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GAMMA-RAY DETECTORS
POR INTELLYGENT, HAND-HELD RADIATION MONITORS"

P. E. Fehlau
Los Alamos Natlional Laboratory

Los Alamos, New Mexico

Abstrace

Small radiation detectors based on HgqI,,
bismuth germanate (BGO), plastic, or Nal(TR)
detector materials were evaluated for use in
small, lightweight radiatiovn monitors. The
two denser materials, HgI, and BGO, had poor
resolution at low-energy and thus pecformed
less well than NaI(T®) in detecting low-energy
gamma rays from bare, enriched uranium. The
plastic scintillator, a Compton recoll detec-
tor, also performed less well at low gamma-
ray energy. Two small Nal(TR) detectors were
suitable for detecting bare uranium and
shielded plutonium., One became part of a new
lightweight hand-held monitor and the other
fo'nd use 28 a pole-mounted detector for moni-
toring hard-to-reach locations.

Introduetion

Intelligent, hand-held radiation monitors
are battery-powered instruments that comprise
radiation detectors, signal-conditioning elec-
tronics, discrete-component or microprocaessor
decision circuits, ané communicating devices.
The purpose of ths ronitors is to detect local
increasee in ambient radiation intensity. The
monitors determine an alarm level from amblent
background intensity and then, as the cparator
moves the monitor about, they compare present
radiation in%ensity to the alarm level. Re.
soonge to & significant increase in radiation
intensity is an audibl~ sound.

Intelligent monitors were develnped to
free operators from having to watch and inter-
yret an analog or digital display so that they
can visually condust a search, 1Inrelliigent,
hand-held monitors permit even unskilled oper-
ators to conduct highly effective searches for
low-intensity radiocactive objects that may be
unauthorized materials, lost radioactive
{tems, slightly contaninated objects, radio-
active waste loakage, and hold-up material in
radioactive process lines., Although the oper.
ators mufrt be lnstructed to look in the proper
places, they need not be experlenced health
phiysice surveyors to dJdetect environmental-
level sources of radlation. However, trained
health physice surveyors also find intelligent
monitors quite uweseful,

Hapd-Held Radiation Moniters

Ligntweight, rugged, intelligent, hand.
held monitors were developed at the Los Alamow
Natlional Laboratury* for the DOE Protective
Force. The monitors allow guarde to search
personnel and vehicles quickly for the pre
sance of epecia)l nuclear material (SNM) at the

"This work was supported by the United
States Department of Energy (DOE).
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perimeter of material access areas. The capa
bility of the monitors to detect very low
levels of radiation convinced Los Alamos
officials to furnish health physics survayors
with the instruments for general-purpose moni
toring, such as examining salvage material
for unknown types of contamination.

Further development of intelligent hun.
held monitors continues at Los Alamos. Ta
particular, we are investigating 2l .ernative
de.ectors, nonitoring algorithms, power sup
plies, and electronics that can make the in
struments lighter, more sensitive, and more
useful. Thig paper describes the investiga
tion of alternative gamma-ray detectors.

our investigation is directed toward mak-
ing hand-held monitors more lightweight and
versatile., This can be done by replacing the
original, relatively heavy detectors--3.8-cm-
diam by 3.8-cm-long NalI(Tf) scintillators and
J.f-cm-diam photomultiplier tubes (PMTs)--with
smaller, lighter detectors. The choices are
a 860lid state detector? or one «f the small
scintillation detectors that have become prac-
tical with the recent introduction of much
smaller PMTs. Our goal is to reduce the size
and weight of the detector without signifi-
cantly decreasing its detection sensitivity,
particularly for SNM radiation sources.

The detection sensitivity of intellinent
moenitors is basically determined by the magni-
tude of the detector's net signal comparad to
the standard deviation of its expected bick
yround. However, simply examining the ratio
of measured signal to standard deviation ot
background is not as informativ~ as analyting
candidate detector response to . '‘mcces moving
by as they would during a search, To pertorm
an operational evaluation of alternative de-
tectors, We analyzed each detector's rvsponse
to particular radlation sources moving past
the detector. An energy window starting at
60 keV was used for mecasuring both background
and source response. Preclisely detaiminel
gource-intensity profiles were scaled to a
typlcal monitor counting time and analyzed
with a specific Jdetection algorithm to deter
mine the detectorsa' performance,

Maasucenents and CompArirons

The scanning sources were typlcal of
those encountered in SBNM security monitoring,
such au bare uranium enciched in 3y, mixed
{asotopes of plutonium with ?**pPu as the prin
cipal constituent, and plutonium inside a lead
containar. The "bare" plutonium was lightly
shivlded by cadmium to attenuate time. varying
60 kaV radiation., The quantity of material
in each cave was near the threshold for de.
Lection. Bcanning took place at an average
distance of closest approach of 46 cm and at
a height 1 m above the floor. Counting



positions were spaced 15 cm apart correspond-
ing to 0.3-8 intervals in a continuous
0.5-m/8 scan. These positions correspond to
the monitor's decision points dAuring use.

The procedure for comparing scanning and
background dats from individual detectors
began by calculating an alarm level for 0.3-8
monitoring counts. The alarm level was chosen
to give 1ess than 3% false alarme under Pois-
son statistics for a detector's expected back-
vround count in a 22-uR/h background inten-
gity. The seemingly high false-alarm rate is
acceptable in hand-held monitors because false
alarme do not detract from operation, which
requires motion to locate sources. In fact,
the audible false alarms assure the operator
that the monitor is operating with an approc-
priate stored background. At each counting
position, the gross count during that counting
interval is a mean value for calculating the
Poiason probability, Pdy, of exceeding the
alarm level. [From sach detection probability,
Pdi‘ the miss probablility, 1 - Pdy, at each
point is datermined. The product of the mise
probebilities for the entire scar determines
the overall detection probability, PD, as
follows.

' n
PD = 1 - JT (1 - pay) .

1

The datectors we compered include the
newver onez with improved stopping power, HgI,
and BGO, as well as the established detec-
tors, Nal(TL) and the sol.d organic scintilla-
tor NE 102 (plastic). In most cases, differ-
ent detector shapes were tested and, in addi-
tion to the conventional cylindrical scintil-
lator with a coaxial PMT, soma scintillators

were disk-shaped with a side-mounted PMT.

This unusual geometry, introduced at Los
Alamos to make a 12.7-cm-diam detector fit
into a briefcase, originally had a 3.8-cm PMT
and was called a flapjack because of its
skillet shape. The flapjack spawned a series
of similar but smaller detectors. These slab-
like detectors offer excellent response normal
to the slab and poor response parallel to the
glab.

Our original hand-held monitor detector,
a 3.8-cm-diam cylinder 3.8 cm high, offered
uniform spatial response. However, in a
lighter sciniillator with improved sensitivity
in one direction, detection area must be sac
rificed in other directions., A.ternative
detector shapes in Table I are either disks
or extended :ylinders that are evaluated in
chelr most sensitive orientation. The dif-
ferent PMT s1zes8 listed in Tadble I may also
affact performance. Even when PMT slzes are
identical, inteqral detector assamblies often
prevent moving the PMT from one scint.llator
to another. Hence, the evaluation results
may be slightly influenced by parameter vari-
ation among the different PMTs.

Resulte and Applications

The tabulated results in Table II offer
no superior alternatives to the original
detector except for the larger, heavier ones,
but several smaller, lighter alternative
detectory perform nearly as well. Poor energy
resolution at low energy in the dense materi-
als Hgl, and BGO limits detection of plutonium
and bare, enriched uranium by small detectors;
thic result is most migniticant for uranium
because it is a low-intensity gamma-ray emit.
ter., The plastic scintillator performe siml-
lacly becavee it is a Compton-recoil detector

TABLE I
RADIATION DETECTOR PARAMETERS
Radiation Letector Components Detector Parameters
Beintillator Photomultiplier T:be Total Active Active
"“lamaetar Lenyth Dlameter Welght Area Thicknese

TYpe {em) {em) Type {em) (g) (em?) (cm)

ngt, 2.5 1.1 . - 130 14.4 1.8

BGQO 1.8 1.8 RY80 j.a 494 14.4 3.8

n@o 4.5 1.3 R1615% 1.0b 115% 4.9 1.3
Pluatic 10.2!\2.7. l.8 R%P0 .48 1008 129.5% .8
N¢ T(TR) 12.7 1.8 1“0 1.aP 2510 126.7 RN
Nal('T) 12.7 2.5 RLZAD 2.5" 1500 126.7 2.4
Nal(Tl) : 5.7 1.9 R163% 1.0 110 2.5 1.9
Nal(Tt) 5./ 1.2 KL&Y 10" 260 25,8 1.3
Nal(T®) a.e LR ROAO 1.8 341 14.4 ]
Na'(TQ) 2.% %.0 RL200 2.% 170 12.% 2.0
Nal(T) 2.4 2,8 nL208 2.% 12% 6.3 2.5
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®the oross section is ructangular,
bTholo PMTs are nsunted on the edge of the scintillator.
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TABLE 11
PROBABILITY OF DETECTING SOURCES
Radiation Detectors Probability of Detestion?
Dimensions PMT Plutonium Enciched
Diameter Length Diameter (cadmium (lead Uranium
TYpe (cm) {cm) (cm) shield) shield) (bare)
HOT, 2.5P 1.1 - 0.4810.08 1.0 0.65
RGO 3.8 3.8 3.8 0.72 0.99 0.89
RGO 2.5 1.3 1.0° 0.%5 —- 0.67
Plastic 10.2x12.7b 3.8 3.0 0.7 0.96 0./2
Nal(T%) 12.7 3.8 3.8° 1.0 1.0 1.0
Nal(TR) 12.7 2.5 2.5° 1.0 0.84 1.0
Nal(TR) 5.7 1.9 1.0° 0.78 0.4% 0.98
Nal(T%) 5.7 1.3 1.0 0.87 0.43 0.92
Nal{T) 3.8 3.8 3.8 0.74 0.98 0.93
Nal(T%) 2.5 5.0 2.5 0.84 0.97 0.801:0.07
NalI(T%) 2.5 2.5 2.5 0.8410.02 0.61 ¢.74
Aprgbability of detecting one source passage at 0.5 m/s and 0.46-m dis‘ance of
closest approach. Typlical lo errors are indicated.
bTho cross section is rectangular.
CThese PMTs are mounted on the adge of the scintillator.
and has inherently poor low-enezgy response.? instrument case nuar the operator (Fig. 3).
Plastic requires a large area to compensate Operating this type of monitor is much like
for ite poor low-energy detection efficiency operating «ny other hand-held monitor, but
and the large area permits it to perform very manipulating the long pola can be tiring.
well at the higher energies charactaristic ot The lightweight detector helps reduce the
shielded plutonium. On the other hand NaI(T) operator's effort and makes overhead monitor

has good resolution and good performance for ing more practical.
the bare materials, even with l-cm-diam PMTs.
Nal(T%) also detects the shielded plutonium

well when the detector has adequate thickness, F
2.% cm or so, Our first application of alter.
nate detectors made uge of the lart two
entries in Table I1l, which are 2.5-om-thick
Nal(TR) cylinders, %- and 2.5-om long.

The longer of the two al'ernate detectors
perfo.med about as well as the original heavy ) .
daerector but we'ghed half as much., We con- & ‘uu qu'l(
bined this detector with a high-voltage supply ,: \.

’v’-- o, l,

that provides incdividual dynode voltages and . \
needs no power consuming voltage divider v ’
(rig. 1). Low power CMOB electronica further I'le l!'llh"H’w-‘Hlu R LN RR R AR RN R

reduced the power requirement to a total of 7 ] 9 0

11 mA for the entire instrument. A light. I

welght, 242-y, rechargable battery pack can ij)O W
aupply surficient enargy for 4% h of opera \§‘) / \
tion. The entire hand. held monitor (Fig. 2)

tatled a PPregrammabie Rute Monitor® welyhs *
ohivy l11% y compared to 19%% ¢ for a typical

conercial version ot our original hand hald
mon:tor,

ANON
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A second detector, the last entry in

rigure !
lable 11, was applied :o‘-onrchlnq araas The 2.85-cm=-dfam iy Secm=long AallTL) scintillator
normally out of a person's reach. rhe light With attached 3 hecm-diam by S-cm-long PNT 1e pows

walght (335 ¢) of the packaged 2.%5-cm-diam hy
2.% ¢m thick detector and its high-voltage
power supply made 1t {deal for mounting on the
end of a pole. Low voltage powar and rignal
wires along the pole lead to the monitor'a

sred by a high=valtage supply haviag aboeut the same
crogs qect fonal area,  The high=voltage wupply peo-
videw (ndividther - ouale voltagea to eliminate anne .
snxary power loxn 1n oa voltage divider,

— s —




Figqure 2
The prototype PRM on the left is about half the size
and half the weight but provides the same performance
as the monitor on the right, a commercial version of
the original hand-held monitor developed at Los

Alamos. The CMS, Inc., version of the earlier Los
Alamos design replicates the original 3.8~ by 3.8-cm
detector but the National Nuclear Corp. version has
a smaller, 3,8-cm~diam by ),25-cm-long detector,

None of the alternative detectors with
l-cm-diam PMTs have yet been incorvnrated in
instruments. The smaller forms of the flap-
jack have lower sensitivity for detecting
shielded plutonium. A slightly thicker scin-
tillator might improve sensitivity but would
4lt0 make a 2.5-cm-diam photomultiplier more
appropriate. At present. the firet applica-
tions of scintillators with the smaller PMTa
will probably be in small inatruments for
characterizing the ambient radiation from the
environment at monitoring locations. 1In this
application, monitor siz¢ and welght is impor-
tant to ease transport while high detector
efficiency is important tn quickly determine
background. The combination of requirements
can easily be met by an instrument having a
small Nal(TR) dcintillator snd 1 cm photo.
multiplier.

Equipment Manufacturers

‘he equipment uwed for this ctudy was
monufactured” by Bicron Corporaticn, in
Newbury, Ohiu: CM8, Inc,, in GQoleta, Califor-
nia; Harshaw Crystal and Klectroric Producte
in 8olon, Ohio; National Nucleatr Corporation
in Mountain View, Callfornia; and THUA Syutems,
Inc., {n Boulder, Colorado.

“Reference herein to any specific commerclai
product, procesa, or service oy trade name,
trademark, or manuvfacturer does not necedmar-
i1y constitute or imply ita endormement, re-
commendation, or favoring by the United Btates
Govetrnment or agency thereof.

Figure 3
A lightwelght z.5-cm-diam by 2.5-cm-long
NaI({TL) scintillator with a 2,5-cm-diam
by 5-cm=-long PMT and a lightweight hign-
voltage suppiy are mounted at the end of

the pole. The lightweight detector per-
forms almost as well as the detector in
our original hand=held monitor but is much
easicer to manipulate when It is suspended
at the end of the long pole,
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