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Carly work on TRS/PEPR at ORNL consisted of systems trade <tudies to establish

a baseline design.

Representative pavameters are shown in Table U,

Developnent

of these parameters into o mechanical desigr focussed on the complexity of the

device disassembly.

Three modificationn to the physics and engineering criteria

are being studicd to eave these problons of remote dicassenbly:
1) Increase allowable field vipple from 14 to a maximum of 1%, therehy

reducing the number of T coils.

The resull s

incrensed access botween coils.,

2) DProvide sufficient cleavance in the hore of the toroidal colls to raise

and lawer the [F coils during torus scgment rewmoval .

This assumes a require-

ment for cquilibrium field (II) coils close to the plasma.

1) lnvestigate a secondary vacuum enclosure {(e.q. vacuum building concept)

to eliminate the need for welded torus joints and TF coil dewars,

This paper discusses these modifications, as well as some gverall cost implications

relating to ripple.

INTRODUCT 10N

Early work on The Next Step (TNS) Program at
Qak Ridge consisted of Systems Trade Studics for
several tokamak confiqurations. Using consis-
tent physics and engineerlng criteria, dovice
cost sensitivities were evaluated, along with
TNS objectives, in order to establish an initial
configuration. The result of this effort is
the basceline design(]) shown in Fiqures | and 2.
Some of the key parameters and major components
are listed in Table 1.

Developuient of the baseiine drawings

focussed attention on the difficulties of
machine divassombly which should be accom-
plished with simple, rvadial, nonrotational
One of the most dif-
ficuit areas to reach, from a maintenance

removal of components .,

perspective, is the toroidal joint on the inner
vacuum vessel/shield, the torus area closest

to the machine vertical centerline., Our carly
TNS studies indicated that operalions on any
inner joints would have to be done remotely from

inside the torofdal shelly this is an operation

*Rescarch sponsored by the Division of Magnetic Fusion Enerqy, Oepartment of Enerqy, under
contract W-7405-enq-26 with the Union Carbide Corporation.
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Judged to be undesivable, Disascenbling the
dewar intertace is equally dittecutt (Fig, 1)
because ot the diminehong accesss between
toretdal tield (1F) coily as one moves trom the
midplane ot the machine to the vertical centor-
Tine. Maving the intertace cutward does not
factlvtate device disasseedily becawse the tnner
log of the [F coil is encased in the common
dowar of the central TV coil <upport (bucking
cylinder). It can only be aceessed through the
inner torus well or by prevemoval of toroidal
stqments ot vacaun vessel/shield. Peeremoval
ot a torus sequent is nob practical with the
aceosy shown between twenty TE coids. Hence,
cach of our segments iy two T cotls and 1720
ot the torus, Any of the disassenbly tasks are
further complicated by three factors: 1)
Limited access between [F coily because ot theiy
large oumber; 2) the lozation of equilibeium
ficltd coily within the bore ot the toroidal

coilvy and 1) the vequivement for vemote cutting,
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CRLTERLA_MODLFLCATLONS
Field Ripple

One of the criteria used in establishing
our original baseline design 4 a peak to
average field ripple of 1%, This parameter,
along with cost and geametrical considerations
far companent sizes, established the “twenty-
cail® configuratian in Fig. 2. [n this desiqn,
removal of the vacuum vessel/shield seqments
cannat he achieved without alse removing adja-
cent magnets as shown in Fig. 2.

Recent developments regarding plasma
sensitivity to these magnetic perturbations
indicate that increased ripple may be toler-
ated.(z) resulting in a reduced numbier af toroi-
dal coils. This could allow sequents of the

machine to be removed between coils, resulting
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FIGURE 2,

in a stationary installation of the TV magnets
(Fig. 3).

aspect as the coils are expected tu have a much

This is desirable from the maintenance

longer aperating life than the first wall com-
ponents .,

Two investigations regarding ripple were
established: 1) the number and size of the TF
cafls which would satisfy ripple limits of up
to 3%, and 2} the cffect on total device cost
Using the COAST
(COsting And Sizing of Tokamaks) Code to cval-
uate machine designs ranging from 12 to 14
a) we established that a 12 coil con-
figuration with 3% ripple would increase the
tota) device cost 24 ouver the original base-
Vine (Fig. 4). Mowever, this design did not
solve our disassembly problans hecause there

for these configurations. 1)
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FIGLRE 3. Torus Seyment Removal
Between Fixed 10 Coils

was still not sufficient access between coils
to remove 1712 torus sequents, and there
appeared to be insufficient clear space to move
. the [F coils within the TF coil bore, Increas-
ing the size of these 12 coils to allow 1/12
segment removal reduced the ripple to 1% and
increased the device cost by approximately 14:.
Further tradeoffs between cost, vipple, and
access resulted in a toil size (12-coil array)
that provided torus removal of 36 sequents,
field ripple of approximately 24, and an
increased cost of approximately 4. o addition,
there is sufficient clearance to raise and
lower the trapped EF coils to clear the sequents
being removed.

EF Coils in the TF Coil Bore

The difficulties of disassenbling toroidal
vessel sequents are compounded by the Lrapped
EF coils (Fig. 1). Part of the TNS work for
this year is & re-evaluation of the poloidal
coil systems, including an iron core vs. air
core design. A portion of this work will con-
sider placement of the equilibrium field coils
outside of the TF coil bore and may indicate
that some, or possibly all, of these poloidal

FIGURE ah. Reactor Cost vs Ripple
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coils could be superconducting. The cost impli-
cations regarding power supplies and power con-
version will be evaluated along with questions
concerning plasma stability. Current PF coil
considerations have allawed for a reduced num-
ber of EF coi]s(s) which is a great step toward
reducing the complexities:of segment removal;
ideally, from a mechanical point of view, it

is desirable to locate no-coils within the TF
bore. However, assuming the EF coils must
remain close to the plasma, they must either

be remotely disassembied along with the torus
sequents, which does not appear possible at

the inner coils for reasons already mentioned,
or they must be moved away to clear the seg-
ment removal (Fig. 5). The latter has been
chosen as one of the requirements for sizing

In this
manner, toroidal segments can be removed from
the machine using straightline, nonrotational
motion. The upper midplane EF coils are simply
raised as whole units and jury-vrigged to the

TF coil structure; similariy, the Tower mid-—

the TF coil bore discussed abave.

Secondary_Vacuum Enclosure (SVE)

The last topic to be discussed deals with
the joints for the toroidal segments. Dis-
assembly of the device, even with the addi-
tional access discussed above, is still a
conplex operation, with some question of relia-
bility. The: Gltvahigh-gperating vacuums in the
conventional plasma chamber require welded torus
joints, and the high Tevels of activation
require remote cutting, welding, and leak detec-
tion of these joints. In order to avoid these
internal torus-vessel gperations, we are studying
a secondary vacuum enclosure around the machine
patterned after an existing facility at the NASA
Lewis Research Center.(6

The vacuum building option provides bilevel
vacuum containment shown in Fig. 6 and may elim-
inate the need for welded joints.(7 Operation
of TNS/PEPR in this vacuum envivonment will

. areatly simplify device disassembly if wmechani-

; welded joints.

plane coils are lowered to rest on the TF coils.

EF COIL VACUUM VESSEL

SHIELD SEGMENT

(|

FIGURE 5.

Torus Seqgment Removal Showing
Relocated EF Coils

cally joined segments can be used ingctead of
Conductance leaks across these

joints appear to be tolerable and can be handled ~

by the cryopumping system of the torus. The use
of bolted joints for the segments is not yet a
proven concept, as the structural loads on the
segments are still to be considered. However,
the main point is that the joint interface is
more easily handled on the outside of the torus
where it can be readily reached by remote means
than if it were hidden inside the vessel.
Another aspect of the SVE study is to inves-
tigate the possibility of eliminating the vacuum
dewars which enclose the TF coils and the bucking
cylinder. The difficulty of disassembling these
components was mentioned previously and is a

serious obstacle to the maintenance of our current
If a vacuum of 10=° in the build-

configuration.
ing can be achieved as shown in Fig. 6, then the
SVE could be the vacuum dewar for the cryogenic
coils and structure. Not enough work has been

done, at this time, to make any firm judgements,

“except to say that eliminating the need for these

encasements simplifies the tokamak disassembly.
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CONCLUSION

The next generation of tokamak designs is
focussing on reactor-likxe confiqurations. Some
of the crucial problems being invesligated are
engineering in nature and relate to the viability
of machine disassembly. The initial work on the
Oak Ridge TNS/PEPE was systems ariented and
dealt with establishing self-consistent physics
parameters to achieve ignition. The baseline
design that evolved from these parameters was,
however, not self-consistent from a disassenbly
point of view. Hence, our FY 1978 work is
focussing on criteria modifications for both
physics and engineering to achieve a credible
mechanical design which has some hope of being
renotely maintained.

The preliminary conclusions of this study
are:

¢ Design,"

I. An increase in allowable TF ripple from
1 to 2. will significantly ircrease access to the
vacuum vessel/shield.

2. lncreasing the TF coi' bore may allow
sufficient clearance to raise ond lower internal

EF coils for vacuum vessel/shield seqment removal.

3. With increased access, vacuum vessel
seqments may be removed using straight line
wotions.

4. A Secondary Vacuum Enclosure (SVE) may
eliminate the need for welded joints in the
vacuum vessel.

%. The SVE way eliminate individual vacuum

dewars for the TF coils.
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