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ABSTRACT

Tolamak design studies for the past five years
have emphasized the importance of device main-
tenance by developing configurations hased
strongly on component disassembly. These con-
figuration-oriented considerations have not,
however, addressed the means by which a compon-
ent is replaced, namely the maintenance proce-
dures and the equipment needed. A detailed
study of the replacement of a torus sector is
the basis for identifying the stepwise mainte-
nance procedures and the major eouipment needed
to accomplish this task. The replacement sce-
nario is described in six stages, along with the
requirements for general purpose and special
purpose equipment.

INTRODUCTION

The Fusion Engincering Device! (FED) is a
configuration which is representative of next
generation D-T tokamaks, Tt embodies key main-
tenance problems associated with future fusion
reactors, namely those of handling large, radio-
active components. In this context, the FED can
be used as a model for defining the requirements
for maintenance cquipment, as well as for devel-
oping these equipment concepts. To present this
material, the disassembly scenario leading to
the replacement of a torus sector has been cho-
sen. The ten torus sectors arc among the larg-
est and heaviest components making up the toka-
mak. Table 1 is a list of the characteristics
of the major FED components, and Fig, 1 is a
view of the device with one of the sectors
removed.

*Research sponsored by the Office of Fusion
Energy, U.S. Department of Energy, under
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DISCLAIMER

SECTOR REPLACEMENT SCENARIO

The development of thix scenario assumes
that peripheral components (i.e., test modules,
pumped limiter, TCRH, ECRID remain installed in
the scctor during its removal. Fer simplicity,
sector replacement can be viewed as a two-part
scenario consisting of sector vemoval and sub-
sequent replacement using a spare or the
repairved sector., tach of these has three stages

B

of operation described in Tables 2 and 3.
Sector Removal

General device shutdown is the first stage
and consists of de-cnergizing the coils, drain-
ing and storing the torus coolant, a bakcout of
the torus for detritiation, and the preparation
of maintenance cquipment, Based on the present
understanding of these procedures. 64 hours is
1equired, which is greater than the 24-hour
shutdown period necessary tor personnel access
to the device. Therefore, contact maintenance
is permitted to assist in the setup of remote
equipment and to accomplish tasks which are morc
efficiently done hands-on.

Disassembly of the sector interfaces is
Stage 2. It consists of removing structural
attachments between the scctor and the suj.port
spooi/frame, cutting the vacuum flange, uncoupl-
ing coolant and electrical connections and
removing pipe assemblies, decontaminating the
duct and the sector, removing the pump duct, and
installing shield plugs over duct openings.

Removal of particulate matter eroded from
the first wall surfaces of the sector prior to
its removal is a measure which will minimize the
potential contamination resulting from debris
falling out of the sector during its extraction.
This operation, as well as the installation of
local shield plugs, will enhance recovery back
to contact operations hefore the scctor i3
removed,
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Table 1. Characteristics of major FED coumponents

Compopent Quantity Size {m) weirht (tonnc) Maior maintenarce eguipment
Torus Sector 10 7+ 5 x4 3Ts Special transporter, O/H crane, remote welder
Limiter Module 10 4 * 3 %05 30 Special transporter, 0/H crane
Cump System 20 2.5 x 2 ¥ 1.8 10 ficneral purpose maniputator, O/H crane
ICRY Laancher 4 3.3 x 2.5 ¢ 1.3 <1y Special transpartes, O/H crane
0/H Solenoid 1 12 ~ 3 dia. 350 ©/H crane
EF Coil #2 1 i9 dia, 3op O/H crane
EY Coil 23 1 1e dia. 450 Jdacking system
EF Coils #1, 4 1 2.9 dia., 3.1 dia, o0 Special purpose manipulator
TF Coil 10 10.6 * 7.2 200 Special fixtures, O/H crane

(clear bore)
Fuel lajector 2 6 » 3 dia. 2 Generat purpose wanipulator, -0 crane
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1 2 3
General Device Shutdown [:) Disassemble Scctor Interfaces [:) Sector Removal
e Dec-energize coils 3k ® Remove struct, holt- (14-2 1/2 cm) s Install sector handling aevice* and lock into
e Drain & store torus cocolant water # Cut vac, flange (22 m) position
» Bakeout torus using hi-temp N gas 18.5/24 h e !Incouple coolant lines e Engage cxtraction mechanism to sector
e Lower torus temperature 18,5 h Lines Conmect's Diam_ {cm) e Pull sector onto handling device
® Prepare maintenance equipment 2 4 30 e Extract handling device and sector
64 h t 2 an e Attach contaminant collector to sector
h 12 R ® Lift sector and transport to hot cell air lock
1 2 10
Bl R 15
® Uncouple waveguide
2 3
® lincouple coax {comhinatian
electrical & coolant)
1 < 20
e Remove lioes in window area
e Cut vac. flange of duct elbow
® Remove elhow to storage
e Install fioor cover plate over open duct
e Cut vac. flange of ducr
® Roll back duct:; remove to storage
Fquipment - Stage 1 Fquipment - Stage 2 Feuuipment - Stage 3
e Cenerai device shutdown does not require ® Gemeral purpose mobile manipulator ® General purpose manipulator
the use of maintenance cquipmeot; the @ Debolting tool (2-1/2 cm bolts) e O/H crane{s}
pracedures listed are automited and e Track-mounted cutter © Sector handling device
executed from the control room e Nut ronner for “Gravloc" type couplings
e Preparation of maintenance equipment ° fo({ng slings for pipe sectinns
® O/H crane(<)

consists of removing cquipment from
storage and placing it in reactor cell
during the 18.5-h cooldown phase

*Sector handling device has pravisions for containing contaminated debris,

Fabh
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Sector Replacement [:> A

5 6
Assemhle_Sector Interfaces [:) General Device Starrup

e Visually inspect floor area and ® Instal!l shielded duct; weld vacuum flange {8 m) e Final inspection by maintenance personnel
open bay for particulate matter ® Remove floor cover plate e Remove maintenance equipment to storage
e Decontaminate open bay and floor area ® Install duct elbow; weld flanges (8 m, 8 m) e Circulate coolant in sector
e Transport repaired sector to e Leak check all welded flanges (22 m, 8 m, B8 m, 8 m) ® Activate torus pump system
handling device te Position lines, connect couplings ® Recondition plasma chamber using bakeout,
® Engage extraction mechanism to sector Lines Connections Diam (cm) discharge cleaning, etc.
® Roll handiing device and sector 2 4 30 e Encrgize coils
into window area 1 2 20 e Begin reactor operations
® Lo .k handling device into position 6 12 8
e Push sector into its final position 1 2 10
in torus 3 B 15
e Inspect vacuum flanges and boit holes e Same for waveguide
for alignment 1 2 3
» Remove sector handling device » Same for ICRH coax assemhly
e Install structural bolts (44-2 1/2 cm) 2 20
e Weld vacuum seal (22 m) e Leak check each coupling by pressurizing
® Inspect floor area; decontaminate as systems with tracer gas
Tequired ® Check woTk area around sector for contaminated
debris; cleanup as required
Equipment - Stage § Equipment - Stage 5 Equipment - Stage &
CCTV (general purpose mobile manip.) o 0/H crane e O/H crane
Decon vacuuming device e Portable remote viewing

Radiation monitoring device Track-mounted welder
Gieneral purpose mobile manipulator fte Leak detection equipment
O/H crane crane General purpose mobile manipulator

Sector handling device Decontamination equipment
Balting toal

Track-mounted welder

*Sector alignment onto handling device is provided by guidelines; final alignment is provided by guide tracks which support the handling device.
**Vacuum seal flange on sector is prepared in hot cell.

tLines are preassembled into holding fixture.

t+Pump down torus ta base pressure; use tracer gas analyzer at sector pump System for vacuum test; use tracer gas analyzer at coolant coup'ings.

Tahle 3. Sector Replacement Procednres and Bquipment



Removing the sector is the third stape and
is shown schematically in Fig., 2. 1t consists
of installing the sector handling device, engag-
ing the mechanisms of that devive, extracting
the sector out of the window area, attaching the
contaminant collectoy to the sector, and trans-
porting the sector to the hot cell using the
overhead crane.

Also shown in Table 2 is a listing of the
major equipment needed in each eof the three
stuges,

Sector Replacement

Sector replacement is Stuge 3 of the totad
scenario. It consists of inspection and decon-
tamination of the open torus and the adjucent
floor area, transporticg the rvepaired secctor
from the hor cell to the sector handling devive,
positioning the sector into the torus, inspect-
ing vacuum flanges and bolt holes for alipgnment,
removing the sector handling device, installing
structural attachments, welding the sectar neal,
and inspecting the floor area and decontuminat-
ing as required., ¥f a shield plug is installed
into the sector at the duct opening, personnel
gecess to the sevtor is possible.

Stage 5 is reassembly of all of the scctor
intertfaces and final vacuum testing. It con-
sists of installing the shiclded duct and weld-
ing the flange joint, installing the duct elbow
and welding those twe flange joints, leak chech-
ing all threce joints, installing all of the pipe
assemblics and connecting couplings, leak test-
ing the couplings, general inspection and radia-
tion cheeh and cleanup as required.  Many of the
operations during this stage can be assisted by
personnel.  Continuous radiation monitoring will
be required hefore and during these manned
operations.,

General device startup is the sixth and
final stage. It consists of a final inspectiaon
by maintenance personnel, rvemoval of maintenance
cquipment to storage, circulating coolant in the
sector, starting un the tarus pump system, re-
conditioning the plasma chamber, energizing the
coils, and finally rcactor plasma startup.

Tablc 3 also includes a listing of the
maior cquipment needed during each stage.
the same equipment shown in Table 2, with
addition of lcak detecticon ecquipment.

It is
the

GEXERAL PURPOSE AND SPLCTAL PURPOSE EQUIPMENT

General purpose maintenanve equipment i
that which is not dedicated to any particular
operation and can he used to sccomplish more
thon one tish. The Mabide Manipulator Syvten
MMS ) T an example of generdal purposce egquipnent .,
It is capable of limited Vifrong. uses various
end-ctfector tools, anyg can pertform inspection
and eyuipment setup,

Special purpose maintenance equipment Q-
that whyvh 1x dedicated to o spevithe taskh or
furceion.  The Scector Handling bevice SHD 1s an
example of cguipment Jdedicated to oa specitic
task, namely the extraction of the torus
The vemote cutter-welders is ancther oxanple,
although it is not Iimited to scctor remeval
can he used on any flanpe which is desipned to
acvommodate this eguipment.

cestey,

andd

Table 37 is a listing orf the marer ogaip-
ment ident ificd from the scector yveplavement
scenario, along with relevant comments, It g«
worth noting here that ror the veplacement ur o
single sector, theve ix no reguirement 10 more
than one unit of any cyguipment {isted.  The
stderation of multiple sector replacoment mas
require duplicating some ot the equipment.  Ihis
could be determined by doing o cost-henetit
analysis which assesses potential machine dows-

time saved.

Ceneral fguipment Requirement s

A preliminary listing of eynipnant requrte-
ments is presented below,  They are general 1
nature and most be supplemented with functional
requirements and operating requirements in order
to provide o basis for conceptual equipment
designs,

Materials of fabrication:

1, In general, non-magnetic myterjals are pre-
ferred and should be considered shere they
do not have o significant impact on the - ost
of the equipment design.  Nop-magnetic
miteridls are a reguirement for smill tools
(i.c., wrenches!| used ia the reactor
building.

2. All materials should exhibhit resistance to
degr dution from gamma radiation.  This 1<
especially true for the use of organic
substances.

3. Materials should be reasonally impermeable
to tritium wherever practic.1.
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should be resistant to chemicals
lTeaning and decontanination,

Materials
used for ¢

3.
surfiaces and finishes:

1. All equipment surfaces must he smooth, hav-
ing at least a mill-quality finish. Fer-
ritic omaterials may require coatings to
protect their surfaces from corrosion and
oxidation.

>, Imaccessible equipment surfaces are to be

molded to ease cleaning and inspection,

3. Penetrations inte the wmaintenarce equipment
for its meving parts, modular interfuaces,
and umbilicals must be seualed.

Tabhle 1.

ot One Sector

Liem

Mobile manipu.ator svstem

Floor-mounted manipulator
svstem

*Bolt removing tool

*Nut-runner

Cutter/welder system

*Lifring slings

Overhead cruanes

Scector handling device

*Portable CCTV
*Leak detection cquipment

*Decontamination equipment

Maintenance Eguipment

This device was among the general purpose maintenance equipment
Equipment Workshop held in January end March 1981 (re ORNL/TM-7764).

Fquipment assenbly

1. Components which make up the maintenance
equipment should be modular with full

all modules for maintenance and

disassembly,

dCUUss to

2. The equipment assembly or 1ts modular con-

ponents should be capahle of glovebos
repairt wher hands-on repiirs are not
possible.

for the Removal

Comment s

Used in all six stages of sector
replacement

It interfaces directly with the

cquipment having an asterisk (*)

Located behind the TF coil

Pnecumatically driven

For coolant couplings

Track mounted

For lifting pipe assemblies

SO-tonne capacity and 500-tonne capacity

Provisions for containment of
contaminated debris

General viewing and inspection
Inspection nf flanges and couplings

Portable vacuuming system

identified at the FEI' Maintenance
There does not aprear to be any

advantage in using this equipment instead of the mobile manipulator for scctor removal.



SUMMARY AND CONCLUSIONS

Assessing various disassembly scenarios is
a wav of determining which maintenance equip-
ment is needed to replace tokamak components.
The replacement of a torus sector was used to
identify general purposc and special purpose
major eyuipment by evaluating six stages of
operations, For the replacement of one sector,
the duplication of equipment was shown not to
be a requirement. Other component replacements
will be cvaluated in order to expand the list
of required equipment; similar work for the TF
coil has already been started.

The equipment listed in Table 4 scems to
indicate that the development of wiintenance
equipment concepts cun be accomplished using
present technolopy which has been adapted to
the particular needs of the tokamak., If the
development of this cquipment is coupled to a
reactor configuration which is designed at the
outset for maintainability, viable approaches
and systems cuan be developed for marntenance.
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