
MEMORANDUM
To: R. Ent, S. Wood, L. Tang
From: Pavel Degtiarenko
Subj: Radiation budget for E01-011 and E02-017
cc: A. Hutton, R. May, E. Abkemeier, D. Skopik
Date: December 6, 2004

Radiation budget form for E01-011 and E02-017 experiments

The estimates for the boundary radiation dose from the experiments E01-011 and E02-
017 are given in the attached tables. The input data have been provided by L. Tang. Please
contact me if you see any misprints or inconsistencies in the data. The dose estimates
(method 2 in the tables) are based on MC calculations for the proposed schematic design
of the non-standard HKS beam dumpline, the set of drawings as of December 1, 2004.
The systematic errors are expected to be no worse than factor 3-4, taking into account
systematics in the physics model and simplifications in the model geometry.

The boundary dose accumulation due to these two experiments is estimated to be ap-
proximately 0.73 mrem, i.e. 7.3% of the annual design goal. The dose rate averaged over the
run time is about 70% of the design average dose rate limit, below the alert level of 200%.

During the experiment there will be elevated local radiation levels in the Hall, concen-
trated in the horizontal plane at the beam level, and in a cone adjacent to the first leg of the
electron dumpline (equivalent to roughly 10-20 degrees scattering angle from the target).
The radiation is caused mostly by the beam electrons that lose energy in the target, suffi-
cient enough to be turned by the target magnetic field and knocked outside of the dumpline
aperture (see attached plot). The energy range for the scattered electrons and photons will
be up to approximately 1 GeV. We shouldn’t allow this scattered beam to hit directly into
the wall of the Endstation, mostly because of the possible ground water activation problems.
A local shielding should be designed to intercept the radiation flux and protect the wall and
the Hall equipment in that area. Depending on the position of the shielding, a small increase
of the boundary dose along with some increase of neutron background in the Hall may be
expected.
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Exp. #  E01-011 rev: A run dates: 2005 name of liaison: S. Wood

                 setup number 1 2 3 4 5 6 7 8 9 10 11 11
beam energy GeV 1.851 1.851 1.851 1.851 1.851 1.851 1.851 1.851 1.851 1.851 1.851 totals:

current uA(CW) 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 10.0
exp't element Be C Si Li[6] Li[7] Be B[10] B[11] V[51] Y[89] C
target thickness mg/cm2 10 100 100 100 100 100 100 100 100 100 432
add'l element O H

target 1 thickness mg/cm2 19 72
run time hours 80 120 240 36 36 36 36 36 36 36 60 752

 time (100% eff.) days 3.3 5.0 10.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 2.5 31.3
installation hours 0
time days 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

dose rate at method 1 urem/hr 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
the fence post method 2 urem/hr 0.2 0.6 1.1 0.4 0.4 0.5 0.6 0.5 1.9 3.9 1.0
(run time) conservative urem/hr 0.2 0.6 1.1 0.4 0.4 0.5 0.6 0.5 1.9 3.9 1.0
dose per setup urem 16 71 257 14 14 18 22 18 67 142 60 698.44
% of annual dose budget % 0.2 0.7 2.6 0.1 0.1 0.2 0.2 0.2 0.7 1.4 0.6 6.9844

% of allowed dose for the total time 81.361
% of allowed dose for the run time only 81.361

If > 200%, discuss result with Physics Research EH&S officer

date form issued: December 3, 2004 authors: P Degtyarenko
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Exp. #  E02-017 rev: A run dates: 2005 name of liaison: S. Wood

                 setup number 1 1
beam energy GeV 1.851 totals:

current uA(CW) 30.0
exp't element Bi 
target thickness mg/cm2 10

run time hours 240 240
 time (100% eff.) days 10.0 10.0

installation hours 0
time days 0.0 0.0

dose rate at method 1 urem/hr 0.0
the fence post method 2 urem/hr 0.4
(run time) conservative urem/hr 0.4
dose per setup urem 96 96
% of annual dose budget % 1.0 0.96

% of allowed dose for the total time 35.04
% of allowed dose for the run time only 35.04

If > 200%, discuss result with Physics Research EH&S officer

date form issued: December 3, 2004 authors: P Degtyarenko



FIG. 1. Top view of Hall C End Station cut in a horizontal plane at beam level. Solid red, 
dotted blue, and dash-dotted black lines show tracks of charged particles (mostly electrons), 
photons, and neutrons, correspondingly. Neutron production cross section was artificially 
amplified to make them visible in the plot. Electron beam (1.851 GeV) starts horizontally 
along z axis at x=4.7 m from left to right, passes through the magnetic field at the target 
region (z~-2 m) and is bent upward in the plot. At z~2.5 m the beam enters first BZ-magnet 
that kicks it back, then at z~8 m the second BZ magnet returns the beam into the dumpline. 
At the transition between the Hall dumpline and the dump tunnel line, relatively narrow 
flanges cause cascading seen as the mostly red area at the tunnel entrance. Beam electrons 
that lost significant energy in the target, mostly due to bremsstrahlung, are steered outside of 
the beam aperture, and exit the electron line, producing, in the horizontal plane, a broad spray 
of energetic electrons and photons, propagating down to the End Station wall.


