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GhlQIIA-RAY DETECTORS
FOR INTELLIGENT. HAND-HELD RADIATION MONITORS*

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

Small tadiation detectors based on Hq12,
bismuth germanate (BGO), plastic, or NaI(Tt)
detector materials were evaluated for use in
small, lightweight radiation monitors. The
two denser materials, Hg12 and BGCJ, had Poor
resolution at low-enarqy and thus performed
less well than NaI(Tl) in detectinq low-enerqy
qarrrrrra rays from bare. enriched uranium. The
plastic scintill~tor, a Compton recoil detec-
tor, also performed less well at low gamma.
ray energy. TW small NaI(Tl) detectors were
suitable for detectinq bare uranium and
shielded plutonium. One became part of a new
lightweight hand-held mcnitor and the other
fo.(~nrl use 2s a Pole-mounted detector fot monit-
oring hard-to-reach locations.

l.c&.r!M.wMQn
Intelligent, hand-held radi&tion mOKiitOr8

ate battery-powered instruments that comprise
radiation detectors, signal-conditioning elec-
tronics, discrete-component or microprocessor
decision circuits, ant communicating devices.
The purpose of thg monitors is to detect 10Cal
increaeea in dmbiant cadiation inteneity. The
monitors determine an alarm level from ambitnt
background inteneity and then, aa the oparator
movos the monitor about. they compare Present.
radiation intensity to the alarm level. Re-
s?onse to L significant increa8e in radiation
intensity is an audibl ‘ sound.

Intelligent monitors were developed to
free operatora from having to watch and irtter-
pret an analog or digital display MO th~t they
can visually condc?t a oearch, Inr.elliqent,
hand-held monitors permit even unskilled oper-
ator8 to conduct highly effective r3earche8 fOr
low-intensity raflioactive obj~cts that may be
unauthorized materials, lost radioactive
i:ema, eliqhtly contaminated objeCt!I, radio-
active waate leakage, and hold-up mat~rial in
radioactive procese lines. Although the oper..
ators mumt be inctructerl to look in the propet’
plac~s, they need not be experienced health
phyaicm aurveyor~ to detect onvif.onmental
levsl aourcee of radiation. Ilowever, trained
health physico surveyors also find intelligent.
monitotis quite uteful,

MmtlAiw-EaumQILwALw

Ligntweiqht, rugged, intelligent, hand.
held monitors were developed at the Los Alamou
National Laboratoryi for the DOE Protective
Force, Tha monitore allow quttdc to search
personnel and vehicles quickly for tha pre
senca ot special nucleat material (!iNt4) at the

“Thie work Wac ●uppocted by the United
States Dopartmont of Energy (DoE).

perimeter of material access areas. The capa
bility of the monitors to detect v6cy low
levels of radiation convinced Los Alamos.

officials to furnish health physics surv.?yor:,
with the instruments for general-purpose mol]i
toring, such a6 examining salvaqe material
for unknown types OC contamination.

Further development of intelligent !i.iil.
held monitors continues at Los Alamos. 111
particular, we dre investigating al.ernal iv,,
de~ectors, r,onitorinq algorithms, power !:IJP
plies, and electronics that can make the ill

struments lighter, more sensitive, and moro
useful. This 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 datectors--3 .8-cm-
diam by 3,8-cm-long NaI(Tt) Scintillatora ●nd
3.P--cm-diam photomultiplier tubes (Pt4T8)--with
emaller, lighter detectors. The choices are
a solid @tate detectors or one (If the small
scintillation detectoro that have become prac-
tical with the recent introduction of much
smaller PMTs, Our goal is to reduce the size
and weight of tho detector without elgnifi-
cantly decreasing its detection eaneitivity,
particularly for SNM radiation sources.

The detection sensitivity of intelligent
monitore is basically determined by the rnagnl-
tuda of the detector’s net signal compar)d to
the standard deviation of ltm ●xpected blck
ground, However, simply ●xarnininq the r,ltio
of measured signal to standard r.teviation of
background 18 not ● s informative’ am ●nalyzing
candidate detector response to . Wtoee mOVinq
by ●s they would during ● search, To perl’orm
an operational ●valuation of ● lternative de-
tectors, we ●nalyzed ●ach detector’s rvsponoa
to particular rarli~tion 8ourc98 moving paint
the detector. An energy winded atattinQ a!
60 keV was ueed for m(aeuring both b,~ckqround
and source respon8e. Precisely detatmlnell
eource.int.enslty pcofilea were scaled to II
typical monitor countino time and ●naly%ed
with a specific detection ●lgorithm to detai’
minn tha detectors’ performance.

maAulAMm..t.LAnLwmRuifQlM.

The 8canning aouccee woce typical of
those ●ncountered In UNt4 8ecurity monilorinq,
SIlch ● a bare uranium enrichwd iri ‘SBU, m\xed
itotopes of plutonium with ‘gOPu as tha prin
cipal ronatituent, and plutonium ineide a lnad
contllnor The “bare’( plutonium wan lightly
●hii,lrlad bi cadmium to ●ttenu~ta Ltmevar’ying
60 keV radiat\on. Tl)e quantity of material
in aach came wan neat the threshold for do.
teotion, Ucanning took plaoa at an ●voraut!
diatanca of clo~eet approach of 46 cm ●nd ●t
a height 1 m ●bovo the f100t. counting



positions were ●pacad 15 an ●part corraspond-
inq to 0.3-a intervals in a continuous
0.5-m/s ecan. These positione cozreepond to
che monitor’s decision pointe during use.

The procedure for comparing scanning and
background datg from individual detectors
beqan by calculating an alarm level for 0.3-s
monitoring counts. The alarm level was chosen
to give less than 3* false alarme under Pois-
#on atatietica for a detector’s expected back-
ground count in a 22-vR/h background .inten-
city. The eeemingly high false-alarm rate is
acceptable in hand-held monitors because falSe
alarms do not detract from operation, which
requires motion to locate sourc6s. In fact,
the audible falee alarms ●ssure the operator
that the monitor is operating with an appro-
priate stored background. At ●ach counting
po8ition, the gross count during that counting
interval is a mean value for calculating the
Poisson probability, Pdi, of exceeding the
alarm level, Prom each detection probability,
Pd

i’
the nlia- probability, 1 - Pdi, at each

PO nt is determined. The product of the miO@
probabilities foK the entire $car determines
the ovel?ll detection probability, PD, as
follows,

PD.l- ; (1-Pdi) .

i.1

The detectorm we compered include the
newer ones with improved stopping power, H91.
and 3300, ●t well as the ●stablished detec-
tore, NaI(Ti) ~nd the sold olganic 9cintilla-
tor NE 102 (plastic). In most aaset, differ-
ent detector ehapea were tested and, in addi-
tion to th~ conventional cylindrical ecintil-
lator with a coaxirnl PMT. some ecintillacors

were disk-ehaped with a mide-mounted PMT.
This unusual geometry, introduced at Los
A:amoe 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 rasponse parallel co the
slab.

Our original hand-held monitor detector,
a 3.8-cm-diam cylinder 3.0 cm high, offered
uniform spatial response, However, in a
lighter sciniillator with improved sensitivity
in one direction, detection atea must be sac
rificod in other directions, Alternative
detector ehapes in Table I ara either disks
or extended sylinders that are evaluated in
their most eensitive orientation. The dit-
ferent PMT sizes listed in Table I may also
affect performance. Even when PMT sizes ace
identical, jnteqral detector assemblies often
prevent moving the PUT from one scintkllator
to another, Hence, the evaluation resultu
may be slightly influenced by parameter vari-
ation among the different PMTs.

EmLuAJ&MwwMM
The tabulated resulte in Table II offer

no superior ●lternatives to the original
detector ●xcept for the larger, heavier ones,
but several smaller, lighter alternative
detectoru perform nearly as well. Poor energy
resolution at low ●nergy in the dense materi-
●ls HuIJ ●nd BOO limits detection of plutonium
●nd bare, ●nriched uranium by small der.ectorti;
thlc result is meet significant for uranium
becausfi it i, ● low-intensity gamma-ray emit
ter, The plastic scintillator perform~ siml-
lacly becavse it is a Compton-recoil detector

TABLE I
RADIATION DETECTOR PARAMETERS

Radiation Latector Ccmponunts

s.—,

Type

Ilg [
s

Mm

Plblmtic

NtI(Ti)

NaI(Tt)

Nal(Tl)

Nal(Tt)

NaI(Tt)

N#f(T~)

Nal(’ri)

(cm)

3,8

i.5

10.2x12.7a

12.7

12,7

!) .7

5./

.l,n

?.5

~,~

Lan(lth
(cm)

1,1

3,8

1!3

3.8

3,8

~,r,

1.9

1,.1

3,8

%,0

2,5

—..

Photomult,,——

Type

‘The oroee section in rectangular,

&ier TJlbe——
Dl%matar

(cm!

----

3.0

1.0
b

3,8

3.8b

2,,/)

L.OL’

1,0’)

Ion

2.5

2,5

Detector Parameters

Total
Weight

(w)

Active

Area
(cma)

14.4

14,4

4.9

129.5

126,7

126,7

25,5

Jf,h

14,4

12,’!

(1,3

——.—
Active

Thicknesu
(cm)

b
Theee P14Ta ●ra mounted on the ●dge of the saintillatoc.

.— - .——
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TABLE II
PROBABILITY OF DETECTING SOURCES

~

Hg I

RG32

FIGO

Plastic

NaI(Ti)

NaI(Tt)

NaI(T~)

NaI(Tl)

NaI(Tt)

NaI(Tk)

NaI(Tt)

Radiation Detectors II Probability of DeteJtiona I

(cm)

2.5b

3,8

2.5

10.2x12.7
b

12.7

12.7

5.7

5.7

3,8

2.5

2.5

ns
Length

(cm)

1,1

3.6

1.3

3,0

3.8

2,5

1.9

1,3

3,8

5.0

2.5

— I

Pm Plutcnium Enriched
Diameter (cadmium ( lead uranium

(cm) shield) shield) (bare)

---

3.0

l.OC

3.@

3.8(’

2.5C

I,oc

l.oc

3,0

2.5

2.5

0.48i0.05

0.-12

0.55

() . “1‘/

1.0

1.0

().”7fl

0.8-)

0.74

0.B4

0,04kC).02

1.0 0,65

0,99 0.89

---- 0.67

0,96 ~,]~

1.0 1,0

0.84 l.O

0,45 0,98

0.43 0.92

0.90 0.93

0.97 0.80t0.07

0.61 C.74

aprobability of detecting one source passage at 0.5 M18 and 0.46-m dia!ance of I
closest appioach. Typical 10 errors are indicated.

b
The cross section is rectangular.

cThese PE4Ts are mountad on the edge of the ecirrtillator.

and hae inherently Door low-ona:uy rosvoneo.’
Plaetic roquicee i iacge area to-compeneato
for ita poor low.energy detection efficiency
●nd the large ●rea permite it to perform very
well ●t the high~r @n@rtJiee charactlrietic of
ehielded plutonium. on the other hand NaI(Tl)
hda good resolution ●nd good performance for
tho bare materials, even with l-cm-diam PMTs,
Nal(T’1) also detecte the shielded plUtOniUm
well when the detecto; hae adequate thicknese,
2,S cm or 90, Our firet application of alter
nate dotectore made use of the lart fwo
●ntrlee in Table 11, which ●r~ 2,5-am-thLck

NaI(Ti) cylinders, 5- ●nd 2.5-rYm 10nO.

Th~ longer of the two al’~rnato dotectoca
~).rfo:med about ag well ae tho original h~d~
da?.gctor b\Jt Wef,ghed half ay much. We com-
bined thie detector with ● high-volt~qe eupply
that provldoe individual dynode voltagae ●nd
neode no power coneurrring voltaqe divider
(Fiqi 1). Low powar CMOS olectronica futthor
reduced tho powec requirement to a total of
11 mA for the Qntire instrument. A liqht
w.iqht, 242-u, tochargalrle battery pack can
supply sufflr!ient ●nerqy for 45 h of opera
f!on, Tlto antire handheld monitor (FirJ, 2)
L’ailed a Prcgrammahl. lt~te Monitoc4 weiqha
on,’{ Lll% v compared to 195% q for, ● typical
con lercial Vmreion OC our. original hand h~ld
morlltor,

A second d~teator, the laet tntry in
‘rablg II, waa applied to ●earching areaa
normally ou~ of a pereon’e rnach. fha l~qht

waiqht (335 g) of the packaged 2tb-cm-d\am by
2,5 cm thick deteator and ite high- voltaga
power SUBP1;? mada it idf!ai COK rnountiw 01~ t.ha
ond of a pole, Low voltaun powor and riqnal
wiree ●long the pole inad to the munitor ’e

inetcument caee n-ar the oporator (Fiq. 3).
Operating thie type of monitor ie much like
operatinq any other hand-held monitor, but
manipulating the lonq polm can b- tiring.
‘J’he lightweight detector helpe reduce the
operator’e effor~ and makee overhead monitor
~ng more practical.

I
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Figure 2

The prototype PRM on the left is about half the size
and half the weight but prov~des the same performance
as the monitor on the right, a comsw+rcidl version OL’
the oriqinal hand-held monitor developed at Lo~

Alamos. The CMS, Inc., ver!;iion of the earlier Los

Alamos desiqn replicates the origir]~l 3.8- by 3.8-cm

datectcw but the National Nuclear Corp. version has
a smaller, J,8-cm-di*m by 1.25-cm-long detector,

—. —

None of tho ●ltecnativo dotoctors with
l-om-diam PMTc hava yet been incorporated in
in8trumant9. The amallor forma of the flap-
~ack have 10WOC sonsitlvity for d,tectlna
8hielded plutonium, A sli~htlY thicker “;cin-
tillator rni~ht im~~rovo sanaitiifity but would
#lso make a 2,5-cm-dlam photomultipller moro
●pptoptiata, At pco8ant. tho first ZJppllca-
tiont of rncintillators with tho cmaller PMTs
will probably be in #mall inntruraontr, for
ch&r8cterlzing tha amblant r&diation from the
●nvironment at monitoring locatlons, In thla
application, monitor size ~nd weight is impor-

tant to ●aoe transport while high detoctot
●fficiency 1s important to quickly dctormine
background. Tho combination of requlrementn
can ●aaily be met. by an instrument having a
umall NaI(TL) ticintillator srrd t cm photo
multiplied,

‘The equipment uued for this itucly wde
raonufacturad” by Blcron Corporatic,n, in
Newbury, Ohiu; c!MN, lnc,, in C?olata, Califor-
nia; Ilarshaw Crystal and l!leetroric Product~
in Solon, Ohio: National Nucla#r Corpor,ttion
in Mountain View, California: and TSh Syut.emu,
Inc., in Mouldar, Colorado,

*RefoKonce herein to any speoi<ic Commercial
product, proceaa, or servicn ay tt~de name,
trademark, or manufacturer doom not no[!aua~r..
ily constitute or imply its ●ndoremnent, te.-
commendhtion, or favoring by the Unitad utatcs
Qovornm.nt or agancy thereof.
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Figure 3

A lightweight 2.5-cm-diam by 2.5-cm-lonq
NaI(Tk) scintillator with a 2.5-cm-diam
by 5-cm-lonq PMT and a lightweight hiqlI-
voltage suppii) are mounted at the end of
the pole. The liqhtwcjqht detector per-
forms almost as well as the detector in
our orr’qin(ll t,,tn{i-hold monitor hut is much

easi,,r to miin~pulate when it is suspended

tat the end of the lnnq pole,

I am indebted to TSA Syeteme, Inc., for
lending me a hand-held search instrument, tho
IWIM 440, I ●lso thank my Colleague@ in tho
Advanced Nuclear Technology Group for &ssio-
tance during the meaaurementn.
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