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ABSTRACT

The many possible combinations of
sources and position of sources in a
glove box can lead to many different
radiation field patterns of exposure to a
glove box operator . The areas where the
higher doses occur results mainly from
streaming out of glove box ports .
Scenarios leading to large doses may be
avoided to some extent by administrative
controls and using shielding inside the
glove box . However, to do so requires
knowledge of the locations in which the
higher doses occur . Mesh tallies are a
means to determine, a priori, the
radiation fields in a plane outside the
glove box. This paper will provide
examples of using the mesh tallies to
potentially provide for improved dose
estimations and improved glove box
shielding. The methods used in the
examples may be expanded to other
situations .

INTRODUCTION

Because of streaming, large differences
within the distance of a few centimeters
may be found in the same dose plane
outside a glove box. Thus, large
exposures may be entirely missed by the
dosimeter worn by the worker or by
survey instruments . Mesh tallies offer a

method to locate such dichotomies and
thus aid in making informed decisions
concerning the workers exposure or
glove box design .

A mesh tally generator is contained
within the Monte Carlo code, MCNPX
(1), and it has also been incorporated in
Version 5 of MCNP (2) . This tool
allows the user to place an x, y, or z
plane in the calculational geometry,
divide it into a grid, and then tally on the
fluence in each grid of the plane . These
tallies may be converted to dose or other
appropriate parameters . Next, using a
plotting routine such as Tecplot (3), a
color-coded plot, related to dose, of the
x, y, or z plane is obtained . The input
necessary to obtain the mesh tallies and
plot is trivial, but provides a far better
understanding of the radiation field .

Prior to the use of mesh tallies, radiation
dose fields of interest was obtained by
the use of point detectors, small area
tallies, or a time consuming construction
of a tally wall that resembles the mesh
tally capability . The disadvantage of
using a small tally area, point detector,
or other tally is that an adequate field of
interest is not covered resulting in some
point of interest being missed or
overlooked .

In this paper, using the results of mesh
tally calculations, estimates of the dose
on various planes on the outside of the
glove box will be presented . Several
different source locations and scenarios
will be used . These results will be
discussed and shown how they may be
used for planning purposes, to improve
initial shielding design, and to make
recommendations for reducing the
operator dose . The results presente d
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here are limited . More comprehensive
results ► nay be found in Reference 4 .

CALCULAT IONAL MODE L

The calculations were made using the

transport code MCNPX. F l uence rate is

converted to dose rate using the 1977

ANS I/ANS Standard (5) fl uence to dose

t 3 C [OCti .

The calculational model is a box . The

inside dimensions of the box are 30
inches by 30 inches by 34 inches . The

outside dimensions are 34.7 inches by

34 .7 inches by 32.4 inches . The sides of

the box are composed of lead and/or

steel . In some of the calculations a four-

inch lead shield is placed part way up

and in front of the box .

The modeled glove box contains two

glove ports that also penetrate the shield

when in place . The glove ports are 7 .9-

inch diameter. Their center is 7 .0 inches

above the floor of the glove box and 7 .1

inches from the inside left or right wall,

respectively .

The gamma source was modeled as a
point source . The source strength was

1 .015 curies and the spectrum varies in
energy from .0175 to 4.5 MeV . The
source was placed 3 cm above the
bottom floor. Dose calculations were
made with the point source at various
locations in the x-y plane . The results of
three different calculations are presented
here .

METHODOLOGY

In the dose calculations, one tally plane

is set at 10 inches in front of the glove

box as noted in Figure 1 . This is 6 inches

in front of the lead shield if used . A

second tally plane used is the xy plane
through the center of the ports . The
meshes were one to two centimeters
square . The dose rates calculated in
each metih is color-coded by magnitude
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Figurc I . Glove Box floor plan showing
location of the sources for the variou s
scenarios .

In Figure 1, a sketch of the floor plan of

the glove box is shown in the xy plane .

The dose plane is shown, in an yz plane .
The steaming path from one source

location is drawn. The steaming path is

in an upward direction, and it may be

noted how the front shield would affect

the streaming as part of the streamin0

without the shield would be blocked .

RESULTS AND DISCUSSION S

In this section, the results of the mesh

tally calculations are presented . Figure 2

shows a plot of the dose in the xy plane

that cuts through the center ot' the ports .

The plane is parallel to the floor .

The point source is equal distance from

the front, back and sidewalls, and 3 cm
above the floor, and corresponds to

Location I in Figure 1 . The added lead

shield is not present . The dose due to

radiation streaming throu~h the ports i s
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clearly evident . The streaming is in an
upward direction through the glovc
ports, as may be seen in Figure 3 .

In Figure 3 the dose plane shown is 10
inches in front of the glove box, with the
source in the same location as in Fig . 2 .
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Fi gure 2. XY Pl ane v i e w w ith c ut
t h rough center of port s .
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Figurc 3 . YZ Plane View with Source in
Center of ~love box .

The large circles represent the location

of the glove ports on the face of the

glove box shown as a rectangle . The

small circles represent possible locations

of' a dosimeter worn by a worker . The

lead shield is not in place. The
streaming up and out through the glove

ports results in large doses being

measured on the tally (dose) plane but
away from the worker . The dose rate in
the plane at the glove box as w~~ulci be
recorded by a dosimeter is much smaller .

In Figure 4, the source is placed 6 cm

from the inside front surface . This

location corresponds to Location ? in

Fil'ure 1 . The calculations were made

without the lead shie l d . With the tiource

so close to the front, the S 11'Ca 111 1 I1 g

through the glove ports resulted in
higher dose rates as compared to the

dose rates in the previous cases . Note

that the operator would not be in the

streaming path, but a co-worker standing
close by would be in the path .
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Figure 4 . YZ Plane View with Source at
6 cm into the Glove Box .

In Figure 5, the resu l ts were obtained

with the source at 3 cm from the l eft

inside wall, 15 cm from the front wall

and a ,,a l ❑ CCI11a1t11R o 3 C lll Oft the inside

floor. This is the case s ketched in Fi0ure

l . w ithou t the shield. It may be no tcd

here, that the cylove box operator would

receive a large dose to the head and
s hou lders from streaming t hrough the

left por t versus the ope r a t or dose

reported by the dosimeter worn on the

torso. This is true, even if' the extra

shield was i n place .
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CONCLUS I ON S

The many possible combinations of
sources and position of sources can lead
to many different radiation field patterns .
Clearly, there are source positions, such
as having the source to the side, whic h

Figure 5 . YZ Plane View with Source at
Left and 15 cm into the Glove Box .

can not be completely shielded due to
streaming . However, such scenarios may
he mitia ated to some extent by47
administrative controls and internal

shicldina .

In reviewing the results from the mesh

tallies, it may be noted how one can

reduce the dose to the worker . For

example, instead of adding an extra

frontal shield, a[hick hollow cylinder

extcnding from the port would reduce
the streaming . It was also noted that

source location played an important role

in streaming, and source location can

often be controlled . And in every case,

moving the source further from the front

reduces the dose, as would be expected .

Thus, using mesh tallies in calculations a

priori, will aid in determining proper

source placement, what administrative

controls are necessary, and what extra

shielding is required to minimize worker

dose .

The important finding of this work that

streaming can lead to largc dose rates in

unexpected locations, often outside the
location of the workers dosimeter . The

use of mesh tallies can b e used as an aid

to locate these locations and help

mitigate the effects .
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