one direction and then with nigh
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
sither the load or the generators is provided by a

sat of four large circuit breaskers which are actuated
on each pulse to connect the rotating machinery at
full energization to the load and then remcve 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 ma2ke sure that the overall experiment time
is kept to an absolute minin- > the actual usable flat
field time is small comparad . “he overzll experiment
time, Assoclated with the the:. inertia is the heat
removel problem whose characteri: 5 of copper-to-
coplant heat trarsfer, coolant cir.  +ion, and
ccolant-coolant heat exchange determ. “e pulse repe-
tition rate allowable.

3. The Desien Obiective of lLong Experiment Time
is necessary to a2llow us to observe and measure plasma
characteristics over a period that is at least equel
to one, or, preferavly, more periods of eyuilibraticn
between the plasme temperature ard the injected tean
input. For long experiment time, it is necessary to
maximize the power transfer into the lozd's given
thermal inertia and also to maximize the ohmic heating
flux change. The problems that are enccuntersd with
this schems of implementetion are based on thza fact
that one faces the temperature limit in the copper
ceoils, This limit 13 actuzily the teomperature iimi~
“2tion, of the liguld-nitrogen coolant bzcause with so
rnany paths and so many feet per path., it is imgracti-
cal to purge the lines of the coolaut before each shot,
Therefcre one uses pressurized liguid nitrogen so that
the cocolant will remain in a single phase condition,
but, if the temperature were to rise continuously,
then at some point all the liquid nitrogen wouid vapor-




sary potting that goes along to protect that insuia-
tion. In the F/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.

T. Iiner Surfacs Develcoment (Engineering Sei-
t in

ence and Operations Groups). The basic requirenmen
this area is the production of the least obtrusive
surface for use with high energy plasma particles. A%
bresent the work is focussing or the sslection of par-
ticular metals or perhaps carbides for use &s a possi~
ble liner surface, We are locking at those materials
that have low sputtering yields and low Z's in order
to produce the rost benign surface in regard to plesma
contamination from wall borbardment.

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

The basic design of low aspect ratlo, moderate
magnetic field and long experiment time was dsvisad
to produce the most reactor-like physics, specifically
in terms of the orbits-per-coliision mezsure., Al-
Jhough each element in the design is presented as =2
desigr objective, it 1s only through the particular
corbination of elements that the rhysics goal car be
reached and, concomltantly, that the enginearing prcb-
lems become severe.

1. The Design Objective of Iow-Aspect Ratio re-
quires high surrent densities in the various windings
and minimum clearances for 211 parts of the device,
For short pulsas, hizb current densities are most ef-
feetivaly actfeved 2% dryogenic temperstures, the com~
binaiion of which imylies high differential tempera~
ecress long cenductors, The ccmpactness of low

vacus system. The problems that one encounters in
tThis method of implementation are those assorciated
with lignid-nitrogen tomperature usage and vacuum en-
clozures and especially, and most persuasively, the
reli=zbility questions exacertated by smell clearances
ané the close packing in =z toroidal sys+tem. (With
future, larger systems, some of the difficuliy assoeci-
atzd with the scale size of "small®™ clearances should
be lessened,) In particular, cne nmust decl with a
muliitude of liguid-nitrogen temperature, vacuum
guality, insulating se2lis on tne coolant lines. Also
one Jdeals with rather high and aot necessarily uniform
Yharpal stresses associated with a large, multi-
material, walti-caupenent structure., Additionally,
the electrical insulation techrigue and material in~
gide the vacuum ai cryogenic temperztures must be
carefully selected.

2. The Design Objective of a Moderate Magnetic
Field {25 KG) has required some tens of megawattis
power delivery from four steady-state DC machines.
With the change to High Field ORMAK, this tens-of-
megavatts requirement will incerease to nearly a hun-
dred MVA but will be supplied from four solid-state

low temperature, pulsed ccil conditions and the neces-
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. of g Moderate Magnetic
pme tens of megawatts
pdy-state DC machines,

| ORMAK, this tens-of-
jcyease to neaitly a hun-
| from four sollid-state -

" recessed into slots. In addition to the mechanical

forces on the toroildal field colls themselves, the more
difficult problem arises from the interaction of the
current in the (poloidally directed parts of the)

ommic heating a-.d vertical field windings with the
toroidal field. These windings are enclosed in tight
quarters permitiing rather small support structures
upon which and by which they can be fastened.

In terms of electrical englneering, a central
problem has been that of wave shaping of the long time-
constant, steady-state generator outputs for the nar-
ticular job at hand. We have ussd solid-state ragu-
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 load or the generators is provided by a
set of four large circuit breskers which are actuated
on each pulse to connect the rotating machinery at
full energization to the load and then remcve 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 wake sure that ths overall experiment tinme
is kept to an s@bsolute minimum; the actual usable .lat
field time is small comparad to the overall experiment
time, Assoclated with the thermal inertia is the heat
removal problem whose characteristics of copper-to-
coolant heat transfer, coolant circulation, and
eccolant~coolant heat exchange determine the pulse repe-
tition rate allowable,

3. The Design Cbjective of Tong Experiment Time
1s necessary to a2llow us to observe and measure plasma
characteristics cver a period that is at least equal
to one, or, preferably, more periods of eguilibration
between the plasme temperature ard the injected tean
input. TFor long experiment time, it 15 necessary to
meximize the power transfer into +the losd's given
thermzl inertia and also to maximize the chmic heating
flux change, The problems that are enccuntered with
this scheme of implementetion are based on the fact
that one faces ithe temperature limit in the copper
coils, This limit i1s actualily the temperature limi-
tation of the ligquid-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.
Therefcre one uses pressurized ligquid nitrogen so that
the coolant will remain in a2 single phase condition,
but, if the temperature were to rise continuously,
then a2t some point 211 the liguid nitrogen would vapor-
ize and a large pressure would be encountered in the
lines. In order to stay below this critical pecing,
one has to keep the coolant temperature below 125[,
This temperature limit puts & premium cn the highest
voltage, highest power iransfer possible teo allcw a
given experimental time with a minimum of jcoule heating
tefore 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.

L, The Desizn Oo1ect1ve of Programatie Plasma
Current and Vertical Field has been felt by us %o be
important since the first days of sharing the Russian
tokamak experience. One cf the few (and as it turns
ou® ona cf the critical) evperimental controls ir the
tokemak device is controli of ihe strength and timing
of the vertical field as well as of the ohmic hesating
current. Because of the criticality of these two
wave shapes, we instituted the use of transistor con-

trolled battery supplies for the production of both
1hps; currents (ma:ﬂn ic fields)., Although straight-
for rard in concept the reliable use and proieciion cf

arge scaleg tran51sto* tattery supplies has proven to
be a considerable undertaking.

5. The Design Ohjlecxive of Hish Placwma Purity
kas cnly been recognized as being critical in the last
vear or so, The implications on the enginzering re-
guirsments for this objective has now becorme clear —
that is, one reguires a liner system that is wore
bakeable, mors tight, and more clean than originally
reguired.1® The present 150°C—200°C bake is being ex-
tended to all parts of the liner system and the baking
temperature is teing increased to 400-5G0°C in next
generation liners, The leak rate betwezn the inner
and outer vacuun of the liner is now 1lj/sec as opposed
to the original achievement of 102/sec. The cleanli-
ness or base pressure is being improved from the vres-
ent 107 torr to the 107% to 10°° range. The problems
that are encountered are ones associated with high-
vacuum achievements in large, field systems as dis-
tinct from large, lsboratory systems, i.e., in rela-
tively less controlled physical and support personnel
environments {field) rather than more (laborazory).
This distinction has to do with both cleanliness,
stardards, and personnel prcocedures. Cne must be pre-
pared to deal with surface presparation, surface ccat~
ing, various kinds of turbomolecular pumping and che
thermel expansions resulting from a témperature 4dif-
ferential in the liner surface as large as 7CC degrees
centigrade., This large differential temperature ex-
pansion requires rether 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
many entrances into the plasma, each cf which is to be
made with ease and reliability. The problems that
stand in the wzy of this easy, multiple access are at
least two. PFirst, 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. Sscond,
the necessity for a double vacuum system, witn ihe
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 zccesses
that can be made for a given cost.

T. The Design Objecti. e 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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III, jenagoment
Tne CRMAY Section is but a large fraction of the

Thermonuelear Division which is cae of about twenty
&lvisions in the 0=k Ridge Natioral Laboratory which,

tself, is one of Tour major instullations operatid
for ine USAEC Ty the Nuciear Division of Unifon Carbide
Ccrporaiicn. '

Caneral Pusicon EBffort

A, CP¥AY os Pari of ths

hs the OMAX nrogram includes many of' the zlisuents

typicel of the overail CIR pregram today, we find, in
one gysiem and in one location, many of the effecis of
the overall transition in fus;on from a small physics
and engineering program <o a wmuch larger and more
gnzineering or;ente , bhysics and engineering progzrem,
As a resulf aing in the transition between ciulil
rge, it is now appropriate and necessary tor us
stitutz on o wore cencisternt vtasis the varicu:s
ques ¢ 1
and now availuble.
, the Unicr Carbide Corporation has in the
instituted the practice of 2 per\auive manag e
eln vhich is bused upon ihe ideas of professic:~lism
d usefulness in manogement techniques, These iech-
nigues resinforce the pesitive parts of the action: ithat
vwe heve beern taking and give guidance where our e’i'orts
have been less than adequate. The experimental {usion
systiens are sufficlently large that it is no longer
voessitle for a single leader to be personally awarz on
a deily pasis of all the zetivities of the verious
grouss., Therefore a consistent reporting scheme =z2ad
cornirciling scheme must 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 ggo, we begen to epply the existing UCCND
accountinp scheme vhereuy each particular icb iz

tely eccounted and its actual cost compare
ectzmﬂta in the vzricus phaces of 2 job uhetne it
design or procurement, febricatiion or operzation. Thl
cheme has allowed for develorment of the QRMAX 1
in 3+s many elementis =2nd ncw provides the base ezch

yenr for inforued prsparnticn of the budeet.

srofessional management that are recsp-
In a circumstance fortuitous
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B. OMMAK in the Ock Ridee System

The COFMAK progrzm does not suand as an entity unto
£ in the Onk Ridge cowplex but rather is cne grow-
art of o rather large system, "Large" here is typi-
d by the engineering phages of the system which.are

‘currently involved In projecis that are crdsrs of mag-

nitude larger than current fusion efforts and are as-
scciated with the gasesous diffusion plant expznsion. i
Therefore, in order to bYe successful, we must make our
requirsments known a2s explicitly and a2s early &s possi-
ble to ihe managewment of the larger systeg gg tbs
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Tnis large differential tenpersturs ex-
pansion requires rather striet sccounting of ali the
ttachments onto the liner and how thej affect the

overazll liiner support and eacir otaer,-

6. The Design Objective of Dicwnosiic Access is,
in ORMAK as it 1s in other devices, “he achievement of
reny entrances into the plaesma, cach of uhich i5 to te
made with ease and reliability The provicms ihat
stand in the way of this easy, multipls access are at
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netic fieid collis are arranged in 2 two-&imension=l
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ting the size of
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th> necessity for a doutle vacuum system, with the
liner being the inner system and the large voocuws tuonx
being the ocuter system, reguires a set of 'oublc geals
at ezch point thereby reducing +the number of =2ccesses

th2t can be mede for a given cost.

The Design Objective of Tnjection Heating
annbility is instituied to provida a procf of 2%
guate means of raising the icn temverature to bnat re-

quired for thermonuclear reactors. In the 56-fclé
ORMAK symrmetry, local distortion of a nlwbo“ of coils

v ade~

is required to produce a sufficiently large +t2ngential
access. The problems associated with the injeciion
system have been two: first, we have the beam line

requirements which form the basis for adapiation ©o2-
tween the source and the vlasma., These gas npz2ndling
and alignment reguirements have to be met oy wvarious
valving, pumping, and structural systems in a re-
stricted area. Sscond, the perturbed colls must be
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A, CRMEY as Part of the CGeneral Pusien Effort

As the ORMAX progranm includes wmzny of' the eioments
typicel of the overail CTR program today, we lind, in
ore system and in one location, wmany of the effects of
the overall trensition in fusior from a swall physices
and engineering pregram to a mach larger and mors
engineering oriented, physies and engingering progcam,
As a result of beinz in the transition between sumalil
and large, it is now arpronrinte and necessary for us

o institute on o more consistert basis the varicus
techniques ¢f professional managementi that are veosg-
nized and now availatle, In a circumsiance fortuirous
for us, the Unior Carbide Corporation has in the last
year instituted the practice of 2 pervasive managcaent
system vhich is bused upon the ideas of professic.nlisw
and usefulaess in menagement techniques., These tech-

niques reinforce the positive parts of the action:s that
w2 have been taking and give guidance where our e’icrts

heve been less than adequate, The experimental fusion
systeins are sufficiently large that it is no long=rv
vossivle for & single leader to be personally awarz on
2 delly vasis of all the activities of the varlious
groups, Therefore a consistent reporting scineme and
controlling scheme must 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 begen to apply the existing UCCND
accouniing scheme whereby each particular jcb is sepa-
rately sccounted and its actuzl cost compared with an
estimate in the various pheses of a job whether it be
design or procurcment, febrication or operation, This
scheme has allowed for develorment of the ORMAX Tudget
in Iits many elements and now provides the bnase each
year for inforued preparaticn of the budget.

B. ORMAK in the Osk Ridge System

The ORMAK progrem does not stand as an entity unto
£ in the Oak Ridgse complex but rather is one grow-
art of a rather large system. '"Large" here is typi-
d by the engineering phages of the system which.are

‘ecurrently involved in projects that are ordsrs of mag-

nitude larger than current fusion efforts and ars ac-
scciated with the gaseous diffusion plant expansion,
Trerefore, in order to be successful, we must make our
reguirements known as expliclily and as early 2 possi-
ble tc the manageuent of the larger system so that we
might have our perscunel needs met. Secondly, as the
ORAK system grows from the three people that it was
four and a half years age, vwe find it neceszary

write down in rather close detail each of our reguests
and requirements because thz assumptions and under-
stendings that each of us has in his own mind are sel-
dom understood in exactly the same mannsr by others
even with the same objects in wind. Each of these prcb-
lems is but a part of the whole that benefits imneasur-
ably from the introduction of consistent, profescioral
management technigues.
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e lerrowngnd
1 prrt of the vacuuw tenk ware éong ou
side ths Union Corbide Nuclemar Division complex., As
ds grow, we are beccoring involved more and mere
dust partieipation in accordance with AEC

C. Lliesent

Within the Thermonuclear Division, the GRMAK Sec-
tion Leader and various Group Leaders (for Energeii
Particle Injection, Engineering Sciences, etc.) report
directly to the Division Director., Within the ORMAK
Section there are three groups — Operations, Physics,
and Planning and BEngineering. Engineering activities
other then of an operating naturz are inciuded with the
purviaw of this third ORMAK group. As examples of pro-
Ject nanagement, one can examine the High Fisld ORMAX
and CiMAK F/BX program elements as defined earlier. 1In
each case, there is a Program Manager with technicel
and uanagerial responsibility vho reports directly teo
the Croup Leader. A design review committee ccmposed
of’ the ORMAK Section menagement reviews and approves
each major design criterion in a documented fashion in-
cluding wide participetion ir the Division. Internal
advisory committees review the progress of each project
with Division management on a monthly besis and an ABC-
DCTR review is conducted on each project at various

times during the projects's course, In addition to
thess programmatic review processes, there are also
other systematic reviews associated with Quality Assur-

ance, Safety, and Fiscal Control,

reganizational and Managemant Structure
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Cross Section of High-Field ORMAK

Fig. 2

Device with Major Modifications Indicated by Astarisks ()
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