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A UNIQUE COMPUTER SYSTEM
FOR SAFEGUARDS USE

Thomas H. Kuckertz, E-8

and

John C. Pratt, Q-2
Los Alamos National Laboratory
Los Alamos, New Mexico

Abstract

Microprocessors have been used to implement specialized scientific data processing

systems since 1976,
Detection and Verification
Laboratory for a large

Group of

One such system, the LeCroy 3500,
the
varfety of tasks
parameters associated with radioactive materials.

is presently being used by the
Energy Division at Los Alamos National
involving measurement of various nuclear
The system is unique because it <an

do not only sophisticated pulse height and multi-scale analyses but also other analyses
that are limited only by the availability of CAMAC modules5 that would acquire data from

exotic experiments. The system is
experiments that it can control.
paper:

also field portable which extends
Four applications of this system are described in this
(1) plutonium storage vault monitoring, (2) coded apertu.-e image reconstruction,

the range of

(3) spatial distribution of gamma radiation, and (4) nuclear waste management.

1. INTRODUCTION .
Microprocessors have been used to implement
specialized scientific data
Onc such system,

and business
processing systems since 1976.
the LeCroy 3500, 1s presently being used by the
Detection anu Verification Group of the Encrgy
Division at Los Alamos National Laboratory for a
large variety of tasks involving measurement of
assocfated with
The system 1is used both
the field to

from objects
The LeCroy 3500 1s also used as
a qeneral purpose cumputing system,

1.1 LECROY 3500

The LeCroy 3500 combincs the standard features
that onc expects to find on a microcomputer with
som¢ unique features that are not found on other
systems {n similar price ranges.
LeCroy 3500 system fs

varicus nuclear parameters
radiocactive materials.
in the

gama and neutron radiation

laboratory and in record
under

{nvestigation.

A picture of a

shown in Fig. 1. The

system is ba:ed on the ]-tel 8085 micrnprocessor

chip set. A floppy di '«
file-oriented operating
hoth Assembly lanouage

A built-in typewriter

subsystem supports a
system that allows tne
FORTR N

and a

use of and

programs, keyboar

(k1 display perform the function of a terminal

and hard copy output can be made on the lire

printer. A block diagrim of the LeCroy 3500
compute:r system 15 Shown fn Fig, 2. The features
listed above arc usually found or many of the

microcomputer systems that are present
marketplace.

fn today's
The LeCroy 3500 possesses a number
of features that make {t uniquely suitaed for data
acquisition
exper iments.

from and control of sciendific
An CAMAC
allows electrical and software interfacing to an
The dats

in the minf.rate can

cight-slot minfcrats
ext-emely broad range of exper‘ments.
collected by CAMAC modules
be stored fn the histogram memory at rates up to

1 MHz. Data collected from the experiment can be



displayed on the CRT in graphical form using *he
display processor capabilities of the CRT. The
64k memory address space has been broken into
The upper 32k 1is populated by
the bottom 32k is
dynamically populated with one of uw to eight
32k  physical control of the
memory management unit.

two 32k pieces.
read/write memory while
memories under
These physical memories
can be read/write memories or read only memouries
(ROM), An arithmetic process‘ng unit based on
the Advanced Micro Devices 9511 chip set allows

execution of integer and floating point
ar {thmetic in this computer system.

1.2 CAMAC MINICRATE

The mir.crate holds B8 single width CAMAC
modules. Moreover, the CAMAC controller will
support the addition of full size (25 slot)

CAMAC crates to the system. The CAMAU interface

can work in one of two modes: direct memory
access (DMA) and programmed input or output.
The DMA mode allows transter of data from

specially desiqned LeCroy CAMAC modules to the
rates up to 1.0 MHz.
Included in the list ot special modules are the
LeCroy 3511 and 3512 which are used for pulse
height analysis, the LeCroy 352! which {s used
and the LeCroy 354)

processing

histogram memory at

for multichannel scaling,

timer module, The central
the 3500 can be executing 3 program
simultaneously with OMA  activity in  the
Any standard CAMAC module

tie DMA modules discussed above can ha accessed

unit of

rminicrate. including
by the central processing unit using the Intel
8085 input and output instructions or the
FORTRAN-callable subroutines supplied by
LeCroy. This allows all of the CAMAC modules on
the market today to be used to finterface this
computer system to almost any scientific
experiment.

1.3 HISTOGRAM HiSTORY

Because the 64k by 8 bit address space of the
8085 processor is not adequate for applications
that produce large amounts of data, a separate
64k by 24 b‘t memory 1{s available for data

storage. This memory is directly accessible by

the special DMA CAMAC modules described abcve and
1/0 device on the Multibus by the 8085
central processing unit.

as an
Normally data generated
by the pulse height analysis and multichannel
scaling modules are azcumu'ated in the histogram
memory.

1.4 DISPLAY PROCESSOR

The keyboard and CRT display perform the function
of the system console for
ASCII character i{nformation.

input and output of
A display processor
using an Intel 8285 microprocessor controls the
display function of the CRT. In addition to
display of alphanumeric data, a FORTRAN-callable
pen-plotter graphics library is available. The
raster scan display 1is driven by a display
language and s dot-oriented with
of 512 dots horizontal by 256 dots
Suitable manipulation of the dot field
allows for crude gray scale image plotting.
1.5 MEMORY MANAGEMENT
The Intel 8085 microprocessor supports a memory
uf 64k. A memory management sScheme maps

32k of this logical memory to 32k of

processing
dimensions
vertical,

space
the upper
read/write memory while the lower 32k is mapped
tu one of B physical memories of 32k
each. One of

locations
these memories consists of
read/write memory and the remainder consists of
(ROM). This allows for
programs in the field
Presently, two ROM-based
avaflable from LeCroy: (1)
Analysis (MCA) program and (2)
Autoanalysis program. The MCA program performs
sophisticated pulse-height analyses and
multichannal scale- analyses. The data collected
1s then displayed ‘n a3 varfety or calibrated and
uncalibrated formats on the CRT. The
Autoanalysis program {s used to operate the MCA
program automatically., This s
Yarge number of repetitive MCA program operations
arc required.
2. SATEGUARDS APPLICATIONS
The LcCroy 3500 has been uysed in a number of
nuclear parameter measurement applications in the
safeguards area.

read only memories

reliable operation of
without di-k support.
programs are

Multichanne!

useful when a

Four such applications will be



These are: (1)
vault to

discussed 1in this paper.
plutonium

prevent diversion of small amountc of material;

moritoring of a storage
(2) analysis of coded aperture images from gamme
scintillation cameras; (3) spatial
ugistribution of gamma radiation from a
test; and (4)
material.

2.1 PLUTONIUM STORAGE YAULT MONTTORING

Various Department of Energy Facilities possess

measuring
source
nuclear waste

under assay of

large inventories of plutonium. While security

at these installations s strict, research in
the prevention of diversion of small amounts of
this nuclear material 1is continuous. Because
plutonium is a spontaneous neutror emitter, the
neutrcy count rate field in a typical
vault can be measured at 25 locations with the

idea of

storage
detecting movement cf matei ial by
measuring distortions 1in the measured neutron
fle'd. An array of 25 3He aeutron dztectors
were distributed in a 5 by 5 grid in the ceiling
plane of a typical storage vault. A photograph
of a test configuration of this experiment fis
shomn in Fig, 3. The data from these 25
to 25 each 24-bit
sralers that were housed in 5 CAMAC modu'es in
The data from
along with an accurate counting time were then
acquired by the central processing unit of the
3500 which converted it to count rate dots for
the 25
were analyzed

detectors were then routed

the minicrate. these scaiers

The count
Chi-Square
techniques and probahilistic
whether the fleld t.ad
since some previous measurements wrre made.

vault locations. rate data

using statistical
estimates  of
significantly changed
After 8 months of monitoring the test vauit, it

wds determined that small amounts of material

movement  cnuld  be  detected given  stable
electronics and power supplies. Briefly, ft is
possible tww detect movement of 1 kg of 11%

240p, oyt of 3 total
excess of 2500 kg. Additionally, 1t was
possible to observe the cffoct of an open vault

inventory containing f{n

door and/or personncl in the vault even when no
material was being moved,

2.2 CODED APERTURE IMAGE ANALYSIS
It is
such as

desirable to image iadioactive sources,

found 1in nuclear waste,

without

that may be

present in a container opening the

container. If the gamma rays emitted by the
source in question are numerous enough, a
pin-hcle apertuyre in front of a gamma-imaging

device 1s sufficient to form a reasonable image.
small gamma
radiation will at least require a very long time
tc produce a

A source producing amounts of

pinhole image; however, a long
counting time may allow noise accumulation such
A coded

aperture consists of many pinholes through which

that a usable image 1is never acquired.

a source with small amounts of radfation can cast
shifted images on the
The total image must be decoded using correlation

If the
Hadamard

numerous finaging device.

useful.
selected,

before 1t becomes

coded apertur2 fis

techniques
carefully
transform op“ics theory can be used to decode the
image,

At present, mathematical routines to decode and
display coded aperture images with 9207 pixels
(99 by 93) have been written and tested on the
LeCroy 3500. Fi3. 4 shows the coded fimage of a
simulated point The coded

soyrce 13 also the pattern of

source. image of a

the coded
The decoded
More complex sources

can be imaged. The simulated coded image of a

point
aperture used to {image the source.
fnage {s shown in Fig. 5.

soyrce distrihuted betw2en two concentric circles
is shown in Fig. 6.
tn Fig. 7.
seven-level gray scale routines and the display
processor of the 3500. The
seconds
Hadamara transform techn‘ques and the arithmetic
processing unit of the 3500 system.

2.3 SPATIAL UISTRIDBUTION OF GAMMA RADIATION

It {s desirable to spatial
distribution of garma radiation being emitted by

The decoded image is shown

These fiqures were made using
decoding requires

approx imately 45 using fast f{nverse

determine the

a source in a sealr, container without opening
the container, GImma-ray enargies are
characteristic of the emitting materfals, so the
spatial distribution of the distinctive gamma.



rays maps the distribution of different
materials. A two-dimensional mechanical scanner
driven by stepper motors was built. A

collimated germanium detector 1is mounted in the

scanning device. Thic detector then measures
the gamma radiation for each spatial loration in
the scan. The MCA program is used to set up the
data acquisitior and plotting parameters. Then
FORTRAN

stepper motor and acquires gamma photopeak data

a program written in controls the

for each enerqy at each

spattal

specified and
specified. The

range
areas of as
many as 16 photo peaks foar each of w to 100

location

soatial locations can be determined.
2.4 ASSAY OF NUCLEAR WASTE
Nuc lear

waste from early

occasionally has been stored in drums and crates

exper iments

awaiting retrieval at a later time. In some

cases, the records
individual
have been lost.

dascribing the contents of

drums and crates are inadequate or
It is desirable to identify the
contents of selected containers without opening

the container. In one such experiment, 1initial

measurement techniques inciuded: (1)
emissions, (2) thkermal
neutron interrogation, and (3) radiography. The
recults of these measurements were
with each other. The
10w-energy gamma rays

with greater

spectral

measurement of gamma

inconsistent
directly-produced
and the other gamma rays
penetrating power suggested
of material and
indicated small quantities
of nuclear material, while the radiographs showed

large chunks.

potentially large quantities

neutro) measurements

The containers of nuclear waste were then
interrogated with highly penetrating 8 MeV gamma
rays. This caused phoiofissioning in the nuclear

material, resulting in neutrons whose quant ity
die away at characteristic time rates. This die-
away time was measured by multichannzl scaling.
Comparisons were then made with die-away times
for known quantities and types of materials. At
this point, the quantity and type of material
identified and the

explained the earlier inconsistency.

present could be results

Fig. 1.

LECROY 3500 COMPUTER SYSTEM
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Fig. 4. CODED IMAGE OF SIMULATED POINY SOURCE

Fig. 5. DECODED IMAGE OF SIMULATED MUINT SOuRCE



Fig. 6. COUED IMAGE OF A SIMULATED DISTRIBUTED SOURCE

Fig. 7. DECODED IMAGC OF A SIMULATED DISTRIBUTED SOURCE
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