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Abstract
Results of Monte Carlo radiation shielding calculationsfqened for the beam
absorber of the MI 8 GeV beam line are presented and discu3sedpossibility to
reach the level of 1§ protons per year is investigated.

1 Introduction

The beam absorber used in the M1 8 GeV beam line was initiaéyghed to take.8 x 108
protons/year without contaminating the ground water allogd=PA allowed limits [1]. At
present an upgrade of the absorber is in progress and neagvalof shielding around the
absorber is required to estimate the possibility to reaeHebel of 18° protons/year. We
describe results of radiation shielding calculations graned with the MARS15 [2] code
for both normal operation and an accident scenario.

2 Geometry Model

The beam absorber is installed at location 833 in the beagntlinnel. Fragments of the
three-dimensional calculation model of the tunnel with biegam absorber are shown in
Figs. 1 and 2. As for the color scheme employed to denote raktén the model, the
following convention applies: blue—air, brown—graphgeay—concrete, green—soil, pink—
iron, white—vacuum. The modified absorber design showndselirigures includes several
improvements to the previous one:

o Extra steel, in the form of a 6-inch slab, was added undenndwsst absorber and
underneath the wedge of steel it sits on.

e The absorber was moved by 6 inches off the wall.

*Work supported by the Universities Research Associatiot.,, lunder contract DE-AC02-76CH03000
with the U. S. Department of Energy.
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Figure 1: An elevation (top) and plan (bottom) view of the MBER5 geometry model of
the beam absorber in the MI 8 GeV beam line.

2



Sixteen inches of concrete were added to the top.

More concrete was added to the downstream end.

e Some concrete was added to the upstream end.
e A one-inch slab of steel was added to the right side (lookimgristream).

e The front section of the absorber steel core 32 inches inthewgs cut away and
replaced by a graphite section with the same length.

The absorber is rotated slightly (by8B°) off the axis of the tunnel because the incoming
beam line is not parallel to the walls of the enclosure (saa plew in Fig. 1). The mod-
ifications described above can be implemented without gt additional investments
and re-building the absorber as well as are acceptable fpgratonal standpoint.
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Figure 2: A cross section of the MARS15 geometry model of &enb absorber in the Ml
8 GeV beam line.

3 Normal Operation

In this study we address the following two major concernevaht to normal operation of
the MI 8 GeV beam line: soil and ground water activation ad agkesidual activation of



the absorber and tunnel.

3.1 Soil and ground water activation

In order to determine soil and ground water activation ugube Concentration Model is
employed [3, 4]. Théughest star density in the uncontrolled soil anderage star density
over the “99% volume”i(e. volume that contains 99% of all generated stars) [3] ared¢lye k
guantities to the model. Calculated distributions of semgity around the beam absorber
and tunnel are shown in Fig. 3.
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Figure 3: Calculated star density distributions aroundad@m absorber in the Ml 8 GeV
beam line. The data are averaged over the vertical slicectfefin thickness and going
through the absorber steel core (left) and over verticeg¢ b inches in thickness and going
through the shower maximum (right). The normalization isJ@° proton/year.

As a result of the calculations, one obtain@ %6108 and 24 x 10~%star /(cm®proton)
for the above-mentionekighest andaverage star density, respectively. Using the data in
the surface water calculation and allowing for a safety imaane obtains that about 80%
of the surface water limit would be reached iB6 10 protons per year were directed
into the absorber [5]. The effect on the deeper ground wadsrfaund to be negligible.

The result indicates that the level of P@rotons per year can not be reached by means
of the suggested shielding improvements and, thereforeg e&sential re-building of the
beam absorber is required in order to reach the level.



3.2 Residual activation around the absor ber

Handling and maintenance of various beam line componetit@ted due to normal accel-
erator operation or beam accidents can be extremely diffi€bkerefore, correct prediction
of their residual activity is of primary importance when mténg on various hands-on and
maintenance procedures. At Fermilab the policy is to kesjulual activation under 100
mrem/hr whenever possible [6] because above this levelahdling and maintenance pro-
cedures get more complicated. Calculated distributionssdflual activity around the beam
absorber are shown in Fig. 4.
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Figure 4: Calculated distributions of residual activatioside the tunnel around the MI-8
beam absorber at standard conditions—after a 30-daysati@ad and 1-day cooling. The
data are averaged over the vertical slice 12 inches in tegkigoing through the absorber
steel core (left) and over vertical slice 25 inches in thess going through the shower
maximum (right). The normalization is per ¥proton/year.

One can see that the hottest spot on the isle side of the avgsrbout 180 mrem/hr
and tunnel activation is at most 2.5 mrem/hr. Front and bddke absorber reveal ac-
tivation of about 5.0 and 0.3 mrem/hr, respectively. As laisgwe are restricted by the
above-mentioned amount of®x 10 protons per year, a straightforward scaling down
should be applied to the data. Thus, the hottest spot redade2 mrem/hr which is still
off the acceptable limit so that some additional coolingeiguired in this case.

4 Worst Case Accident Scenario

An accident scenario has been investigated to determingotiver that the beam absorber
can take without the steel absorber core being melted dowthid case the peak amount of



protons directed into the absorber for a period of time (glty one hour) significantly ex-

ceeds the average amount corresponding to the allowed lantake of 68 x 108 protons.

It is assumed that in the worst case accident the beam willbgéd into the absorber for
about an hour at the repetiton rate of 10 Hz and with-610% protons per pulse. In other
words, this scenario means that for the same period of timethount of dumped pro-
tons is increased approximately by a factor of 280 when coetp# the average amount
corresponding to the allowed annual intake & 6 108 protons.

As a result of coupled MARS-ANSYS initial calculations it svéound that, in this
scenario, due to the energy deposition the temperatureedfdht section of the pure steel
absorber core . without any graphite) reaches the melting point (about ld$grees C)
approximately in 30 minutes [7]. It was assumed in the twoehsional ANSYS calcu-
lations that the energy deposition is distributed unifgradbng the beam direction which,
in reality, is not the case. According to the MARS calculasipin the steel absorber core
the energy is deposited mostly along the first 20 inches améepdensity at the depth
of 20 inches in the core is about 10% of that at the depth of &Kin@ainto account the
non-uniform energy distribution, we estimate that thelsteee will survive for about 10
minutes.

In order to mitigate the problem, the effect of the front drié@ insert was studied
(see Fig. 1). The purpose of using the insert is to intercggatraof the deposited energy.
Graphite has very high melting temperature—about 4000e#sgC—and, due to lower
material density when compared to steel, gives rise to asee particle outscattering off
the steel core. The results of the calculations are giveminerl.

Table 1: Power (W) deposited in the steel absorber core aphge insert calculated with
the MARS15 code for several lengths of the graphite insdre formalization is per 18
proton/year.

Graphite length (inch) 0 16 32 | 48
Graphite insert 0 33 72 | 105
Steel absorber core | 228 | 184 | 118 | 65
Total 228 | 217 | 190 | 170

In final design the graphite insert 32 inches in length wasehdsee Fig. 1). In this case
the reduction in energy deposited in the steel core is wiHlactor of two and, according to
the two-dimensional ANSYS calculations with uniform enedistribution (see Fig. 5), the
steel melting temperature will be reached in the core in aounour [7]. However, taking
into account the above-mentioned realistic longitudimstrdbution of the energy deposited
in the core, we estimate that the survival time for the steet evill be about 20 minutes.
The estimate is not beyond debate due to various uncedsimvolved in the studies. In
particular, it is assumed that there is no heat transferdmtwthe steel core and surrounding
concrete and front graphite insert as well. In other worlls, lteat transfer calculations
with ANSY'S were performed only within the volume of the steefe which gives rise to



an overestimate of the temperature. In order to mitigatstiael core overheating problem,
the beam can be swept over the absorber face to increaseotteézgpand, therefore, reduce

the power density. Another option is using an additionapgit insert in front part of the
absorber (see Fig. 1).
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Figure 5: Temperature in the steel absorber asreradiation time calculated with the
ANSYS code for the worst case accident scenario.

5 Conclusions

It is shown that at normal operation the beam absorber in th& GV beam line can take
no more than B x 108 protons per year without contaminating the soil and surieater
at Fermilab above the allowed limits. Further increase emahnual proton intake would
be possible if we moved the absorber further off the nearafitamd applied extra steel
shielding from both sides of the absorber.

In the worst case accident scenario and according to thegonservative estimate the
steel absorber core corresponding to the final considesgdgrdean survive without melting
down for about 20 minutes. The survival time can be increayatieans of sweeping the
beam over the absorber face as well as using an additionglhiggansert in front of the
absorber.



6 Acknowledgements

Author is thankful to William Pellico, Ang Lee and Nikolai Mdbov of Fermilab for helpful
discussions.

References

[1] C.M. Bhat and A.F. Leveling, “Ground water, air-bornedasoil contamination from
the operation of the temporary beam absorber in the MI 8 Gevb@ne”, Fermilab
Internal Note, February 1997.

[2] N.V. Mokhov et al., “Recent enhancements to the MARS15 code”, Fermilab-Conf-
04/053 (2004); http://www-ap.fnal.gov/MARS/

[3] J.D. Cossairt, “Use of a Concentration-based Model falcGlating the Radioactiva-
tion of Soil and Groundwater at Fermilab”, Environmentadtection Note 8 (1994).

[4] A.J. Malenselet al., “Groundwater Migration of Radionuclides at Fermilab”yidab
TM-1851 (1993).

[5] B. Higgins, Private communication, Fermilab, 2005.

[6] “Fermilab Radiological Control Manual”, http://wwwsé.fnal.gov/FRCM/

[7] A. Lee, Private communication, Fermilab, 2005.



