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SPECIAL NUCLEAR MATERIAL RADIATION MONITORS FOR THE 1980s*

P. E. Fehlau
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Ouring the two decades that automatic gamma-
radiation monitors have been applled to Jdetecting special
nuclear matarlal (SNM), little atter'.on has been devoted
to how waell the monitors parform In plant environments.
Visiis to 1| DOE. facllities revealed poor information
fiow between developers. manufacturers, and maintain-
ars of SNM radlation monitors. To help users achleve
bast perforimance from thelr monitors or select new
ones, Los Alamos Natlonal Laboratory devsaloped a
hanc-held monitor user's guide, calibration manuals for
some commercial SNM pedestrian monitors. and an
applications gulde for SNM padestrian 1honitors. In
addition, Los Alamos evaluated new commercial SNM
monltors, considered whether to apply neutron detection
to SNM monltoring, and invastigated the proi .em of
operating gamma-rav SNM monitors In varlable pluto-
nlum gamma-radiation flelds. As a result. the perform-
ance of existing SNM monitors will improve and
alternative monitoring methods will become commer-
clally avallable during the 1980s.

INTRODUCTION

Automatic gamma-radiation monitors to detect
SNM removal from materlal access areas were first
developed in the late 1960s. At that time, a pedestrian
doorway monitor’ designed by EG&G, inc."® for the
Technical Support Organization of Brookhaven Natlonal
Laboratory Inspired a serles of similar developments that
axtends into the 1980s. Pedestrian, package, and vahicle
SNM monitors were deveioped by DOE. plants and labora-
torles and by privsta busliesses. Most of this equipme:t
recelved little impa‘ .ial standardized evaluation and
scant attention was pald to how well nonsclentific per -
sonnul operated and malnialned It. As a resull, selecting
and Implementing adequata, rellable, and easily maln-
tained monitoring equipment cai be a difficult task.

“This work was support ud by the JS Department of
Energy (DOE), Assistant Secretary for Defense
Programs, Office of Safeguaras and Security.

weg (G&(, Inc.. Goleta, Callfornia.

The Advanced Nuclear Technology group at the | os
Alamos Natlonal Laboratory. which has studied monitor-
ing physlcs for the last |3 years, develops new monitors
of its own as well as evaluates commerclally available .
equipment. During the past two years. we have exterded
our Interest to studylng the In-plant problems with SNM
monitoring equipment at DOE facllitles. Visits to 11
locations uncovered a few fau!ts in particular monitors
or In the way they are applied. :‘owevar, our most
Impor. ant discovery was the lack of information: a gap
exists in documentatlon for cellbrating and maintaining
commercial SNM monlitors and In up-to-date DOE regu-
latory advice on the avallability and expected in-plant
performance of monitoring equipment. In an attempt to
remedy this lack of information. we have completed or
are working on tasks that may make SNM monitors both
easler to apply and more effective.

BET1ER PERFORMANCE FROM EXISTING MONITORS

Many of the SNM monltors In use today could oper -
ate more offectively if sufficlent technical Information
were avallable on sultable applicaclons and proper
maintenance. Unfortunately. SNM monitor manufac -
turers do not supply that informatlon. and with good
reason. Thase manufacturers are small businesses thit
do not routinely handle significant quantities of SNM or
conduct research related to translent signal detection.
They typically manufacture equipment based on tech -
nology developed ¢isewhers - -at certain DOt facilitles,
for example, but seldom are they Invited into the facll -
itles to study theli nqulpmaent in operation. When
manufacturers do have their own SNM, they may be
unaware of the specific composition of the materlal; thu
emitter may produce exceptionally Intense radiation that
Is unsuitable for measuring SNM monlitor pa-formance.
Hence, manufacturers can seidom develop callbration
procedures to obtain the lowest deteccion thresholds. As
a rusult, users may not obtaln effective SNM monitor
performance wilh the Inadequate Informatlon at hand.

Hand-Held SNM Monitors

Los Alamos has completed thrae tasks to provida
better information for callbrating and using certaln SNM
monltors (F Ig. 1). 1he first task was to develop and



Flg. I.
Usar‘s manual and callbration manuals are a help In
obtalning the best performance from SNM monitors.
Developing such manuals requires considerable
experience with the monitor.

publish a user's manual for hand-held SNM monitors.”
The manual instructs security inspectors how to man-
ually search pedeastrians and vehicles for SNM. |t serves
both as a training aid in a course of instruction and also
as a reference when a copy ls placed at each quard
station. Proper tralning and supervision are 'mportant in
hand-held monltoring because monitoring effectiveness
depends equally on effective monitoring instruments and
an effactive monitoring technique. In portal monitors,
the analogous means to achleve effective monitoring is
proper callbration. The remalning two tasks developed
the portal monitor calibration manuals described in the
next section.

Portal-Monltor Calibratior Manuals

We recently developed callbration mantals for two
of the commaerclal padestrian SNM monitcrs that we
evaluated in the mid 1970s. |hess monitors found
widespread use at DOE facllities and, aithough many of
them are now 10 years old, they are still highly effective
monitoring systems when they are properly malntalned.
Proper maintenance depends on good docuine ntation both
for thu reasons stated previously and aiso because the
people who malintain the monitors do so for limited
periods of time. Career prugression usually resuits In job
turnover - -experianced techniclans move to new areas
after they become proficlent with the SNM monitors.
After a year or two, new techniclans have difficulty
finding written documentation to holp with on-the-job
tralning. Callbratlion gulides for the Natlonal Nuclear
Corporation® analog personnel monitor® ‘model DM2)

and the TSA Systams, inc.*" personnel monitor* {mode!
PM 203) have been supplled to soms DOE plant maln-
tenance personnel; they are avallable, along with the
other references. from the author.t Additional
calibration assistance with the TSA Systems monitor is
now avallable from the manufacturertt for those who
would like to standardize the PM 203 electronics to
match the callbration procedure.

IN-PLANT PERFORMANCE EVALUATICN

Since the early 1970s. Los Alamos has evaluated
SNM monitoring equipment, primarlly as a DOE task to
quallfy equipment for use at DOE facllities, Lately its
evaluations have been conducted under the auspicas of
OOE -sponsored direct facility support to DOE facllities
that have purchasad untested monitoring equipment or
that would llke to purchase squipment that is being
offered as "improvad.” "high sensitivity,” or otherwise
better than averege. Such evaluations are worthwhile as
indapandent. impartlal evaluations, but they would be
urnecessary |f manufacturers and plants were able to
conduct the simple tests that could help them develop
effective monitors. What has made this impossible is the
lack of standard test sources.

Laboratory testing of walkthrough SNM monltors
entalls a study conducted in a specific radlation environ-
ment using both standard evaluation technlques‘ and
standard test sources. Facllities and manufacturers
often are satisfied to test with standard sources in tt..
environment at hand. F acllitles. for example. shoula
conduct tests each quarter or so to verify that their
walkthrough monitors effectively detect SNM. However,
standsard sources are not widely avallable and the pluto-
nlum sources that aire available soun age and bacome
unsultable because of bulld up of plutonium radloactive
decay products Lhat are therasslvas radioactive. To
make testing possible, we have fabricated standard
uranlum test sources In the form of 10-g ?"*U metallic
spheres that contain a total of 10.7 g of uranium (F iq. 2);
we are supplying them to facllities and manufacturers.
The se sources have about half of their emitted radlation
spectrum in a |00-keV x-ray reglon ir common with the
freshly separated ***Pu (weapons-grade pluionium)
radlation spectrum. A wallkthrough monitor that can
detect these sources 1s capabte of detecting about a
0.29-q quantity of that type of plutonium.

The 1able puts this test Into perspective among the
walkthrough monitor categories that are available to us
today. Most monitore are Category il monitors, that ls,

standard walkthrough portais. Category il monitors may
have an added foot counter. Category \V monitors inay

"Natlonal Nuclear Corporation. Monntain View.
Californla.

"®1SA Systems, Inc.. Boulder, Cclorado.
t1elephone (505) #67-5372 or + 15843 53712,

tt1elephone (303) 447 -3553.



have vary narrow portal spucing and possibly both head
and foot counters. Most Category | monitors are being
retired; a few are special applications of a pedestrian
SNM monitor that requires extramely wide portal
spacing.

The final columns in the Table estimate the
amount of *""Ba that can be used as a substitute test
source when a non-SNM source is required. This type of
source is most usefu! for dally testing becauss 1ts control
requirements are less than those for SNM. |t Is not a
universa! substitute test source because its spectrum
covers the rangs but not the shape of the plutonium
spectrum. its 10.7-year half-life reduces the source
intensity significantly in a few years, but * **Ra sources
are easlly replacad.

GUIDANCE FOR APPLYING SNM MONITORS

Regulatory guldance or applylng SNM radiation
monitors at DOE facilities varies. The standards branch
of tha Atomic Energy Commission (AEC) became part of
the Nuclear Regulatory Commission (NRC) whan the
AEC split into the DOE and NRC. The NRC developed a
regulatory gulde for SNM monitors that is now out of
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Fig. 2.
The 10-g ***U test source is a metallic highiy enriched
uranium gsphere with about a 3/8-in. diameter. it is
minimally encapsulated in a paper envelope and outer
plastic envelopa. The label requests that the source be
raturned to Los Alamos when it is no longer needed.

TABI L

QUANTIIY DE IECTED IN WAL KTHHROUGH SNAM MONILTOIs8

source.

dThe responss to

brighly enriched uraniui..

ls!B.d in
Uranlumb | PlutoniumC Nai(11) | Plastic
Category Monltor (Q) (Q) (uCi) (uC:l)
i Standard plutonium 6a l 2.5 5.2
i Standard uranium 10 0.29 0.9 l.4
il improved sensitivity 3 0.08 0.2 0.6
v High sensitlvity | 0.03 0.1 0.3
r——— ek, .

87wet uonditions: backgruund Interwity 25 yR/h; standard rm=tallic sour-e material of
specifiad purity in the form of spheres; source attached to a varlety of pedestrians
below the ankle on the inside as they \alk through the monitor at thelr own norn.al
spead, adjusting the'r pace to swing the source through the monitor: test results give
95% confldence that the probabllity of detection Is 50% or greater.

CwWeapons-grade plutonium freshly separated from daughter products.

Ba ls different in Nali(11) and plastic scintili~tion detectors
bacause the first responds better to the vary Intense low-energy radiation from the




date.® DOE manual chapters Impose monitoring require-
ments but provide no technical guidance. In the past.
tachnical guldance was provided by an informal Los
Alamos performance specification and a Sandia National
Laborataries handbook, both of which are now hard to
find and out of date. At this time, we are drafting an
applications guids for pedestrian SNM rediation monitors
for the DOE Office of Safegquards and Security. Later,
we «lli provide a similar gulde for vehicle SNM
monitoring.

The draft applications guide (Fig. 3) provides an
overview of SNM pedestrien moritoring, a technical
discussion of monitoring physics and SNM monitors, and
a catalog of avallable SNM padestrian monitars. In
addition to explaining the principles of SNM monltor
operation and outlining parformance objectives for the
monitors In both controlled laboratory test environments
and plant applications. the guide discusses how to call-
brate and maintain walkthrough monitors and suggests
ways to obtain highar seraitlivity, such as siowing traffic
through monitoring stations or adding detactors in low
sansitivity portions of walkthrough monitors. At the
time of writing, the guide s in rough draft form.**

NEUTRON-DETECTING SNM MONI10RS

Seldom has neutron detectlion been applied to SNM
monitors because some forms of SNM emit few neutrans
and most others have relatively low-intensity neutron
emission. Neutron detection is attractive, however,
because it remains effective when gamma-ray shlelding

AN APPLICATIONS GUIDE TO
PEDESTRIAN SNM MONITORS

CONTENTS
PART |
An Ovarview ol Pedestrian
SNM Monitoring
PART i
The Technical Basis of
SNM Monitoring
PART lii
A Cataloq of SNM Pedestrian
Monitoring

Flg 3.
The draft applications ¢ ide for padastrian SNM
monitors is written for a varied audlerce. 1he three-
part guide will provide the Information required by
regulatory personnol, security specialists, and
maintenance parsonnel.

is applied to piutonium. But neutron detactors are so
expensive that the technique is appropriate only to
monitoring systems that. must dstect large quantities of
plutonium. Foro-grrob.a monitor developad by Los
Alamos and Sandia’ ristects some tens of grame of
unshielded plutonium: its neutron proportional counters
alone cost $28.800. Contrast this expemes to a complets
gamma-ray walkthrough monitor avallsbie at the same
price that detects a fraction of a gram of unshislded
plutonium as wall as dstecting other forms of SNM.

Los Alamos Is now developing less expemive
neutron monitors bu-q on a nsutron-chambar principle
developed by Caldwell™ that requires fewer proportional
counters (Fig. 4). Monitor controllers are also balng
developed specifically for the Polsson-distributed
counting data from smail neutron detectlion systems.
Our task will be to develop a monitoring system for

“Los Alamos published an updsted version of the NRC
guide In 1979 that also is becomming out of date (see
Ref. 6, pp. 3-10).

®%Coples ara available from the author.

Flq. 4.
When its cover is in place, a neutron monitor modaratas
neutrons and traps tham within the enclosure. As the
moderated neutions bounce around, they are repeatedly
axposad to datection in the neutron pruportional
counters.



motar vehicles st well as to Investigata tha possibllity of
applying neutron datection to pedestrian SNM monitor-
ing. The vehicle monitoring system will eventually be
commerclally avallsble.

RECENTLY DEVELOPED MONITORING EQUIPMENT
Now, High-Sensitivity Pedestrign Monjtory

Recent davelopment actlvities at Los Alamos
center around vehicle SNM monitars, but we are also
dsveloping a pedestrisn monitor and evaluating new
pedestrian monitors developed by others. All of these
monltcu-igq systems are briefly described in a workshop
handout.

In the area of new. coinmerclally avallable
monitors, the high-sensitivity pedestrian monitors that
we evaluated (Flg. 5) parformed less well than expected.
Surprisingly, these monitors were producud by manufac-
turers whoje previous monitors had met DOE perform-
ance specifications during the mid 1970s. The most
sarious problem with these pedestrian monitors was the
signal-conditioning slectronics; the manufacturers had
developed thair own rather than purchase high—quality
scintiliation electronics from other manufacturers. This
discovery ls a major justification for conducting
indespendent and impartia! evaluations to estiblish how
well monitoring equipment performs relative to its
potential. The purchaser's susceptibllity to a vendor's
salesmanship or to the lowest bid often results in Inferlor
monitors that do not parform as well as expected. The
.agacy from such tramactiom bequeathes unnecessary
nulsance alarms. poor detection sensitivity, and
overwhelming service requirements. When the

IRT Corp.
- FAN-120C/H
‘L

TBA BYSTEMS, Inc.
PM-G00P

Flg. 5.
During recent svaluaticns we axamined monitors
intanded for application with wide saparation batween
the detector plllars. The TSA Systems PM-60(P
suffered from poor electronic design that limited its
parformance to Category 1i. The IRT PRMI20(:/+t hied
similar but more savere alectronic shortcomings tha!
placed it In Category 1.

purclasar does find a monitor that is effective and
rellable, he must keep its exact specifications for future
purchases or be subject to inferior substitutions once
agaln.

0 ang F i

SNM monltors operating in materlal process areas
are exposed to a widely varying beckground that often
causes folse alarms. To overcome that problem, we
developed a narrow-angle collimatar (for the DOE Rocky
Flats Plant) that Iimits the flald of view of a portial
monltaring system and added a low-snergy radlation
fliter behind the -ollimator to absorb radlation scattered
by the filter itsslf. This collimator/fliter arrangement
(Flig. 6) considerably reduced the monitor's sensitivity to
background plutonium radliation without greatly reducing
its sensitivity to plutonium passing through the portal.
The collimator/fliter ls ncw Installed on a monitor at
Rocky Flats for further evaluation.

SUMMARY

Recent observations of SNM monitoring in DOE
plants helghtenad our awarenass of the particular needs
of users who must apply SNM monitors as only one of a
host of perimeter security techniques. We have written
manuals to make callbration and operation of some
monltors sasier and more effective. We will soon be

Flg. 6.
The detector collimator/fliter excludes much of the
radlation from outside the monitor's fleld of view
without greatly reducing its detaction sensitivity for

SNM passing through the portal.



able to provide guidance to users or manufacturers so
that they can evaluate monitaring equipment In a
consistent manner and understand whathar it attaim a
reasonsble level of performance. We shall continue to
compare new monitoring methods to existing proven
techniques and endeavor to Improve the performance of
gamma-radiation monitars.
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