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Abstract

The highest doses to components in the SNS ring are
expected to be to those located in the collimation straight
section. In this paper we present estimated doses to
magnets and cabl e located between collimators. Inaddition
the buildup of relatively long half-life radioactive isotopes
is estimated, following machine operation and shutdown.
Finally, the potential dose to operators approaching the
machine following operation and shutdown for four hours
is made. The results indicate that selected components
might require replacement after several years of full power
operation. In addition, the reflection of gamma-rays from
the tunnel walls contribute a non-negligible amount to the
dose of an operator in the tunnel following machine
shutdown.

1 INTRODUCTION

In this paper an estimate of the dose to magnet windings
and cableslocated in the collimation straight of thering will
be made. In addition, the residua activation of the tunnel
and collimator cooling water immediately following
machine shutdown will be made. The estimate of activation
will be made primarily to determine the concentration of
tritium. Finaly, an estimate of the residual dose in the
vicinity of the first doublet, following machine shutdown
for aperiod of 4 hoursfollowing machine shutdown will be
made.

Inall the above estimatesthe machineis assumed to operate
at an average power of 2 MW, with a proton energy of 1
GeV, and aloss of 0.001. In the case of the dose estimates
it was assumed that the loss occurs at all three collimator
locations i.e. 0.001 at the first, 0.001 at the second, and
finally 0.001 at the third. If the loss profile is different the
dose components due to losses at the various collimators
can be added in different proportions. In the case of the
residual activation estimates the loss was simulated only at
thefirst collimator. Intheseestimatestheentirecollimation
straight will be simulated, including the primary
scraper/collimator, the other two collimators, two doublets,
two quadru-poles at either end, and one corrector magnet
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positioned in themost vul nerableposition (between thefirst
doublet and the scraper/collimator). Four cable trays are
positioned along the inner wall at a variety of elevations
abovethevacuum chamber. Two tunnel cooling water lines
are considered, one dong theinsidewall of thetunnel, and
the second along the outside wall below the crane.

2 METHODSAND MODELING

Theabove estimates of dose and residual activation areboth
based onthe MCNP family of codes. In the case of thedose
estimatethe MCNPX [1] codewas used. Thiscode usesthe
combinatorial representation of geometry, in the same way
all previous MCNP based codes have used it, and the
geometry descriptions are inter-changeable among all
codes. However, MCNPX has a high energy transport
section available, which alows the same physica
phenomenaasthe LAHET code[2]. The primary proton (1
GeV), and al the resulting secondary particles can be
followed, edited and tallied in any desirable manner over
the entire energy range of interest.

Dueto theneed to link to other codestheresidual activation
estimate was made using the LAHET codes for particles
above20MeV; and MCNP[3] for particlesbelow 20 MeV.
In addition, asuitably modified version of the ORIGEN [4]
codewas used to estimate the buil dup of spallation products
during machine operation, and their decay following
shutdown. In addition to the variation of radioactivity with
time during operation and following shutdown, the
ORIGEN code determines the variation with time of the
gammaray spectrum of the decaying nuclides. These
gamma-ray spectra are used as input to a second MCNP
calculation, which only considers photons in the source
description, and transports these photons through the
various ring components. The result of this calculation will
be used to determine doses at various positionsin the tunnel
due to the decay gamma-ray source.

3 DOSE TO MAGNETSDURING
MACHINE OPERATION

Dose estimates were carried out for the section of the
magnet windings protruding from the magnet frame. Thus
there are four cells on each side of a quadru-pole magnet.
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The MCNP model illustrated in the figure below showsthe
three collimators, two doublets, two quadru-poles and one

corrector. The estimated doses for selected magnets is

shown on the following table for the loss pattern described

above:

!

The first quadru-pole experiences a comparatively low

dose, approximately 3 rad/hr on the side opposite the
collimator, and approximately 50 rad/hr on the side facing
the collimator. The corrector magnet volumes experience
dosesvarying from 2000 rad/hr - 4000 rad/hr depending on
location, and the attached doubl et experi encedosesbetween
4000 rad/hr - 5000 rad/hr. Thiscombination experiencesthe
highest dose, sinceit is comparatively close to the primary
scraper/collimator. Cells in the second doublet have doses

which are between 150 rad/hr - 250 rad/hr, and finally cells
inthelast quadru-pol e experience doses between 515 rad/hr
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Although this dose is lower than that experienced by the
magnet windings, the insulation on cables is generally not
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*

Back refers to direction opposite to beam direction
** Front refersto direction in beam direction
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machine operates at full power (2 MW) for 180 days, and
then the residual activation is determined immediately
following shutdown, 4 hrslater, and at a selection of times
beyond that period.

6 COLLIMATOR COOLING WATER

Activation of the cooling water in the four major volumes
in the primary collimator was estimated for the operating
cyclesummarized above. Two of thesevolumesaresituated
on either side of the scraper, and thus experience the
scattered primary proton and secondary proton and neutron
fluxes. The other two volumes are situated at either end of
the collimator structure and thus are exposed primarily to
neutron fluxes, the protons being stopped by the collimator.

The results show that the cells closest to the scraper have
the highest residual activity, which dies off quite rapidly as
the shorter lived isotopes decay. Immediately following
shutdown the activity isdominated by **0, *N, *'C, and B,
all of which have a short half-life. Following 4 hrs. the
dominant nuclidesare ‘Be, and *C, in selected cases *H and
“Be also play arole. *H is generated in all cells.

7 TUNNEL COOLING WATER

The location of the tunnel cooling water line has not been
fixed yet. Thus two locations were investigated for this
estimate. Inthefirst caseit isassumed that the cooling pipe
runs along the inside tunnel wall, at essentially floor level,
and in the second case it is assumed the cooling pipe runs
aong the outside tunnel wall and is suspended
approximately 1.5 m below the ceiling. Severa cells on
either side of the scraper/collimator were used to estimate
the activity. The activation products have the same
distribution as those of the collimator cooling water. The
cooling water line located along the inside wall has an
activity significantly higher than the line located along the
celing.

8 DOSE ESTIMATESFOLLOWING
MACHINE SHUTDOWN

An estimate of the dose due to the decay gamma-ray source
was made, with and without the moveable shield in place.
The shield was orientated parallel to the direction of the
beam. Thus, any dose experienced behind the shield must
be due to reflection (walls, tunnel air etc.) or off the
collimator shield faces.

The results indicate that there is a substantial dose along
the vacuum chamber (~200 rem/hr). Introduction of the
moveable shields reduces the dose by approximately an
order of magnitude closest to the faces of the collimators,
and close to a factor of 50 at intermediate locations. It
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should be noted that the dose closest to the collimator faces
is due to the residual activity of the front and back shields
surrounding the collimators. However, the dose at
significant distances from the collimators is due to
reflection off the walls, floor, and ceiling. It is thus
essentially impossible to reduce the dose to vanishingly
small values, since the accelerator componentswill always
be irradiated, and the resulting gamma-ray source will be
reflected from the concrete structures.

9 CONCLUSIONS
The following conclusions can be drawn from this study:

1) The dose received by the magnets comprising the first
doublet and associated corrector, and the cable at that
location suggest that they will need replacement before the
end of the facilities operating life,

2) Cooling water activity is primarily due to 'Be, the
production of tritiumis several orders of magnitude lower,
3) Thedoselevel inthetunnel following machine shutdown
can be reduced by the use of moveable shielding, but
refection off the walls determines the lower level of the
dose operators will be exposed to, and

4) Theresultsreported in this study are astrong function of
the loss profile and may have to be repeated for a more
prototypic profile.
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