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1.  Introduction

During the past contract period this research was concerned with three

main subtasks:

a)  Neutral beam injection and charge exchange losses for mirror systems

b)  Two-component plasma calculations and fusion burn simulation, and

c)  Studies of special problems such as cyclotron effects related to

the  use, of advanced fusion fuels.

Each of these areas is discussed in more detail in following sections.

The year was extremely active with the result that a number of reports,

papers, and talks were presented.  For convenience a listing of reports issued

during the period is presented in Section 6.

Since most of the details of the work under this contract are contained

in these reports, the following sections will simply highlight the progress

and refer back to the related reportcs).

2.  Mirror Injection and Plasma Build-Up Studies CR. L. Miller, M. Campbell)*

Work during this period has concentrated on the development of a Monte

Carlo program that treats trapping and charge exchange of the injected beam

in a realistic mirror geometry.

The first half of the period was consumed with the development of ap-

propriate averaged cross-sections for ionization and charge exchange.  The

results, presented in COO-2218-26,** extend previous calculations by Riviere

[Nuclear Fusion,  11,   363,   (1971) ] to include averages  over a mirror energy dis-

*
The graduate assistants involved in each task are indicated in each heading.

**

Complete references to these reports are given. in the listing in Section 5.



2

tribution with arbitrary ion or neutral energy and direction relative to the

magnetic field.  These results represent, in effect, a cross section library

for the Monte Carlo code.

The code itself (called NUBIN), along with some first results, are described

in COO-2218-38.  It has been written in quite general terms to. allow variations

in injected beam geometry and intensity profile, direction relative to the

mirror field, and density-temperature variation   of the target plasma.      Most

of the numerical techniques employed are quite similar to those used in neutron

transport codes.  However, some relatively new methods, such as interactive

sampling are employed.

Several test runs for simple cases where analytic solutions are known

have been performed to verify the accuracy of the code.  More realistic runs

for  a mirror-FERF reactor  are  now in progress. This wi:Ill. provide a detailed

distribution for charge exchange neutrals hitting the first wall, a key aspect

relative to both the heat load and wall erosion.

Work has begun on a companion build-up code which will be discussed

further during the next contract period.

Both the injection and build-up work are being dame in close collaboration

with workers at the Lawrence Livermore Laboratory, and their continued en-

couragement and help are gratefully acknowledged.

3.  Two-Component Plasma Calculations

a)  Calculation in support of TFTR design  (H. Towner and S. Justiss)

A variety of relatively specialized calculations were· carried out in

collaboration with PPPL staff in support of the TFTR design effort.  Reports

COO-2218-19 and 20 show that a finite background ion temperature can, in fact,

provide a slight increase in energy multiplication for the lower injection
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energies expected in earlier experiments. Likewise, energy dispersion during

slowing of injected ions is shown to have a positive effect in this region

(Report COO-2218-23).  These results plus other cross section information

were summarized in a review paper prepared for the Conference on Nuclear Cross

Sections and Technology (Washington, D. C., March 1975) which was issued as

COO-2218-28.

More recently, a study of the sensitivity of TFTR operation to changes

in various parameters has been completed.  As summarized in COO-2218-35, the

injection performance appears to be the key element in the success of this

project.  If, for example, the injection energy could only reach 80% of the

design value, the energy multiplication would fall off by a factor of 0.7.

This is more than predicted in earlier studies, principably due to the changes

in target heating which are handled in a self-consistent fashion in these

calculations.

b)  D-T Burn Simulation (T. Petrie)

The objective of this work is to find methods to simulate fusion product

effects prior to actually burning D-T fuel in the TFTR.  If successful, this

would allow any necessary changes to be made before the TFTR is activated by

D-T neutrons and contaminated with tritium.

One method under study last period is the injection of deuterium into a

3
cold  He plasma.  Such experiments are scheduled for TFTR anyway, but it has

generally been thought that the fusion power density would be too low to be of

interest.  It is shown in COO-2218-27, however, that by reducing the background

density, the ratio of fusion product to background pressure can be adjusted

to simulate D-T burns fairly well.  More recent calculations of fusion product

energy deposition (COO-2218-36) indicate that under similar conditions, relative

product heating will be about one-third of that expected for D-T.  This should
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be satisfactory provided other quantities such as the induced plasma rotation

can also be held in a reasonable range, and this is now under study.·

c)  Clamped Burns (M. Rao, D. Driemeyer, B. Darnell)

Continued compression during the burn period can be used to clamp the

superthermal ions near the optimum energy for fusion.  This is considered

as an alternate mode of operation for the TFTR, and appropriate magnet

circuits and plasma volume are provided in the design.  A point reactor

code has been developed that includes a detailed development of the plasma

energetics and dynamics during such burns.  Preliminary results presented at

the IEEE plasma sciences meeting in Ann Arbor (COO-2218-29) are encouraging
.

in that reasonable cycle efficiencies are predicted.  On the other hand some

problems such as excessive heating of the target plasma suggest that a modified

partial clamping  may be desirable. Optimization  of the cycle  is, then, under

continued study.

4.  Advanced Fuel Studies

a)  Cross Sections and Reactivities (H. Towner)

A comprehensive tabulation of cross sections and reactivities for both

Maxwellian and two-component plasmas has been compiled and published as a

"barn book" (COO-2218-17) .   Over 100 copies were.originally distributed and

due to continued requests a second printing was recently completed at ERDA

headquarters.  While similar compilations of Maxwellian reactivities have

previously been available, this represents the first collection of reactivities

  for two-component operation.  A number of advanced fuels are included in

addition to D-T.

b)  Cyclotron Emission (T. Chu)

Cyclotron emission is viewed as critical problem for advanced fuels.  To

better understand this, more accurate methods for evaluation of its transport and

'  *'·"·9'Mrm-n.., „.„.,-._.
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emission from fusion plasmas are under development.  In particular, in order

to handle non-Maxwellian situations, a treatment using electron groups has

been devised (see COO-2218-22) . This technique is now being incorporated

in a multigroup fusion plasma code at the Lawrence Livermore Laboratory.

In addition, the effect of cyclotron radiation om the operation of

catalyzed D-D reactors has been studied in some detail.  Results reported

in COO-2218-32 and 37 for toroidal reactors are encouraging in the sense that

reasonably high overall efficiencies can be obtained ewen with strong emission.

However, this requires fairly high B (2  0.1) · or large recirculation powers

to prevent excessive plasma cooling. Still, the fact that an operating

region can be identified is encouraging and warrants forther study.

c)  Wall Reflectivity (G. Fenske)

The reflection of cyclotron radiation from the first: wal.1 of a reactor

represents an important mechanism for reducing cyclotrmm losses.  However, as

blistering of the wall occurs during operation, the reflectivity may change

drastically.  Some very crude measurements described im. Report COO-2218-34

indicate that indeed the reflectivity could be reduced by 50% or more.  This

could be a serious problem since the increased absorption could. cause excessive

local heating, hence rapid erosion and deterioration ef the wall.  Further

studies appear warranted.

d)  Optimized Catalyzed D-D Operation (W. Downum)

The   use   0 f two component operation   and c lamped bum,s: in order to increase
the power density of Cat. D-D reactors is discussed in Reports COO-2218-30 and

37.  Improvements ranging from 5 to 20 in the power density relative to normal

Maxwellian operation appear to be possible.  The larger gains occur at a

sacrifice in energy multiplication (Q ), however.  Thus the recirculation
requirements offset some of the benefit in power density.  Studies are now in
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,
progress  to  find an optimum trade- off between these factors.

5.  Related Studies

Techniques developed in this work are applied to the analysis of energy

balances for fission-fusion hybrids in Reports COO-2218-25 and 33· While it

is generally recognized that a fissionable blanket reduces confinement re-

quirements for the fusion plasma, these reports provide a quantitative evalu-

ation of the situation.
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6.  Listing of Reports Issued During the Period                           7r

1
AT(11-1)2218 Reports

Report No. Authors Title 6 Publication

19          H. Towner, G. Miley, "Finite Ion Temperature Effects
D. Jassby, and F. Tenney in Two Component Plasmas",

Bulletin APS, 19, 877 (1974).

20          M. Rao and G. Miley "A Scheme for Achieving Ignition
in Fusion Reactors," Bulletin APS,
19,  878  (1974) .

21          H. Towner and G. Miley "  Ion Temperature Effects    in   Two

Component Systems", Trans.,   Am.
Nuc. Soc., 19, 11 ·(1974).

22
'

T. Chu and G. Miley "Evaluation of Cyclotron Radiation
Using Monoenergetic Electron
Groups," Trans. Am. Nuc. Soc.,
19, 13 (1974).

23          G. Miley and S. Justiss "Effect of Dispersion in Ion SlowingDown On Plasma Energy MultiplicationFactors".
24          G. Miley and H. Towner "Reactivities for Two-Component FusionCalculations," Conf. on Cross Section

6 Tech.

25          G. H. Miley "Energy Balances for Fusion-Fission
Hybrids,"  AEC  Mtg. on Hybrids,   Dec.
1974.

26          R. Miller and G. Miley "Ionization and Charge Exchange
Rate  Coefficients  for CTR Calculations".

27          T. Petrie "Simulation of a D-T Burn Using
D3He in TCT.  Part I.  Superthermal
Ion and Fusion Product Pressure
Considerations. ,,

28          G. Miley and H. Towner "Reactivities for Two-Component Fusion
Calculations," Conf. on Nuclear Cross
Sec. and Tech., Wash.,D.C.,March 1975.

29 G. H. Miley "Compression-Expansion Cycles for
Clamped Burns,"   2nd IEEE Internat.
Conf. Plasma Sci., Ann Arbor, Mich.

30         G. Miley and F. Southworth "Two Component Catalyzed D-D Fusion,"
2nd IEEE Internat. Conf. Plasma Sci.,
Ann Arbor, Mich.
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Beam Injection Into Fusion Reactors, ,,

2nd IEEE Internat. Conf. Plasma Sci.,
Ann Arbor, Mich.

32         G. Miley and T. Chu "Effect of Radiation Losses on
Fusion Energy Balances," Trans.   Am.
Nuc.    Soc.,    20,    1975...

33         G. H. Miley "Plasma ·Requirements for Fusion-
Fission Hybrids," Trans.  Am.  Nuc.
Soc.,   20,   1975.   -

34 G. Fenske "Preliminary Measurement of the Effect
of Surface Blistering on the Reflectivityof a CTR First Wall"

*
35         H. H. Towner "Parameter Studies for a Two-ComponentFusion Experiment"
36        T. Petrie and "Simulation of a D-T Burn using D3He

G. H. Miley in TCT:  Part II-Superthermal Fusion
Product Energy Deposition"

37         G. H. Miley "Energy Balances and Direct Conversion
for· Toroidal D-D Fusion Reactors."   7th
European ·Meeting on Plasma Physics and
Fusion (1975).

38         R. L. Miller "Monte Carlo Simulatioh of Neutral Beam
Injection into Fusion Reactors"
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