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Abstract

In this study the results of Monte Carlo radiation shieldiadculations performed
for the MO3-MT6 area in the Meson Test Beam Facility (MTBFR) described.

1 Introduction

The MTBF was designed in order to test equipment and detettia beam of moderate
energy particles (5-120 GeV) [1]. It is a versatile beam hmailable to users participating
in various projects. An upgrade to the beam line has beeroapg@rin order to provide
a test beam for the detector R&D for the International Lin€allider [2]. This upgrade
implies, in particular, installation of a new target, colator, and beam absorber which will
be strong sources of secondary radiation. In order to desigppropriate shielding for the
area, the radiation shielding calculations were performigdthe MARS15 [3] code. Itis
assumed that the intensity of the initial proton beam is btgua0'? protons per minute at
an energy of 120 GeV.

2 Geometry Model

The model developed for this region extends from the targedbud 50 m downstream and
includes the target itself, collimator, beam absorbegldimg blocks, a number of dipoles
and quadrupoles, and the tunnel. A Cartesian right-handedimates system is used in
the model (see Fig. 1). Thus, the positive direction forXhaxis is upward while for the

Z-axis it follows the direction of the beam (if one ignores bi@nds of the beam line and the
target offset relative to the origin of the coordinate systf),0,0), that are obsreved in the
Figure). The color scheme employed in the first three Figtivasdescribe the geometry
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model is the following: white, violet, green, grey, bluedaed (or brown) colors represent
vacuum, aluminum, soil, regular concrete, air, and stespectively.
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Figure 1: A fragment of the MARS model ’as built’ for the tunveth first elements
of the beam line (target, collimator, beam absorber, sédgoales and quadrupoles, and
shielding blocks): elevation view at= Ocm (top) and plan view & = 48cm (bottom).

In order to determine the groundwater activation, the stasdy was calculated accord-
ing to the geometry model that features the beam line elesraed shielding components
'as built’ and for the region where the major beam loss occliris shown below that the
region of major beam loss extends from the target up to thenkszsorber (see Fig. 1).



The target—an aluminum cylinder 30 cm in length and with asreection of 0.635cm
0.635cm—is surrounded by concrete and steel shieldingbl@ee Fig. 2) and is followed
by a 180-cm collimator with a rectangular aperture 2.54c2b4cm. The center of the up-
stream end of the target is at the point (X,Y,Z)=(48.3crd40m,-2.54cm). The upstream
end of the 180-cm beam absorber is placed at 18m (see Fig. 1). The absorber has a
rectangular aperture 5.08cn®.54cm inside its steel core 45.7¢n35.6cm which, in turn,

is surrounded by concrete blocks.
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Figure 2: A cross section of the shielding blocks surrougdhre target (top) and cross
section of the tunnel with the beam absorber downstreamediget and collimator (bot-
tom).



In order to predict the prompt dose rate in the control roorthatusers area, one has
to take into account the realistic multiple bends of the &irand beam line which help
to provide shielding against muons as the most penetragidigion in the test area (see
Fig. 3). The entrance to the users area is approximatelyatdnt (Y,Z) = (2m,170m) and
is not shown on the Figure.
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Figure 3: A plan view of the model "as built’ for the area witietbent beam line from the
target up to 150 m downstream.

3 Resultsof Calculations

3.1 Groundwater activation

The calculated distributions of star density around théiroator and beam absorbere.

in the region where the major beam loss occurs, are showngs Biand 5. One can
see that the maximum star density observed in the soil uhéecdncrete floor under the
beam absorber is equal to £¥0% cm~3 per proton. This data gives rise to an estimate
of the groundwater activation with tritium and sodium thaed not exceed the EPA limits
for more thanten years of continuous operation at normal conditions [4] and at gl

of 1.2<10'7 protons per year. In other words, after 10 years of contiswperation at the
level of 1.2<10'7 protons per year the groundwater activation will be at th&&vel of
the EPA limit.
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Figure 4: The calculated distributions of star density i@ tegion where the major beam
loss is observed: elevation view¥at= Ocm (top) and plan view & = 48cm (bottom).
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Figure 5: The calculated distribution of star density overass section of the tunnel with
the beam absorber where the shower maximum is observed.

The estimate of the groundwater activation was based orsthagtion that the maximum-
to-average ratio for the star density distributions is étu8&0 [4]. According to the current
ES&H rules at Fermilab, the averaging of the star densityikhbe performed over a soil
volume that contains 99% of stars. In order to verify theorédir this particular study, a
separate calculation was performed for the test area. Tleneocorresponds to -2rm Z
< 32m longitudinally and 1.5m of dirt immediately outside loétunnel concrete walls lat-
erally. Averaged over four sides—left, right, top, and bottit gives us< S> = 3.0x10°8
cm 3 per proton. Therefore, the maximum-to-average ratio tarigo be 47 and the 6-%
difference confirms high reliability of the used ratio of 50.

3.2 Residual contact dose

The calculated distribution of the residual contact dogeirathe region of maximum beam
loss is shown in Fig. 6. One can see that there are severahe¢sgpots in the beam line:

(i) front and back of the collimator; (ii) front and back ofettbeam absorber; (iii) front

of the first quadrupole (MT4Q2) downstream of the absorlbeorder to determine extra

shielding against the high residual radiation and plan aioua maintenance procedures,
cooling curves were calculated for the hottest spots (sge Fithru 11).
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Figure 6: The calculated distribution (plan view) of theidesl| contact dose rate in the
region where the major beam loss is observed and after a B@+@aiation and 1-day
cooling.
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Figure 7: The calculated residual contact dose on the frarfiase of the collimator for
several irradiation times.
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Figure 8: The calculated residual contact dose on the bag&csuof the collimator for
several irradiation times.
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Figure 9: The calculated residual contact dose on the froriase of the absorber for
several irradiation times.
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Figure 10: The calculated residual contact dose on the bardce of the absorber for
several irradiation times.

104 L] B AL B AR
e—e5days
A 30 days
= =—= 100 days]
< v v1year
g 16° ¢+ 20years |
E 1
)
[%2)
o
©
©
3
2 1067 : il
[(D] L
@
1 hr 1lday 1 week
101 IR R AT ] B S Ar W RN TT] S \i\\uu‘ L \\\H;‘ L \u+u\ TR AR R O L
100 100 100 10 100 10 100 100 100 10 10°

Cooling time (sec)

Figure 11: The calculated residual contact dose on the Borface of the quadrupole
MT4Q2 for several irradiation times.



3.3 Prompt doseratein control room

The calculated distribution of the prompt dose in the turatelormal operation is shown
in Fig. 12. The control room is in the MS4 service building ahd distance from it to
the target is a bit more than 170 m. In addition, the room isa@f§ by about 300 cm and
surrounded by a 90-cm concrete wall.
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Figure 12: The calculated distribution (plan view) of thempt dose in the tunnel from
the target up to 150 m downstream.

In order to determine the prompt dose rate in the control rarother calculation has
been performed with a 90-cm concrete wall placed at 110 m dive@m of the target. It
enabled us to estimate the dose attenuation due to such avdadjave rise to the dose of
about 1 mrem/hr at 150 m downstream of the target. Two achditiobservations should
be taken into account as well: (i) the dose in the tunnel daffdsy a factor of 10 as we go
from 110 up 150 m; (ii) the remnants of the radiation goingigtntforward, that can be seen
in Fig. 12, should be ignored because the radiation is dickictto the wall and soil behind
it, not into the users area. The calculation was performed &lightly different shielding
around the target when compared to the shielding shown m Eighru 3. The difference
is mostly in the extra concrete block on left side of the tafgdm <Y < —0.5m) and does
not influence our speculations on radiation transport dtn@am to the control room.

Taking all that into account, one can state that the promge date in the control room
at normal operation at the level of ¥0protons per minute will not exceed 0.3 mrem/hr.
This is a conservative estimate that does not take into atdbe fact that the energy
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spectrum of the radiation that will hit the real concrete lvedilthe control room will be
softer than that af = 110m due to additional scattering in the air on the way doxeast to
Z = 170m, and the softer spectrum means increased absorption iralhevinor shileding
updates around the control room might be required in ordprduide the dose rate in the
room not exceeding 0.25 mrem/hr which corresponds @oiatrolled Area of unlimited
occupancy [5].

4 Conclusions

It has been shown that the proposed shielding design arbertdriget at MO3 location gives
rise to the following radiation levels around the test atesamal operation: (i) the prompt
dose rate in the control room in the MS4 service building mot exceed 0.25 mrem/hr with
minor shielding updates around the room; (ii) residualvéagtiof the tunnel walls around
the area is well under 100 mrem/hr; at the same time theresaega hot spots with high
residual contact dose rate in the beam line around the atlinand beam absorber (well
above 1000 mrem/hr after a 30-day irradiation and 1-hr ogdlthat require extra local
shielding; (iii) the groundwater contamination with tmith and sodium will not exceed the
EPA limits for more than ten years of continuous operaticth@ievel of 1.210'7 protons
per year.
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