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The mission of the Burning Plasma Experiment (BPX, formerly CIT) is to study
the physics of self-heated fusion plasmas (Q = 5 to ignition), and to demonstrate the
production of substantial amounts of fusion power (P1us = 100 to 500 MW).
Confinement projections for BPX have been made on the basis of 1) dimensional
extrapolation, 2) theory-based modeling calibrated to experiment, and 3) statistical
scaling from the available empirical data base. The results of all three aproaches,
discussed below, roughly coincide. We presently view the third approach, statistical
scaling, as the most reliable means for projecting the confinement performance of
BPX, and especially for assessing the uncertainty in the projection.

The dimensional scaling approach^ is based on the observations that the key
dimensionless parameters governing tokamak transport behavior are v* {= Vg^ta^), (3,
and p* (3 Pj/a), and that all Dresent theories of transport fall close to one of two
extreme confinement scalings, Bohm (coctE « p*"2) or "gyro-Bohm" (coctE « p*'3)
when v* and (3 are held fixed. Thus it is reasonable to assume that plasmas in
present devices which achieve values of v* and (3 which are accessible in BPX can
be used as bases for Bohm or gyro-Bohm scaling of confinement to BPX conditions,
as illustrated in Table 1. [Aspect ratio effects are factored out by using the
experimental result*21 that nTx depends on ID and R/a in the combination (I R/a)]. The
design parameters for BPX are R = 2.59'm, a = 0.8m, K95 - 2, 8C- - 0.35, I =
10.6MA, BT = 8.1T, qQ5 > 3.2, P,CRF = 20 MW. The device and facilities can accom-
modate upgrades in tokamak power supplies such that ID = 11.8MA and BT = 9T can
be provided, and in heating power up to 30 MW of ICRF, or 50 MW of ICRF + ECH.
Extrapolation based on dimensional scaling gives Q's in the required range, even
with the more pessimistic Bohm scaling, at plasma currents below the nominal
10.6MA operating point. The "starting point" discharges in Dlll-D and JET have not
been optimized for this purpose. Developing optimal starting point conditions, and
discriminating experimentally between Bohm and gyro-Bohm scaling, are two key
elements of the BPX Physics R&D Plan'3).

Confinement projections have also been made using simulations based on a
Multi-Mode model1"1 which includes transport due to trapped electron modes, ion
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temperature gradient modes, and resistive ballooning modes. This model has been
calibrated against experimental data from TFTR, Dlll-D, JET, PDX, and ASDEX. A
preliminary edge stabilization model to simulate H-mode confinement effects'5' is
included. The density profile is simulated in an ad-hoc manner to provide a very flat
ne(r). Q-7 is predicted for I = 10.6MA, BT = 8.1 T. The transport coefficients of the
Rebut-Lallia model!61, however, are very optimistic in comparison with the Multi-Mode
model, giving both y a n d Xj 2 - 3 times lower in the confinement zone
(Xo ~ 0.3 m2/sec vs. 0.8 m2/sec), and so implying a much greater predicted Q.
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JET
Dlll-D
ASDEX
PBX-M
PDX
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Dlll-D

1.7
0.62
2.1
2.0
2.1
1.29
1.1
0.21
4.1%
0.083
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TABLE 1

BPX
(Bohm-g-B)
2.6
0.79
2.1
9.2
9

7.0
0.51 - 1.64
4.1%
0.083
0.31
190 - 58
7 - oo

TABLE II

2.10 ±0.38
1.70±0.13
2.23 ± 0.22

1.51 ±0.16
1.88 ±0.34

JET

3.1
1.0
1.9
4.2
2.8
1.09
0.56
1.25
2.4%
0.027

7.2

BPX
(Bohm-g-B)
2.6
0.79
1.9
10.0
9

2.9
1.24 - 2.23
2.4%
0.027
0.56
36 - 21
25 - oo

_ MHD /T ITER89-P
TE / TE
1.86 ±0.35
1.70 ±0.21
(2.73 ± 0.30)
2.05 ±0.26
1.56 ±0.33
1.79 ±0.21
1.79±0.18
(1.95 ± 0.42 incl. ASDEX)

At present we judge that the most reliable method for projecting the
performance of BPX is based on analysis of the recently-developed ITER H-mode
database17!. Table II shows the mean ratio of the H-mode confinement data to the



ITER89-P scaling relation for each machine in the database, sorted by data type. The
data analyzed is the "standard" dataset defined by the authors (ELM'ing and ELM-
free) further constrained by dW/dt < 0.2Pheat and q 9 5 < 5.0. The ranges in the body
of the Table indicate shot-to-shot scatter, while the ranges in the averages indicate
machine-to-machine scatter. Constraining to the diamagnetic data where available, in
order to minimize systematic uncertainties and fast ion effects, and taking the MHD
data for PDX and PBX-M which had perpendicular and mixed parallel and
perpendicular injection respectively, one obtains a machine-averaged L-mode
enhancement factor of 1.85 ± 0.31 (figure 1).
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Figure 1. ITER H-mode database for BtE plotted vs. ITER89-P L-mode scaling. Data
type (MHD vs. diamagnetic) selected to minimize fast ion contribution.

Scaling relations have also been developed for H-mode data, but we view these
as too preliminary for use as the basis for extrapolation. For typical Q - 10 conditions
in BPX (Paux + PRF - Pbrems = 50 MW, n£ = 2.5 x 1020/m^) we project tE = 1.85X
ITER89-P = 1.01 sec. The Dlll-D - JET scaling!3* g j v e s 0.961 sec, the ITER90-H
ELM-free scaling gives 1.26 sec, the ITER90-H direct regression fit to the full
standard dataset gives 1.90 sec, and the random coefficients modeli9) gives 1.25 sec,
with an uncertainty of ± 26%. This uncertainty is consistent with a 2-step uncertainty
estimate based on combining the 17% uncertainty in the H/L ratio in quadrature with
the 17% uncertainty in L-mode extrapolation'10! for machine-averaged performance.
Thus we take as the "standard" confinement extrapolation for BPX 1.85x ITER89-P,
with an uncertainty of ± 25%. Combining this result with the Monte-Carlo approach to
uncertainties'11' in ZeJ, and ne(r) gives the projected range in Q shown in figure 2.
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Figure 2. Range of Q projection for BPX vs. plasma current at fixed q. Projected
peformance for JET at 5MA is Q th = 0.5, and for ITER with 10% helium is Q = 25.

We conclude that the BPX device has adequate performance to achieve its mis-
sion of determining the confinement physics, operational limits, and a-particle dy-
namics of DT plasmas with a power greater than auxiliary heating power, while pro-
ducing more than 100 MW of fusion power. The upgrade capabilities of the device
provide assurance that this mission can be achieved even in the case of unfavorable
plasma performance.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


