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Introduction

For the commissioning phase, the doses in the vicinity of the temporary beam stop following DTL tank #1 were requested. This beam stop will absorb the H- beam that is accelerated by the first DTL tank from 2.5 MeV to 7.5 MeV beam energy. Activation scenarios of 1day and 1 week full time and full beam (1.36 1016 protons/s) were investigated.

Methodology

Monte Carlo transport calculations were performed using the MCNPX1 code. The dominating process of protons with 7.5 MeV  energy is energy loss through ionization. In rare instances, the protons undergo nonelastic reactions that may result in neutron production. The latest versions of the MCNPX code (mcnpx_2.2.6) allow the application of tabulated evaluated proton cross section data determining the nonelastic reaction outcomes, which models correctly the energy dependence of all reaction channels and their thresholds. Although this is a nice tool to have, it lacks to report the isotope production rates. Hence we were forced to use the standard version of the MCNPX code (mcnpx_2.1.5) that still uses crude physis models rather than detailed tabulated cross section data to simulate proton reactions. 

Surprisingly, the neutron yields predicted by the standard MCNPX version and latest MCNPX version differed only 20%, and also the neutron energy spectrum resulting from the standard MCNPX code was only slightly softer compared to the spectrum obtained from the latest MCNPX code. This comparison gave us confidence that the standard MCNPX version is applicable to our problems.

The isotope production rates resulting from the MCNPX calculation for the 7.5 MeV proton source was fed into the Activation Analysis System2 (AAS) to obtain the time dependence of the isotope buildup and decay for the given scenarios, and to extract gamma decay spectra for all materials in the problem. 

These gamma decay spectra were used as a source for a following MCNPX transport analysis for calculating gamma flux distributions and dose equivalent rates in the vicinity of the beam stop.

Model

A beam stop geometry model applied for the MCNPX calculation that was developed by I. Popova to evaluate the shielding design of the DTL commissioning cave. This model includes a detailed description of the beam stop consisting of a water cooled nickel Faraday cup in a stainless steel structure that is positioned at about 3 meters downstream from the DTL tank #1 (see Fig. 1). The concrete walls, ceiling and floor meter of the DTL commissioning cave were also considered with thicknesses of 1 meter (see Fig.2).

Results

Dose contour plots in the area of the beam stop are given for the following cases:

1. Operational doses equivalent rate for DTL commissioning with full power (1.36 1016 protons/s)  (Fig. 3),

2. Residual dose equivalent rate after 1 day full power operation and 1 hour decay time (Fig. 4),

3. Residual dose equivalent rate after 1 week full power operation and 1 hour decay time (Fig. 5).

The operational dose for case #1 shown in Fig. 3 is the sum of neutron and gamma dose equivalent rates that are comparable in intensity. The residual doses consist of a gamma component only.

The time behavior of the residual dose rates can be extracted from the time profiles of the decay gamma source strength presented in Fig. 6 and 7 for the cases of 1 day and 1 week of operation, respectively. Time profiles are provided for the beam dump materials and the concrete walls.  It is obvious that the concrete walls contribute significantly to the gamma field for at least up to one day after shutdown until the Na-24 with a halflife of about 14 hours has decayed. For decay times longer than one day the dose is dominated by the sources from the beam dump, the activation products in nickel being the major contributor.
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Fig. 1: The beamstop model includes a conical 2 mm thick nickel sheet and water gap in a stainless steel structure.
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Fig. 2: The beam stop and also the DTL tank #1 are enclosed in the DTL commissioning cave consisting from 1 meter thick concrete structure.
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Fig. 3: Contours of dose equivalent rates (gamma+neutron contributions) for a beam of 1.36 1016 protons per second and 7.5 MeV energy impinging on the beamstop.
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Fig. 4: Contours of the residual dose for a 1 day of operation of the DTL tank #1 with a beam of 1.36 1016 protons per second and 7.5 MeV energy 1 hour after shutdown.
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Fig. 5: Contours of the residual dose for a 1 week of operation of the DTL tank #1 with a beam of 1.36 1016 protons per second and 7.5 MeV energy 1 hour after shutdown.
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Fig. 6:  Decay gamma source strength dose for 1 day of operation of the DTL tank #1 with a beam of 1.36 1016 protons per second and 7.5 MeV energy after shutdown.
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Fig. 7:  Decay gamma source strength dose for 1 day of operation of the DTL tank #1 with a beam of 1.36 1016 protons per second and 7.5 MeV energy after shutdown.
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