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1.1 Tokamak Theory 
The Oak Ridge ToYamak Theory team has focussec its w:J ~k in t he past 
severa l year s on understand ing the : 
• Neoc l assical tra nspo rt of i ons and i tqurici~s i!lc_ucin ll; effec t s of 

neutral injection , 
• Kinetic theory of anonalous elect r on : ~ er.;a:. ~onc·Jc : i on , energetic 

pa rti cle popul ations anj alpha particle induce~ ?~ cno=ena 

• Beta limita tions fro m ide al XRD processes, 
• Plasma disruptions and pheno mena r esu:.ting :roo : he non-ideal ~!HD 

theory of Kink Tearing modes , and 
• Unified simulation of tra nsport pr.e :lO::lc;"ta inc : u:: i :-.2 .oto::-.:.c ph :;sics , 

i mp ur i ties, beams and enhanc ed transp ort processes :'ro::t resisti·:e 
HRD i nstabili ties ,_ 

From a large number of specific stua1es , t hi s discussi n will single 
out fo r furth e r desc ription , six t op i=s included in Section 2 . 

1.2 ELMO Bumpy Torus (EBT) Theory 
The Oak Ridge EBT Theory team has focussed on an.o: c ;;ou: ' :ey issues : 
• Control of particle confinemen t by field s haping , 
• Neoclassica l particle transport and develop::1ent o f the ambipolar 

potential, 
• Stability of the toroidal plasma a:'.d ho t e:ec c:o: r:.ni systeo, 
• Physics of the electron ring, 
• Analysi s of l!' icrowa·te prop a ga t ion and absorption, a nd 
• Unified simulation of transport phenooena inc luding atonic physics, 

microwave heating , and self - c onsist en t dete r mina cion of the 
amb ipolar potential. 

Section 3 will summarize the most import a nt recent ad·:ances i n EBT 
understanding . 

2. Specific Tokamak Theory Research Ad•tances 

2.1 The observed anomalous electron theroal transport processes are 
interpreted by S. p . Hirshman and K. Molvig G1IT) as a consequence 
of stochas tic magnetic fields calculated in a s trong tu rbulence 
theory of drift waves in a sheared magnetic field. 

2.2 Alpha particle density gradients and anisotropies in fusion 
plasmas can cause unstable coupling to shear Alf·Jen wav es. The 
importance of the resulting instabilit i es is being assessed . 

2.3 Resistive tearing modes are found in a moderate 8 (a a/R = 1/A) 
theory to have reduced linear g r owth r a tes when t he c ross s ection 
of the discharge is elongated; howe·Jer, if maj o r disrupt ion occurs 
because of nonlinear coupling of non linear ~!/N 2/1 and 3/2 
modes , the onset is hastened by the elongation. 

2.4 Beta limitations predicted by ideal HHD kink and ballooning mode 
codes also are found to depend strongly upon e longation n . Fo r n 

~i~~ 7 !: a0~~;~~pe:r::::::, bt::10c0rniit:;a~:d:sas .}iet~n ~ou~d ~~ 2be a:: 
discounted . In certain circumstances, t he corresponding plasma 
profiles could be in r esis tiv e equilibrium and wou ld then be 
consistent with long-pulse opera tion . 

2·5 The confinement of ene rgetic par t ic les in non-axis yo~::e tr ic fields 
has been systematized a nd an imp r oved Hamil ton ian forr:tUla tion of 
guiding center motion has been obtained . l!:!pry:ed :,undle d i·Jer t o r 
geometries have been found in which the disturban~e of energetic 
ion and alpha part icle orbits is substantially reduced . 
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2. 6 Transport simula tion modeling now includes analysis of the i:ieal 
~D ballooning criterion, yielding the dynamics o : the ~eg i~es of 
unstable contribution t o the modes . Application to high beta 
exper ime nts in ISX-C shows that ballooning should be obse r -ted 
throughout long periods of the discha r ges . Since neas~red 

confinement time apparently do not change when t h i s happens , it 
will be ne cessary to r e -examine any r estrict i ons ba s e d on the 
modes for operation of adva nced t okamaks 

In summation , tokamak theory an ri i ts con;:> a rison wi~"l 

experiments continue to hold promis e of impro-: ement s for 
the conceptual design of advanced designs a nd reacto rs . 

3. Specific EST Theory Res ea rch Advances 

3. 1 Confinement optimization by shaping of t he vac uun magnetic fielris 
holds the po t en tial for par tial l y cor.~pensating t o r o ida l cur :a:u r e 
effects. Li fetime increases up to about a factor t~o ap;:>ear 
feasible. 

3.2 The hot electron rings and the warm toro idal plasma in EBT 's tend 
to stabilize each other; however, considerable unc e rtaint y remains 
for. th e maxii!!IJI!l beta value stable with i n si:>Jple t ·• eo retical 
models. Pessimistic assumptions yield values as low as 10%, while 
optimistic estimates yield ~!plasma ~ Brings which can be as high 
as ~SO% · 

3 .3 Power balance for the hot electron rings , e·Jen whe:~ stable , 
involves a delicate balance between drag losses at low ring energy 
and synchrotron losses at high ener gy . Detai led calculations 
yield important but acceptable levels of energy drain. 

3. 4 Transport simulation mode ling of EBT has under gone ·Jery large 
increase in r ealism of the treatment during the past year . An 
improved hydrogen recycling model and inclusio n of mo re accurate 
ion transport coefficients lead to generally satisfactory 
agreement between neoclassical predictions and t he actual data . 
Interpretation of ion transport is complicated by a measu red high 
energy tail which could b e understood either as a result of orbit 
losses at high energy or by "in situ ICRH ." 

Section 
2-1 

3 

Although the level of s upport is not high, the state of 
EBT theory has advanced very r apidly during t he last two 
years and the concept remains a very promising 
alternative to the tokamak approach. 
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