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ABSTRACT

Radiation survey instruments could be
used to verify the presence of radioactive
material inside a container, but didentifi-
cation of the wmaterial would npot be

possible. Ome could imagine a very complex
detector-analyzer sgystem to analyze the
radistion being emitted from & container,

but it would be very large and difficult to
use. At Los Alamos, a portable ipstrument
with some limitations has been developed to
identify plutonium and wuranium inside a
container. The dnpstrument cousists of a
thin Nsl crystal and an electronics package
which 1s based on a wmicrocomputer. The
{nstrument uyges the energy spectrur of the
enitted radiation to identify the onuclear
material present, The function of this
instrument 1e to providc the user a tool for
qualitative verification of nuclear materils
in a container. The instrument can distin-

guish plutonium-239 and wurariun-235 from
other radioactive materials., A count rate
indicator provides some measure of the

quantit'y of wmaterial,
INJRODUCTION

It is very dmportant during the trana-
porting of special nuclear material that the
trvusporter can  verify quanitatively the
contents of the {ten, It 1is also very
important to monitor the entrances and exits
of nuclear faclilities and to diatinguish
between "allowable” radioisotopes (medically
administered isotopes or gamma-ray aources)
and nuclear weapons waterials. A owmall
portable inatruwent which could perform the
tash of identifying nuclear weapon imotopes

is A very desirable instrument for these
Jobs. A  corpact portable pulse haight
analyger known as the “Violinist" waa

developed at Los Alamos, and incorporating
thin circuit dnto an  instrument which
{ncluded & detector and microcoaputer to
process the information measured by the

87545

instrument was not difficule. 1)  Until
recently portable instruments consisted of
circuits to convert some detector response
to a meaningful value which was displayed to
the user/operator. The availability of low
power microcomputers and other support
microelectronics has chanpged the concept of
& swall portable instrument.

GENERAL DESCRIPTION
The 4instrument, shown in Fig. 1, is

packaged in a single case 20 cm in length,
14 cw 4in width, and 13 cm in height. It

weighs approximately 3 Kg. Operating
controls consist of a power switch and a
start button on the handle. Oncve  the

i{nstrument is powered up the operator starts
the operation with the start button. For
the aldvanced operator additional controls
are located underueath the top panel. These
contruls consist of a 12-key keyboard which
calls all the analyzer functions of the
instrument. The instrument 15 powered by a
rechargeable battery pack, and it my also
be powered indefinitely with an accessory
battery charger.

The instrument 1s designed ar. nd a 3
millimeter thick smodiun iodide scintillator
mounted on a 1.5 cm diameter photomultiplier

tube. A thin scintillator was chomsen to
reduce the interference fromr high energv
photons. The energy of the gamma rays of

interest sre leasn than 200 KeV. The
electronic pulses from the detector are
amplified and analyzed and converted to
spectral information, Frow the resulting
pulae hefght spectrunm, the obaerved
redio-1sotope {s deternined. Counting rate
information 4s displayed ou the liquid
crystal display (LCD).  This {information
provides the operator wome idea of the
quantity of nuclear material preaent.



ELECTRON1IC DESCRIPTION

The block diagram of the ipstrument is
shown in Fig. 2. The instrument contains a
high voltage supply for the photomultiplier
tube, & preanp, shaping amplifier, a
Wilkinson-type 256 channel analog to digital
converier, a microcomputer and a built-in
3284 dot matrix LCD. The microprocessor 1is
a Motorola MCl46805. The incoming data are
stored in a mpemory and the data are analyzed
in  seversl ways by the awlcrocomputer.
Results of the analysis are displayed on the
L. The 12-key keyboard provides operator
access to the microcomputer. Fcur C size
NICd Dbatteries provide eight hours of
operation for the instrument.

FONCTIONAL DESCRIPTION

For norwal operation the operator powers
up the circuit and presses the gtart button
to initiate data collection and analysis.
The instrument collects and stotes data for
teo seconds before displaying the result. A
cewnt down clock on the dispiay alerts the
operator as to the progress of the
messurement, A bar graph at the bottoc of
the display provides count rate information
te the operator 1in counts per second,
Egerience with this feature provides the
operator with some quantitative iaformation
regarding the amount of waterial being
sheerved. When the measurement 1s complete
ome of four messages appcars on the 1CD:
"PLUTONIUM", “URANIUM", “UNKNOWN", or
“BOTHING". The me “sge “UNKNOWN" means that
there is momc radioactiva wa‘erial prescnt,
bt the analysis does not reveal plutonfum
or uranium, The message “NOTHING” wmeans
1#ttle or no radioactive material present.
4 more detailed spactrel Ainformation is
required the inforwation is accessed through
the 12-key keyboard. The anal- s furction
depends on certain reglons of lnterest 4n
the energy spectiunm, end these regicns can
be changed through the keyboard. 8oth the
ganhics mode and the alpha-npumeric mode can
be accessed through the keyboard.

PERFORMANCF AND CONCLUSIONS

For jdentification purposes, the
instrusent is designed to analyze the 60-keV
gamma rTeay froo 241-Am which 4s always
present with piutoniun. In the case of
enriched wuranium, it 1s the prominent
186~keV gamra ray from 235-U which is
analyzed. Any other radioaciive wmaterial
wvhich eumits gamra ravs is analyzed as an
“UNKNOIN"  material. The d{astrument is
limited to a count rate of less than 18,000
counts per second, so for items that exceed
this limit, the operator must move the item
further away from the 1instrument to reduce
the count rate.

The {nstrument has been teated with
various quantites of plutonium and uraniur
stored 1insjde metal containevrs, (Quantities
of plutonium as little as 0,5 grams and
uranfunm as 1little as 1 gram have been
successfully identified. wWith ninimum
trajning the operator can use the instrument
to distinguich between plutoniuw, uranium,
and othar radioisotopes.
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