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The paper describes the present (end of 
February 19955 status of the plasma 
confinement studies in the TPTR tokamak with 
emphasis on those with neutral beam injection 
(MBI). Recent improvements in the device 
capabilities have substantial]/ extended 
operating parameters: 
l 0 to 2,0 MA, injection power (PjJ to 
with H° or D" beams, iia to 5 x 10 m~ , 

B^ increased to 4.0 T, 
5 MW 
and 

2f>£-c reduced to 1.4. With ohmic heating (OH) 
slone, the previously established scaling for 
cross energy confinenent tirce ( t - * neq} has 
been confirmed at higher I D and *U, and the 
Tiaximurc T - of 9.4 sec has be'en achieved. wi th 
SBI at P^ substantially (by factor > 2) higher 
than ?3ff* excellent power and particle 
accountability have been established. This 
suggests that the less-than-expected increase 
ir. stored energy with SBI is not due to 
problems of power delivery, but due to pro
blems of ronfinement deterioration. r - is 
observed to scale approximately as I ? D 

'independent or ft 1, consistent with previous 
L-mode dealings. 
the Tiaximum r-
r, o) of 4.4 "^f 
regime, and ̂ *J 

Sith NBI we have achieved 
0.2 Sec and the maximum 
i n the normal operating 
higher T-Co) in the 

energetic-ion regime with low-n^ and low-1 
"̂ p(*ra tion. 

The research goals o.-? the Tokamak Fusion 
Test Reactor (TFT3! are to study plasma 
confinement at tjsion reactor plapma 
parameters and to demonstrate energy breakeven 
with DT plasmas. Svsr these 
keV, 25-30 MW neutral beam 
system will be provided, 
adiabatic compression to 
effective heating power. 
importance in pursuing 
transport and s tabi l i t 
discharges with 

purposes, a 
injection f 
backed up 
^ultioly 

Of crir. 
these aoalj 

' properties 
auxiliary heating. After 

bv 

of 
the 

headlines, each 
installed 

f i r s t year 
a l o n e , 1 - 5 

operation with onm- he-atir.g 
f irst i wo 2t four le^tr^l 

Lth ^hree Lon sources, v»rs 
TFT? in the co-tangcr.tu L 

direction. In i t ia l neutral Dean ir.-e-rti in 
experiments with H° neutral power [ ? : ;p - j 
". • 2 MW from one headline started •_-, August 
1984, and results were reported at -he London 
IAEA Conference. Since then, the second 
beamline has been brought L n to opera cion wj. ih 
total neutral IK° or 3°' power ;f ,JD zri 5 
M W , In addition^ the TFTR orerauanal 
capabilities have been upgraded : the 
toroidal field (BT) from 2*3 T to 4.J T: -he 
plasma current (I 0 ) from 1 . -J MA tD 2,0 MA; *nd 
the effective ion charqe f 2 3 ; (

1 down to i-4. 
The device capabi litie^; are expected to be 

esfentaa at -r.e 6tn Topical Meeting en ir.s TecnnologT.' of rus:r>n £r.er 
r. "rar.cisco, March 19B5. The proceedings are to be pus limited in 
r : t - Tezhr.olcc-/. 'ulv 1^35. 

mm o 
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f u r t h e r u p g r a d e d b e f o r e shu tdown i n mid A p r i l , 
1 9 8 5 . T h i s p a p e r r e v i e w s t h e p r e s e n t (end <?f 
f e b r u a x y / ' 9 8 5 J s t a t u s o f t h e c o n f i n e m e n t 
s t u d i e s i n TFTR. I t e m p h a s i z e s c o n f i n e m e n t 
s t u d i e s w i t h b e a n - h e a t e d f a l l - s i z e d i s c h a r g e s 
und» r n o r m a l o p e r a t i n g c o n d i t i o n s . The 
e n e r g e t i c - i o n r e g i m e r e c e n t l y a t t a i n e d w i t h 
h i g h power i n j e c t i o n i n t o L o w - d e n a i t y ( n Q a 1 
x T O 1 9 i n " 3 ) , l o w - c u r r e n t ( r ^ * 0 . 8 MA) 
d i s c h a r g e s i s d i s c u s s e d i n H. F i r t h ' s i n v i t e d 
p a p e r . 

I I , CONFINEMENT OF OHMICALLl HFATED DISCHARGES 

The re h a s b e e n s u b s t a n t i a l i n p r o v e m e n t i n 
t h e c l e a n l i n e s s of p l a s m a s i n TSTR d u r i n g t h i s 
o p e r a t i o n a l p e r i o d . D a i l y h i g h c u r r e n t 
o p e r a t i o n ( I _ z ' *$ 1^1 ^ Q C "ts-ny waeka w i t h o u t 
a vacuum v e s s e l o p e n i n g c o u p l e d w i t h p l a s m a 
o p t i m i z a t i o n t e c h n i q u e s h a s r e d u c e d 2, •a f f 
be Low 2 . 0 , a s d e t e r m i n e d by m e a s u r e m e n t s of 
b o t h t h e v i s i b l e b r e m s s t r a h l u n g , n e o c l a s s i c a l 
r e s i s t i v i t y , and X- r ay p u l s e h e i g h t - a n a l y s i s . 
In a d d i t i o n , t h e r a d i a t i o n f r a c t i o n p

r a c j / P a H 
h a s f a l l e n t o ~ -10*. The main i m p u t i c y 
s p e c i e s i n t h e TFTK p l a s m a i s c a r b o n , b u t 
t h e r e a s u b s t a n t i a l c o n t r i b u t i o n t o Z e f f 
rrora n i c k e l and t i t a n i u m a t low d e n s i t i e s ina 

~ * x 10 a ^ a n d from oxygen n e a r t h e h i g h 
d e n s i t y U n i t . Near t h e d e n s i t y l i m i t , 
MARFE-Like phenomena h a v e b e e n o b s e r v e d / and 
f u r t h e r s m a l l i n c r e m e n t s i n p l a sma d e n s i t y 
h a v e r e s u l t e d i n major d i s r u p t i o n s * 
A p p l i c a t i o n of chromium g e t t e r i n g h a s been 
e f f e c t i v e i n r e d u c i n g t h e oxygen c o n t e n t by a 
f a c t o r of 2 . 5 w i t h o u t a s i g n i f i c a n t c h a n g e i n 
c a r b o n o r m e t a l c o n c e n t r a t i o n s . The oxygen 
r e m o v a l a l l o w e d an i n c r e a s e i n t h e d e n s i t y 
l i m i t by 20%, r e d u c e d MARFE^lifce phenomena , 
*nd h a s l o w e r e d Z A f f t o 1.4 a t T,^ a 4 . 7 x 10 

The ohmic h e a t i n g s c a l i n g l aw , T_, a h"eq 
e s t a b l i s h e d d u r i n g e a r l i e r o p e r a t i o n a l 
p e r i o d s , h a s been c o n f i r m e d a t h i g h e r 
p a r a m e t e r l e v e l s : 3„ < 4*0 T and 1^ * 2 . 0 
MA. The d e n s i t y r a n g e of TFTR w i t h d e u t e r i u m 
p l a s m a s h a s b e e n e x t e n d e d t o n » -4.7 x 10 
m b e c a u s e o f t h e d e n s i t y l i m i t n& * fip/Sq 
and t h e a p p l i c a t i o n of chrotniura m a j ¥ t t e r i n g . . 
The t o t a l e n e r g y c o n f i n e m e n t was i n c r e a s e d 
from 0 . 3 t o 0 . 4 s e c a t t h e s e new o p e r a t i n g 
p a r a m e t e r s * F u r t h e r m o r e , t h e r e i s no c l e a r 
e v i d e n c e of s a t u r a t i o n of c o n f i n e m e n t w i t h 
d e n s i t y . Cn t h e o t h e r h a n d , s a t u r a t i o n of 
c o n f i n e m e n t w i t h d e n s i t y was o b s e r v e d i n 
h e l i u m p l a s m a s , where t h e maximum d e n s i t y 
a c h i e v e d was a • 7 . 3 x 10 ' a ' 3 and Z e f t f = 2 
(from n e o c l a s s i c a l r e s i s t i v i t y ) a c t h e h i g h 
d e n s i t i e s . lor . t e m p e r a t u r e s were n o t 
a v a i l a b l e f o r t h i s d a t a s e t , b u t a s s u m i n g T ^ 
c l o s e t o Ti Cor t h e i on t h e r m a l c o n d u c t i o n i s 
" 3 t i m e s t he C h a n g - H i n t o n i o n n e o c l a s s i c a l 
v a l u e * ) , - h e c o n f i n e m e n t a p p e a r s t o s a t u r a t e 
a t T-. ~ 0 . 3 5 sec fo r d e n s i t i e s a b o v e n_ - 5 x 

1.5 
S H O T X I H I S " » H " 

1.5 I I 1 . 1 1 1 1 1 1 1 1 1 .' 1 1 • I I I 

1.0 r / v ^ - A ^ v _ > 1

 !t , 1 0'S nA'~"" v " - - - -

0.5 ,'''' vw(vT^A>^~*---T 
,' NBIW.2MWI 

n i i i i I . i i i 1 J. 1 i,[ii.jajjjri i i i J .-

0.3[—r T T r •) 

^%/^A^v^^ ^ ^ 

2 
TIME :%tc': 

Eva Lueion sf ? Lasma M cane:ers 
Seara-heated discharge* 

I I I . CHARACTERISTICS CF BEAM-HEATED DISCHARGES 

F i g u r e \ i 1 l u s t r n t e s t h e e v e l u t i o n of 
s e v e r a l p l a sma p a r a m e t e r s f a r a b e a n - h e a t e d 
d i s c h a r g e - The d i s c h a r g e i s s u s t a i n e d f o r 4 
s e c w i t h t h e f l a t - t o p p l a s m a c u r r e n t ( I „ > i f 
1 .4 MA (yielding a s a f e t y f a c t o r q „ v , 3f 3 .5 
i t 3_ = 4 T ) . The t o t a l H° b e a n power nf 4-2 
MW from two c o - t a n g e n t i a l b e a m l i n e s , e a c h w i t h 
t h r e e s o u r c e s o p e r a t e d a t "50-75 keV (62 keV 
a v e r a g e ) , i s i n j e c t e d f o r 0 . 5 gee s t a r t i n g a t 
2 . 5 s e c , Upon i n j e c t i o n t h e l i n e - a v e r a g e d 
e l e c t r o n d e n s i t y (n ) i s n e a r l y d o u b l e d f r o n 

-.19 »-3 (without additional g^s puffl 1.4 x iQ 
t o 2 . 7 x 10 a i~ 3 p r i m a r i l y due t o d i r e c t beam 
f u e l i n g , a s w i l l be d i s c u s s e d l a t e r . The 
s u r f a c e v o l t a g e f T /

g u r ' i r o ? s Eron ' '? t o 0 .S v 
d u r i n g i n j e c t i o n , y i - j l d i n o ; h ^ o h m - power ?^u 

e q u a l t o 1 / 5 of p. . The i o t a I r a d i i t ed power 
( ? „ , ) i n c r e a s e s w i t h : . i * » c t : ; n , b u t f-ie 

r a a 
f r a c t i o n P „ a d / < P 3 H

 + ? b ; 1 S r educed t= 20-*. 
The v a l u e of Z p a t f of 3 .4 '.trim ' - i r ^ -nss t r ah i ' j r . a 1 

i s i n good a g r e e m e n t * i t h t he c o n d u c t i v i t y 
Z a f f o f 2 . 9 , p a r t i c u l a r l y c o n s i d e r i n g a 
c a l c u l a t e d b e a m - d r i v e n c u r r e n t of 0 .2 HA. 
2 fii v a l u e s in b e a m - s e a t e d l i s c h & r ^ e s r a n g e 
b e t w e e n ' . 7 and 3 . 8 , and s c a l e a s i n e w i t h 
o n l y a s l i g h t i n c r e a s e of - O.J from 
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1 3 
•Slant sawtootJ" o sc i l l a t i ons 
-ileetron temperaC-ire p r a f i i t iun . i ." 

2vnl-iti3rt sf ;enttaL ion «ap«raE 
iar tne aischaroe gho**ri tn ?ig. ' . 

corresponding OH values* Figure 1 tc) shows 
the evolut ion of the d l a n a g r e t i c a l l y 
determined po lo ida i beta ffl ) and the global 
energy confinement time derived from i t . 
Values of 3 n from the diamagnetic measurement 
agree ceascTnabiy wtel\ (wichi.n ± 10%) with 
those ca l cu la t ed toy a t ime-independent 
-rr.apshot r a d i a l p r o f i l e ana lys i s code 
-"SNAP). Valuer of S D + t</2 (where ^ i s the 
i n t e rna l induet i vi ty) from the p r o f i l e 
analys is are a lso in agreement (within ± 10-% I 
vi th those from the magnetic equi l ibr ium 
- l e a s u r e r e e n t . 

r igure 2 .shows the time behavior of the 
z*n t r a l L3n tempe raturfr [T t (o}] for tfc* 
discharges snown in F ig . 1 as derived from 
three d i f f e r en t d i a g n o s t i c s : floppier 
nroadenina oi Ti XXI Ka l i ne r a d i a t i o n , charge 
-^change a n a l y s i s , and t o t a l neutron 
•amssiir. . The T̂  (o) -rallies increase from 2 
<eV to 4.4 fceV upon i n j e c t i o n . LTncier nhese 
operat ing condi t i o n s , co r rec t ions to the T- <o j 
va: jes in the Ti XXI Ka and charge exchange 
Tteasuc»raentP are small and t h e i r agreements 
a re >a cis fac to ry . However, the neutron 
-mission nee-surenent requi res an assumption 
tha t the densi ty r i s e during i n j e c t i o n i s 
3olely due to in jec ted protons r a the r than due 
co recycl ing deuterons, a.s well as knowledge 
>r the deuteron densi ty before i n j e c t i o n . 
Election temperature p ro f i l e s are measured by 
Thomson s c a t t e r i n g i funda^^n^al f heterodyne 
radiometer) and second harmonic (Micl~pei3..n 
in ter ferometer) e l ec t ron cyclotron emission 
d iagnos t ics . Electron heat ing has bsen small 
jncer jsual oise r a t ing condi t ions - Ther^ are 
two cont r ibu t ing f a c t o r s . The f i r s t i s the 
j t r i n i r i se in e l ec t ron dens i ty which rri^ks 
--ie temperature increase- However, when a T 
p ro f i l e with in jec t ion i s compared wim a T 
p n f i l ? -Jith 3H *Lone at the same dens i ty , a 
r.ozaale increase in T^ i s seen across the 
i i s c h j r g - . The 3th*r contrifcutJ:;a fac tor i s 

l a rge sawtooth o s t i n a t i o n s f requent ly 
accompanying the i n j e c t i o n . ?igure I dep ic t s 
g i an t sawteeth in T e f r J .Tieasured by the ECS 
'heterodyne radiometer) d iagnos t i c m thg 
discharge shown in ? ig . ' . 

:v. NEUTRAL BEAM POWER DEPOSITION 

We have seen in Fig,, U c ) that the global 
energy confinement, c2,ia decreases durinc 
injection and recovers quickly after 
injection, indicating that the increase in I 
(or the stored energy) with injection is not 
large enough. This point is also illustrated 
in Fig. 4 where che total stored energy, the 
gum of the electron (T^) and ion (VJ. ) stored 
energy determined from the profile analysis, 
is plotted as a function cf the total heatmc 
power (p, OH abs 1 . Compared w i t h S t o r e d 
energy gained by" OH discharges in a s i i n l a r 
dens i ty range, the increase in the t o t a l 
s to red energy with a d d i t i o n a l neut ra l aeam 
power i s r e l a t i v e l y small- This suggests that 
we should be concerned about the p o s s i b i l i t y 
t ha t the beam power in jec ted and deposi tec 
i n to the plasma i s less than es t imated . 
However, the fo1lowing f:>ur obse rva t ions 
e l i r ana t t i t h i s p o s s i b i l i t y . I' " Subs tan t i a l 
e f f o r t s in the NB operat ion par t were made to 
improve the accuracy of the beani ^ower 
measurements. Based on the seasurements, the 
c a l i b r a t i o n fac tor 
lowered r e l a t i ve 
es t imates by <5s. \2) Nearly 'OO^ cower 
a c c o u n t a b i l i t y a t plasma boundaries has bean 
demonstra-ed with two methods. The f i r s t 
method involves a d e l i b e r a t e enhancement jf 
r ad i a t ive loss with net;n injection. As shown 

by the upper r i gh t point in f i g . 5, add i t ion 
of necn {~ 3% of the t o t a l e l ec t rons I u.3s 
produced r ad i a t i ve loss of up to iQQ*> of the 
t o t a l Lnput power wi th a neg 1 iq ib le powe r •"? 
the l i m i t e r . The second method for the power 
accoun tab i l i t y involves simultaneous 
measurements of losses to the walls and to the 
l i n i t e r . The loss ta the wall is -neasured bv 

H° in j ec t ion has been 
the pr evi ous powe r 
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->f -.he -î csl r̂.put sowtr. 

B (!CO*4A«fcniofcil.i») ? 

"I! i iNMf t 

5 2Dh 

INeon! 
I i 

!^2DiOllDft LESS I 
- L _ 

Power lccQuntaBLLity ftara 
Mjaur insaK -jtf radiat ion lass And 
powar to tti* l i n i t a r with and 
VL^MQUE neon iTiiecriani 

bolometer a r r ays , and the loss ta the l im i t e r 
i s determined by infrared t e l ev i a ion Ln 

n e a t - t r a n s f e r model. 16 con]unction with 
Figure 5 shows an e x c e l l e n t powet 
accoun tab i l i t y (100 = 10%) in. moat c33£s. We 
note tha t the shinethrough of the t a n g e n t i a l 
beams i s ca lcu la ted to be small f< 5*), 
Furthermore, the successful a ccoun t ab i l i t y 
implies t ha t the f a s t ion charge exchange loss 
( p r e f e r e n t i a l l y in the forward d i r e c t i o n 
beyond the acceptance angles of the bolometer 
arrays 1 i s smaLl, aa ind ica ted by Monte-Carlo 
c a l c u l a t i o n s . 1 (3) The p a r t i c l e 
accoun tab i l i t y of beam in jec t ion a l so supports 
the conclusion tha t the neu t ra l b^am power i s 
del ivered as expected. Figure 6 shows tha t 
che increment of the i ine-averaged e lec t ron 
i ens i ty observed a t the end of a 0.5 aee beam 
oulse agrees well with t ha t ca lcu la ted frorr, 
the nucber of beam p a r t i c l e s and the g loba l 
p a r t i c l e confinement time (T } for H° 
i n j e c t i o n . The values of T_ p lo t t ed in Fig. 6 

Ns gas Duff lumgNBI 

• * :i.aMA> 

- as(-

Ratio of the observed ta ealc-Jli t^ 
density r i se iuri rta m i c t i o n 11 
the global paciicL'! confLntfner.r i n 
versus infection pow*r. 

at 0.2 sec after the beam turn-
: values during injection are 

not much different; from those after injection 
(i.«-, there is no substantial "de-naitv 

are calculated 
off, although 

clamping - i s a t these high I ) . At low i ro .a 
HA) with D" i n j e c t i o n , T during in jec t io i i s 
decreased t o 0.2*0.4 sec , and the small r* 
riade i t poss ib le to a t t a i n the ene rge t i c - i on 
reg"liee a t low n . (4) Poor beam pene t r a t i o n 
r e s u l t i n g from in j ec t ion of low-energy beams 
i n to the large s i ze plasmas -an in p r i n c i p l e 
lead to the poor heat ing performance. Monte-
Carlo c a l c u l a t i o n s of power depos i t ion show 
s u b s t a n t i a l d i f ferences between H° and D° 
in jec t ion under s imi l a r experimental 
cond i t ions , as shc-wi in Fig. 7. Gn the o ther 
hand, the plasma performance of the poorly 
pene t r a t ing D° beams proves to be as good as 
or even b e t t e r than tha t of H" beams, as 
indica ted by T ^ o l or gross energy confinement 
_imes tabulated in Table 1 . 3ased on these 
observa t ions , we conclude tha t the beam power 
i s de l ivered to the plasma and t h a t the l e s s -
than-expected increase in plasma energy 
content represents a d e t e r i o r a t i o n of energy 
c o n f i n e m e n t , 

V, SCALING OF ENERGY CONFIHTLMENT TIMES 

The dependence of the energy confinement 
time on plascia dens i ty , beam power, and plasma 
cur rent has been examined wi th H° and L J beam 
powers up to 5 HW Into che large plasmas CR = 
2.5a m, a = 0.81 i\) a t 9̂ , = 4.0 T. In these 
experiments, the plasma cu r ren t has been 
var ied from 0.8 KA to 1 .S MA, and scans of 
dens i ty and beam power have been taken a t each 
s t e p . Figure 8 shows gross energy confinement 
times [T E(a J ] as funct ions of n with and 
without NBI, where t E < a | = (w * W

1 ) / < ? 0 H -
P oe * P b i ' evaluated at r = a using the 
p r o f i l e a n a l y s i s , in con t r a s t to the OH 
confinement which follows c lose ly the TFTR 
s c a l i n g , T E ia* with i n j e c t i o n i s independent 
of a, , The figure a l so shows tha t values of 
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a OH OAIJ 

' H' !fl|«HO« jjj* 

~ <>•-

TFTR 
CH Staling 

.: 3'PiGsmoi "" 
0 i 

0 1 I J < 5 6 

'iq. 5 --ensi^y dependence D; TTSSD "necay 

n^e profile anai/si. j) r-*i en and 

Comparison -sf power deposition 
profiles for H B and 3* injection. 
PLasma paramecerg *re listed in 
Tab 1« ". 

Comparison 3etween H° and D* In jec t ion 
( I p = 1.3 HA, Bv a 4-0 T , 

ri e = 4-4 x 1 0 1 9 m" 3 , P b =• 3.3 MW) 

3aam l - ( o ) 

( s ) 

T E U / 2 ) 

( 9 ) 

T E ( 4 l 

Ikei / ) 

T a ( 0 ) 

tfceV) 

H* 0 . 2 0 

0 . 2 6 

0.24 

0.28 

0.19 

0.20 

2.8 

2.6 

2.5 

2.4 

t-,!a) are in accord with those predic ted by £. 19 trie So Ids ten L,-mode sca l ing which was 
es tab l i shed with data from beam-heated 
iisch-arges ^i th degrading confinement in 
-snaller dev ices . Figure 3 i l l u s t r a t e s s imi la r 
.onstancy of the global energy confinement-
time I T ! " = (We * «. + 3 M b i / 2 ) / t P 0 l ) + P a b 3 ) ] 
wi th n for d i f f e r en t I and in jec ted beam 
s p e c i e s . There e x i s t s some di f ference in the 
d e f i m cions of T g i a from T S C a >. Howeve r , 
small f a s t ion energy I W KL^ a n c * f a s t *- a n 

charge exchange loss (= P a b s - P ^ - P^i > tend 
no compensate each o ther , making r-p1 near ly 
equal to Xj;(a) under normal experimental 
cond i t ions . However, tp a a t low n^ with I = 
1.3 MA includes s u b s t a n t i a l beam con t r ibu t ions 

a 
^nd charge exchange loss as well as plasma 
ro ta t ion energy. 

Figure l0 i l l u s t r a t e s the dependence of 
T £I a 1 on beam power, i nd ica t ing that 
mnf inetnenc degrades a t high beam power. 
Figure 11 p l a t s t«(a) as a function of 1^, 

a;n|(MWI 
• D—0 (l.8Mfl)2.4-3.6 
o *"—0*11.8 MAf2.4-3.6 
a H'-—0*{t.4 MA) 2.8-4.3 
* 3*— H'ra.8MA|3.5-*.5 

conf ineneni _:r* -derived *\ 

showing chat 
wi th I „ 
Fig. 

- (a) 

8* ana -0.S7 
data snowi 1 

ureases roughly l inear 1 
The best f i t of these 

9 i s expressed as T P = 
This f i t has " very s i r . i l a r 

dependencies as e i tr.er t^e 
or Kaye-Goldston" u l-noc 1 j 

s c a l i n g j - Within the s c a t t e r of the data , \t 
can be f i t a l so to a form of a *• b / ' P ^ H *• 
P a ~ s ' ' 3 S P c - v l o u 5 l y suggested. The strong 
dependence of r P on : i s encouraging. 
Indeed, : , , values of 0-2 sec have beer 
obtained a t I = ' . £ MA with in^ectirsn power 

nig 

parametric 
Goldston' 

s u b s t a n t i a l l y h igher (by factor > 2) than 3H* 
VI, DISCUSSIONS AND C0NCX.US 2NS 

In an attempt to understand the 
mechanisms responsible for the confinement 
deterioration, transport studies are being 
carried out primarily -*i th two transport 
codes: the time-independent SNAP ^ode for 
wide survey of transport parameters; and the 
time-iiependent TRANSP code**1 for d«-ailed 
studies of transport characteristics n 
selected discharges. Thus far the TRAMS: runs 
have concentrated on two tvpicai ^31 
discharges. 
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energy confinement t ips -

O ! In a high dens i ty case [H»(3.2 MH) +• DT 

O . S MA), ff a 4.3 :L i c" ' 3 ra~3l, T, (o) t r acks 
e i 

c lose ly with T e<a) due to strong e l ec t ron - ion 
coupling, as in the usual i n j ec t ion c a s e s . 
Although the d i f ference between. TeCo) and 
T^to} i s not known well enough to determine 
p rec i se ly the m u l t i p l i e r on the Chang-Hinton 
ion neoc lass ica l conduc t iv i ty , 5 a m u l t i p l i e r 
of 3 ig adequate to reproduce the experimental 
T^{Q) and t o t a l 3tored energy. Then the power 
balance ind ica t e s t ha t 1^ (23 /3 ) exceeds 
T E e f 2 a / ' 3 } by a f a = C o r of 5. ITierefore i t 
seems reasonable to conclude thnt the e lec t ron 
loss enamel is respons ib le for the 
confinement d e t e r i o r a t i o n in ligher dens i ty 
d i scha rges . {2! In a low-densi ty, high-power 
; a s e [ H ° ( 4 . 2 MW) * D ^ M ^ HA), ftft =• 2 . 6 x 1<T 9 

n , as shown in Figs. 1-31 * the ion -e l ec t ron 
coupling becomes weak r e l a t i v e to beam power 
input to tons . There T ^ becomes comparable 
to Tgg a t l e a s t a t r < 2a /3 , i nd i ca t i ng tha t 
the ion loss channel becomes s i g n i f i c a n t in 
the o v e r a l l confinement. Although a somewhat 
l a rger mul t ip l i e r appears necessary to match 
the experimental T^(o) shown in Fig. 2, i t s 
p rec i se determinat ion requires knowledge of 
the convective loss which may bet ame important 
in t h i s high ion temperature plasma. 

Clear ly fur ther analyses are required to 
understand t ranspor t c h a r a c t e r i s t i c s in these 
discharges * At the same time, aevera 1 n-»w 
e f fec t s must be incorporated in the t r a n s p o r t 
analysis , . rhe g iant sawtooth o s c i l l a t i o n [as 
i.n r i g . 3) may be important in thermal energy 
confinement in the core plasna as well as in 
fas t ion confinement. The maximum to ro ida l 
ro ta t ion ve loc i ty observed in TFTR has been S 
:< 10" si/sec i*1 fc*16 low-" e , 0.8 MA d i scharges , 
although v e l o c i t i e s of 2 x 10 ra/sec are 
typ ica l in the normal operat ing regime. These 
'Velocities become a s i g n i f i c a n t f rac t ion of 
the thermal ion ve loc i ty (up to 0 . 3 ) , and 
should he taken in to account in the t r anspor t 
ana lyses . MHD a c t i v i t y , f luc tua t ions / and 

o 0 — (Tft.SMAI 
' • • ( I - - 1 ' 

» vf—0*11.9114] 

a tf—£>'!I.4MA] 

0 
=5 ^ ^ 
o,**^ 

A J-X 

/^- —•L-Mofle Scaling 

/ 0 
(Gold-sfon) 

/ . , f i 1 

?ig. ' 1 Plasma current dependence ?f cjress 
energy canf inenerit, and tonparisar 
with Che Goldatan L-rnode ica l inq-

plasma edge conditio* £ may have to be 
Considered. 

The ra in ob jec t ive of t h i s run period has 
been to extend the plasma performance wi th the 
improved device c a p a b i l i t i e s , and s i g n i f i c a n t 
progress has been made in t h i s regard . T E of 
0 • 4 sec has betsn obtained Ln a clean C 3 - F = 
1.4) OH discharge- With i n j ec t ion of hnam 
power up to 5 MW, wa have achieved the h ighes t 
ion temperature of 5 keV under normal 
operat ing cond i t ions , and even higher T.(o) in 
the ene rge t i c - ion regime. Qespi te the 
confinement d e t e r i o r a t i o n (or the L-mode 
s c a l i n g ) , h igh-cur ren t opera t ion i s c l e a r l y 
advantageous and has achieved T E of 0.2 sec 
with, neu t ra l powar s i g n i f i c a n t l y higher than 
ohmic power. We look forward co fur ther 
upgrades of 
c a p a b i l i t i e s in the near fu ture . 

The other major ob jec t ive of the presen t 
run period has bc-*n to improve rhe plasma 
performance using novel d ischarge scenar ios -
Among various schemes attempted so far has 
been the neon in jec t ion in to beam-heated 
d ischarges (Z-mode). Although some 
encouraging r e s u l t s have been ooserved md 
cooling of the l imi t e r s with neon in jec t ion 
has been c l e a r l y demonstrated, a s u b s t a n t i a l 
inc rease in f E a t higher n i s ye t to be 
seen, Shi f t ing the plasma column to the inner 
wall i s of specia l i n t e r e s t trout the viewpoint 
of the future progran ' and poss ib l e 
confinement improvement. The most important 
confinement improvement schema yet to be t r i ed 
i s p e l l e t i n j e c t i o n . A pneumatic mul t ip le 
p e l l e t i n j ec to r has been i n s t a l l e d en TFTR 
and the experiment i s now s t a r t i n g . 



ACKNOWLEDGMENTS 

I t i s a r e a l p l e a s u r e t o a e k n o w l e d g a t h e 
v s r y many e n q i n e e r s , c o m p u t e r p r o g r a m m e r s , and 
t e c h n i c i a n s whose d e d i c a t e d e f f o r t s have 
e n a b l e d us t o c o n d u c t t h e s e e x p e r i m e n t s . 
S p e c i a l t h a n k s a r e due t o J . S t r a c h a n f o r 
d i s c u s s i o n s . The work was s u p p o r t e d by US 
D e p a r t m e n t of Ene rgy C o n t r a c t No. DE-AC02-7S-
CHO3073. The GRNL p a r t i c i p a n t s ware a l s o 
s u p p o r t e d by US D e p a r t m e n t of Ene rgy C o n t r a c t 
No. CE-fcC05-64GR 21400 w i t h M a r t i n M a r i e t t a 
E n e r g y S y s t e m s , I n c . 

10 . H. G. BELL e t a l . , "P lasma O p e r a t i n g 
Modes and C o n t r o l i n TFTR," S e s s i o n 3 D - 4 , 
p r e s e n t m e e t i n g . 

1 1. K. W. HILL, et all, "Studies of Impurity 
Behavior in TFTR," Searlan 6D-2, present 
meeting. 

3. LIPSCHULTS et al. 
977 (1984). 

NucL. Fusion 24, 

13. J. C00NFOD and J. SCHIVELL, "Plasma 
disruption Characteristics in TFTR," 
Session 3D-4, present meeting. 

REFERENCES 

14. MIDDUSZEWSKI et al.. "Chromiun 
G e t t e r i n g in I S X - B , " t o be p u b l i s h e d i n 
J . N u c l . M a t e r . 

K. H. Y0TOG e t a i . . P l a sma p h y s , 2^, n 
(1984). 

15. C. S. CHANG and T. L. HINTON, Phys 
Fluids 25, 1455 P982). 

P. C. EFTHIMION et al., Phys. Rev Lett. 
52, 1492 (1984). 

R. J. HAWRYL'JK et al., Pros 4th Intl. 
Syrtp. on Heating in Toroidal Plasmas, 
Rope (Intl. School of Plasna Physics, 
Varenna, 1984) p. 1012. 

?. C. EFTKIMION et al., PIa3ma Physics 
and Controlled Nuclear Fusion Research 
(Proc, '0th Int. Conf., London, 1934) 
IAEA, Vienna (1985), IAEA-CN-44/A-I-2. 

TAIT et al., ibid, IAEA-CN-44/A-

». P. EU3ANK et al., ibid, IA2A-CN-44/A-
V-3. 

M. D. WILLIAMS et al., "Neutral Seam 
Heating System for TFTR," Session B, 
present meeting. 

J. '<CCANN and M. VIOLA, "operations 
Anal/sis of the Unscheduled Summer 
Machine Opening on TFTR," Session 2D-2, 
present meeting. 

M. ULSICKSOS et al. 

2 1 . 

"The I n t e r a c t i o n of 
P h y s i c s and E n g i n e e r i n g i n t h e Des ign of 
TFTR F i r s t Wal l C o m p o n e n t s , " S e s s i o n 3D-
4, p r e s e n t m e e t i n g . 

R. J . GOLDSTCN e t a l . , J . Comput . P h y s . 
4 3 , St ( 1 9 8 1 1 . 

D. w. SWAIN e t a l . , C o n t r o l l e d F u s i o n and 
P l a s n a P h y s i c s ( P r o c . 9 t 
C o n f e r e n c e , O x f o r d , 
L a b o r a t o r y 44 ( 1 9 7 9 ) . 

Eu ropean 
1979) C u l h a n 

R. J . G-OLDSTON, Plasma P h y s i c s a n d 
C o n t r o l l e d F u s i o n 26 . S7 C 9 8 4 ; . 

•5. M. KAYE and R. J . GOLDSTON, NuC 1. 
f u s i o n 2 5 , 65 ( 1 9 8 5 ) . 

R. HAWkYLUK a l . P r o o . of t h e 
C o u r s e in P h y s i c s <~lose t o T h e r m o n u c l e a r 
C o n d i t i o n s (Vare r .na , I t a l y ) , R e p o r - EUR-
F U - B R U / X I I / 4 7 S / 8 0 . 

E. A. LASARUS e t a l . , J . N u c l . > i a c - r . 
1 2 1 , 51 ( 1 9 8 4 ) . 

H. P . FORTH, "The TFTR E x p e r i m e n t a l 
R e s e a r c h P r o g r a m , " i n v i t e d p a p e r . S e s s i o n 
1A, p r e s e n t m e e t i n g . 

S . L. MILORA e t a l . , " P e l l e t F u e l i n g : 
S t a t e of t h e A r t Deve lopmen t and 
A p p l i c a t i o n s , " S e s s i o n 4B, p r e s e n t 
m e e t i n g . 



BCMTiMSL DISTRIBUTION IN ADD!.ION TO UC-20 

Plasm Res Lata, ftustra Nat ' l Oniv, AUSTRALIA 
I T . =rar!-. J , Paolonl, Univ of flalloigsng; AUSTRALIA 
Prof. I-1?. Jones, Flinders Univ., AUSTRALIA. 
Prof. M.H. Srennan, Univ Sydney, KJSTRAMf. 
Prof, P. Cap, I n * Theo phys, AIETCRIA 
Prof. Frank Verheest, I n s t theoretische, BELGIUM 
Or. 0. Palumfco, Dq XLL Fusion Prcg, BHGCM 
Stale Royals Mili taire, Lab de Phys Plagias, BELGIW 
or, ?.H, Sakanaka, wiiv nstadual. Hewn, 
Dr. c.R. Ja ies , Univ of alberta, CANADA 
Prof. J . Tteichmann, Univ of Montreal, CArSDa 
Or, H.M. Skarjjand, Univ of Saskatchewan, CANADA 
Prof, S.R. Sreenivasan, University of Ca lo ry , CANAIJA. 
Prof. Tudor a. Johnston, INRS-Biergte, CANADA 
Or. Banner Barnard, W v British rWmfrria. CANADA 
Dr. M.P4 Bachynski, «PB Technologies, Inc . , CANADA 
Chalk River, Nucl Lab, CANADA 
3ienovu Li, sw Ins t Physics, CHINA 
Library, Tsing Kua University, CHINA 
Librarian, Ins t i tu te of Biysios, CHINA 
Ins t Plasma phys, Academia Sinica, CHINR 
Or, Peter Lukac, Kbienskeho Univ, CZfcOCSICWIKIR 
Hie Librarian, Culbara Laboratory, ENGLAND 
Prof, Schatzman, Ctservatoire de Nice, FBAtCE 
J. Raoet, C3M3P6, FRANCE 
AM Dupas Library, AM tXroas Library, r̂ ANCB 
Or. ion i-tiial, Acaaenty Bibliographic, KUG KDN3 
Preprint Library, cant Res Ins t Phys, HUMRRST 
Or. s.K. Trehan, Partjah University, INDIA 
Dr. indra Mshan Lai Das, Sanaras Hi:«ii Univ, INDIA 
or. L.X. Chavda, South Gujarat Univ, IH5IA 
Dr. R.K. Chhajlani, Vikran 'Jrdv. DMA 
Or. g. Dasgupta, Sana Inst , INDIA 
Dr. P, Kaw, physical Research Lab, H O B 
Or. p-iillip Rnsenau, Israel Inst Tech, ISRAEL 
Prof. S. Cuperroan, Tel Aviv University, ISRAEL 
Prof. G. Rostagni, Univ Di Padova, ITALY 
Librarian, In t ' 1 Ctr Theo Phya, ITALy 
Miss Clelia Da Palo, Assoc EURATCM-ENEA, tVMX 
Biblioteca, de l CNR EOW1CM, ITALY 
Or. H. Yarato, Toshiba Has s Dev, JAPAN 
Direc Oept Vj. "Kkanak new. JAEKI, .JAPAN 
Prof. Nohuyuki inoue, University gf Tokyo, JAFAN 
Research Info Center, fcferfoya Uiiversity, JAPAN 
Prof. Kyoji Nishikawa, Univ of Hiroshima, JAPAN 
Prof. Sigeru Mori, JAERI, .JAPAN 
Library, Kyoto University, JAPAN 
Prof. Ichiro Kauakani, Nihon Univ, JAPAN 
Prof. Satoshi Itch, Kyushu University, JAPAN 
Or. o . I . Choi, Adv. I n s t S c i s Tech, KDRE* 
Tteoh info Division, KAERi, KOREA 
^bl io theek , Fom-inst Voor Plaaua, NETHERLANDS 

Prof. B.S. Liley, University of waikato, NEW ZEALAND 
Prof. J.fe.C. Cabral, Ins t Superior 'Sen, PORHCAL 
Dr. cctavian Pstrug, ALI CEA University, ROWNIft 
Prof. H.A. Hellbarg, University of Itetal, s> AFHICft 
Dr. Johan de Vi l l i e r s , Plaana Physics, Nrcor, SO AFRICA 
Fusion Div. Library, JEN, SPAIN 
Prof, ffens WUhelroon, Chalirers univ Tec'",, SWEDW 
Dr. Lennart Stenfl^, University of uH=A, SW r̂jHJ 
Library, Royal In s t Tech, SWEDEN 
Centre ds Secherdvssen, Bcola Polytach Fed, SwrTZEU îNS 
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