LA-UR--83-3384

DEB4 003842 (1o - ng/(_;.)(_.'). -/

Los Alsmos Nalional Laboralory is operated by (he University of Callfornia for (ha United Siates Depsrimeni of Energy under conlracl W-7405-ENG-38.

TITLE: HEALTH PHYSICS APPLICATIONS OF NUCLEAR
SAFEGUARDS RADIATTION MONITORS

P. B, Tehlau, Advanced Nuclenr Technolopy Group
and

R. F. Dvorak, llenlth Physles Croup

Los Alamos Natlonal laboratory

AUTHOR(S):

SUBMITTED TO:  jjonlth PMhysles Soclety
I7eh Midyecar Topleal Mecting
for presentatlon In
Paico, Wihington
Fnhemiery b=, U84

DISCLAIMER

‘I'his report wan prepared as an aceount ol work spunsored by un agency of the tUnlied States
Caverament. Neither the Ulnlled Siatex Government nir any agency thereof, nar any of thelr

empioycen, niaken any warranty, express of intplied, or assumes any legal llability or reaponsd-

bility 1o the accuracy, complelenens, or uscfulness of any Informalion, apparatus, praduct, of

priwens dischoned, or repreacnts that its use woukl not infringe privately awned rights, Reler- g
enwe Ierein Ih any specilic vommercin) product, process, ie scrvice by trade name, (rademark,
atanulacturer, or atherwine (dnes ot neverarily constltute or imply lts endorsoment, recom-
mendmion, or favortag by the Hnlted Sialex Government or any agency Lherend. zn views
and opinions of authors enjirensed herein do ot pecessarlly ninte or reflec thalle of the
Uinile! Staten Clovernnient or any agency thereol.

Iy acceplance 1 lhn atlh , wiw puorsnier tecogiizes tha( ine U h. LLoOvernman| relaing a nonaxclusive, royally-(ree licanse (o publish or teptoduce
Ine pubtishad Intm ot Ihs coninbyhion, or (v atlnw olhars o da Ao, lor U 8. Governmen( puiposas

The Lna Alamos Nshanat | ahoralary teqonsls (hat the publishae tlenlily this atlicie as work pecdoimad under 1he auspices ol the U § Daparimani of Cnergy

Y " SURE M L
N A oo -
\\\ \ ' MR

LOS AEMOS LesAamos NatonalLaboratory


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


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 safeqguards needs fostered the development of radiation
monitors whose sensitivity and microprocessor-controlled logic permit
detection of small, transient increases in environmental Tlevels cf
gamma radiation. While this capability was originally developed to
detect the diversion of the special nuclear materials 235y and plu-
tonium, adaptation to health physics monitoring is straightforward.
Applications of the safeqguards instruments range from small, hand-
held instruments used to monitor laundry or salvage-bound materials
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, thoy detect very
Nuclear safequards and security small increases in radiation

inten-

procetures require searching person-
nel, packages, and vehicles to pre-
vont  umauthorized removal of  the
special  nuclear materials  enriched
meanium - and  plutonium, Searching,
which takes place at the perimeter of
wiac Icar material access areas, is the
responsihility  of  the  protective
farce.  Because pat down ar visual
searches are time consuming and may
he inoffective for fack of visual
cturs, sprcialized instriments wore
developed at Los Alamos ta quickly
soarch departing traffic by detecting
the qgamma rays or nentrons that are
spontancously emitted hy noclear mate-
rials. These spectalized safequards
mmitors  differ  from  traditional

sity from the transient presence of
small quantities of diverted mate-
rial. Second, they are intellinent
instrmments that can aperate withont
the need for interpretation hy the
user. For example, monitors must al-
Tow protective Force personnel with a
minimum amount of spoectalizoad training
to conduct sensilive  searches  for
nuclear materials.,

SAEEGUARDS RADIATION MONTTORS

intelHgent  safeqnards monitors
range in size from small, hand=heid
instruments to very large systems for
momitoring motor vehicles. ALl aof the
mmitors have the same basic o lementy



(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. Four basic elements of a
salegquards moniter are radiation de-
tectors with pawer and stgnal-candi-
Lioning celectronics, occupanty sen-
sors, microprocessar logic clrcuils,
mc communicating devices.

of the measurement to its expected
value plus a fraction of the value,
but fixed monitors usually apply nore
complex decision methods. For ex-
ample, they may use a s1iding 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 ranye from the
hand-held monitor being used to search
a passenger car in Figure 2 to the

Figure 2. An
hand=held wonitor around a  search
arca;  hawever, the monitor's porka-
hility makes {t applicablin to search-
ing people, parcels, and vehicles.

operator must move o



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 NalI(T1) detector operated
by battery-powered electronics. Its
self-contained digital logic circuits
count background on demand and estab-
Tish 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 »ignal 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 manitors
can monitor people wailking at o nor-
mal pace. A switchmat ar oltrasmic
prosence  detector signals  the  con.
troller when to start manttoring.

the radiatior intensity by the dura-
tion of the sound. If the operator
cannot locate the object precisely, a
manual backgr=ourid update near the
radioactive object allows him to pin-
pecint 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 1is 1in the portu!. Two de-
tectoer configurations are possible.
One uses 8 to 14 detectors that are
5-cm-diameter by 2.5-cm-long Nal(T1)
scintillators; the other uses 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
control module. Logic comparisons are
most often to an alarm level about 4
stardard deviations above the expected
hackground. Monitoring comparisons
take place when a light 1ink, switch-
mat, or simitar occupancy sensor indi-
cntes tnat a person is present. Nur-
ing unoccupied periods, the monitar
rontinuously measures and tests bhack-
ground. The upper test threshold pre-
vimts an rperator fram using the moni-

tor when high background reduces its
sensitivity. The low threshold an-
nounces loss of detectar eofficiency
or shiclding of the detectors.  The
dotection sensitivity of Lhese
qg9tul3 ranges from 0.8 Lo 3 pCi oV

the  minimun
the monitor ol

(s passed  through
sensitivity region of
walking spoed,

(Fehlan
inmitru-
vehicle

spoad

portal manitors
recently doveloped
manftoring moter
Estimated  passaqge

Vehicle
1983) arc
menls  for
Lratrlic.



Figure 4.

they pass through at about 8 km/hr.

Vehicle portal monitc:s check moving vehicles as

The monitor's controller

interrogates the traffic sensors to sense and monitor out-

going traffic orly.

through these monitors is about
8 km/hr; to detect occupancy, there
are traffic-control current 1loops in
the .oadway cr switches attached to
gates that open to admit vehicles,
Radiation detectors 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 copdi-
tioned electronics cabinet »or other
climate-controlled space. Communica-
titon with protective force personnel
is hy a separate control modile (Fig-
ure 5) that has onlv the vssential
controls and 1indicator lamps. Moni-
toring decisions  are made hy a
sttding-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 1in the carrier (Fehlau 1982).
An estimated censitivity for optimum
monitor performance in the ?272-1R/hr
hackground _at Los Alamos 1s ahout
8 1Ci of 137¢s,

HEALTH PHYSICS APPLICATIONS

Our initial application of safe-
quards technology to a health physics
problem at f.os Alamos; helped to rednce
the 1ikelihood of someone accidentally
removing  activated target waterials
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 roadhed
detector and a renute 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 dccidently 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
fromn the ability of the hand-held mon-
itors to detect Tow-level contamina-
tion in routine mnnitoring procedures
for possible contamination of an un-
known type. Using the hand-held sec-
curity monitors, health piysics sur-
veyors are occasionally able to {den-
tify slightly contaminated items after
they finish their normal survey with
instruments appropriate for the



Figure 7.
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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 four radioactive surface con-
tamination at nuclear power plants
(Littieron 1982). Standard versions
of the nonitors are heing used at re-
actor sites to obtain_a_sensitivity of
a few hundred nCi of 137Cs on the hody

surfaces of people whc pass throuch,
Although safeguards monitors are not
ideal for detecting contamination, a
narrow safeguards personnel portal
can, in a few seconds monitoring time,
detect 200 nC1 or bettor of wmixed 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 hus 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 Tandfill entry point.

NEW DEVELOPMENTS

Recently developed hand-eld 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 1in-
struments not only reduce operator
fatigue but the smaller components

P e

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

held monitoring.

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

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

Harshaw Crystal
Solon,

Figure 9.
lightweight detection system for
searching out-of-reach areas.

This pole monitor is a



Nuclear Corp. in Mountain View, Cali-
fornia; and TSA S¥stems. Inc., 1in
BouTlder, Co'orado.(?al
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