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ABSTRACT: Neutron doses through 162~cm-thick spherical shields were 
calculated to be 1090 and 448 mrem/h for regular and magnetite 
concrete, respectively. These results bracket the measured data, for 
reinforced regular concrete, of -600 mrem/h. The calculated fraction of 
the high-energy (> 20 MeV) dose component also bracketed the experimental 
data. The measured and calculated doses were for a graphite beam stop 
bombarded with 100 nA of 800-MeV protons. 

Introduction 

Shielding issues were the highest priority concerns at the Los Alamos Neutron 
Scattering Center (LANSCE)trI in FY-88. LANSCE uses 800-MeV protons from 
the Clinton P. Anderson Meson Physics Facility (LAMPF)[~ to produce neutrons for 
basic materials science and nuclear physics research. As can be seen in Fig. 1, the 
LANSCE target area has vertical proton insertion. LANSCE shielding concerns 
include: a) proton beam line shielding, b) target shielding, and c) neutron beam line, 
chopper, and beam-stop shielding. We launched both a computational endeavor[3] and 
an experimental effort141 to better understand the complexities associated with 
adequately shielding a spallation neutron source. 

Neutron-dose measurements were mader51 in the LANSCE experimental area below 
the proton beam line at a location downstream from where protons are extracted to 
the White Source experimental area (see Fig. 1). The 800-MeV proton beam 
impinged on a SO-cm-diam by 200~cm-long graphite beam stop. The proton current 
was lOOnA. 

The shield under study was the reinforced regular concrete floor (152-c.m~thick) of the 
proton beam line. Our previous experience had shown that the maximum dose (for 
this type of geometry) should be expected at about 60 degrees from the proton beam 
direction. Measurements were made at roughly 70 degrees (see Fig. 2). 

The actual shield geometry was simplified for the calculations by assuming an 
equivalent spherical shield with a thickness of the 70-degree slant distance (162 cm) 
through the beam-channel floor. The high-energy (> 20 MeV) neutron-source term 
was chosen to be an isotropic point source located at the center of the spherical-shield 
cavity. The graphite beam stop per se was not mocked up in the Monte Carlo 
shielding calculations. The strength of the point source was taken to be 4n: times the 
neutrons per steradian in the angle bin 50-105 degrees leaking from the graphite beam 
stop (see Fig. 2). 
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Fig. 1 General layout of the LANSCEMlNR complex. The Neutron Scattering 
Experimental Hall, completed in 1988, surrounds the present LANSCE experimental 
hall (shown in the foreground) and greatly enhances the overall LANSCE experimental 
area. 

Primary low-energy (c 20 MeV) neutrons produced in the graphite beam stop were 
ignored in the calculations. The high-energy neutrons and secondary low-energy 
neutrons produced by high-energy reactions in the shield were tracked to the detector 
location and converted to dose. The floor of the LANSCE experimental area was 
ignored in the computations. Air-filled regions were assumed to be both inside and 
outside the shield zone. 

The computations were done with the Los Alamos Monte Carlo code package.t6] 

Results 

The LANSCE beam-channel floor in the vicinity of the shield measurement is 
reinforced regular concrete. Since we did not know the iron content of this 
shield, we performed computations for both regular and magnetite concrete, 
hoping to bracket the effectiveness of the actual shield material. The results of the 
calculations, compared to experimental data, are shown in Table 1. Indeed, the 
experimental results are bracketed by our calculations. The magnetite concrete data is 
closer to the measured values, indicating the significance of the iron reinforcing bars 
used in the actual construction of the beam-channel floor. The effect of including the 
LANSCE experimental area floor in the computations would produce some 
low-energy albedo neutrons to add to the low-energy dose component at the detector 
location. 
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Fig. 2 A simplified schematic diagram of the LANSCE proton beam channel, 
showing the equivalent spherical shield for the beam channel floor. The location of 
the measurement, relative to the proton beam stop, is also illustrated. The graphite 
beam stop was replaced by a point isotropic source in the calculations. 
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