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The Continuing Saga of Alpha CAM
Development at I_Ds Alamos

David C. Nelson, Michael A. Wolf, and James L. McAtee 111
I-AXAlamos National laboratory

Abstract

Monimrirrg requirements for airborne plutonium arc
Iwcomirrg increasingly stringent as regulations require
progressively lower limits of dctettion. The current
rcquircmcnt of 8 DAC-hours reflects the limi!atiorts of
Wday’s technology for workplace monitoring,
SimldtaneOusly, closed-ventilation systems and massive
concrelc buildings are cmrccnlrating radon and its
daughter products. The (t:iughtcr products produce a
spectrum that degrades the ability of a continuous air
monitor (CAM) m make accu~ate low-level determinations
of plutonium. Los Atamos has been working on improvuf
methods for detcc!ing airh)rnc alpha emitters in the
prcsencc of radon daughter products for the lasI 2 years,

Thcsc cfforls were recenlly coordinated into a program
to examine! all facets of CAM operation including aerosol
collection, detection, signal processing, computation,
altirming, communications, and, finally, instrument cOl,

lnt roductiort

The ini[ial s(cps were taken when Unruhl 1] joined a
small multi. ch:inncl pulse height analyzer (MC.A) to an
cxis[ing CAM and developed an alg[withm 10 scpuralc
plut~mium and rwhm txickgr(mnd speclra. C’urrcnt
in$lrumcnls reflect this heritage, Rcccnlly, Los Alamos
suhmi[tcd spccificati(ms and a request f{)[ quolati(m [t) the
markctplucc for CAMS and rcccivu! prototypes from Ihrw
vcnd(lrs, The prt)totypex were cvaluatccf ill’llt all were
rcjcclcd for n~mcrous reasons, including pN~r collection
cfficicnq, insliitrility, tind CXMI,II wirs apparent 10 us Ihat
current icchn{~k}gy can pr(tiucc ti bctrcr (’AM. A fllcc’ring

of Dcpr, (}f I“;nr’r&v c(mtractors ii I Ihc Rocky Fliii\ p:lnr
in April 19S9 rcirchcd similar ctmclu:,i(ms,

AI the sarnc !irnc, Wt\l~2] dcvchqwd ii prtllt)lypc M(’A
h(xIId while ncw ideas on (“AM head dcsIgn cm(’rgcd as
ii rcsull of our testing, ‘l’hcsc$ dcvch)pnwnls indi~>ihtd thiii

it ih powit)lu [() produc”c it ncw g~’nc$ri~riori (“AM, whi(’h

t!flc.rs imprf~vcd pcrtofnlilllc’c al sign~llc’:~nlly rcdu~’~xl ci~st,

“1’hc dcvch)prnc;]r Is pr{~flrt’siin~! \~51CltlilliL’:111~ Slilrling

wilh Ihr hcwf dcsiy.n (’l~)%c illlCnlioI) h twins p;~id It)
;wr{~st~lc(~llc(li(~n clll~ic$n(y, unil~)rnlltv (}I dl’p{ml(lt~rl, III)w
rt’}!ul;llll~n, illl(l tll*lc’i.l(~t/l]ll(*r ~~x)n~~~rrv, S;lli\f;lclt)r_y

performance requires the head 10 COIICCIand dcpxii (~n
the filter no less than 50% of Ihc particultitcs wht~sc SI?.LS
range up to 10 microns. The gcomclrir rclati(mship of thu
filter and the detector affects Ihc rcsolur:(m t)f Ihc
spearum. It is a compromise bctwccn a close spacing for
improved spectral rc.solulit)n and a wider spacing I() ilw>id
flow restriction and distortit)n.

Next comes !hc dctecior. There are differing (}pinions
about dchmor sizrxs and the rcsulling rcs~)lulion,
sensitivity, and cost efftxtivcncss, Wc arc cxamjnjng
dcttxtors ranging up ro 2 in. in dlismctcr, A\ of this
me-cting, wc do not know Ihc best comhinatit)rt ofdcrcck)r
size and filter geornctry.

lnstrumcn[atiort is one area primed for cnhanccnwn~.
Microprocessor technology is a “must don and offk rs rhc
ability W perform local data rcducli(}n and to usc

intelligent algorithms. Additionally, microproccsst)rs that
contain integrated analog m digital (m) a,nvcricrs illlo~

the construction of fast, inexpensive, and ii~curii[~ MC’A\,
This factor alone will have a major impact on the cost t~f
a CAM, Present A/D converters which arc Irticgriilcd with
a microprocessor !ack sufficient Iimxrrity for ii gmxt MCA
design. However, Wolq?] has dcmons(riitd ii
compcrtsalion [cchniquc that nwkcs these dci’ices suit:lhlc.

ThC syswm rcquircmcnts irrc as importilnl il~ the
instrument itself. Appliciiti(~ns rungc! from a $Iiind-illon:

CAM and progrc..! through scvcrai CAMS linked I() ii
dc$klop c[)mputcr and an tmxm:c an cnlirc fii($ilil~

wnltiining several huntfrcd CAMS nctwt~rkcd to ir central
eorrlrol room cnvironmcnl, A suu’cssful CAM ttcsign
sh(mld adtiptitself to all these siruatiorts wi(houl Iniljor

ch:lngcs, How can all lhcsc rcquircmcnw tw ctmdt.’nwd
inh) an cffcctivc tfcsign?

WC hilv~ uddrcssccl thcsc nccxh and c{~mLsup with it
Syslcm th:ll sh(~uhl nll’c 1 illl rl’quircnlvnli. “1’ill\

dcvchyln]vnl Is Currently under way.

f lc:d Ilc~i~n

our tcslin$ of con~mcrciiil CAM Ilcwlh l(~r ill’r(~stll
ct~llvc’ll{ln clli~’icn~-y hil\ c{)nvlnc(xf us It) untl(’tt:~k(’ iI niii

lf(’dg:l, (’low iillc’r}ljorl W:II p:lld 10 f.’llltrcn{y ;Intl

unilornlil! t~l ill’ f{Wol drpoiillou” ‘1’hc 11’fulllrl}! dC\I)III ujli

;1 ril(ll;ll \illlll)l(’ Inlcr :111(1prt’iclv~’~ l;tll~lrl:ll Il(lu ils Illllt 1)



as possible. Disturbances in the flow pattern have a strong
eftcct on the loss of larger size aerosols. Part of this effort
is a study to determine the optimum detector size and the
dclcctor-to-filter gcornctry. Onc inlcrcsting itcm rep{~rted
by Li[tle[3] i:i that detector siws ab{wc 25 mm offer little
~lr no improvemcrst in scnsitivi[v.

The head ksign is well umicr way and prototypes arc
being prepared at this time. The design includes fhnv
monitoring and regulation to eompcnsaw for varying
h(~usc vacuum. This simplifies the calculations for isotope
concentration. The delcctor is shielded from ambient light
and requires ml surface prolcctiort bcyt~nd normal
passivation. An outline of the CAM head is shown in
Figure 1,

Our collcctiorr head continues to U$Cfilws for iicrcw]
exlriiction. There is irttsrcst in Ihc ability of impactors to
provide greatur sensitivity because of their larger sample
flow capability. However, numerous questions exist about
this new tcchnoit>gy. How well d(ws an impactor reject
rad(m dtiughter products under various opcra[irrg
ctmditi(ms’? H(JW frt!qucntly is dclector maintcnarw
required in dusty tircas? How sensitive is an impact~)r’s
“CUI point” in si~c discrimintiti(m to chiingcs in stimplc
flt)w? By using an impacwr, ~i~ sornc dangcrou.,
assumptions being mtidc about the acrtwl sir.cs thist will
tw prcsertt under acuicfcntul rcl~.:w conditions’? Thcsc and
other questions need 10 bc resolved hcfow impactt~r
CAM$ can be rcali~tically comparixl to filter CAMS,

Dclcm)rs

Dctcctt)rs htivc rcccivcd rclulivcly litllc iittcnlitm so far
hcuausc existing de[cctors arc low in cost and the hcst
\i/,c uppcurs to bc in the’ vicinity of 25 mm, A& fiti(mal
work [() prolong” dclcct[)r Iifc in hhrsh cnvironmcrtts nccdh

If) tw d(mc and [hc issues O( optimum dctcclt)r si~.c und
its gc’~)mclric rclutifmship to the filler rwd to be vcrifid,

lnfitrumcntatl{)n

time. Its prescncc within [lx! CAM is opti(}n:tl hut, if
used, yields a fully functional and stand-alone CAM. The
sn?art card is optit)nal and can lx’ omilwd ft)r thtv+c
situations in which cxtcrn:il inlulligcncc rcplacc’s Ihc
algorithm’s capiihili[ics.

Because this card is programmed in d high It’vcl
language, it is easy I() implement changes in the coding t~l
the algori[hrn. 1[ will not he n~~ssii~ to rcpl:icc
EPROMS or require factory assistanw hecausc all changt’~
will be done in the field at the instidlcd location. Thus, w
operating experience grtws, updates will inw~lvc ncw

software, whereas the hartlwurc will remain unaffc~’[cd.

Finally, our dcvclopmcmt includes a rcmowhlc liquid
crystal display (LCD) panel, which presents grtiphiual
spcztral and isotope cimccnlration data. This uni I is
expeclcd 10 he located in a ct)rrid~)r or,rtsidc the CAM’S

installed location.

The instakxf configuration will have the CAM dctc~’ti~r
head and its electronics packugc locaIcIJ as CI,MCLtt) lhc
area of interest as is possible. The LCD p;incl and
kcyhoard WIII he rcmo~cty I(mitcd for convcnicncct.

Improved data rcduc[itm meth(x.fs art’ a major
Compmcnt of our Cfft)rt, Unruh’s[l] wt)rk in 1986 ~it~ Ihc

first step in this process, The rntijor hurfilc is still the
ovcrlappirtg of the low-energy side of ihc 6-Mu V radon
daughter peak into lhc pll’~{)nium spcxnrum, Addilif)ll;ll
problems inclucfc clcctrcnic gtiin drift with Iimc aml lhc
Gffccls of inert material lhat is dcposikxf on(t) Ihc filler,
Figure 2 shows a ssmplc spcc[rum of u low -Icvt’l
plutonium sumplc wllh ii~~ompiirt~lng rwhm bii~k~toi]nd,



intenais) must exist before an ins(rumenl alarm occurs. cm Nuclear Science, vol. NS-.36, No. 1, pp. 723725, I;cb. 19S9.

This minimizes false alarms. In addilion, the statislim of
[he plutonium Iotals are examined and used to determine [3] J. Little, “Sensltiw[y of Alpha C’onlkruous Ar Monl[t)ls,”

what the minimum alarming level can be for the data Presented al the August 22. 1989 Meetm~ of the Fine l’:tr[i~l~

being seen at that time. This means the lowest delection S2Q!2Y,Augus~ ~g8g

Iimi[ of the CAM is not fried. Instead, it changes with
time and filter conditions to reflect that which can &
accomplished under the current operating conditions.

Networking

In facilities containing many CAMS, it is necessary to
deliver CAM data to a central compuler located in a
control room. In the past, this was done by wiring from
each CAM to the computer or to a nearby data
concentrator. The overhead in this approach is mormous,
Additions or changes in an existing facility are very
expensive.

Our approach is designed with a flexible and versatile
interface. Each CAM cmttains an RS-485 serial
communications port and a unique identification code.
RS-485 allows over thirty CAMS to attach to a single
twisted pair in a party-line fashion and the wiring an be
several thousand feet long. This communication bus can

cmnncct to anything from a personal computer to a
mainframe and supports high data rates. Cfimmands issued
by the computer are addmsed to a specific CAM and
only that unit responds. Health check polls issued by the
controlling computer rmult in mc..sagcs idcntifiing the
CAM’s prescnu and alarm status. This me:hod alknvs

workpkxes to be easily wired and for CAMS to be quickly
rearranged as needs change.

C4mclusi(ms

By approaching the CAM design systcmutically, we have
sliir!cd the dcvclop!ncnt of a ncw gotcrati(m or
cxmtinuous air monitors which combine I(JW ct~st,
improvtxl scnsilivity, and vusatilily in prcpuratiort for the
rwcds of the next dccadc.
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