PNNL-13580

Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01830

USE OF OPTICALLY STIMULATED
LUMINESCENCE IMAGING PLATES
AND READER FOR ARMS
CONTROL APPLICATIONS

SD Miller BJ Burghard
PL Tomeraasen RJ Traub

July 2001

7

Pacific Northwest
NATIONAL LABORATORY




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memoria Institute, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof, or Battelle Memoria
Institute. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC05-76RL01830

Printed in the United States of America

Availableto DOE and DOE contractorsfrom the
Office of Scientific and Technical Information,
P.O. Box 62, Oak Ridge, TN 37831-0062;
ph: (865) 576-8401
fax: (865) 576-5728
email: reports@adonis.osti.gov

Availableto the public from the National Technical Information Service,
U.S. Department of Commer ce, 5285 Port Royal Rd., Springfield, VA 22161
ph: (800) 553-6847
fax: (703) 605-6900
email: orders@ntis.fedworld.gov
onlineordering: http://mww.ntis.gov/ordering.htm

Oy

%@ This document was printed on recycled paper.
(9/2003)



PNNL-13580

Use of Opticaﬂy Stimulated Luminescence
Imaging Plates and Reader for Arms

Control Applica’cions
SD Miller BJ Burghard
PL Tomeraasen RJ Traub
July 2001

Prepared for the U.S. Department of Energy
under Contract DE-AC05-76R1.01830

Pacific Northwest National Laboratory
Richland, Washington 99352



USE OF OPTICALLY STIMULATED LUMINESCENCE IMAGING PLATESAND
READER FOR ARMSCONTROL APPLICATIONS

Steve Miller, Paul Tomeraasen, Brion Burghard, and Rick Traub
Pacific Northwest National Laboratory (PNNL)
P.O. Box 999 Richland, WA 99352 USA 509/375-2843

ABSTRACT

Opticaly Stimulated Luminescence (OSL) technology has been pioneered at the Pacific Northwest
Nationd Laboratory (PNNL) for applicationsin personnd radiation dosmetry and has become
highly successftul commercidly in replacing older technolog es such as Thermol uminescence
Dosmeters (TLDs) and film. OSL phosphors are used to measure ionizing radiation exposure by
illuminating the phosphor with light and measuring the amount of light emitted. The light emitted

by the OSL phosphor is directly proportiona to the radiation exposure received. By using atwo-
dimensiona plate of OSL materid and raster scanning alight beam acrossthe OSL plate aradiaion
pattern or image can be measured.

The Arms Control community may find it desirable to use an e ectronics-free medium to measure
certain attributes, such as the extent and symmetry of Pu pitsin storage containers. OSL technology,
used in the two-dimensiond imaging mode, provides a means to measure these attributes with
exposure times on the order of an hour. A specid OSL reader has been built by PNNL to measure
OSL imaging plates with asze of 20 cm by 30 cm. The reader uses 10 light emitting diode clusters
with 10 corresponding photomultiplier tubes to measure an OSL imaging plate in lessthan 5
minutes. The resolution of each of the 10 measurement assembliesis 1 square-centimeter. An
collimator assembly employing aVenetiantblind type collimator is used in conjunction with the

OSL film to image the Pu pit within the storage container. The output of the OSL reader isa
two-dimensond array of intengties that will be used with the gppropriate information barriers to
measure extent and symmetry. This device dso clearly digtinguishes the difference between a point
source and a distributed source. Details of the OSL technology, OSL reader system, collimator
design, and system performance will be presented.

INTRODUCTION

The Pacific Northwest National Laboratory (PNNL) has been a pioneer in the development of anew
radiation detection technique known as Opticaly Stimulated Luminescence (OSL) for personnel
dosmetry. The OSL techniqueis a patented and patent pending technology thet relies on specidly
formulated crystaline phosphors that store the effects of radiation exposure. The OSL phosphors
are uniquely able to store the radiation exposure information in the form of an image and then later,
when subjected to light exposure, the image is rendered visible through the use of specidized
readout equipment. The OSL phosphor image plate most closaly resembles the X-ray film used in
the medica and denta professions in form and function. Both image media take the form of aflat
sheet. The method of storing and devel oping the radiation images set the two techniques gpart. OSL
phosphor materias do not require chemical processing as does X-ray film and therefore are more
environmentadly friendly. In addition to this important difference, the OSL image plates enable a
more efficient conversion to digital form (a computer readable form), are reusable, and are much
more tolerant of higher radiation exposures compared to X-ray film. OSL technology has adynamic



range of 8 orders-of-magnitude versus only 3 for X-ray film. X-ray film can easly be overexposed
with large radiation exposures destroying the image whereas the OSL. image plate continues to be
useful even at large exposures.

The OSL technology has certain advantages over conventiond X-ray film radiography in the Arms
Control community. The readout of the image can be made in alow-resolution form that will not
reved critical dimensionsimportant to nuclear wegpon design. The low-resolution characteridic is
achieved in the design of the image plate readout system.

The readout instrument that applies light to the image plate for the purposes of developing the

stored radiation image into avisible form (see Figures 1 and 2) can aso be tailored to produce a
low-resolution image. The image plates are read out in discrete panels, light from 10 clusters of
light-emitting diodes (LEDs) is gpplied to 10 smdl pands of theimage plate for a brief moment
while the radiation exposure information is collected. This processiis repeated until the entire plate

is readout. PNNL’s engineers have devised a clever configuration that steps through the image plate
and completes the readout in the shortest possible time (5-10 minutes per image plate). By
controlling the size of the light beam the dimensions of the pand become the limiting resolution
dimension. One square- centimeter was chosen as the pand size and therefore the OSL image plates
will not be able to resolve an image feature smdler than one centimeter.

Figure 1, Reader - front view Figure 2, Reader - Sdeview

TESTING OF COMMERCIAL HIGH-Z OSL PLATES

The PNNL OSL phosphor was developed for personnel dosimetry applications where human tissue
equivalence isimportant. To achieve tissue-like dosmetry one must choose very low atomic



number or low “Z" maerids. While this choiceis highly beneficid to the dosmetry community it

does not optimize the sengitivity for ams control gpplications. A search for commercidly avalable
higher “Z” OSL phosphors found that Kodak has avery high“Z” OSL plate availablein an 8" by

10" size. The Kodak OSL plate is based on BaFBr:Eu and is used commercidly as a replacement

for X-ray film in some applications. The higher “Z” properties of the Kodak film were believed to
offer much higher sengtivities than the PNNL developed phosphor due to the gresatly increased X-

ray absorption of the Kodak plate. Kodak was contacted and they were able to provide us with some
8’ by 10" filmsfor testing. Using small pieces of the Kodak OSL film we were able to measure a
ten-fold increase in sengtivity over our PNNL OSL film at X-ray energies. This encouraged usto
modify the OSL image plate reader so that it could messure the Kodak plates.

When the Kodak films arrived they had a black coating on one sde of the film that required

remova with an acetone/dcohol mixture. In order to read the Kodak OSL plates, changes had to be
made to the filtering and light sources currently used in the image plate reader. The Kodak phosphor
requires ayellow light source for excitation compared to a green light source for the PNNL
phosphor. Fortunately the same company that manufactured our green LED modules aso had
amilar LED modules available in yellow. A dozen were ordered and indaled in the reader. The
optical filters used to pass green light also had to be changed to accommodate the changein
waveength. When the OSL reader was reassembled it was found that the new OSL sheets werein
fact much more sengtive. We achieved around afactor of ten increase in sengtivity.

Dueto the increased sengtivity it was determined that we could reduce the readout time per pixe
from 5 seconds to 2 seconds. This change reduced the readout time for an entire 8" by 10” sheet to
just over 2 minutes.

MODELING AND DEVELOPMENT OF A COLLIMATOR FOR IMAGING WEAPONS
COMPONENTS

Differentiation of Point and Distributed Radiation Sources

The &bility to distinguish between a point and distributed source of radiation that is contained in a
metal drum or other container isimportant to non-intrusive ingpection of wegpons components. If
the drum cannot be opened for ingpection, imaging techniques can be used to help digtinguish
between the two types of source configuration.

Calculations

Energy deposition caculations were performed usng MCNP Verson 4B for two dissmilar types of
radiation sources, a discrete point source and a distributed spherical source, and two collimator
configurations. The energy deposited in the phosphor materid is directly proportiona to the
magnitude of the readout.

The source container was modeled as astedl drum 69 cm high, having aradius of 23 cm. Thewals
of the drum were 0.13 cm thick. The ementd compostion of the drum was iron having a dengty
of 7.86 g/cnt. The drum was lined with 7.62 cm (3 inch) thick cellotex, which was moddled as
carbon having adensity of 0.3 g/cn.



Two sources were modeled; a point source and a distributed source. The point source was modeled
as adiscrete point in the center of the stedl drum. The distributed source was modeled as a sphere
centered in the drum. The sphere was composed of plutonium having a density of 19.86 g/cn.

The collimator was modeled as 0.3175 cm thick (1/8 inch) fins that were perpendicular to the
vertica axis of the stled drum. The inner radius of the fins was 0.01 cm from the outer radius of the
sted drum. The collimator fins were modeled as either 2.5 or 4.0 cn® long. The collimator fins had
a1l cm, center-to-center, spacing over a 20-cm distance. The collimators extended 10 cm above and
below the center of the sted drum. The collimator was modeled as white tin having a dengity of

7.31 g/ent. The detector was modeled as an aumina/polyethylene film, 20 cm wide and 0.0762 cm
(30 mil) thick. The density of the detector film materid was 1.22 g/cnt.

Results

The results of the caculations are shown in the following figures. The difference between the
figuresisthat for figures 3 and 5, the energy depostion in the film interva has been normdized to
the average energy deposition over the whole detector film. For Figures 4 and.6, the energy
depogition has been normdized to the minimum energy deposition in the collimator intervals.

The figures show that it is possible to differentiate between point and spherica sources using
aumina/polyethylene film as a detector when the radiation is collimated with tin sheets. Thefigures
also show that the 4.0 cm long collimator is better than the 2.5 cm long collimator in two respects.
Firgt, the peak of the point sourceis narrower with the longer collimator. Second, the difference
between the lowest and highest energy deposition for the 4.0 cm collimator is twice thet of the 2.5
cm collimator.

Differentiation of Point and Spherical Sources: Collimator
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Figure 3, 25 mm collimator, energy deposition normdized to average



Differentiation of Point and Spherical Sources: Collimator

40 mm long and 3.175 mm wide
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Figure 4, 25 mm collimator, energy deposition normaized to minimum
Differentiation of Point and Spherical Sources: Collimator 25
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Figure 5, 40 mm collimator, energy deposition normadized to average




Differentiation of Point and Spherical Sources:
Collimator 40 mm long and 3.175 mm wide

2.50E+01
@]
> —+—Point Source
> ~ 2.00E+01 . u
=< —m— Spherical Source
o R
o O 1.50E+01
5 =}
o £ 1.00E+01
5 / \
= =
> = 5.00E+00
[}
= M
- 0.00E+00 T . . .

0 5 10 15 20

Collimator Interval Number

Figure 6, 40 mm collimetor, energy deposition normalized to minimum

As can be seen from the cdculations the longer collimators produced much better discrimination
between a sphericaly-distributed source and a point source. Based on these results it was decided to
build collimators of the longer dimension. PNNL mechanica design engineers were tasked to come
up with a design that was mosdtly plastic (besides the tin collimator dabs) and easy to construct and
position the collimator/OSL film package. The dl- plastic design was suggested by Wayne Kiehl
(DOE Pantex Plant, Amarillo, TX) in order to pass safety requirements to work around High
Explosives. A picture of the collimator assembly can be seenin Figure 7.



Figure 7, PNNL designed and built collimators

The legs of the collimator assembly were designed to position the collimator adjacent to an AL-R8

pit storage container and provide stability to prevent the collimator assembly from tipping over.
Height- adjusting holes were drilled every two inches to permit vertica adjusment of the collimator.

A finger-adjustable screw can be inserted into the collimator when the desired height has been
reached and then tightened to maintain the correct postioning. The tin collimators are atwo-
dimensond Venetian blind-type collimator with 1 cm center-to- center spacing. The collimator was
made sguare to enable the device to be rotated 90 degrees in order to be able to make measurements
in ether the horizonta or vertica orientation. When the AL-R8 containers are in the six-pack

storage configuration it is anticipated that the OSL measurements can be taken with these collimator
assemblies by centering the collimator assembly on the lids of the containers.



SAMPLE IMAGE TAKEN WITH THE PNNL LOW-RESULTION OSL READER

Figure 8 is an exposure of an OSL image plate usng low energy 60 keV X-rayswith alead annulus.
The OSL film was placed into a light-tight black plastic bag and the lead annulus was placed on
contact with the film. The “contact print” was exposed and then readout using the PNNL low-
resolution OSL reader. As can be seen from the image the areas shielded by the lead had alow OSL
output and unshielded areas produced very high counts. The black pixels correspond to the lowest
levels of OSL sgnd, whereas the OSL sgnd increases from dark bluesto greensto the highest
signals represented by the red and pink pixels.




Figure 8, OSL image plate readout of an X-ray annulus exposure
SUMMARY

The PNNL devel oped |ow-resolution imaging reader is amature technology thet is currently being
tested for applications in nuclear arms control. Initia testing of the system has been completed at
Pantex and further testing is being planned. The reader, in conjunction with the Venetiantblind
collimators, provides atool that is cgpable of distinguishing between a point source and a
distributed source. Further, the OSL system may be capable of measuring the attributes of extent
and symmetry, within the resolution dictated by the OSL reader system. The OSL system does dl of
thiswith asmple eectronics-free medium that may potentidly be used in arms control

applications.
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