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Abstract

Updates to the radiation shielding of the test facility VIS #esigned to meet
operational restrictions are presented.

1 Introduction

The vertical test facility for superconducting RF cavitiedndustrial Building 1 at Fer-
milab is in operation since 2007. Radiation shielding fas tacility was designed for
operations with one cavity in it, and the shielding caldolas were performed for a sim-
plified model of field emission as the radiation source [1]-R more realistic field emis-
sion model was shown to reproduce measured dose rates ixigtmg VTS1 cryostat
within limited statistics [3]. The facility is being expaed to include two additional larger
cryostats, VTS2/3; cavity tests can be done in only one otthhee cryostats at a time.
The operations are supposed to be extended in such a wayth&HR cavities will be in
the facility at a time, but tests for every single cavity vii# performed separately (in se-
guence). In such a case the radiation emitted during thefresh the lower cavity can, in
part, bypass the initially designed shielding which caml lEahigher dose in the building.
Therefore, a re-evaluation of the radiation shielding wagsqumed [3]. At the same time,
an operational scenario is possible when only the lowertgaviil be in the facility at a
time and tests will be performed for this single cavity. Adthally, it is strongly desired
to remove the lead and steel disks that comprise the intsimalding due to their sig-
nificant negative impact on cryogenic operations and hefacéity throughput. From the
standpoint of radiation safety the removal of the interh&lsling represents the worst case
scenario and, therefore, a re-evaluation of the previadestygned shielding is required.
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2 Geometry Model

Cross sections of the developed three-dimensional modéledtest facility are shown in
Figs. 1 and 2. As for the color scheme employed to denote raktén the model, the
following convention applies: white, light blue, grey aratircolors correspond to vacuum,
air, regular concrete and stainless steel, respectivebddlition, in this model the pink and
brown colors correspond to liquid helium and borated pdilyleine, respectively. There is
a lot of minor technological components (cabé&s) that are not taken into account in this
model.

Because of removal of lead blocks that served as internalidshg to the tested cavities,
two extra layers of steel were introduced: (i) 10.8 cm hartatly under the removable
concrete blocks, so that together with the existing steebites up 26 cm of steel; (ii) 5.08
cm vertically in the instrumentation pit all along the intal perimeter line (except for the
right side, that is against the instrumentation trench).
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Figure 1: A full cross section of the MARS15 [4] model of thett&acility with the lower
RF cavity in it.
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Figure 2: A cross section of the full MARS15 model of the tesility with concrete walls
and ceiling (top) and with offices at the second floor (bottom)



3 Modified Radiation Shielding

3.1 Promptdose

Calculated distribution of the prompt dose around the ifga$ shown in Figs. 3 and 4.
Two spikes are observed in the dose distribution atop th@vabie concrete blocks—on
left and right side relative to the vertical axis of the vést®t is aroundZ =-90cm and
Z =80cm.
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Figure 3: The calculated dose distribution around the VB3&¢ility with the modified
radiation shielding and with the lower RF cavity tested.

The spikes are due to radiation streaming upward througlaithgaps between the ves-
sel and the concrete walls as well as through the vacuumeiribiel vessel. The highest
predicted dose is about 13 mrem/hr while the goal is 5 mrenfithe same time, the
radiation is well confined in the horizontal direction.
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Figure 4: The calculated dose distributions for the full micchown in Fig. 2.



According to our calculations, prompt dose due to neutrsgpproximately 1% of the
total dose shown in Figs. 3 and 4. It should be noted alsodiiatfo presence of concrete
walls and ceiling in our model, the backscattering of gamarabneutrons off concrete is
taken into account in these studies.

Because of various operational restrictions, it is not ixds$o add extra shielding in the
instrumentation pit under the removable shielding blockth& same time, one can not add
more shielding to the removable blocks themselves becaesadtors will be overloaded.
Therefore, the only remaining alternative is to put a fenceiad the removable concrete
blocks in order to restrict access to the area where the dosbechigher then 5 mrem/hr.

Numerical estimates show that at horizontal distances ©f 120 and 360 cm from the
vertical axis of the test facility the total prompt dose rai# not exceed 5, 0.25 and 0.05
mrem/hr, respectively. In the estimate one assumes thd¢hiky operates all year around.
In reality, one has to take into accoundaty factor, which reduces the average dose rate.
The estimated conservative average number of tests per wvedle facility VTS2/3 is
about 3.33. Taking into account 4 weeks for required annyaptant maintenance and
another 4 weeks for holiday/vacation shutdowns, one getgeists per year. According to
radiation measurements performed previously, only 20%ldésts revealed measurable
field emission. For the latter tests, the time spent testihgewthe field emission was
present was no more than 30 minutes per test. Finally, topalsaire time to radiation from
the field emission is about 15 hours per year. Thereforenggkito account the duty factor,
one can say that the three above mentioned horizontal desarorrespond to average dose
rates of 0.036, 0.0018 and 0.00036 mrem/hr, respectively.

3.2 Residual dose

The calculated distribution of residual dose for the vess$F cavity and other components
of the facility after a 12-hour irradiation is shown in Fig. Sote that 12 hours is the
shortest possible irradiation time available in the MAR34Fcode. One can see that the
maximum residual dose—6.8 mrem/hr—is observed at theyclaitges (one does not take
into account the above mentionddty factor). The value is significantly overestimated
for two reasons: (i) each real test will last much less thahdizs; (ii) the presented dose
is for thick objects £ 10 cm) while the cavity flange is about 1 cm in thickness which
introduces an overestimate factor of about 2. Residualatain of all other components
is much lower.

4 Conclusions

It is shown that the modified shielding of the VTS2/3 facilwgthout the internal lead
and steel disks should include a fence around the removablerete blocks. Residual
activation of the irradiated equipment is negligible.
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Figure 5: The calculated distribution of residual dose atban RF cavity in VTS2/3 faclity
after a 12-hr irradiation and 1-hr cooling.
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