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Many shielding situations require the efficient wuse of
space. This frequently requires the use of high Z materials,
particularly iron. A problem results in that iron does not
efficiently attenuate neutrons below 1 Mev(1) + Combining
this with the dependence on energy for conversion to dose
equivalent it is seen that special precautions need to be

taken to optimize the use of high density of iron relative to

concrete because of this leakage of low energy neutrons.

Reference 1 showed that at an equivalent star density
the effect of the lower attenuation of neutrons less than 1
Mev by iron as compared to thick concrete resulfs in a factor
of 420/9.0 = 46.7 4increase in dose equivalent. To regain
this lost factor of protection we need to provide additional
attenuation for this specificec portion of the spectrun.

Hydrogenous material is the usual choice for shielding 1lower
energy neutrons. Concrete because of its structural
stability, low cost, and availlability is used most frequently

even though the water content is typically only 6%.



A "rule of thumb" at Fermilab has been to use 3 feet of
concrete exterior to iron shielding. A recent design of a
shield with a severe dimensional constraint has prompted a
re-evaluation of this "rule of thumb" and has led to the
following calculations of the concrete thickness required to

nullify this problem.

The information used in these calculations include a
neutron spectrum (fig. 1) due to O'Brien(z) at a depth of
2000 gm/cm2 in a 2000 gm/cm2 iron side~shielding of a
particle accelerator. Protons lost during operation produce
nuclear reactions or 'stars' upon deposition of their energy
in the shielding material. These stars are the source of
neutrons which make up the radiation field and the emitted
spectrum 1is assumed to be independant of the proton energy
initiating the nuclear reaction. The number of stars
produced 1is proportional to the incident energy in GeV and
the number of lost protons. Since we are concerned with
relative magnitude and not an absolute magnitude these
factors cancel out. The emergent spectrum from the shield is
in n/cmz-sec. The conversion factors to mrem are from
Patterson and Thomas(3) (fig. 2). These are dependant on the
neutron energy and relate n/cmz-sec to biological damage in
mrem/hr. The dose-equivalent tenth-value layers in concrete

(4)

are taken from NCRP (1977) (fig. 3). A tenth-value layer



is the thickness which is necessary to attenuate by a factor

of ten. A concrete density of 2.4 gm/cm(3)is used in
conjunction with these values. The latter two sources are

interpolated linearly where necessary.

The relative effect of concrete exterior to the iron on
dose equivalent 1s the quantity sought. Using the spectrum
of reference 2 we performed the following integrations for

concrete thickness x from 5 em to 90 cm:

$(E) K(E) 10" X/AME) 4

$(E) K(E) dE

Where'¢, K and A are the energy dependant functions of flux,
dose equivalent conversion factor and tenth value layer
respectively. The limits of integration were from 2.5E-8 Mev
to 100 Mev although nearly all of the dose equivalent is
expected from energies less than 1 Mev. The integration was
conducted by two different methods as a check. One method
was the ordinary trapezoidal rule and the other a cubic
spline quadrature from an existing routine 1in the
International Mathematical and Statistical Library (IMSL).

There was no significant difference between the results.



From a graph of the results (fig. 4) we see that to gain
back our factor of U46.7 (attenuate by 1/46.7 = .0214)
requires 60 cm of concrete exterior to the iron. For new
construction this is a significant point in pouring a wall or
floor to enclose iron shielding when compared to the previous
3 feet required. In the stacking of shield blocks it is less
important due to the existing standard Dblock sizes and

stacking to preclude leakage through cracks.
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FIGURES

Neutron spectrum at 2000 gm/cm2 in 2000 gm/cm2 Fe

shield
Conversion factors from n/cmz-sec to mrem/hr
Dose-Equivalent Tenth-value layers

Attenuation of dose equivalent vs concrete thickness
exterior to iron.
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F.10 Dose-Equivalent Index Tenth-Value Layers in Concrete
for Monoenergetic Neutrons
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MONOENERGETIC NEUTRON ENERGY (MeV)

Equilibrium dose-equivalent index tenth-value layers, T, for neutrons in ordi-
nary concrete, as a function of monoenergetic-neutron energy. T, is applicable only
for transmission less than 10~ rem ¢cm?®. The curve above is broken between 10~ and
10-! MeV to indicate that the trend in T, is very slow moving in this energy range.
Data were obtained directly from curves in Appendix F-8.

The equilibrium dose-equivalent index tenth-value layers for Appendices F-8 and
F-9 are listed in Appendix F-7, accompanying the parameters of the corresponding
neutron spectrum. Except for (y,n) spectra produced by electron energies greater
than 55 MeV, and for neutrons produced by charged-particle energies greater than 20
MeV, the values of T', lie below 85 g cm~2,

Note: Refer to Section 4.3.3 regarding the limited usefulness of these data.
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RADIATION FIELDS

Table 2.1 X. Conversion and modifying factors for neutrons.

The number of significant digits given facilitates convenient numerical inter-
polation, and does not indicate the accuracy of the recommended factors.)

Neutron energy Conversion factor Modifying
(MeV) (n/cm2 sec/mrem/h ) factor
2.5X 108 265 2.3
5X 108 254 2.2
1X107 242 2.0
2X 107 234 2.0
5X107 226 2.0
1X106 222 2.0
2X106 224 2.0
5X 106 228 2.0
1X105 231 2.0
2X105 233 2.0
5X105 237 2.0
1X104 239 2.0
2X 104 248 2.0
5X104 261 2.0
1X103 272 2.0
2X 103 278 2.0
5X103 281 2.0
1X102 283 2.0
2X102 170 3.3
5X102 82 5.7
1X101 48 7.4
2X 101 28 9.2
5X 101 14 110
1X100 8.5 10.6
2X 100 7.0 9.3
5X100 6.8 7.8
1 X101 6.8 6.8
2X 101 6.5 6.0
5X 101 6.1 5.0
1X102 5.55 4.4
2X102 5.10 3.8
5X102 3.60 3.2
1X103 2.25 2.8
2X103 1.55 2.6
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