LEGIBILITY NOTICE
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.
Although a small portion of this
report Is not reproducible, it is
being made available to expedite

the availability of information on the
research discussed herein.

1




LA-UR -88-3673

Los Alamos Nahonal Ldbo'alory o operated by ihe Unversity of Caklorna for 1he Unded Stales Department of Energy under conlraci W 7405-ENG-M

LA-UR--88-3673
DEB9 003467

TITLE STABILIZED, HAND-HELD, GAMMA-RAY VERTFICATION
INSTRUMENT FOR SPECTAI NUCLEAR MATERIALS

AUTHOR(S] P. E. Fehlau
G. Wigp
SUBMITTED 10 To be presentad nl Lhe Nuclenr Belener Symposlum, 1988 TERER

llyal.l. Orlamis lolel, rlamio, Florida
November =11, 1988

DISCLAIMER

This report was prepared as aa account of work sponsored by an agency of the timted States
CGavernment. Neither the tinited States (ewerament nor any agency thereol, nor ar y of thew
employoms, makes any warranty, expresa or imphod, or assames any legal lability or respomsi-
bilty M the acvuracy, completene, or usefuisess of any informaton, apparatus, product. or
frocmm dischosod, or repreacnts that its usc wuuld not wiringe privately uwned rghts. Refer-
esce herzin to any ypeciflic commercial product, process, or sorvice by trade name, trademark,
manulacturer, or utherwme does Ut nec=wsarily constitute or imply s endorsement, recom-
mendation, or favoring by the timted States Chvernment or any agency thereol Ihe views
snd opiemns of authors cxpressed heriis do not sccemanly wate or reflect thuwe of the
timited Ntates CGiuveramest or any a~enacy therewl

Wy vmpt e ot g 01 0 Thee pralsl-sling vy PRy 1AL T 1105 Conwet v myonl snloves f vo e Digsivs? oyRily Vome T @rowm e pegifdinloon aminlio ®
LLULER CEU LU R B R CE B LU LT [ TN T LR T [ s O R T TR L A LR e IO L )

g Goe Ao, Pl oo Fatluoalos o seng- gl 10l e prnslslinline wimtdily (lven el I as writh (urt bt viend oo The gosjacms o the 11 Y {apacimaed o | ey

N 7 . Los Al: National Laborat
| 08 AIAMAOS LgsAamos Natora Laberatory

M s "‘ QTE. ‘:'. NSTRIAUTIINN NE FWIe NORDArMe (A smeme S————


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


STABILIZED, HAND-HELD, GAMMA-RAY VERIFICATION
INSTRUMENT FOR SPECIAL. NUCLEAR MATERIALS®

Paul E. Fehlau
Los Alamos National Laboratoly
MS-J562, .os Alamos, NM 87545

and

Gary Wiig
Jomar Systems, Inc.
1143 18th St., Los Alamos, NM 87544

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 sense SNM by
detecting its emitted radiation with scintillation
detectors monitored by digital ala circuitry,

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

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

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

Introduction

Verification is 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 laower, goal for
medsurement errars. Verification measurements charai
terize an item being measured as one previously
measnred ar as one of a particular type; in this
case, 10% meaturement error limits are usually
a1 c'ptable, Verification measurements in nuciear

safequards include verifying the 'dentity and rontent.

af cantainers entering and {naving an SNM storage
vault; vonfirming 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) sciatillation detectors. lhese
are easily backed up by making spare equipment
available nearby. Verification on an aircraft
flight 1ine, however, requires equipment that is more
portable. [n this case, Loth primary and backup
equipmant must be transporied, often over great dis
tances, by commercial aircraft and rental cars. Unter
these circumstan:es, small, lightweight, hand held
verification equipment (s ideal.

As a starting.point for a new hand held vert
fication instrument. we began with the design for
an intelligent, hand-held, SNM search tnstrument
developed at Los Alamos.!'? These 1ightweiqht,
battery powered instruments sense SNM by manitoring
for its emitted radiation using a Nal(1l) scin
tillation detector and microprovessor b.seifl alarm
rireuitry. To incorporate the peak stripping techm
que nsed to subtract € mpton backgronnd in MAs, we
ailded a non-radioactive method of detector stahiliza
tiun, three single channel analyszers (SCAs). and
new operating programs. These add{ticni and the
resulting commercially available veritication fnstr
ments (i (. 1) were designed and prodaced ty domay .
who designated the instrument the maoe] JHii n
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The JHH-0) verification instrument package
(Fig. 1) contains al) 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 abnut 16 h of
operation: a complete recharge takes 8 h. Internal

de to dc converters supply operating voltages; high
voltage for the photomultiplier tube (PMT) is provided
as individual dynode voitages to eliminate power
conqumption in a voltaqge divider. The CMOS chipy,

im Inding the Oki{ B80CB5 microprocessor, dlso minimize
flowirr reuirements.

lhe compact scintillator [a circular cyl inder
af Nal(il), 2.5 cm in diameter by 5 cm long] is
wupled to the Hamamatsu 1924 PMT, which is almost
the same si7e, The Biiron detector assembly has a
fight pipe rontaining a green LED (IN6904) that
flashes ligit into the scintiilator. A thermally
stabtiized 11D current produces 200 1ight pulses/s
fnr amplrtier gain stabilization. Stable operation
keepis Hiode 1 njht pulses evenly diviieo between two
amijacent SCA windows positioned well above nseful
qamma ray pnlse hmights. Measured qain stahility
by the manufaiturer in nur first prototype instrument
was 1.5% over the 2 tn (13°C temperature ranpe
wiving the most varfation in a dr stabilized instrn
went !

Clreult Description

ftgure 2 1s a Dlnck diagram aof the Tuw power
cuomtry nsed fu the Jilld 0V for detei tor vperation,
data caflmtion, and analysis. 1he §1§] iy temperature
staptitzed iy adalog cpronitey® amf prodmes 1ight
ey that are vimted {n the stahtlizatiny SCOAs,
these rach have fixed ontside palse helght Timits and
share a common cmtral gutse hoight Timit at an

“Wierom L, Newbiny, O 4401y ; (216) 504 2241,

Fig. 1. The JHH-G! SNM verif-
ication instrument is an easily
transportable, 1.8-kg package
containing a well-protected
measurement #nd analysis system
operating from rechargeable
batteries.

adjustable voltage (V8), which is used for fine
amplifier gain adjustment. Any difference between
the two stabilization 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
Hiscriminator (LLD) and analysis SCAs. The (iD
e¢nables 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 anatysis, and display.

The switches indicated in liq, 2 control power:
program reset; counting tiws or alarm level (Lhumb
wheel switch); and operating modes, In addition tn
operating as a swarch instrument, there are ihree
switcn-selectabie analysit modes and two setup
modes in the operating program repertoire. lhe
first setup mode uses the analog to digital (A/1))
canverter to read the voltage limits of reqgiony of
interest during calibration adjustments. {he sircund
dtyplays each ot the six scater sumy far troubieshant
ing narpnsns,

Operating Prograns

fiqure 1 ix a fiow 1hart far the operating
proqrams.  The basic searrh mode (left side) (wn
t inundsly measures 1ounts abnve the 111 in 50 ms
Cime steps and forms 2 0.4 v moving average at the
mast rerent nnes.  After eaco step, the moving
average {s 1ompared with an alarm level derivad
trom the backgroumi measured during the mast vecend
program reset and an {mrement read from the thumb
wheel wwiteh,  thae (0 s mpdated varh 1.2 4 tn
shaw a 1y average it rate converted ta comnt s
per wevand, and any atarms gprndn o an andihle shtep



———
= =
DISPLAY . '
LCD ﬁ DRIVE {U.D |r_-' LD

; g ﬁ_
r

~ —_———— ————
. r :
R AN . - —an HESEY
Nat DE TECTOR AMPLIFER [ 1aBu.lATION SCA stAAl‘:l::s
: AMPLIFIL R _] iy COUNTER DATA
T -
STABILIZATION » NTROL
HVPS ANMLOG | o P " .
CIRCUITRY IED - ca CHIt ENABLE
——
RESE| bg— RESET ADC
BoCas IMER e1css @CD SWITCHE S/C. \INTER DAIA

:_‘ —-{___J-_- SWITCHES M‘n_ T.oo_u.__TM .

vioVve CONVERTER P ADC
PROM ﬁ inﬁm CONTROL L__ )

[_~I
> GAN @ SWITCHES i
iy (CES | LCD
CHIP ENABLES
T ﬂ BATTERY POWER SUPPLY {ggume CHARGER
AUDIBLE
Lﬁ ALARM

Fig. 2. Ihe instrument's low-power circuitry operates and stabilizes the
radiation detector, measures detector response, analyzes response data, and

displays results.
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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 regfon-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 23%0 and a higher energy region. which may
include the peaks at 766 and 1001 keV from 738y
daughters .®

Qparating Experience

To date. most of our operating experience is «ith
prototype instruments used to verify the presence or
dbsence of plutonium mixed with other radiocactive
materials in fairly standard containers. We use the
second task with the central reqion-of-finterest set
for the 330 to 450 keV 73%Pu gamma rays, which easily
penetrate container wali<. Underlying Compton scat:
tered radiation is subtracted by the in.trument
using an estimate made from the adjaceit regions
indicated In Fig. 4. Negative or small positive
net results verify the absence of piutonfum; farye
positive net results ver!fy its presence.

Our vertfica'ion procedure uses the search mode
lo sense that containers are radioactive, then uses
the measuring mode to estimate whether the amount of
nintonium, {f any, exceeds a threshoid amonnt. {his
prccedure reiies on knowing how the instrument
rexponds to simiiar packages that do or do nnt
cantain plutoninm. HBonchmark measurements must hie
made an standard packages to provide a catalog of
tesirument measurement resnits for different amannts
nf slutanium.  {hus, an operator ran be glven ap
propriate measuremeni imits carrespunding to nuclear
or nun ninelear packages,

We bedqan our appiication nf jrmtutype fnstinment -
ta verlfy non nucledrr test asiemblies iy making a
catatog af verificat lan measurement vesnlts far

readily avatlable weapon ;ystems (containing plu-
tonium) and test asseeblies (either non-radiocactive
or containing depleted uranium). Subsequent field
verificatisns 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
provided Tittle experimental information on the
precision and accuracy of the measurement results.
To study the JHH-0l instrument’s response var-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 Results

Our evaluation at Los Alamos used the test
fixture (Fig. 5) to position the JHH-01 on a depleted
uranium plate, whicn has a void below for positiontng
precisely a plutonium sample. With no plutonium in
the void, the depleted uranium provides a non-nuclear
gamma-ray spectrum. With plutonfum in place, the
spectrum is a nuclear one. Using the fixture, we
studied the va:-fation of measurement results in one
production and two prototype JHH-Ol instruments
over a range of temperature and battery charqe. |In
the process, we discovered and corrected a few
shortcomings in the instrument’s design that would
not have been noticed otherwise. We aiso confirmed
the adequacy of the instrument’s operating programs
and determined the precision of r easurement resnlts.

During our evaluation, instrument temperatures
varied from a low of 8°C to a high of 40°'C, but most
measurements took place at an average room temperature
0. 24°C.  The bhattery charqge varfed frum a fuiil chdrqe
ta a Jdlscharge tevel where the puiser cimid na tungor
«tabiiise the instrument. 1lhe evaluation ended either
at this paint or at one of two ather paints: (1) when
an instrument’s mesasursment resuiis deireased hiy i4%%
ar m,re; or () atter 24 h of operation. Durinyg
evaination, each instrument operated far abant 8 h.
then was turned off averntght. f{he tatal satis’actory
opierating time far the Instruments variled greatiy:
the jroduct fan fnstrument fafied afier {2 h: one
peatalype instroment fatied after B h af aperat tan:
ad the socand was st operating sat Isfacimnty
atier 24 b



- Depleted Uranium Disk

Fig. 5.
reproducible arrangement of depleted uranium and plutonium for evaluating
the accuracy and precision of the JHH-0] instrument’'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 :4% 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 mea-urements. The sets
of measurement: were irftially 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
overali average of its measurements. In this case,
the set means fell 8.5 to 19 std dev from the nverall
average, which corresponds to a 6% to 14% variation.
This d4mount of variation is usually insignificant for
non-naclear verifications. [f it were significant,
mich ot the variation could be avoided by operating
ucar roum temperature for not more than 8 h before
recharging the batteries.

Strong and Meak Points of the Instrument

The instrament “s strong paint iy ity abiiity ta
provide measnrement resuits normally abtained aniy
with much fess portable and more fragtle equipment.
Other strong puints incfude the following characier
fwtics,

. tis smai! siye, fight welght, and seif cantained
design make it easy ta transport and nse.

. A nan wpedc fatist aperatar daes not need ta cape
wilth fragile external detectars and the pirabiems
af warn ant cahles and comectors,

- Positioning Slide
for Piutonium 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.

N 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
rates, which arises when intense uranium x rays pile
up with plutonium peaks to shift them oct 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 thtzk}, and then with 1
spacer that provides additional distance bhetween
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,
snch as the 155 keV gamma ray of #'*Pu. Such fow
enerqy gamma rays are subject to interference from
nther radioactive materials. Many gamma ravs with
nearly equal energy or backscalter peaks fram higher
esnergy gamma rays may fail in the same energyy range .
As a resnit, some Innocent {tems mav be rejected,
which seldom haprens when higher cperqy charactorist
radiation {s used for veritication.

Summary

We have developed &4 very useful and convenient
instrument fur performing non nuclear verificatinns
under field conditions that reynire cammercial
travei. Tlhe instruments can pravide 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 extr.rnal neutron and gamma-ray
detectors for uranium holdup measurements; the
other operates a Fidler detecto~ for contamination
surveys.
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