22.033 Dose Methodology

The purpose of this primer is to cover how to do calculations of dose to astronauts near the reactor.  It assumes that certain parameters are known, and having discussed in class, should be parameters that if the shielding group does not already know them should be easily obtained.

Firstly, we are going to discuss the current of particles from the reactor in a general sense, so they may be either neutrons or gamma rays.  Let us further assume that either neutrons or gamma rays have a characteristic energy that can be calculated via spectrum averaging.

We will discuss two cases in this primer, in one case the humans are “near” the reactor.  The second case will be when humans are “far” from the reactor.  While there are many ways to define “near” and “far” the convention that we will use here is as follows.  “Near” refers to the case where the humans are near enough to the reactor shield that the difference between their position and the reactor shield height are comparable.  In that case it is acceptable to neglect the axial transport of particles coming from the shield.

In the second case, we consider the distance of the humans from the reactor to be significantly larger than the core size, such that the core and shield appear to be a point source.

Given parameters

What is assumed known input parameters are as follows, the outgoing neutron and photon currents from the reactor radial reflector.  For the current time axial currents are of not considered.  The attenuation coefficients for both neutrons and photons in various materials for the given energy spectra of the currents is also known.  

Lastly, the absorption coefficients for a human, as well as the quality factors are also known for the given spectra and type of particle.

In that case, we can calculate the outgoing neutron or photon current (or for any particle of type x) as follows for a given 2 layer shield.
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1 refers to the first layer and 2 to the second layer, for incident radiation of type x each will have a different attenuation coefficient.  The total shield thickness is t and the fraction of the shield that is material 1 is f1 and the same is true for material 2

This assumes that the shield thickness is small relative to the size of the reactor.  Since the reactor radius is on the order of 50 cm and the shield thickness should not exceed a few centimeters this approximation should be reasonable.

Otherwise the radial dependence of the current must be taken into account and the current must be integrated over the shield radius and circumference.  In which case the differential equation you must solve will take the form
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This will allow you to calculate the outgoing particle current at the outside surface of the shield.  In the case where the humans are near the shield, the isocurrent contours are cylindrical surfaces.  In the case where the humans are far from the shield the isocurrent contours are spherical surfaces.  This is the primary difference between these two analyses.

Near Case

We can calculate the particle current as a function of distance in the near case as follows
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Where J(0) is the value calculated above, and r0 is the radius from the core center to the shield outer surface, and r is the distance of the human from the core center.

We can calculate the energy deposited in the human approximately using the following formalism.
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Here we make several simplifying assumptions, firstly, the radiation is highly penetrating.  In that case the current is approximately unperturbed.  Secondly, we assume that the human volume is sufficiently small that the spatial variation of the current can be neglected, and the combination of these assumptions will yield that the approximate particle flux in the human is given by the integrated current.

We also conclude based on the second assumption that the energy distribution of the current is constant through the human.  Then we can characterize the energy of the particles with a single spectrum averaged energy.

If these assumptions are valid, then the above expression simply reduces to
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This calculation has involved so far, several simplifying assumptions, and it is critical to understand the regimes where these are applicable.  If these assumptions are not valid, then the explicit formalism must be used and the process for calculating these energy depositions and subsequently doses becomes much more complicated.

The dose then as a function of the distance from the reactor, so long as one is near the reactor is given as follows
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Where V is the volume of the human, and Q is the quality factor.

Far Case

Using a similar methodology and derivation, making the same assumptions, if the humans are far away from the shield, then the dose is calculated as follows.
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