
TABLE I 

Measured Neutron Leakage from a 5-cm-thick Spherical Beryllium Shell with a Central 14-MeV Neutron Source and 
Calculation-Over-Experiment Ratios Obtained with the ANTRA-1 Code6 and Various Nuclear Data Libraries 

Leakage Neutron 
Energy Window 

(MeV) 

Measured Leakage 
(Leakage Neutrons 

per Source Neutron)3 

C / E from ANTRA-1 Calculations5 

Leakage Neutron 
Energy Window 

(MeV) 

Measured Leakage 
(Leakage Neutrons 

per Source Neutron)3 
EFF-1 

(Young-Stewart) EFF-2 ENDF/B-VI 

0.4 to 0.8 
0.8 to 1.4 
1.4 to 2.5 
2.5 to 4.0 
4.0 to 6.5 
6.5 to 10.5 

>10 .5 

7.718 x 10"2 

8.388 x 10"2 

8.574 x 10"2 

4.521 x 10"2 

6.121 x 10~2 

0.1081 
0.6797 

1.06 
1.05 
1.20 
1.15 
1.13 
0.90 
0.96 

0.83 
0.88 
1.14 
1.29 
1.12 
0.86 
0.98 

0.88 
0.81 
0.96 
1.09 
1.05 
0.89 
0.98 

> 0 . 4 1.141 1.00 0.98 0.96 

aTaken from Ref. 5. 
bTaken from Ref. 6. 
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RESPONSE TO "COMMENTS ON 
MULTIPLICATION OF 14-MeV 
NEUTRONS IN BULK BERYLLIUM1 " 

Our studies of neutron multiplication were directed at one 
problem only: the question of whether the multiplication of 

Secondary neutron energy (MeV) 

Fig. 1. Angle-integrated energy spectrum of neutrons emitted from 
beryllium at 14-MeV incident neutron energy, calculated 
from three nuclear data libraries. 

spectral shape can it be employed with confidence in blan-
ket calculations. 
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14-MeV neutrons in bulk beryllium was correctly predicted 
by the existing beryllium microscopic data sets. The investi-
gation was inspired by a series of measurements, beginning 
with that of Cloth et al.,1 which indicated that the neutron 
multiplication in bulk beryllium was grossly overpredicted by 
calculations. Our studies were intended as a benchmark test 
in a well-defined beryllium geometry, and they apply only to 
neutron multiplication in bulk beryllium. We found excel-
lent agreement between experiment and calculation using both 
the Young-Stewart and ENDF/B-VI data sets. The higher 
(n,2n) cross section of the Young-Stewart evaluation is par-
tially compensated by the higher absorption cross section. We 
found also that some of the early experiments failed because 
the investigators did not calculate the exact quantity mea-
sured. Moreover, since beryllium is a very efficient modera-
tor, any calculations should include a suitable scattering 
kernel in the beryllium data set. 

We feel that our results and conclusions are valid for bulk 
beryllium, not restricted to spherical geometry. However, they 
constitute only one stage in the investigation of beryllium 
properties. Questions of tritium breeding and multiplication 
in multimaterial assemblies were beyond the scope of our in-
vestigation. Further studies will be required to establish the 
optimization of blanket structure and composition for the 
purpose of breeding tritium in a fusion reactor. 
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COMMENTS ON "STABILITY PROPERTIES 
OF THE URAGAN-2M TORSATRON" 

Carreras et al.1 used the VMEC three-dimensional mag-
netohydrodynamics code2 and the three-dimensional Mercier 
criterion3,4 to chart the stability boundary of URAGAN-2M 
against a changing plasma pressure. The destabilizing term 
in the Mercier criterion involves surface averages of the com-
ponent of the plasma current parallel to the magnetic field 
lines, which in fully three-dimensional geometries is the sum 
of a set of resonant terms associated with rational values of 
the rotational transform. To calculate properly this parallel 
current J B , the fields output from VMEC should be trans-

formed into a set of straight field line coordinates. We have 
shown5 that a simple finite differencing of the VMEC fields 
will mask the resonant structure of J B and may result in ar-
tificially high stability limits. In the case of URAGAN-2M, 
the rotational transform profile is comparatively flat (for a 
torsatron) with the rational surfaces corresponding to g, 
and 5 per period inside the vacuum configuration. The pro-
files of the total Mercier criterion Dm obtained in Ref. 1 
show no sign of the resonance contributions that would be 
associated with these surfaces. 

While it is unclear how much significance one should 
attach to the resonant terms in the Mercier criterion as an 
indication of the limits of plasma stability, it should be ex-
plicitly stated whether the energy minimization algorithm of 
VMEC is being used as an ad hoc smoothing algorithm for 
J B. The issue is an important one when comparing the rel-
ative merits of different stellarator designs. For example, 
the Helias optimization study6 leading to the Wendelstein 
7-X stellarator proposal was done using a full calculation of 
the three-dimensional Mercier criterion in straight field line 
coordinates. 
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