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ABSTRACT

ToLamak design studies for the past five years
have emphasized the importance of device main-
tenance by developing configurations based
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 equipment 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.

IX'IRODUCTIOX

The Fusion Engineering Device (FED) is a
configuration which is representative of next
generation D-T tokamaks. It 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 equipment, 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 are 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
contract K-7J05-eng-26 with the Union Carbide
Corporation-Nuclear Division.

SECTOR REPLACEMENT SCENARIO

The tieve 1 opment of thi s scenario assumes
that peripheral components (i.c., test modules,
pumped 1imi t or, 1CRII, HCRH) remain installed i n
the sector during its removal. Fxr simplicity,
sector replacement can be vi ewed as n two-part
scenario censi st in£ of scctor removal and sub-
sequent replacement usinj: a spare or the
reyin i red sector. V/Azh of t liese has + hrec st a^es
of operation described in Tables 2 and 5.

Sector Removal

General device shutdown is the first stage
and consists of de-cnergi:ing the coils, drain-
ing and storing the torus coolant, a bakeout of
the torus for detritiation, and the preparation
of maintenance equipment. Based on the present
understanding of these procedures, (vl hours is
lequired, 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 more
efficiently done hands-on.

spooi/frame, cutting the vacuum flange, unco
ing coolant and electrical connections and
removing pipe assemblies, decontaminating th
duct and the sector, removing the pump duct, and
instailing shield plugs over duct openings.

Removal of part iculate matter eroded fron,
the first wall surfaces of the sector prior to
its removal is a measure which will minimi:c 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 before the sector is
removed.
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Table 1. Characteristics nf major F[:t) rum

Component Quantity Si :e (m)

10

Major tnai ntenar.ee equipment

Torus Sector

Limiter Module

Pump System

ICRU Launcher

0/H Solenoid

KF Coil *2

H! Coil *3

EP Coil* M , 4

r r coil

r-o&l In jev:tor

10

20

1

1

10

7 • 5 * 4

4 * 5 x 0.5

2.5 " J ' 1.5

3.5 « : .S » 1.3

12 • .1 dia.

19 d i a .

19 d i a .

J . 9 d i a . , .T.I J i a .

1 0 . 6 « 7 . 2
( c l e a r b o r e !

6 ' J i l i a .

30

'10

'10

3(10

-J50

Special t r a n s p o r t e r , 0/H crane, remote welJcr

Special \ranspdrtpr, O/U crane

Hencral purpose imnipula tor , 0/H crane

Special l r a n s p o r t e r , 0/H crane

0/H crane

0/H crano

.I;K-km,: system

Spoci?l purjiose nisnipul3tor

Special f i x t u r e s , 0/H crane

l^niTai piirpose manip\iininr, -IOI cT.inc

FED REFERENCE CONFIGURATION
DJMETRIC V(£W
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General Hevice Shutdow Hi sassemble Sector Int erfaces

• Do-cuergi ?.e co i l s I , . • Remove s t r u c t , bol t" f-14-2 1/- cm)
• Train 5 store torus coolant water f • Cut vac. flange (2: m)
• Rakeout torus using hi-temp N2 gas 18.5/24 h • Uncouple coolant l ines
• Lower torus temperature 18.5 h Lines Connect* s Hi am (cnQ
• Prepare maintenance equipment 2 '1 30

64~h I 2 ;n

Fqui pment - Stajje 1

• HeniTai device shutdown docs not require
the u-;e of maintenance equipment; the
procedures l i s ted are nut nnt.it ed and
executed from the control room

< Preparation of maintenance equipment
cons is t s of removing equipmcnt from
storage and placing it in reactor coll
during the IS.S-h eooMown phase

l

• Uncouple

8

10

IS
veguide

• Uncouple coax (combination
electrical Fi coolant)

1 J :<)
• Remove l ines in window an-a
• Cut vac. flange of duct elbow
• Remove el how to storage
• Ins ta l l floor cover p la t r ove
• Cut vac. flange of d u e
• Rol 1 back duct ; remove to sto

o

Fquipmrnt - 5t i_ge 2

1 C.eneral purpose mobile manipulator
. Hebolting tnul \?-\/2 cm bol ts )
i Track-mounted cu t t e r
1 Nut runner for "C.rayloc" t>^e couplings
< Lifting sl ings for pipe sect ions
• O'H crane!^)

Insta l l
pos i t ion

•Sector Removal

ector handling uevice* and lock into

• Engage extract ion mechanism to sector
• Pull sector onto handling device
• Extract handling device and sector
• Attach contaminant co l lec tor to sector
• Lift sector and transport to hot ce l l a i r lock

Stage 3

• (ieneial purpose manipulator
• n/H c rane(s )
c Sector handling device

•Sector handling device has provisions for containing contaminated debri

i lwrt 1- •uu! ! -^u 1



Sector Replacement

t Visually inspect floor area and
open bay for participate matter

» Decontaminate open bay and floor area
t Transport repaired sector to
handling device

• Engage extraction mechanism to sector
i Roll handling device and sector
into window area

i L(J k handling device into position
i Push sector into its final position

in torus
» Inspect vacuum flanges and bolt holes

for a] ignpient
» Remove seitor handling device
• Install structural bolts (44-2 1/2 cm)
• Weld vacuum seal (22 m)
• Inspect floor area; decontaminate as

required

f_̂ > Assemhle Sector Interfaces C ^

• Install shielded duct; weld vacuum flange (8 m)
• Remove floor cover plate
• Install duct elbow; weld flanges (8 m, 8 m)
• Leak check all welded flanges (22 mt 8 m, 8 m, 8 m)
+• Position lines, connect

lines

1
6
1

Connect ions

2
12

Pi am fan)

10
15

• Same for waveguide
1 2 3

• Same for 1CRH coax assembly
1 2 20

• Leak check each coupling by pressurizing
systems with tracer gas

• Check work area around sector for contaminated
debris; cleanup as required

General Device Startup

• Final inspection by maintenance personnel
• Remove maintenance equipment to storage
• Circulate coolant in sector
• Activate torus pump system
• Recondition plasma chamber using bakeout,

discharge cleaning, etc.
• Energize coils
t Begin reactor operations

• CCTV (general purpose mobile manip.)
• Pecon vacuuming device
• Radiation monitoring device
• (leneral purpose mobile manipulator
• O/H crane crane
• Sector handling device
• Bolting tool
• Track-mounted welder

O/H crane
Portable remote viewing
Track-mounted welder
Leak detection equipment
General purpose mohile manipulator
Decontamination equipment

Equipment - Stage 6

0/H crane

•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.
+Lines are preassembled into holding fixture.

++Pump down torus to base pressure; use tracrr gas analyzer at sector pump system for vacuum test; use tracer gas analyzer at coolant coup'ings.

Tahli- r Rep I ."icemen t rrociulii I T S ;IIH1 \-\\\\ i pinent



Removing the .sector is the third stag-e and

i? showi schematically in Fig. 2. It consists

of installing the sector handling device, engag-

ing the mechani sms of that devi ce, ext ract i ng

the sector out of the window ares, attaching the

contaminant col lector to the sector, and trans-

port ing the seeto?" to the hot cell using the

overhead crane.

Also shown in Table 2 is a listing of the

major equipment needed in each of the three

stages.

Sector kepi acewont

Sector replacement is Stage J of the total

scenario. It consists of inspection and decon-

taminat ion of the open ton:5 and the ad jaeent

floor area, trnnzpovting the repaired sector

from the hot cell to the sector handling device,

positioning the sector into the torus, inspect-

ing vacuum flanges and bolt holes for aligtuuent,

rcwovi ng the sector hand 1 i rig devi ce , install ing

>t ructura 1 att achwent.s , wcl ding t he sector '-.eal ,

and inspecting the floor urea and decontaminat-

ing as required. If a shield plug is installed

i Jit o t ho sector at the duct oponi ng, pc-rbonnrl

access to the sector is possible.

Stage £ is reassembly of all of the sector

interfaces and final vacuum testing. It con-

sists of installing the sh i elded duct and we) <.l~

ing the flange joint, installing the duct elbow

aad we Id ing those two flange joints, leak check-

ing all three joints, installing all of the pipe

asscmbli e? and connect i ng coup lings, leak test-

j ng the coupli ngs, genera i inspect ion and radin-

tion check and cleanup as required. Many of the

operat ions during this st age can be assi stcd by

personnel . Cont in nous rad iat ton moni tori ng will

be required he fore and during these manned

operations.

General de\i ce startup is the sixth and

fi rial stage. It con si st s of a final inspection

by maintenance personnel, removal of maintenance

equipment to storage, circulating coolant in the

sector, starting up the torus pump system, re-

conditioning the plasma chamber, energi zing the

coils, azid finally reactor pi as ma startup.

Table ?> also includes a listing of the

major equipment needed during each stage. It is

the same equipment shoivn in Table -, wi th th<?

addition of leak detection equipment.

GEXl.RM. 1'URi'OSH ASH Sn.ClAl . PUKPUSi Q

(iciie r a l p u r p o s e ma i / i ton . tnee e q u i p m e n t i s
t h a t \<hi ch i s no t d c J i c a t e d t o ar.v p a r t i cu l ;ir
ope r a t i on and can he u s e d t v accor.ip 1 \ sh niorr
t h a n oi)c r isK . Thv M o b i l e M;u;i puKit n r >y--tciu
(MMS i i ^ an exam;1! e of g e i u ' r a I p u r p o s e v.\\: i pnient .
I t i s c a p a h l e o f 1 isni t ed 1 i ft : n g . u<c* \ a r i ou^
e n d - e f f e e t o r t o o l s , ana c;in p e r t ' ^ r r i i n-^j^ect i on
and equ i pn.ent s o t u p .

S p e c i ;t I p u r p o s e ma i nt e n a n c e equ i ;^:;ent i •-
t h a t uh i ch i > d e d i c a t e d t o ;i s p e c j f i c t a s k i>r
fur c t i on . The Sec t u r !l:inti] i ng I ' n i ct- r SHI* ^ an
exaiuji le o f t-q\iipinent d t - J i c . i t f J t o a ^ p v c i f i c
t a s k , namely t h e e x t r a c t i»ui o f t !u- t o r u s .v:X^v.
Tlie remote- c u t t e r • IVL .' J c r* i s a no t h e r vxar ; 1 1 o,
a J thougJi i t i s not 1 inn t e d 1 o s t - c t o r re"ik>va 1 .IIK!
can he u s e d on any f 1 .mge whi cb. i s d e s i gncd m
.iccomriinJuiU1 t h i s equijMiicnt.

T a b l e -I" i s a l i s t i n g " f t hv j ;u_".r e q u i p -
ment i d e n i i i'i L\) from t i ie s e c t o r re pi ;iv"erier.t
s c e n a r i o , a l o n g w i t h r e l L-vjiit c.iK'.ment s . It s <
w o r t h n o t i n g h e r e t l i a t f o r t h e J-OJI] jeement u r" .i
s i n g ] e s e c t o r , t \WYV i s no yc^u} 7-cw.cnt f r vi^rc
t h a n one u n i t o f any I ' n u i j w n t l i s t e d . \\w c i,-
s i d c r a t i o n o f m u l t i p l e s e c t o r r v p l a c j i x r . t iv,.»v
rc i ju i r e dup l i c a t i ng some- o t' t hv e.ju i ji::ient . J h i s
cou J d he ' .k'teriiij no J by do ing :i c^.st - h e n e f i t
ana 1 \ -s i s whi ch a s s e s s e s p o t e n t • a 3 r.mch} nv Jov%:; -
t i ric s a v e d .

K ' u c r a 1 J.quijn^ent Rcuau r emen t s

A p r e l i m i n a r v l i s t i n g o f c q u i p ^ t n t r c i i n r c -
ment s i s p r e s e n t ed be low . Tliey a i\- gen^r-j 1 i:
n a t u r e and must be supp) e men ted w i t h f u n c t i i-:..i 1
r e q u i r emen t s and ope r a t i ng r c q u i r e n e n t s i n orJt.- r
t o p r o v i d e a b a s k s f o r c o n c e p t u a l e q u i p m e n t
d e s i g n s .

M a r e r i a 1s of f a h r i c a t i o n ;

1, In g e n e r a l , n o n - m a g n e t i c mat e r i a I s a r e p r e -
f e r r e d and s h c u l d he c o n s i d e r e d w h e r e They
do n o t iuive a s i g n i f i c a n t impac t on t h e - o s t
o f t h e e q u i p m e n t d e s i g n . Non-magju-t i c
m a t c r i i l s a r e a r e q u i r e m e n t f o r sma i1 T u o l s
( i . e . , K r c n c h o s I u s e d i a t h e r e a c t o r
b u i 1 d i n g ,

2 . Al j jnai'•rials s h o u J d c .xhihi t rt-s : s t a n c e t o
d e g i ' I ' i t i on from g'u:inia r a d i at i on . Thi > i •<
e s p e c i a l l y t r u e f o r t h e u s e o f o r g a n i c
s u b s t a n c e s .

3 . Mat e r i a 1 s shou 1 d be reason;1 M y i mpermeab 1 e
to t r i t i u m wherever p r a c t i c - 1 .



REPLACEABLE
SHIELD SECTOR

EXTRACTOR /TRANSPORTER
PALLET

REPLACEABLE
SHIELD SECTOR

/—SPOOL STRUCTURE

li ^

EXTRACTOR/TRANSPORTER

PALLET

REPLACEABLE
SHIELD SECTOR

— SPOOL STRUCTURE

-.. — .--=---w_-^=- —SPOOL STRUCTURE

EXTRACT3R/TRANSPORTER - -
PALLET

Yif. Schematic representation of
a sector removal



A. Materials should be resistam to chemicals l-quipment assembl}

useJ for cleaning and c/econtari.i nation.

J. Component s whi ch make up t he maintenance

Surfaces anJ finishes: equipment should lie modular with full

access to ;ill niodu 1 e-s for ru i n ten a nee and
1. All equipment surfaces must be smooth , hav~ ^l sassembl y.

ing at least a mi I 1 -qua 1 i t y fini sh. i:cr-

r-tie materials may require coatings to :- "'"he equipment assembly or its modular co::.-

protect their surfaces from corrosion and ponents should be capable <>i' gJ oveho.v

ov i dat ion re pa i r uher 1: and?-on re pa i i"s are not

possible.

J. InaccessiNc o<{uipuicnt surfaces ;ire to be

a\oided to ease c1cani ng -md inspect ion.

3 . Ponet rat i ons into the vr.n i r,t enarcc cq'.iipment

for its niovini; parts, modular interfaces,

and uint1 i 1 i c,i I s must be sea 1 ed.

Tabl e 1 . M:i i nt enance l:.qu i pment for the Removal

of One Sector

Item Common t_s_

Mobile m.-inipu-nlor system • Used in all six stapes of sector
replacement

• It interfaces directly with the

equi pim-nt havi nc. an asteri sk (*1

Floor-mounted mani pulator • Located beh i nd the TF coil

system

*BoIt removing too] t Pneumatically driven

*Nut-runner • For coolant couplings

Cuttcr/wcldcr system • Track mounted

*Lifting slings • For lifting pipe assemblies

Overhead cranes • SC-tonne capncity and 500-tonne capacity

Sector hand!ing devi ce • Prnvi si ons for containment of

contaminated debris

•Portable CCT\' • General v:ewing and inspection

*Leak detection equipment • Inspection of flanges and couplings

*Pccontamination equipment • Portable vacuuming system

Thi s device M I S among the genera 1 purpose ma intenance equ ipment i dent i i'i cd at the FI:i> Maintenance

Equipment Workshop held in January and March IS SI (re ORNL/TM-7"fii>) . There does not appear to be any

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



SUMMARY AND CONCLUSIONS

Assessing various disassembly scenarios is

a way of determining which maintenance equip-

ment is needed to replace tokamak components.

The replacement of a torus sector was used to

identify general purpose and special purpose

major equipment by evaluating si.x 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 evaluated in order to expand the list

of required equipment; similar work for the TP

coil has already been started.

The equipment listed in Table 4 seems to

indicate that the development of Maintenance

equipment concepts can be accomplished using

present technology which has been adapted to

the particular needs of the tnkamak. If the

development of this equipment is coupled to a

reactor configuration which is designed at the

outset for maintainability, viable approaches

and systems can be developed for maintenance.
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