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Abstract

For many years, Los Alamos has developed intel-
ligent, hand-held, search instrumants for use by
non-specialists to search for special nuclear
materials (SNM). The instruments sens: SNM by
detecting its emitted radiation with scintillation
detectors monitored by digital ala=e circuitry.

Now, we have developed a new hand-held instrument
that can verify the presence or absence of particular
radioisotopes hy analyzing gamma-ray spectra. The
new instrument is similar to recent, microproces-
sor-based, search instruments, but has LED detector
stabilization, three adjustable regions-of - interest,
and additional operating programs for spectrum
analysis. We call the nem instrument an SNM veri-
fication instrument. Its spectrum analysis capability
can verify the presence or absence of specific
plutonium isotopes in containers or verify the
presence of uranium and its enrichment. The instru-
ment retains the search capability, light weight,

and low-power requirement of its predecessori. Its
ready portatility, detector stabilization, and

simple operaticn allow individuals with tittle
technical training to verify the contents of SNM
containers.

Introduction

Verification i* a term used in nuclear safequards
for a special nuclear material (SNM) measurement that
is less accurate and less precise than assay measure
ments, which often have a 1%, or lower, goal for
measurement errors. Verification measurements chara
terize an item heing measured as one previously
measured or as one of a particular type; {r this
case, 10% mearurement error limits are usually
acc-ptable. Verification measurements in nuciear
safequards include verifying the tdentity and content«
of containers entering and laaving an NM slorage
vault; confirming the mass and type of SNM

in 2 container by shipper and receiver; and verifying
that certain radioactive containers leaving a pro-
tected area do not contain SNM, which we call non-
nuclear verification.

Our new hand-held, SNM verification instrument
is designed for non-nuclear verification, and, thu;
far, its major application has been to verify that
mechanical tes! assemblies (for example, missile
warheads) do not contain plutonium. This application
requires portabla equipment because verification
takes place at the location :f the waihead, which
may be on a production line, in a storage location,
or aboard an aircraft or missile. Verif.cation in
a plaat facility can be performed with portable
equipment, such as small multichannel analyzers
(MCAs) and Nal(T1) scintillation detectors. Ilhese
are easily backed up by making spare equipment
available nearby. Varification on an aircraft
flight 1ine, however, requires equipment that is more
portable. In this case, Loth primary and bacrup
equipment must be transporied, often over great dis
tances, by commercial aircraft and rental cars. Unter
these circumstances, small, lightweight, hand held
verification equipment |s ideal.

As a starting.point for a new hand held veri
fication instrument, we began with the design for
an intelligent, hand-held, SNM search instrument
developed at Los Alamos.1:? These 1ightweiqht,
battery powered inslruments sense SNM by monitoring
for its emitted radiation using a Nal(1l) scin
tillation detector and microprozessor h.sed dlarm
tircuitry. To incorporate the peak stripping techm
que used to subtract ¢ mpton background in M Ay, we
added a non-radioactive method of detector stabiliza
tion, three single channel analyzars (SCAs), and
new operating programs. These add!ticni and the
resulting commercially avallable veritication instr
ments (Fig. 1) were designed and produced hy lomar
who designated the instrument the model JHH o
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The JHH-0l verification instrument package
(Fig. 1) contains all of the elements required for
measurement and analysis: power supply, radiation
detector, microprocessor, and information display.
The package (9 cm high, 13 cm wide, and 20 cw deep)

weighs 1.8 kg, 1t is powered by rechargeable bat-
teries that are expected to provide about 16 h of
operation; a complete recharge takes 8 h. Internal

dc to dc converters supply operating voltages; high
voltage for the photomultiplier tube (PMT) is provided
as i1ndividual dynode voltages to eliminate power
consumption in a voltage divider. The CMOS chips,

inc luding the Oki 80C85 microprocessor, also minimize
power requirements.

The compact scintillator [a civcular cy!inder
ot Nal(1l), 2.5 cm in diameter by 5 cm long| s
woupled to the Hamamatsu 1224 PMI, which is almost
the same si7e, The Bicron detector assembly has a
light pipe rontaining & green LED (1N6904) that
flashes 1light into the scintililator. A thermally
stabilized 1ED current produces 200 light pulses/s
for amplafier gain stabilization. Stable operation
keeps diode 1ight pulses evenly dividea between two
aijacent SCA windows positioned well above useful
yamma ray pulse heights. Measured qain stability
hy the manufacturer in our tirst prototype instrument
wis 1.5% over the 2 to 233°C temperature range
giving the most variation {n a de stabilized instru
wont !

Clircyit Description

Figqure 2 iv a4 block diagram of the low power
virantry used in the JHH 01 for detector operation,
data collsct tom, and analysis.  The LED iy tomperature
stabiltzed by aaalog circuttey® and produces 1ight
pulysey that are counted in the stabilizatior SAs,
Thewe each have fixed out<ide pulse helight limity and
share a common «ntral pulse height Jimit at an

"ucion Corp . Newbury, OH 4406%; (216) Sbd 2291,

Fig. 1. The JHH-G! SNM verif-
ication instrument is an easily
transportable, |.8-kg package
containing a well-protected
measurement and analysis system
operating from rechargeable
batteries.

adjustable voltage (V8), which is used for fine
amplifier gain adjustment. Any difference between
the two stabhilization SCA counts produces an error
signal that the microprocessor Lses to adjust the
gain stabilization amplifier, by means of a digital-
to analog converter, to move the diode pulse height
toward V8,

Stabiliznd signals are also fed to a lower level
discriminator (LLD) and analysis SCAs. The LLD
enables six scalers to count data from tie SCAs:
one scaler for all pulses above the LLD, three for
the adjustable analysis regions-of interest, and
two for the stabilization regions. Scaler results
are read periodically by the micropracesser for
control, data anaiysis, and display.

The switches indicated in !iqg. 2 control power:
program resel; counting tiwe or alarm level (Lhumb
wheel switch); and operating modes. In addition to
operating as a swarch instrument, there are ihree
switcn-selectable analysic modes and two setup
modes in the operating program repertoirs. The
first setup mode uses the analog to digital (A/D)
converter to redd the vo'ltage limits of regions of
interest during calibration adjustments. The second
displays each ot the <ix scaler sums for troubleshoot
ing nurposes,

Operating Prograns

Figure 1 ix a flow chart for the operating
programs. The basic search mode (left side} :an
* Inuously measures counts above the (LD in 50 ms
time stops and forms a 0.4 v moving average of the
most recent ones.  After eacn step, the moving
average is compdred with an alarm level derived
from the hackground measured during the most recent
proqram reset and an increment read {rom the thumb
wheel -witch,  The LED iy updated each 1.2 ~ to
whow a Vs average count rate converted to count s
per swecond, and any alarmy produ o an audihle chirp
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Fig. 2. Ihe instrument’s low-power circuitry operates and stabilizes the

radiation detector, measures detector response, analyzes response data, &nd

displays results.
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aby 11ty and measurement modes thal provide precrse averages, Complan stripped
peak intensttios, or uranium oncichment ost imates.
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Fig. 4. The instrument’s second task strips the

Compton continuum from the penetrating plutonium peak
region between 330 and 450 keV, using the two cross-
hatched adjacent regions-of-interest to estimate the

Compton contribution.

The measure mode has three switch-selectable
tasks, all of which use the thumbwheel switch fer
setting a counting interval in seconds. The first
task continuously displays total counts or count rate
above the LiD a3 each counting interval is completed.
The second task makes a net peak count or count-rate
measurement in the central region-of-interest. Two
smaller adjacent regions are used to estimate the
Compton-scattered radiation contribution to the
central region. Alternatively, a single region-of-
interest at higher energy and a switch-set multiplier
can be used to correct for Comptor scattering. The
third task estimates uranium enrichment from two
regions-of-interest set to measure the 185-keV peak
from 223U and a higher energy region, which may
include the peaks at 766 and 1001 keV from 238y
daughters. 3

Qparating Experience

To date, most of our operating experience is «ith
prototype instruments used to verify the presence or
absence of plutonium mixed with othar radioactive
materials in fairly standard containers. We use the
second task with the central region-of-interest set
for the 330 to 450 keV 73'Py gamma rays, which easily
penetrate container wall<. Underlying Compton scat:
tered radiation is subtracted by the in.trument
using an estimate made from the adjacert regions
indicated in Fig. 4. Negative or small positive
net results verify the abzence of plutonium; larye
positive net results verify its presence.

Our verification procedure uses the search mode
to sense that containers are radicactive, then uses
the measuring mode Lo estimate whethar the amount of
nlutonium, (f any, exceeds a Lhreshold amount. TVhis
proecedure relies on knowing how the instrument
responds to similar packages that do or do nnt
contain plutonium. Benchmark measurements must be
mdde on standard packaqges to provide a catalog of
instrument measuremen! results for different amounts
of slutonfum.  Thuv, an operator car be given ap
propriate measurement limits corvesponding to auclear
or non nuclear packages,

We began our application of prototype instrument-
to verity non nucledy test as.emblies by making a
catalog of verification measursment resulty for

rcadily available weapon ;ystems (containing plu-
tonium) and test asseeblies (either non-radicactive
or containing depleted uranium). Subsequent field
verifications with prototype instruments correctly
identified all test assemblies as being non-nuclear.
Field verifications also provided an xcellent
opportunity to discover needed additions and cor-
rections to the instrument’s design. However, they
provide little experimental information on the
precision and accuracy of the measurement results.
To study the JHH-0] instrument’s response va~iation
v.ith time and temperature, we devised a test fixture
to reproduce e'ther a non-nuclear or nuclear spectrum,
and used it to 2valuate prototype and production
instruments,

Instrusent Evaluation Procedures and Resu]ts

Our evaluation at Los Alamos used the test
fixture (Fig. 5) to position the JHH-O0l on a depleted
uranium plate, whicn has a void below for positioning
precisely a plutonium sample. With no plutonium in
the void, the depleted uranium provides a non-nuclear
gamma-ray spectrum. With plutonium in place, the
spectrum is a nuclear one. Using the fixture, we
studied the vai-iation of measurement results in one
production and two prototype JHH -0l instruments
over a range of temperature and battery charge.
the process, we discovered and corrected a few
shortcomings in the instrument’s design that would
not have been noliced otherwise. We also confirmed
the adequacy of the instrument’'s operating programs
and determined the precision of reasurement results.

In

During our evaluation, instrument temperatures
varind from a low of B8°C to a high of 40°C, but most
measurements took place at an average room temperature
n. 24°C.  The battery charge varied from a full charge
to a Jdischarge level where the pulser could no longoer
wtabilize the instrument. The evaluation ended either
at this point or at one nf two other points: (1} when
an instrument’s measursment resulls decreased by 1Y%
or mere; or (/) atter 24 h of operation. Duriny
evaluation, edch instrument operated for about 8 h,
then was turned oft overnight. The total satistactory
operating time for the instruments varied greatly:
the production instrument failed after 12 h: vne
pratotype instrument failed after B h of operation:
and the socond way still operating satisfactorly
aftey 24 h.



- Depleted Uranium Disk

Fig. 5.
reproducrble arrangement of depleted uranium and plutonium for evaluating
the accuracy and precision of the JHH-0l jnstrument’s measurements.

During the evaluation, we monitored the pulse
heights of both the LED pulser and '!’Cs 662-keV gamma
rays to test the stabilization method. We found that
the pulser stayed within t2% of its mean pulse height
in all the instruments. On the other hand, the cesium
gamma-ray pulse height varied $3% to t4% from the mean
in the prototype instruments, but only $2% from the
mean in the product. n unit.

We judged each instrument’s precision from sets
of six, repeated, 20-s nuclear meaturements. The sets
of measurement: were iritially made 1 h apart and,
thereafter, approximately 2 h apart. The measurements
in each set fel! within 2 std dev of the mear, a goud
indication that the variation was from normal counting
statistics.

We judged the accuracy of each instrument from
differences hetween its measurement set means and the
overall average of its measurements. In this case,
the set means fell 8.5 to 19 std dev from the overall
average, which corresponds to a 6% to l4% variation.
This amount of variation is usually insignificant for
non-nuclear verifications. [f it were significant,
much ot the variation could be avoided by operating
near room temperature for not more than 8 h before
recharging the bdtteries.

Strong and Meak Points of the Instrument

The instrument s strong point is its ability to
provide measurement resnults normally obtained only
wilh much less portable and more fragtle equipment.
Other strong points include the following character
Istics.

. Its smal! siye, light weight, and self contained
dosign make it easy o transport and use.

. A non specialist operator does not need to cope
with tragile external detectors and the piroblems
ot worn oaut cables and connectors,

- Positioning Slide
for Plutonium Sample

The test fixture, shown here in top and side views, provid's a

. The instrument’s operating time is usually long
enough to allow verification, even if battery
charging were cverlooked during preparations for

a trip.

. Its high sensiiivity allows simple functional
checks after travel using gasoline lantern
mantles.

. [ts stabilized detector eliminates the need for

recalibration with a reference spectrum before
each verification,

The instrument’s weak points are few. A basic
weakness stems from pulse pileup at very high count
vates, which arises when intense uranium x rays pile
up with plutonium peaks to shift them out of the
analysis window. We cope with this rhortcomina by
reducing the count rate, first by sh elding the
detector with lead (0.15 cm thizk}, and then with 1
spacer that provides additional distance between
the detector and source of radiation. We use the
instrument’s count rate in its search mode to tell
whether or not the spacer is needed (>10 000 counts/s)
for a particular type of verification measurement.

Anothe." weakness arises when verifying isotopes
that emit oni,; low-energy characteristic radiation,
such as the 153 keV gamma ray of #'%Pu. Such low
enerqy gamma rays are subject to interference frum
other radioactive waterfals. Many gamma ravs with
nearly equal energy or backscatter peaks from higher
snerqgy gamma rays may fall in the same energy ranqe.
As a result, some innocent items mav be rejected,
which seldom hapnens when higher cnerqgy characterist
radiation is used for verification.

Summary

We have developad a very useful and convenient
instrument for performing non nuclear verificatfons
under tield conditions that require commercial
travel. The instruments can provide precise and



accurate verification results that are equivalent
to those obtained with MCAs, particularly when an
instrument has been fully charged before use. The
instruments have proven to be rugged and easily
operated by ron-specialists and have been well
accepted by users. Two sgin-off variations of the
instrument already exist, or are being developed:
One of these uses extrrnal neutron and gamma-ray
detectors for uranium holdup measurements; the
other operates a Fidler detecto- for contamination
surveys.
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