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The nuclear performance of the blanket anu shield in a fusion reactor

will have a substantial impact on the overall operation and capital cost

of the reactor. It is necessary, therefore, to have experimental verifi-

cation of the nuclear data and radiation transport methods that will be

used to carry out the nuclear design calculations for these assemblies.

Integral experiments are being performed at the Oak Ridge National Laboratory

to provide the experimental data needed for this verification. Th> verifi-

cation will be made by extensive comparisons between calculated results and

these experimental data. Measurements of the transport of 14-MeV neutrons

through laminated shields containing materials that are anticipated for use

in fusion applications and the effect of introducing penetrations in the

shields will be made. This paper summarizes the results of measurements and

calculations to determine neutron and photon spectra behind laminated shields

of varying composition and thickness.

The experiments are carried out using 14-MeV neutrons having a source

strength of ̂  10 n/s produced in the interactions of 200 keV deuterons with

tritium saturated in titanium target. The target is enclosed in an iron can

which has the purpose of tailoring the neutron distribution to correspond to
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that incident on the first wall of a fusion reactor. The target, iron can,

and the shield assembly are supported in a concrete superstructure. Shields

of various thicknesses are constructed by arranging 5.08-cm thick by 152 cm

square stainless steel type 304 (SS-304), borated polyethylene (BP), and

heavymet (tungsten alloy) slabs in selected sequences. Neutron and gamma

ray spectra are measured at various positions relative to the deuteron-

target axis and as a function of shield thickness using a NE-213 liquid

scintillator. Neutron and gamma ray pulse height spectra are simultaneously

obtained using pulse-shape-discrimination methods and unfolding techniques

are used to resolve the energy spectra from the pulse height data.

The calculated neutron and gamma ray energy spectra are obtained using

two-dimensional radiation transport methods. The experimental configuration

is represented in r-z geometry with cylindrical symmetry about the axis of

the deuteron beam using 92 axial and 76 radial mesh intervals to describe

the geometry. The neutron source used in the calculations takes into account

the angle-energy relationship of the neutrons emitted from the D-T reaction

and takes into account deuteron slowing down in the target. Separate calcu-

lations are performed to determine the first collision and uncollided flux

distributions in the geometry meshing using black absorbers about the neutron

source to define the angular interval.into which neutrons in a given energy

interval are emitted. These data are then combined to form a single source

term for input into the discrete ordinates code DOT which completes the

radiation transport. The transport calculations are carried out using an



Sg angular quadrature and a P, Legendre expansion of the transport cross

sections. A 53-neutron-21-gamma-ray multigroup cross section obtained by

collapsing the 171-neutron-36-gamma-ray Vitamin C data set using the

ANISN5 code.

Neutron and gamma ray spectra have been measured and calculated for

shield configurations consisting of

1. Six SS-304 slabs

2. Configuration (1) plus one SS-304 and one BP slab

3. Configuration (2) plus one SS-304 and one BP slab

4. Configuration (3) plus one SS-304 slab

5. Configuration (4) plus one heavymet (tungsten alloy) slab.

These configurations represent laminated shields having thicknesses ranging

from 30.48 to 60.96 cm.

The neutron energy spectra measured and calculated behind the 30.48-cm

thick SS-304 shield configuration are compared in Fig. 1. The two solid

lines indicate the statistical uncertainty band in the unfolded neutron

spectrum and the dots are the calculated results. The calculated data were

obtained by smoothing the flux per unit energy in each multigroup energy

interval with an energy-dependent Gaussian distribution that characterizes

the neutron response of the detector. The calculated and experimental data

are in reasonable agreement.

Comparisons of the neutron and gamma ray energy spectra and the integrals

of these for all of the shield configurations will be presented and discussed.

Also, a brief overview of the continuing experimental program will be given.
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Figure Caption

Fig. 1. Comparison of the measured and calculated neutron spectra
behind 30.48 cm of SS-304. The detector is positioned 100 cm off the
deuteron-target axis.
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