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ABS1 RACT
During the two decades that automatic garrmarediatlon monitors have bsmn dpplied to detecting special
nulear
matarial (SNM), little attert:on has bean devoted
to how well the monitom perform in plant environments.
VlalL I t~ 11 DOE, facilities
revaaled pmor lnforrnatlon
flow between developers, manufacturers,
and maintainersof SNM radiation monitors.
To help users achieve
Imt performance
from their monitors or eelect new
orme, Los Alamos National Latmratory dav910ped a
hand-held monitor user’s guide, calibration
manuals for
aorne commercial SNM pedestrian mnnltors, and an
Sppllcathms gulda for SNM pedastrlan I ;~onitors. In
addition, Los Alamos evaluated new commercial
SNM
monitors, corvddared whether to apply neutron datectlon
to SNM monltorl~,
and investigated the Proi .em of
operating gamma-ray
SNM monltons In variable plutonlum gamma-radlatlon
fields. As a result, the performance of existing SNM monltcms will Improve and
altomatlve
monitoring methods will become commt3r clally available during the 1900s.

INTRODUCTION
Automatic gamma-radlatlon
monitors to detect
first
SNM removal from material access areas Wdeveloped
in tha late 1960s. At that Ume, a pedestrian
docnway monitorl daalgnad by EG&G, lnc.su for the
Technical Support Organlzatlon
of Brookhaven National
Laboratory lnaplrad a aerles of olmllar developments that
mdands Into tbe 1900s. Pedestrian, package, and v~hicln
SNM monitors were davdoped by DOE plants and Iabora tories ●nd by prlvat a bush lesson. Most of this equlpmet$.
received llttle lmpamhal standardlmd evaluation and
scant ●ttention was paid to bow well nonscientific peraonnul operated and malnlalnad
It. As a MSUI1, selecting
●nd Implernantlng
adequata, rallabla, and easily maintained monltorhwa equipment CGII bIS a difficult task.
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The Advanced Nuclear T achnology group at the 1 os
Alamos National Laborato~,
which has studied monitoring physics for the last 13 years, develops new monitors
of its own as well as evaluates commercially
available
equipment.
During the past two years, we have exter,dad ‘
our Interest to studying the in-plant problems with SNM
monltorlnq equipment at DOE facilities.
Visits to 11
“
locations uncovered a few fau:?s in particular monitors
or In the way they are app!ied. ; “owevar, our most
a gap
impm tant discovely was the lack of information:
exists in documentation
for cellbratlnq
and maintaining
commercial
SNM !nonltorz? and ]n up-to-date
DOE IW9U Iatory adv!ce on the avall~billty
and expected in-plant
performance
of monitoring equwrnent.
In an attempt to
remedy this lack of informat~~n, we heve completed ur
are working on tasks that may make SNM monitors both
easier to apply and more effective.

BET1 ER PERFORMANCE

FROM

EXISTING

MUNI I [IRS

Many of the SNM monltm% In use today couh.i oper
if sufficient
technical information
ate more tiffectlvely
were available on suitable applicadons and proper
maintenance.
Unfortunately,
SNM monitor manufac turars do not supPly that information,
and with good
reason. These manufacturers
are small businewes that
do not routinely handle slqniflcant quantities of SNM or
conduct research related to transient signal +tectiun.
They typically manufacture
equipment based on tech.
nology developed elsewhere
-at certain DOt facilities,
for example, but seldom are they Invited into the facll Itlas to study thah +ulpmsnt
in operation.
Whfin
manufacturers
do have their own SNM, they may be
unaware of the speclflc composition of the material; thu
emitter may produce exceptionally
Intense radiation that
10 unsuitable for measuring SNM rnonltor ~:formance,
Hence, manufacturers
can seldom develop calibration
procedures to obtain the lowest deteckhm thresholds.
As
a rusult, users may not obtain effective
SNM monitor
performance
wlLh the Inadequate Information at hand.
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of
Los Alamo8 has compleled thrqe tasks to provlda
for callbratlnq and ualng cartaln SNM
bettrir information
monitors (} Iq. I). “1he first task was to develop and

and the TSA Systems, Itu.=m ~1
monitor’ (modal
PM 20S) have bem at,ppllad to mma DOE plant malnt~m
~l;
tm ●vallble.
●lwl~ t~
other mfemmes.
frmm the ●uthor.+ Addltlonel
aaahtancewith Wss TSA S tame rncmltor Is
cellbrathn
now avaIleble from the manufacturer r + for those *
would Ilka to standardize thm PM 205 electrmlcs
to
match the calibration
pnxedure.

IN-PLANT

Fig. 1.
User’s manual and callb:atbn
manuals am a help in
obtaining
the beet performance
from SNM monitors.

Developing
e~perience

such manuals requires considerable
with the monitor.

publish a user’s manual for hand-held SNM monitors. z
The manual instructs security Inspectors how to manually search pedestrian~ and vehicles for SNM. It serves
both as a training aid in a course of Instruction and also
as a reference when a copy is placed at each quard
stat ion. Proper training and supervision are }mportant in
hand-held monitoring because monitoring effectiveness
depends equally on effective
monitoring instruments and
an e f fact ive monitoring technique.
In portal monitom,
monitoring
is
the analogous means to achieve effective
The remaining two tasks developed
proper calibration.
the portal monitor calibration manuals described in the
next section.

rortal-fvkmltor

Callbratlo~

Manuals

We recently
developed calibration marwals for two
of the commercial
pedestrian SNM monltcrs that we
evaluated in the mid 1970s. I hesm monitors found
wldaspread uso at DOE facllltles and, although many of
them are now 10 years old, they are etlll highly effective
monitoring systems when they are properly maintained.
Proper maintenance depend% on good cbxnw mtat Ion both
for thu reasons stated previously end also bscause the
people who malntaln the monltom do so for Ilmlted
parlork of time. Career prugrsmlon usually results In job
tur:,over - -experienced
technicians move to new areas
after they become pmficlent
with the SNM monitors.
After a year or two, new technlclane have difficulty
flndlng written documentation
to help with on-the-job
training.
Calibration
guides for the National Nuclaar
Corporatlonw analog personnel monltor” (model DM2)

PERFORMANCE

EVALUATION

S!nce the early 1970s. Los Alamos has evaluated
SNM monitoring equipment, primarily ●s a DOE task to
Lately its
quallfy equipment for w ●t DOE facilities.
evalllations have hen conducted Uthe ●uspices of
DOE -sponeomd direct facility support to DOE facHities
that have purchasad untested monitoring equipment or
that would Uka to purchase equipment that 1s being
offered as “improvad, - “hi@ sensitivity, - or othmwise
better than averega.
Such evaluations are worthwhile as
independent. impartial evaluations. but they would be
ui?nacessmy If manufactumim
and plants were able to
condut
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 monitors
entails a study conducted in a speclf Ic radiat Ion environment using both standard evaluation technlquess and
standa.+ test sources. F acilltles end manufactursm
often are satisfied to test with standard sources in tt,l.
environment at hand. F acllltles. for example, shoula
conduct tests each quarter or so to verify that their
walkthrough monitors effectively
detect SNM. However,
standard sources are not widely avaliable and the plutonium sources that tire available sewn age and become
unsuitable because of build up of plutonlum radioactive
decay products Lhat are ther,welvm radbactlve.
To
make testing possible, we have fabricated standard
urardum test sources In the form of 10-g ‘DSU metallic
spheres that contain a total of 10.7 g of uranium (F lg. 2);
we are supplying them to facilities and manufacturers.
Th( se sources have about ha!f of their emitted radiation
spectrum in a 100-keV M-ray region Ir common with the
freshly separateci * “Pu (waapons-grada
plbionium)
radlatlon spectrum.
h walkthrough monitor that can
detect these sources IS capab!e of detecting abnut a
0.29-q quantity of that type of plu!onlum.

Ttw 1 able puts this test Into perspactlve among the
monitor
categories that arm available to us
walkthmugh
today. Most monitors ara Category II monitors, that Is,
standard walkthmuqh
portals.
Category 111monitors may
have an added foot counter.
Category iV monitors lnay

“National Nuclear
Callfnrnla.
‘ml SA Systems,
tle]ephone
ttlelephone
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SNM MONITORS
Fig. 2.
The 10-q a“U tastsourca is a metallic higb;y enriched
uranium sphswe with about a Y8-in. diameter.
It is
minimally encapsulated in a papar envelope and outer
plaatlc envelope.
1 ha label reqwsts that the source be
mt~med to Los Alamos when it is no lon~r needed.

For applylng SNM radiation
varies. The standads branch

of th Atomic Enerqy Commlsslon (AEC) bacame part of
the Nuclear Regulatory Commlsalon (NRC) whan the
AEC @lit into the DOE ●nd NRC. TFm NRC davelopad a
regulatory wI*
for SNM mon!tom that is now out of
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Salcbm has neutron detection bean applied to SNM
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