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I t  is tfle purpose of TdaV te emtr ibute  s ignif icant ly  t o  a r a r t a in  number ef 
selected areas i n  Tekamak ohysics, and thereby enable the  Cantra canadien d e  
fusion magn&ti+e t o  par t ic ipa te  i n  international fusion reseÃ§3cch This g o d  is 
seen in t h e  context of size and budget limitations. 

MeV is a device of modÃ‘ s ixe operating a t  1.5 TÃ§sla Ja dtvertor m d e  with a= 
0.27 m and R=0.87 m, the plawna current a t t a ins  300 kA. Im ohmic operation, tha 
device i n  capable of electron densi t ies  of about 6 10" if" and electron 
temperatures of 1 IceV. A major feature of t h e  device is it capacity f o r  long 
pulse a p r a t i a n  u8inq lower hybrid current drive. Tfeia featurn w i l l  be UJted to 
p-cuLar advantage i n  long pulse studies of recycling, impurity accumulation, 
and material  erosion and shock. 

thm double-null three-coil divartor system is a major tool opening the path to 
a nu- of edge plasma and impurity control and accumulation studies. The 
d iver tor  p la tes  are  alÃ§ e l ec t r i ca l ly  insulatad and equipped w i t h  current feeds, 
and can therefore be used for biating, verticil current injection, and he l io i ty  
injaction experiments. 

The addition of a lowar hybrid current &iv s y s t m  i n  3993 w U l  enhanee t h e  
capacity of the  device. Long pulses, higher plaaro* paramÃ§tmrs and the study of 
enhanced confinement modes w i l l  then become possible, u w i l l  dirmct s tudies  of 
t h e  current dr ive physliC*. The parametma of the device c&n be fur ther  enhanced 
by t h e  subsequent i d t a l l a t i o n  of additional heating. 

A complete set of diagnostic* foe detailed pro f i l e  Â¥eaawrawent of the central 
plasma, u well a s  impurity *nd edgÃ p lamr  nmasurÃ§Ã§mt are eithar opÃ§rationa 
o r  w i l l  be added in the  future. 

The p a r t i c u l u  areas of study are divertor and edge p l a w  Qhyaict, impurity 
t ransport ,  sources, and control, platma-wall latex-action and MateriÃˆl i t u d i e ~ ,  
t ranspor t  and equilibrium of t h e  central  p l m  In the course of the program, 
theae aream w i l l  be etudied w i t h  pÃˆrticulÃ q h a f f i ~  aa long pulssa, carrent 
drive,  additional heating and the  associated enhanced confinement regime*. 

Divertor and doe nlaama studies 

Divertor and edge physics, a very important topic for  large mÃ§chiJie Ã t̂i fusion 
reactors, is a domain par t icq l f ly  suited fo r  study i f t  a media  sixad device 
because t h e  edge parameters can be 8*lar. 

MeÃ§surÃ§ruBn with ~ p e c i a l l y  designed L*%ymuir probe array tnd sophiaticatad 
spactroacopic technique* in the v i t i b l e  haw permitted the spa t i a l  resolution of 
drift :  ve loc i t ies  of cer ta in  Light impurities. Such veloci t ies  axe in both t h e  
torol-dal and the poloidal directions,  Ã̂n axe associated w i t h  the biasing, both 
natural  (attlbipalar) and imposed (via the divert* plateaj ,  of t h e  plasma. Moat 
theorius  of improved confinement postulate the  exia.tenceof such dxifta, w h i c h  
are. impsrfcant as  well for  sweeping -Unyritiee into tfaÃ divBrtors. 

During diver tor  b i t t i n g  experiments, hpsrtant c l u i n g ~  in the  edge electron 
density and temperature. have been measured OpÃˆctroÃ§co on a carbon-Uthiuai 2 beam ablated by 1- in to  t h e  Edge plama an even penetrating a l i t t le  pa% t h e  





The topics i n  t h i s  area a re  chosen fo r  t h e i r  i n t e re s t  to larger dÃ§vicÃ i n  are- 
i n  which the diagnostics a r e  par t icular ly  appropriate (e.g. perturbational 
t ransport  measurements, sawteeth, current t.ranÃˆwrt turbulence) or in  which t h e  
device is equipped t o  make a unique contribution (e.g. f a s t  plasma current 
rampdown, ve r t i ca l  current inject ion) .  

Experiments on f a s t  current rampdown are continuing. Disruption free runpdown 
ratem up t o  about 16 MA/* down to currants of only a few tens of kA can be 
achieved by g~ puffing at  t h e  end of thÃ current plateau. we qeculaf  t h a t  t h e  
gas puff increases the r a s i s t i v i t y  allowing f a s t e r  currant density redistritafeion 
and tending to s t ab i l i ze  HHO disruptive modes. 

Studies have begun and w i l l  be continued on ver t ica l  current injection using the 
insulated diver-tor p la tes  t o  determine the ef fec t  an the  plasma horizontal 
posit ion control. Halicity injection, which w i l l  require emitting pLÃˆteS Bay he 
a future  f i e l d  of study i n  this area. 

While providing long pulses add additional beating, the  current drive systea of 
Tdev w i l l  contribute t o  research in t h i s  f ie ld ,  par t icular ly  in the  area of 
current t ransport  and synergistic effects.  acce~m t o  enhanced confinement mode# 
would render the  studies i n  t h e  other research areas mar* relevaat. 

Several current drive scenarios are under consideration. In addition t o  tha long 
pulse  condition en t i re ly  with RE' currant drive, an alternating cycle of current 
drive-enhanced otwic opÃ§ra tb  (5 s) w i t h  lo" daniity transformer rsehtrge ( 5  s) , 
w i l l  be examined. The RF-ohfflie part of the  cycle w i l l  permit higher density 
operation than pure RF current drive, while the recharge part wil l  allow 
investigation of l imi t s  t o  the  recharge speed. 

Plane hal t ing accompanying the current drive i s  expected to  be significant, 
doubling t h e  electron temperature. Attainment of the enhencement continsmant 11- 
mode Â± expected, even without pla~niÃ biasing. control of the  election dÃ§nÃ§i 
p r o f i l e  in t h e  SOL just  i n  front of the W u tannas  uaing plaama biaxing ehould 
enable optimum coupling to t h s  plasma of the E S  energy. clearly,  tha attJinownt 
of higher t e m p e r ~ t u r e ~ ,  ba t te r  continametit and Longer pulaea during RP cu-t 
d r ive  w i l l  Â¥nhanc thÃ s t u d i ~  deÃ§cribe i n  t h e  o t h e r  wctiona of this prograia. 

The m l i n  objective of the theory and interpretation group is thÃ support and 
guidance of experimental tokanak research *C CCFM by mean8 of appliad theory. The 
program of t h e  group is therefore t trongly coupled t o  thÃ ziain topica of the 
experimental program described previoutly and consists raainly of data  
in te rpre ta t ion  and numerical simulation. 

STATUS AND PLAKMIKG 

  he s c i e n t i f i c  program is and w i l l  be implemantad in  several phases. 

ThAs w u  t h e  i n i t i a l  operation phase with l i m i t m r  plÃ‘HIM terminated i n  IKc 
1988. The major goals w e r e :  

eommiesianinu of the  &vice and same diaenot ic*  
comnissioning of cleaning systems 
s u r - t s  of the main pl- paraÃˆater with power balance 



daterrainatLon of operÃˆtionÃ l imi t s  in currant and danaity 
study af  fwtt  pl&ttM cumnt r*aipdown, using EF posit ion control 
t e Ã ˆ  0t T i C  eottingb 
tachnic*.l teat of nmlti-pulae operation 
tert of Impurity inject ion 

Th is  phase is called the biased divei tor  phase mri Includes several anpacts of 
diver tor  operation w i t h  rapid horixon**1 position control using t h e  internal 
coilÃˆ A s ingle  short pluxna pulse is produced. Work ls currently being- eurlxd 
out on the following topics; 

divestor  p l a t e  biasing, ef fec ts  ~n confinenmt and transpnrt, impurity 
lÃ§v~lÃ turbulence 

evaluation of borenlzatbn techniques 
s i n g l e  null divertor operation 
currant injection v ia  diver-tor pit- 
operation with deuterium, &facts on confinemant and tran~port, impurity 

leveli and divertas opration 
test limifr- further testa with boroniied saphitee md Tie 
laaei; ablation t o  measur* iBpurity tranÂ¥poet d i v r t o r  afficiancy, 

mq-ff lay- parmeters 
ofta inject ion to uieanure impurity gÃˆÃ ncrapÃ§of IayÃ§ Ã ‡ c r w i n g  d i v r t a r  
@miping, tnnaport, di~ertar afficiancy 
evaluation ef diver tor  pumping with one unit 

Machine operation w i l l  pcobkbly bwcene rimtine. So addition t o  thÃ continuation 
of the -inant-* of @hse IIa, the  following topics w f c U  be @ ~ M i s A z  

plaÃˆ b iuLog  using Celt liffiitÃ‡ and C f i & X a  USing Â LaB6 tuud 
evaluation of divertor pmacJ.nq with 4 cryoaÃ§nic uni ts  
lithium p a l l e t  injection experiment* 



This @am repkuenta  the beginning at thÃ Â¥xfrUm w i n g  the LHCO ay&eri~. In  
particular it is- en+iÂ¥aga t o  pursue th* following topics: 

LHCD andOH operation mceniwioÃ ( msxhnm 5's) 
LHCD c,~arkcteri.iatio,n w i t h  new hard and EC transmimBi.on @iaga.o.mtic~ 
OH tranmfo- recharge 
he l i c i ty  inject ion via e m i m m i v  electrode 
improved confinement realmam w i t h  LHCO - 

e r r a n t  p rof i le  c&trkil 
transport  and impurity ac&aulKtion 
turbulent heating and current daneitey perturbations 
diver-tor plate biasing 

compoaita carbon,md other newmaterialu on gbe test Limiter 
edgeplasma and SOL studiea with t h a l l i u m  aton b- 
l i g h t  impurity density and transport (neanurenienta with diagnostic l i g h t  

elament beam 
helium inject ion using diagnostic beam and u t u ~ i c i  of fusion a6.h transport 

and divertor pumping 
ctuiraeteriztt ion of pumped divei-tar boxes 
compact t o r u ~ :  fuel-ling alcperimants 
cotitinued t r a p  and cbnfinanmt e?perim?ntt mi* gas puffing, la- 
ablat ion and pellet injection with different  m e n t  denaity profiles 
[LHCD), diver tor  p la te  biasing ami wall conditioning 

Ooenino between chases I I I a  and III4 

Thin opening is planned for  preparation for Longer pulse operation o f  ToteV by 
modification at apaa cooling syatem.B, RP antenna etc.. . 

During phase IIIb, t h e  following >ra aha topics tha t  axe @ a n d  to be addrasaad: 
long p u l ~  (30 m )  LHCD and OH operation 
diver tor  operation under high plate loading - character is t ics  under 

d i f fe ren t  conditions 
density p ro f i l e  peaking and fuell ing with deuterium and Hydrogen ice pellet 

injection, poaaibly multi-*let 

The centre ~ a n a d i a n  dm fusion inagnetiqueis a +olnt venture ,af Hydro-Qu/bec, 
~ t @ c  ~nargy of ,  Canada Limited and zn i t i t u t  n~tionÃˆ.  de la rÃ§chÃ§rc 
scientifique, &n which MPB t ~ h n ~ l ~ g i . ~  Ins. Mid t'he unloreruite dm H e n t r ~ l  a lÃ§  
par t ic ipa te .  . . It i a  principally funded by AECL, Hydro-Quebea and IHRS. 




