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The calculation of nuclear heating and dose in fusion reactor blankets,
magnet shields, superinsulators and magnets is of prime importance for both
the heat transfer design and economics of fusion reactors. Calculation of
heat generation requires neutron interaction data, gamma-ray production and
interaction data and several processing codes. A study has been carried
out, using conservation of energy as the criteria, to determine the consis-
tency of processing codes and nuclear data sets for several CTR materials.

The following equation can be derived [1] from an energy balance for

a segment of the reactor.
Mo * Sgy = Lng * 1 % Rij Qi3 * ;,%.,Ri’j Epi-; (1)

where Hn is the neutron heating rate, SE is the rate of photon energy

Y

production from neutron reactions, R.. is the reaction rate in element j

1J
for reaction i in which conversion of kinetic energy into mass and vice
versa occurs. All these quantities are integrated over energy and volume

of the segment . LnE is the net neutron leakage into the segment, Q re-

presents the Q-value, and ED is the energy deposition per reaction from

radioactive decay. The right hand side of Equation 1 can be determined
from transport calculations and.must be equal to Hn + SEY calculated from
neutron kerma factors and gamma production cross sections if the energy is
preserved in the basic nuclear data and processing codes involved.
Neutronics and photonics calculations were performed for a CTR system

consisting of 17 zones; 250 cm plasma, 50 cm vacuum, 1 cm niobium, three



zones of 95% Li plus 5% Nb, 25 cm iron, and one-meter of 35% Fe plus 35%
Pb plus 30% B4C divided into ten zones. Al1 neutron multigroup cross sections
were derived from ENDF/B3 [2] evaluations with SUPERTOG [3]. Hn was cal-
culated from neutron kerma factors derived from the same evaluations with
MACK [4&5]. Gamma production cross sections for lead and iron were processed
from ENDF/B3 with LAPHANO [6]. Another set for iron was obtained from
DNA evaluation Mod. 1. L16, Li7, Nb and C gamma production cross sections
are not provided in ENDF/B and were obtained from reference 7. The fluxes
and currents were determined with ANISN [8]. Table 1 shows the results for
selected zones. The percentage deviation represents the error in the energy
balance resulting from the inconsistency of nuclear data and processing
codes commonly used.

Table 1 shows that the nuclear heating is overestimated by about 16%
in the first wall. Since Hn is small compared with SEY it does not contri-
bute significantly to this error. Hence, the gamma production cross sections
of reference 7 are not consistent with the neutron data of ENDF/B3. The
neutron and gamma data of ENDF/B3 for iron are consistent to within 2%.
Energy deposition in iron calculated with gamma production from DNA and
neutron data from ENDF/B has an error of 23%. The neutron heating in zone
10 is about eight times the gamma energy source and the energy is preserved
in this zone. Hence, the neutron kerma factors from MACK are consistent with
ENDF/B3 neutron data, and the results of the SUPERTOG and ANISN programs.
It can also be noted from table 1 and other results that the consistency is
best for zones which have Tow SEY and high Hn which indicates that the neu-

tron kerma factors from MACK are reliable.



Another check was devised to investigate the consistency of neutron
interaction and gamma production data at any neutron energy. The results
show that the data for Be and lead are consistent at almost all neutron
energies. The gamma energy production data for Li7 in reference 7 are
overestimated by more than 500% at 15 MeV relative to results derived from
ENDF/B3 neutron data.

As a partial remedy for preserving the energy it is suggested that:
1-gamma production cross sections be derived concurrently with the neutron
kerma factors, and 2- neutron and gamma data in ENDF/B be checked to ensure

that the energy conservation law is not violated.
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