






















































































CHAPTER 4

BUILDING AND SITE

SHIELDING CONSIDERATIONS

For the type of accelerator being proposed, the problem of the suppression of the
escaping radiation by means of shielding is dominated by the fast neutron production;
that is, any shielding which is adequate to contain fast neutrons will be more than enough
to suppress the slow neutrons and secondary gamma radiation coming from various parts
of the cyclotron during its operation.

The proposed NRL sector focusing cyclotron is designed to deliver up to one milli-
“ampere of 75-Mev protons. The data of Crandall and Milburn (UCRL Report 4931) show
a yield of about one fast neutron for four 75-Mev protons striking a thick target of high
atomic number, for example, tungsten. Since one milliampere corresponds to 6.25 x 107
protons/second, a one-milliampere beam of 75-Mev protons will produce a point source
of about 1.5 x 10*® fast neutrons per second.

For cost and ease of construction, the most practical material for radiation shielding
is ordinary structural concrete. Assuming an isotropic distribution of neutrons, if the dis-
tance between the source of 10*® fast neutrons per second and the nearest concrete wall is
10 feet, the neutron flux at the surface of the wall is 10° fast neutrons per square centi-
meter per second. Also, if a broad, slab-type geometry is assumed for the shielding, the
effective attenuation coefficient for ordinary structural concrete as a function of neutron
energy is well known. For 14-Mev neutrons, the effective removal coefficient is 2.6 ft=*
Therefore, if 10° fast neutrons per square centimeter per second are impinging on an
ordinary structural concrete wall which is 7 ft thick, the neutron flux will be reduced by
a factor of about 4 x 108, leaving an escaping flux of approximately 2 neutrons per square
centimeter per second, which is less than the allowed biological dose to radiation workers.
For a 40-hour week, the maximum permissible fast neutron dose for radiation workers is

10 neutrons per square centimeter per second, which corresponds to approximately 2.5
millirem per hour of gamma radiation.

Several assumptions that are not altogether correct were made in the foregoing state-
ments. First, the distribution of neutrons from the target will not be isotropic but will be
peaked in the forward direction. Furthermore, in certain instances the effective source,
i.e., the beam stopper, could be closer to a wall than 10 feet. Therefore, localized inten-
sities, higher than those cited, are possible. In these cases, the positioning of suitable
amounts of portable shielding, for example, layers of iron or concrete, in the immediate
neighborhood of the radiation source, becomes much more practical.

Second, fast neutrons with energies greater than 14 Mev, though fewer in number, will
certainly be produced. For example, consider a one milliampere beam of 24-Mev deuterons
striking a thick beryllium target. The total yield of neutrons will be approximately 1.85 x
10" neutrons per second in a point source. This is a factor of 10 lower than the source
cited earlier in this section; however, a considerable portion of the high energy neutron
yield is in the forward direction. Nevertheless, it is concluded that the calculated shield-
ing is adequate because the maximum of the neutron yield curve for this reaction occurs
at about 3.5 Mev and drops off very rapidly with increasing energy.
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