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HEALTH PHYSICS APPLICATIONS OF
NUCLEAR SAFEGUARDS RADIATION MONITORS

P. E. Fehlau and R. F. Dvorak
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

Nuclear safeguards needs fostered the development of radiation
monitors whose sensitivity and microprocessor-controlled logic permit
detection of small, transient increases in environmental levels cf
gamma radiation. While this capability was originally developed to
detect the diversion of the special nuclear materials 235U and plu-
tonium, adaptation to health physics monitoring is straightforward.
Applications of the safeguards instruments range from small, hand-
held instruments used to monitor laundry or salvage-bound materiais
to more complex systems devoted to monitoring moving venicles at
entry/exit points. In addition to these health physics applica-
tions, other new applications for safequards instruments are being
considered.

INTRODUCTION health physics radiation menitors
two ways. First, they detect very
Nuclear safequards and security small increases in radiation inten-
procedures require searching person-  sity from the transient presence
packages, and vehicles to pre- small quantities of diverted
vont  unauthoriznd removal of the rial. Second, they are intelliqent
special  nuclear materials  enriched  instruments that can operate withou!.
uranium and plutonium, Searching, the need for interpretation by the

which takes place at the perimeter of
wwuclcar material access areas, is the
rosponsibility of  the protective
force. Because pat down or visual
searches are time consuming and may
he inoffoctive for lack of visual
clues, spocialized Anstruments  woere
doveloped at Los Alamos to quickly
srarch departing traffic hy delecting
the qamma rays or neutrons that are
sponLancously emitted by nuclear mate-
rials. These specialized safequards
monftors  differ  from  tradilional

user. For example, monitors must al-
lTow protective force personnel with a
minimum amount of cpeclalizad training
to conduct sensitive searches  for
nuclear materials.

SAFEGUARDS RADIATION MONTTORS

Intelligent  safequards  monitors
ranae in size from small, hand-held
instruments to very large systems for
monitoring motor vehicles. All of Lhe
monfLors have the same basic elements



(Figure 1). The scintillation detec-
tor may be NaI(T1) or a solid organic,
plastic scintillator. In either case,
the detector views a monitored region
of space and may be shielded against
unnecessary background from other di-
rections. Power supplies and signal-
conditioning electronics are scintil-
lation-quality circuits. The detec-
vion-logic circuits tally detector
counts falling in energy regions of
interest; they depend on presence
sensors to tell whether to accumulate
background or carry out monitoring.
Decisions during the monitcring peri-
ods are based on comparing monitoring
measurements to expected values from
background results. The particular
decision algorithm may be quite simple
in a hand-held monitor, a comparison
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Fiqure 1.
sal'equards monitor
tectors with power
Lioning electronics, occupancy sen-
sors, microprocessor logic clrcuils,
anc communicating devices.

of the measurement to its expected
value plus a fraction of the value,
but fixed monitors usually apply more
complex decision methods. For ex-
ample, they may use a sliding interval
technique (Chambers et al. 1974) that
matches a count interval to a partic-
ular time profile of a signal or a
more recent hypothesis-testing method
based on sequential probability ratio
calculation (Fehlau et al. 1983). The
results of monitoring are announced
visually and audibly whenever the mon-
itor detects a radiation source.

Examples of the different types
of safeguards monitors range from the
hand-held monitor being used to search
a passenger car in Figure 2 to the

Figure 2. An must
hand-held  monitor around a  search
arca;  however, the monttor's porta-
hility makes it applicable to search-

ing people, parcels, and vehicles,

move  a

operator



personnel portal monitor in Figure 3

to the vehicle portal monitor in
Figure 4. The hand-held monitnr in
this case hus a 3.8-cm-diameter by

3.8-cm-Tong Nal(T1) detector operated
by battery-powered electronics. Its
self-contained digital logic circuits
count background on demand and estab-
1ish an alarm level at about 1.3 times
background intensity. Monitoring is
based on 0.3-sec-long counting inter-
vals during which the count is contin-
uously compared to the alarm value.
As soon as the counts exceed the alarm
value, the audible signal sounds until
the next count begins. Hence, the

alarm alerts the operator to a nearby
source and gives him an estimate of
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Fiqure 3. Personnel portal monitors

can monitor people walking at a nor-
mal pace. A switchmat or ultrasonic
prosence  detector signals  the con
troller when to start monitoring.

the radiatior intensity by the dura-
tion of the sound. If the operator
caninot locate the cubject precisely, a
manual backgrourid update near the
radioactive object allows him to pin-
pcint the cbject at reduced sensitiv-
ity.

Personnel portal monitors (Fehlau
et al. 1979), which monitor penple as
they pass through at normal walking
speed, were developed to avoid moni-
toring delays during shift chanaes.
These monitors have a count period of
0.6 sec that corresponds to the time
a person is in the port«l. Two de-
tector configurations are possible.
One uses 8 to 14 detectors tnat are
5-cm-diameter by 2.5-cm-long Nal(T1)
scintillators; the other wuses four
detectors that are 13- to 2?7-cm-wide
and 3.8-cm-thick by 1-m-long plastic
scintillators. Power and signal-con-
ditinning electronics are NIM modules
as is the monitor's microprocessor
coitrol module. Logic comparisons are
most often to an alarm level ahout 4
stardard deviations ahove the expected
background. Monitoring comparisons
take place when a light 1ink, switch-
mat, or similar occupancy <ensor indi-
cates tnat a person is present. Dur-
ing unoccupied periods, the monitor
rontinuously measures and tests bhack-
ground. The upper test threshold pre-
vents an rperator from using the moni-
tor when high background reduces its
sensitivity. The Tow threshold an-
nounces loss of detector eofficiency
or shielding of the detectors.  The
detection sensitivity of these
l])gir‘l.dls ranges from 0.8 Lo 3 uCi of

‘¢s passed  through  the  minimum
sensitivity region of the monitor at
walking speed.

Vehicle portal monitors (Fehlau
1983) arc recently developed instru-
ments  for monftoring moltor  vehicle
trarfic, Estimated  passage  speod



Fiqure 4.

they pass through at about 8 km/hr.

Vehicle portal monitcc~s check moving vehicles as
The monitor's controller
interrogates the traffic sensors to sense and monitor out-
going traffic orly.

through these monitors s about
8 km/hr; to detect occupancy, there
are traffic-control current loops in
the c~oadway cr switches attached to
gates that open to admit vehicles.
Radiation detectrnrs similar to those
in personnel portals are locited necar
the ends of a 3-m-long vertical axis
to provide surveillance of vehicles
as tall as 3.4 m,NIM electronics
modules are housed in an air condi-
tioned electronics cabinet or other
climate-controlled space. Communica-
tion with protective force personnel
is by a separate control modile (Fig-
ure 5) that has only the ossential
controls and indicator lamps. Moni-
Lloring decisions are made by a
sliding-interval or secquent al-logic

program executed in a microprocessor.
As in other monitors, detection sen-
sitivity varies with ambient back-
ground, source geometry and shielding,
nassage speed, and precise source le-
cation in the carrier (Fehlau 1982).
An estimated <ensitivity for optimum
monitor performance in the 27-1R/hr
background _at Los Alamos 1s about
8 uCi of 1375,

HEALTH PHYSICS APPLICATIONS

Qur initial application of safe-
quards technology to a health physics
prohlem at Los Alames helped to reduce
the likelithood of someone accidentally
removing  activated target materials
from the experimental arcas of the Los



Figure 5. A separate control panel
provides 1information and necessary
switch selections to the operator

without giving him access to tamper-
safe electronics.

Alamos Meson Physics Facility. The
method was to station hand-held moni-
tors on tables near the doorways to
areas containing irradiated material
and near the doorways to arcas where
radioactive materials are prohibited
(Figure 6). Persons transporting ra-
dioactive material are audibly alerted
to the fact as they approach the door-
way. A second check point was estab-
lished at the vchicle exit to the
Meson Physics Facility. This check
point (Figure 7) measures radiation
intensity as a vehicle, slowed by
speed control depressions in the road-
way, passes over a Nal(T1) detector
in the roadway. At first, a port~l-
monitor controller analyzed the detec-
tor's counting data, but rapid back-
ground variation from the accelera-
tor's radioactive gas plume introduced
too many false alarms for that method.
A simple analog comsaritor now rapidly
tracks inputs from both the roadbed
detector and a remote reference detec-
tor to obtain the accurate background

Hand-held monitors placed

Figure 6.
on tables near exit points notify
individuals of radioactive materials
they may have accidently carried out
of experimental areas.

information in real time needed for
constant detection sensitivity with-
out unnecessary false alarms.

A second application of safeguards
instruments to health physics resulted
from the ability of the hand-held mon-
itors to detect low-level contamina-
tion in routine mnnitoring procedurcs
for possible contamination of an un-
known type. Using the hLanc-held se-
curity monitors, health pnysics sur-
veyors are occasionally able to iden-
tify slightly contaminated items after
Lthey fInish their normal survey with
instruments apprapriate  for the
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Figure 7.

The rehicle check point provides a last look at departing traffic.

At that stalion, vehicles are automatically monitored for radioactive material.
If the monitor detects radiation, the vehicle occupants are notified to return

to the operations area.

A photograph records the encounter in sufficient de-

tail to trace vehicles should they nct return.

expected type of cont-mination at a

particular work site.

A developing application of the
safeguards personnel portal monitors
with their high sensitivity is woni-
toring for radioactive surface con-
tamination at nuclear power plants
(Littleton 1982). Standard versions
of the nmonitors are hLeing used at re-
actor sites to obtain _a_sensitivity of
a few hundred nCi of 137Cs on Lhe hody

surfaces of people whc pass throuch.
Although safequards monitors are not
ideal for detecting contamination, a
narrow safequards personnel portal
can, in a few seconds monitoring time,
detect 200 nCi or hetter of mixed fis-
sion and activation products at the
portal's midplane.

A final apnlication of safe-
guards monitors focuses on vehicle
portal monitors. Harshaw Crystal



Electronic Products hws developed a
monitor for hospitals to prevent ra-
dioactive trash from entering normal
waste streams {McFarland 1981). The
Harshaw system resembles a safequards
portal monitor but instead depc:ds on
a fixed ratemeter alarm point. A
safeqguards controller could both im-
prove sensitivity and reduce false
alarms with its background-following
alarm level. An entire safeguards ve-
hicle portal could perform the trash-
monitoring task at a more central
locatior in the waste stream such as
at a landfill entry point.

NEW DEVELOPMENTS

Recently developed hand-held in-
struments for safeguards (Fehlau 1984)
have been made smaller and Tlighter
(Figure 8) by incorporating smaller
detectors and pcwer supplies as well
as microprocessor logic. These in-
struments not only reduce operator
fatigue but the smaller components

Pr—————

alsn allow more separation between de-
tector and electronics. For instance,
one version of the hand-held monitor
has a lightweight aluminum pole sup-
porting the detector and high-voltage
power supply at 3 m from the electron-
ics package (Fehlau 1984). This pole
monitor (Figure 9) is a convenient and

relatively untiring way to provide
high-sensitivity monitoring al a
distance.

MANUFACTURERS

Figure 8. Newly developed monitors
are much lighter and smaller than
early models. Their 1light weight
reduces operator fatigue and helns to
maintain the effectiveness of hand-

held monitoring.

The safeguards monitoring equip-
ment 1s commerrially available from
manufacturers ¢ the following loca-
tions. Bicron Corporation in Newbury,
Ohijo; CMS, Inc., in Goleta, Califor-
nia; and Electronic
Products in Ohio; National

Harshaw Crystal
Solon,

)
LIS
Figure 9. This pole monitor is a

lightweight  detection system for
searching out-of-reach areas.



Nuclear Corp. in Mountain View, Cali-
fornia; and TSA S¥stems, Inc., 1in
Boulder, Colorado.(2]
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