
LA--12524-MS

DE93 009218

LRADSur@eMonitors

D. W.MacArthur
K s. Ahuft?r
J.A. Bow&
R. W.Ciwss*
M. M. CaftetF
D.A. Rutherfwd

.0

LosAIarnos u
NATIONAL IA BORATORV

lo8AkllmNmuudcom4s

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 LibraryLos Alamos, NM 87544 Phone: (505)667-4448 E-mail: lwwp@lanl.gov



L

11.

III.

Iv.

Abstract●**.********.**********●****.******************●*..***************.****●***********************●**1
Alpha Monitoring●**. *o*e*e*o. eee.. e.oeeee*. ...... 0..0....0000.0.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
A. FloorMon&ming................................................................................. 2
B. SoilSurfamMonitoring....................,0. .e.*.....**...*ee*******●*...****.**ee**e***e***..02
SulfactMmimrIkigns ..0..0...0..0.0....0.. . 0 . 0 . . 000 . 0 . ..00...0. ●.............00...0.. . . . . . . . . . . . . 2
A. MdhanSurfaccMmitw.............................................
B. Largc!SurfaccMonitor

.......................... 4
................................................. .......................... 5

............................................O..eeo..ooe..e.ooeoeo... ..........00000000.●000..000..6
A. LoadingDodcSurf#xWnitm@$.....................●.......................................6
B. Blasting Pad...0.0,.......0 .0....0.. ......00 ...000 ●0000.00..0.....0..0.0 .. 00 . 0. 0 . 000 . 0.00.0..0 ●.0.. 9

1. kdptiun 9●.......................**.*....e...*...*.e..**..*...*.*e.**........**............
2. Wawmmcm..S...************.**●****..S*******S******●*****o**.****of******●..0..0...009

C. ~SSM*Rniald ●*.*..*.*.................. *..*.*.*......*.*e*... ... ............0...... ..... 9
..0. 000. .. 0 . ..00...0. ● .. .. 0. . 0.. 00..0 .00.0. ●...00.0..........0000 ●0.. O.. *O. **0*O 10

...................● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11

3. Wasmmnmfatkmha .....................●................................. 12
4. Measummw for the D&D Atea●****W********.*WO*****W*.*.*e.******e●.****.**.***13

....*...*..**...*******●*..*....*************.*●*******.*************.*.*..***..******.****Is
●*****.******....******..*********.**..*.******..*.**..*****.***.******..*****.*.*.*.*.*.*.*16

v



LRADSURFACEMONITORS

by
D. W. MacArthur,IL S. Allander,J. A. lba~

R W. Cm M. M. CatldQ and D. & Rutherb’d

ABSTRACT

~ml—w~ “ mw-~~ti
detedonof kmpairsgenaaedbyalphapanicleslosingenergyinair,
Mthcrthlmon&Mctionoflhealpbapaltkksthemdw&Typkddpha
pmkks gcmatui byuraniumOrphmniumtravel<3 cminair.In
CoItmsLtheionshavebeenmcesmly detcctdlnmyincks w ha
awayfmmthecomaddm sinceMAD -w--~
toauimS “Smuhwdy, ItngeMAD SurhcemonltmcalbeuScdto
colkctaUoftheioasfiwnakgeafea.'Ihc LRADsurhcemonitomtue
designedauuld he fim-kssLRADdetmor.Inthism afive-sidedbox
withm openbottomisplacedontk soilSul’hceIonsgumatcdbydpba
decaysonthesoilsurhcealecdkuedonacbugedcopperplatewi4bia
thcbox’lbeseionsma casmallcummfiofnthepbetogrou14 whicb.monmxedwithazmdtiveekcmnaer. ‘lltecunemmasuml is
L totbe* of &minthebox whkbis, inm.pmpmmndtotbcamtmofdpba Commimh(mtbs mfacedthe
SoiL’rbklwpoftinclu&slbeded@,~ andomltblgoftwolypes
Ofsoilmrfacemmitom

I

1. ALPHAMONITORING

T~ m~~ amlhnitdbypoorsmswity mlby
theshortrangeofdphapartkksinair.Tobe_ atmdihal mmhmmustb heldwithina
kw”Wmmuu’soforrnunltactWiththcsmm%ofmmnimth rftbeummhtideis
largeorcmpk&tradhnd mdrldng isdimcdtor“anpmibktOachiH Alltradithnal
tcddpcsdyondimct (bctkn Ofdpbapmtickm dpbapdck mm passtlwughii?%air
ad stillhaw(mugbUlcrgyq~v tb(ktumr. ‘lltkdimt dpbapwtickdcsu?
Iimitstdithaldphamuamatm ~of~ Omtdamdobjwtsmdsdl
Sulfkx&laccm&asGthetcdmiqwtithe Iong-mgedpba(kmur mm Ckpendsoa*
&tt!u&noftbims- bytb8dpbapdcksin air.'IIKJwianscalltmvdlmy~

kadingtothe%xl&mg&- oftbk(wcmr •~-
dkcussbdd appbtmsmdkcussd ilJRef&l-3:thkIeplnt

dmwsIumilyonthee bmnal qxlrtshatappmd Sepady.+c
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A. Floor Monitdng

Within plutonium,~ facilitiesandinmanydmonumm“ ionP@lm&pocentialalpha-
emittingcmtammm onh 29orisa!l&ious- LoosetnakridiseasilytmkedfromI’oom
toroott&SpN2adingthecontadmhn. Tditimal alphafloormonitorsemployapombkalpha
monitorwitha very~ &tectoo‘tad thatslowlyscansovertheflow.Thesemonitorssuffcf
h thm signifmt probkmx

(1) Traditionalalphafloormonitorsamnotsmshivecnaughtofd smallsoumcsof
contminath minsicd )ypoofsensitivity,detectorfromwindows,andthencmsity
ofhoklingtheddmorafti “duuanm* mefloorallcontributetothispoor
m~

(3 4&Knl*cnl:ntxlthswPerfollndah’elywll imtnediatelyaftefcmsmtimuse
tromMntbydativelyunskilledMivi&ds

w
-Y-h

otmtuwc.TraditionalalphacktectorsamnotwIJsuitedtondabomtoty W.

(3) Anindividualof unknown-- thefloormonitoroverthefloorsurface.
Becausethesensitivityofalphadetectiondependsdhectlyonthekngthoftitnetbe. coversanygiven~ theakeadypoordetuxorsensitivitymaybefurther
=by~ “ tooquickly.

AllOftbcseconcemstueaddmsedbytkeLRADsuffaccmon&orsdescribedinthistepm Many
OftheXhmagesof theLRADsystemCoimideexactlyWitbthe “qmmeatsoffloortnonkom

B. Soil Surface Monitoring

Sdcontmhh ispossibkinmy )ocatknwhetetnickarmatedalhasbeen(orisbeing)
-P==4m~a+q@&s ~ncmmimed sincefewerqdatkms
existedtocontd thedease ofrathctI . .Cmmlamm levelishigh,itcanbe
detcuedwithConvemilldfidd“~ ~.-ti low-level*
lmtmidmtbatmay~ manynuckarhcilitksisaxxediffiiattt.Atypicalenvhmed
soi)-~*- - ahugcafca(ams)cmtmhtd atalevel(10to
1(K)pciig)onlySlighdyb natud badgmds ad locatedh fmmutilitiessuchasacpower.
Large-scalesoilSurhcemunhiug - ~w detectmthatcoveralaqpmeamtlale
~w ~,neithcrofthcsc cntenaisSatkfkdbytditiod bml-hddimmmmmm●

Allmmalpbammi$dng Systcmsdepcndonthe~of~i-~
-a masmblesignals‘me“~ LRADusesasmallh orfatstomovetheairand
traqmrttbciom.7”9me movingairisessedal inap@cahs Sucbasobjccttmdpusonnd
mmtol’&whmiotrsmltstbe+-- eaclmedaeasintotlwialdeteuor.InsOil
Sln%ccmonitors(SSMS),floormomtoR&ad Other’’fh-stn’h%”mnitor$tbeb atenotonly
Supdhmsbutpodbly “&tmmtaL’fltcmovingaircum!mCausedbythcfkttnaystirupdustand
Caltfiitotbesptead ofcommidm

IL SURFACEMONITOR DESIGNS

‘m fan-kssw Usedintb sd motlimsisdqlktddtmatmy ittF~ Lllteopensitk
Ofafbsideddtmhttn -~ kplacedattbesoil btpmctioqaperfixtairsedisttot
---=*~-~~- uwtesackoscd~wkh tbc
soilSlwthcemakingOw*. Alphaparticksetnbd fiomthesoilStdke )06ethcirenergyby

2
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_ k ptth’sh ti uir.Mh dplM-k losesabout35+v perionpair-10 so a
typica15-MeValphapartickwillproduceabout1S0000 ionpairs.AsshowninFig.1,h signal
planeismahaimd at+ 300Vbyabatcry(bothpositiveandnegativebiasvoltagaworkequally
v“el~thepositivevoltagewasusedforhistoricalmasotts).’l’hcpositivelychargcdsigntdplane
attmctssthenegativeionswhikthepositiveionsamrqdkd backtoground.Theaccumulationof
ionsonthesignalplanecausa a$~1 (-100 fA)currenttoflowthroughtheKeithly617
ekmmetero‘lttcoutputof theekctrometeris fd intoa MachoshPbwcrBook170fmmraging
andpnnxssingsimilartothat&scribedinRet.&

Ifthcgroundplaneisnotpxesewany IeuhgeCurentsfromthesignalplanetogroundwill
_ fiI theekaomucr. IfdtesignalpimwisX300vmd* deshedleakageCurlemis
<N)()f& thentheinsulationresistancedeterminedfromOhm’sLawis

R
3(M)— = 3x 10’%2*.- = ,().13 .

‘rlisisa verylargeRs”Isttmxtobemainmhdunderf~ldconditionsof humidityanddust,sothe
- *i.. insertedtohclpcontrolthekalmgecurrent.‘h guardplmcisalsohelda + 300V
bythebatwry.’fhe-Current ducrmhd tdX3Vethvs fromtheguardplaneto@oundwithout
-ii! - * ekcmmter.TheonlykakagcCumnt-g - theekmmetcr is
crcmxibytheoffsetvoltageofthcekctmmctcritself.e !$m“.’.Iftheoffsetvohqp istakentobe
3 mVand*desired kakagecurrentisagain<100f~ tbcnthequid insulationmsisumm

&hrd=%’=3x1@”Q.
‘IhussthetequiIemcntontheinsuhtion .“mwtanccisduced bya factorofatkastI@bythe
~oftheguardplane. kauw noairis flowingthroughtheLRADdcteuor,asolidpkne
cm beusedinstd OfthcWimXm!shgridslquhd inairflowdesigns.Solidplanesaddtothe
~me rnaf~ld~

w

Fig.1. 77tefan-kssL#UDusedinSSMs,jkwmonitom.wtddtnilarsq@cemonitors.No
@f@~*&mqukiin thkLR@.Theionsaw•lcctmswid~ atmrcttuftotheS&nalpkme.and
theioncurrentisreadoutby the●lectravntter.
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A. %!ediUllt Surface ~b]]ti

ThemediumstufawmoniturMS*I) pWkd inFig.2 iswimblcforthmrmonitoringml soil
monitoringinconfti qxmws(swh mnearbtuhlingts).ThLO.WN”. sumplcefhkstueisttO.5-mby
O*. byO.IS-maluminumboxtht isopfn(AtheIkmm.nukingtk surfamsamplingam
-0.5 m by0.Sm.Th wad W14~~al pknr arci~*ppIthws (0.4/m by0.483m by
1.6mm)thatttmmounwltothc -ttt~b unclmun~und.Khothwusingfour,2.5-cm-lq
Tdlot@stankffsfore. h phnc.f%.- aktks notflowthroughtk signul““grid”intheMSM.
theLRADsignal‘grid ”mnh-:?wfidplaslc.A Kejthk$y617ckctronwtwunda Macintosh
I%wwbo&170ttmusalu..the-4 aqthtthn sytmn~tIaborntoryddaop versionof thissystem
isdmct’ibedindctailinh’f. X)% &H#@ MSMwcsti PW1ableC~~ttltd battctypower. .
supplybutitsPqpmmhg is i&P...,.tltotk j@orwcq\crs&n.
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‘metmctcwmoumdhugeSSMpktumdinFig.3 issuitablefw monhing largesoilamass
TheseSSMSuscdetectorsthatw 1mby 1mby20cm(thick),with3.2-mmcqym planes
mountedon five3.8-cmpdywbmw insulatomThis“1-m”SSM&UmstNctcdOfaluminum
platestmdCove!ledw&hUmdatingtapetoNducCtheintlut!nccofextcmaliofisolacesAllC%posai
metalsurftm&incklingthcbattcrycoanmhWmustbeCoveIWdtoducc noise.

7bc 1-mSSMis mountedonthefhmtliftingarmsof ttconqnwttractorasshowninFig.3.
Becau!!a thl14izedSSNLruggedizedtoWithWmdthef- ofthctractorhydrauks,weighs
XXIlb.acountcrw“eightis tqdmd onthebackOfthetrtwtor.Thetrwxorismmtial fw
triuqwrtingtlwSSM&mmn- Iodonsaswcuasfor posMdngthe&tectorateach
sampklocution.

Not drownin Fig.3 ale thepowerconnationsfa tlwSSM‘IhcbiasvoltagefortheLRADis
_ bY~WV m=ti b. w fad OFMbh bOthtb ~d b ~
rtcqu”sitioncompukramac-powmd.Thisw isgcncmtdlocallyusinga 12-V&cwbatteryanda
dc-to-acinvcncr.Forsmsitivenwasummaltsagoodekctricalgmlmdis lqtlimd.‘II&m bc
-~ U* ~~ * “g- ~ b istiven lo to3ocmintotiwsoil*each
sampklocation.Thesanwdataacq@Monsystunis@ fortheSSM~ theMShL

..

,- .. .
*..

.: .
. 1.

. .

..

.

. -. . - ,

. . . . .. -

Fig. 3. Tractor.tnotmtedsoil suqfarewumitor.I mby I m.
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III. RESULTS

TheSSMandMSMhavebeentestedonavarietyofstaihs Hudingcanmtc, wcahcmd
~~~ ex_ ~L ~ w pmscntsthe_ ofti mcamwnmlsandananalysisof

A. Loadbg Dock Surf. Monitoring

Figures4-7shcwresultsofa * of maammms thatWe8eperfomd WitbtheO.s-mby
O.S-mMSM ona 2.5-MbyU-m sectionofconcmteloadingdodLAhhoughthissurhccwas
outdoomandexposedtotbcWeatbW,thsIesultsaleequallyappkabktoconcmtcflool’sbcated

WasWnmswel emadeaeacbgrklhtel’s&* (0.S-mgolds)sotbatatotalof2S
~ iS_ b d ri. h thhWMWIC,tk * W3~ mdtOd so
thatno%OtSpOt”Wouklbemissedme resultOfcachmcamummWaspbttaltithl?
~w~ Acmmmialgraphingprogram(DdtaaphPm20 fdrthc
Macinto6h)wasusedto intupollucvaluesbetweenths measwedpoints.hl allcases.
10dpawo cd COmSpdStoapproximately2 Std&v of theIWponse.Themonitorwas
caWmtedusingaNIST4raceaWIKWpnl mm ~e

ThebackgroundkvclsmcasumdontheCaElete@am illusmcdinFig.4.Nomdkltkm
soumesothcrtbanthreenaturallyoccthng wempmsentfathis ~
kkgmundinmustof timmured am wasa fairlyunif- SOto70@adl~~-YW
~ thepublicdam limitis3ood@loocm?) Ofpdcular mm tbew “bat&’
mat thetopccntcrandbwr k8 oftbcfi~. Eventhou@* kwk amd Width~,i*ti . .valmtwnis Ialgccnoughtosigdkdy affectoUK$LRADmaswmmW

F&.4. Mtaswwdmwwl
k4grownfkw&tma0.S*
gtUA nwmmntwwlsdat
@ackgdd”uumNlbnnShgtk
09% byOcs+nmsu.

0 10 m 30 40 so 60 70 00 90
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Fig.6.Wasurm”wumtsand
hftckground.Ameasurement
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htenectimusingduOSmh*
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w=d=~ inM$pbt.
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!“ift.5. Prctlit*tetlsd~ttre*e
distritwitw ona (M-w ~l”id.A
rdibruted~Pu sww
{nwtwrcd indisintqyutiomper
minnteju*u.vpltwwlwed qftlw
gridinrtvwctionsindicatedwitha
did W undthfpreditwl
dism”tnuionws generatedwidI
thesuntegqphb”ngrwgrarntku
wts ttsdto ttna(w thettuasttred
results.
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h“i,g.7. Thet“t)t)ll)ttte(ls(~ttrt”6’xtrelt.gflt
rukulukdh,v sttbtrtnfitkgthe8WWSMWI
lhtck,qrwtd(k”ig.4Jjk0uI the
weu.wuvdwow respwxe(t”ig.Ii).
The.u”ddSkns”uiu tkJigtuv is
Adltlt’ Wtik WIIWW alteredit)
uqr WUV.A wusurewwt wuxwtde dt
twh grid iwrxwtitw u.w”88sthe0.S-08
hY(L% Sltflicewotitut’.

@fnmo C@

Asetofcalilmnwl_ sourca“.ranginginstfengthfmm290=dpmto IIW-dpnuwasptaced
inthl?mawmnwmama10SinmJlatca veryweak%owpot.”m soullxpositiom%alongwith*
calculatedms~. amshowninFig.5.

ThenwasumdWR obtahwdwhenthemums ihtrated mFig.5- placwlonthe
concwtepadis illustrateinFig.6.TheexpecwJxIcentralhotspotappearsasdothehigher
backgroundtlmasatthetopcentcrandIowcrkft thatWeltnotedinFig.=$.

Subtractingthenwasumdsoummspomwof Fig.4 fromthemasllmdsoumlt?spouof
Fig6 resultsinthecakukd soum mspon.’.’.ShOwninFig.7.SeveralConclusionsm & (JfaWn
fromthecompson““ ofthisnmlt withthepmdicAonofFig.5.

“ TheLRAD’smspom isstabkowrtimeandmpmmdmmsummmsofthcSanupoint
givesimilafmsult%Thisiscspwially&monsmWsince?5dayspassedbetweenthetwo
Setsofmewmnmk Thesmall“hotter”fcatumsatmesicksofthesoulcemmmment
werewellcanceledbythesimilarf~ inthe~ IWUWWWW

“ Thedativelygoodagmmmtbetweenthepmdicwd~ Ofl%&5 andtheactual
mspom of Fig.7 VefifkstheabilityOftheLRAD matitortomlial?lydetectf~ in
the20-to50-dpnWoocm~nln&.Mkatingthesu@vity possiblewithLRAD
monitors.

● TheLRADsurfacemtmitoratnbetdxoblycalibnut!dfw-amwhmht with
conf!idencethatthcfcsdiltgnmmmmts wingk aw ~ oftheactual
contaminationkvd

— —
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B. Blasthtg Pad

‘I%cLRADsoil* Monitor“ wastalwntothesiteatTwoMikMestde (TA4MatLus
AltutuB)tomeaSutethetWidualalpbaConMmhb onanoldaqlhahMaStingpadthatIttulbeen
UsedfwexploaivestestingdtuingtheMmhauanm

L Deacriptione ‘meMlst&tgpdis intk prOccssofbdngmclaimd bynatm: inmany
placestheasphaltis loose,andweds andgnus ategrowingthroughit.Thebotmdwyof thepadis

●dlffkuhtoascemin- theasphaltdkapprs imothedimAnatempttofti theedges
w~ - thc@ is~ Ma p@hwotkthanasingkpour.Thevisiblepadisrougbly12m
by 18mamlcotddbe~ f~ m dldtXEd PM’kitlglotexceptforatecW@arconctete-lkd
pit(@by ISOand@cm deep),whichcontdns~ of - andwood Webelievethispit
wasusedasacatchpanafterimplosiontests.Theconcmtcamttttdthcedgeofthcpithasbeen
chiseledaway.Po6siblyanattempttoremovewWminWm“ A ~mt!td~OVef~ is
locatedadjacenttothepit,andanotherlargemetal#a@ thism foundandgreatly-is
locatednearby.

2 Measurements. Todetednc howcontaminationisdhtfibutedonthepadwetookaset
ofmading..at&mintervalsalongcd ofscveralmws Themumwue 1.Sm~ andthedWt
collectionpointswcteSagged by 1.Smfromtowtotow,dmi)artoafive-spotonapairofdice.
Inadditiontopointsonthegri4 wealsotookmmSwmumoffofourgridinaleaSofspccial.mtemit:themetalcoverplate,thechctthwmetalplate,andb pointsnearthepk ‘flwMSM
wassetoncmhdatacolkctionpointforabout10~ thenmovedmanuallytothe~xt poitwA
Ludlum139(ahand-heldalphameter)wasusedtoconfirmhotSPO&

Figtae8 showsIWUltSofanMSMscanofthcIht&tgpd Thewwhceof thepadwas
Imnitod attheSan@epoim indkludinthefigttte,d mdiatimlevelsbetwenthreepoimS
we$eblpdawl bya~-~ TheMSMmghtcmdvwidominnatud
IxbclCgrottndoverMoStOfthePa&buttwo- neartheSttmpindkatdMinorddual
Com@nation.The%otteSt”spotmeamtedbetween3S0and400dpn#)OOd. ForcompkoQ
theDoEstandd fwpublicdease is3oodp@oocm~ for~

Figure9 showsacompdon of theSSMmoni~ mstthWith tbe &naated usingtt
traditionalf~klabkdevice.AnweltscaniSW f- withtheLtdhtm139,butit wasqgainUsed
toverifythe“hotspots.”Evenatthemost “mdmactivepoint$theLtdlum139bady led thove
bkgmun& butitsreadingsdoagmequdMvdy withtheSSMtesuhs.Bcuutscoflowcoutu
ratesandthesmallmonitoringaleaoftheLtKlhtm139(1.75 by 7 in.). thesecountma aleonly

anesthate:however,themwas a&finitereadingabovebadgmtd contddm

‘lb pitwastoosmallfw theMS&so itwasChcckalwithtbedha”mSmntmLuo~. .Commmtmwasfd iathcpk’lllc mcmngducoverphcandthcmtmdmetalpbhad
averagediation kvelsof283dptd100cd d 4(K~l(K)cm2, mqectivdy.

C. Large SSM at Fernald

9
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Fig. #L Rcsults#SSM xcuntf
Idwing-pstdsite.Thebhtcktlots
andthe whitedotut tthout(28)
rqweseursuqpfinglowtions:tlw
rectuttgleut (2,11)repesentsthe
concrete“sump”locutedintk
bbsringw.

L Description. ‘ilwSTPmunitoringmu isaboutninctaxesoff~ki Iucatcdttdjaccnttothe
scwagctmtmcntphttnd” “mcmmtorfaciiityaFcrltW.Theincinemtorism curmntiy
opcratkmai.Nomonitoringwaspcrfdrmcdinsiclcthef- wnound”tttgthefacilitiesThewry
thkkgrassthatgrowstiuqhou tthemaleawascut immcdhq priortomonitoring.Forty-
eight-incit-squamareaswcmcutflushwiththesoiisur&c,d theciipphgswcn rakedM. The
terrainintheSW almtis~y mll~ antitheSSMwasopemted~ mtxkmtettngk!s(upto
-20 deg) and over< 10-cmdcep~ Anysampkpointsbeyondtheseiimitswcmskipped
scvcmiOftiicproposedsampkpointstitwwclecovetedwititWaterortnudWle aimsicip@

TheD&Dmonitoringtueais- 2S awesH ina relativelymmhnatd partofi%maid
‘i’itcgrassisspottywithintitismwtbccau!wofthepmsenccofaiqeamoumOfsiagandranriom
bitsOfmctaiat * *. Wii the_ofmtubedsamIaraihuad ~tite DfkDamais
miativciy* Anti%omminaioncowaih$booties,andgiovc!sm qtircd fw wodwmwithin
thisalea

Ineachateaagridof pointssepated by 18.3mwaspmcsmbiishtdAiidatawastakenon
@--*---*Yi@*i@*
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ml.9*c~~~
resultsc#MSMscan*
q.wresuhsgenemtedbya
Lntuum139hand-heu
a@a scanner.m
hi#i@tednwdwsare the
resuks(intvuntsp
m“nnte)measwedbythe
Lndkm139;therectangle
at(2Jl)represen&the
C@u?v@“Swp”kxwtdh
thehklsd@gpd
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3s0

220

150

Im
..
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- 80
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@nvlooen?

2. Analysis. ‘IhedetecwleadinginfenttoalnpwaSconvenedtopicodcS WV*
thcfdowingcommmtS’fhelreaSuledCkcb’kdkdtageCunentinthei-mSSMwmbetween350
snd400fAThisquawity wascheckedeach&y. ‘h SSMwaskfi _ on~Ck8fl ahminum
or wood surf’ every ni$l& andthebackgroundfluctuahs -~-f-@hA
due of B = 400fAwasusedinalldquent analysis.The~ ““VityOfthedetectoris.HmbhShdbyitsleqmn$etoacalihal (NISI’Waceabk)- alphaSolmX.‘1’kSSMmeasud
ldOfAinmqmmctoa )IOOdpmalpbamwce:tb, the_ityoftheSSMiSgivea by
s = 1~1 ]00=0.lM f- ‘f’his~itivi~ waschsckedeachdayeitk witba 2660@m
~ mtaceora Iantemrode. Allemwbamquotedinthetextmfiwto1sCddev.

lb amacoved byasingkSSMmcawmmmis l@cm2.Theresponse(R)of IIwSSMto
1djxllllooca?canbedstmind tiom

K(&)=s(g)xl(_!J!!LJxlal(~) ,

Whmswascktemhddrove. In theseunim R= 16.4fMdpn@100cn#).
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memammnemcan beconvertedtopicocurkspcrgramby “assuminganaveragepnctmth.&stanceofalphaptutickthroughthesoiltobe.30pm,thenthesoilvolumesampkdinone
~- is V= I(Wx 30 x 10-$=30cM~.Ifwe fw assumethatthedensityof the
soil is 5g/tm3,thenthem3ssofsoilmonitotedina singlemmsumnmisM= 150g.Boththe
penmtknd’@tnceandthcdwkitytuesimplemuhipkativefactors.Althoughthenumwkalscale%
inthedatapmcntationsdependonthesevalues.theldativcdiffelenccs
not.Ifdifferentmutants

-ed inthegraphs~
amusedthegraphswillbeunchan~ butthevaluesontttcscaleswill

-.

Thetespmse.R,ofthc l-m SSMto I @/g ofsoilcontamhion cunbedeterminedhm

whereS andMwcmdeterminedabove.andK = 2.2dpn@Ci.Substitutingintbcappqmat.e
values.R= S4.1fA#@Ci/g).Atthispointit isclearthattheinstfumcntbwkgmtmdvariationwas
quivaknt to< I pCi/gam!,hence.twgligibk.

3. Measurementsfor tIM STP Area. Figute10showsthemults ofthc l-m SSMsam
ofthcsTPute&Dat&Wastaknat*ofthepoints” “mhcatedbytheopencilch andthecontotm
Were”mkrpokd bytheIhhaGraphgraphingpqmm forthcMacintosh.Figure10is the
unerhmcedoutputof thegraphingprognum“sonwOftk veryshmpf~ atepmbab!ya figment
ofits ”imaghmh.”
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Whilethetbciohe calibrdonmaybeasmuchasSO%inmar, thedative amamidm
levelsshouldbecowect.l’hesdsdc alerllxausdatdwithanygivenmasmmem is*2pciig.
!f theSSMwereremovedandimmdatdY-~ -- lepeatMityis*4 pc.ii&
F’iily. ifapoimismpet4edatsevedtimsthmglmt theday,thelong-tefmmpeataMityis
* 1opcii&’rheSmiStkdenwisdhectlyIehed tothememummmtim6 if gteaterstatistical
WcurlKywerel’equid IOngefmtWmWn@couldbeused.Withthisputotyp, )5 minbetween
pointstmcla5-minmmsudngtimeWele!equ&edfwdatabekvabiMy.Iltus* q-of
thisspecificdevicecannotbedmeased-~e W-pect tha b ~~ ~
-——’—— isduetochnngesintheairsealbetweentheSSMd thesd Em smallair
IeakscanSignifiiy dkct themeasmmt’mem@ormce Unceaaintyisthetimeofday
andsoilcodtiomm soilOutgdn&mkxl)eveI&andalphaL lengthalldependon
themoistuleCmtemofthesdlandcanchangedmthllytmdertheStmoraheradnStOcm
ReanIsethis“em”Uummntd”fluctdonm m~, wedidnotatempttofullberIedocethe
OtherellurcmtributkmsItis “mtemdngtonotethatthehuldity levels(50to98%)ptesent
duringthesemeasumm didmt seemtoadvemelyafhcttbeSSM.

‘meIqe -hot”meabetwen(2J2)and(llJ2)isthemsultof” “mmerauxashfauing totbe
surface.Thehotweasmud (4$) and(8S) ccmespd toknown!ea@es fmmthefencedSTP
mea(thegridwasnotsuffii closetothef-to detectsimh kakagesontheotherfm
~~~~”=~ (4,1)comspds toa previouslyknownhotspotwhosesourceis
unlmowm‘l’behotamaextedingfmm(1s) to(43) waspreviously~ butthenumberof
~@omc-inthisan? a-usconfMemofhs “emstemx.‘Illisaleamay
extendunder(53), whenthecleangravelowbunkn Woukl* thesignal

weimpl’et thecoldaleaamnd (53) = beingCalsedbythedeanmti d - ~
surfacetof- a pakingmea.Simildy (6,1)wascovend witholder,dirty,gravel.‘(he~ cod
- around(2-39-10)vtoa~e~ partofthesite.’fheWatercouldbawbeen
coveringSOlmoftheCmwmmmmorIlmningwtuercOuMhewdispmedtheuranium.mese
spotsWeleneartheswampyWe&butWeIedrywhenmdtoled

Anyf~ thatissmalkrthmagridisprobablynotbdkvabk.‘ntisWou16includetbe
-featwe-at( i L 2)andthe%ltifect”between(U) d (63). Weatmptedtocompamourmsuhs
w&* ~ WitbbothLudhsmIwand Eberlinetdithal -* detecmmhknle .
Ofthecmamkah attheSTPsitewas(ktecWe witheitherportabkatpita~

4. Measaranen b for tbe D&D Am Figure11sbowsthensults of the l-m SSM
scatof theIMD area.h thisamagthemmminah levelsmsohigb(“100to 3a)opci/g)
tiwdidn’t Subtrautbc“~ ~ (- 8 ~ h wastakenattbc~
indka@dbytheopencilcksandtbccoamurstlllmlehWpoMedbytbeDelta@@grapbkg
pmgmlnforthekintmh.somepointswelenotmeamredontbeD&Dgridbecauseoftlte
tqogm@yoftbe)udomOandsomewemnotme8stmd*ofdmecaWmhs. ‘flleimgular
cmHe&cMaN!awaslte&bet#iddednotmodoted
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Fig.Il. Rewltt#nilnmitm”q attk D&Darea#theFernaklphtw.$SJ#mrawvments
wre mmkatcash#the highfightedpimsonagrid:tuch@d value(inhothal”rwtimu)
correspond%to18.~m.Thecotttotmswereinteqndatallwtwcenthemeasu.wwus.The
irregularcros.datchedareaws notmarkedormonimr.td.

Asmentioneddrew,wkikthedkiolutecalibrationmaybesmwuhttinerror.tk @tivc2
COwamktionlevelsShUddbeconecx.Tkcstatisticalmerasmchedwithanygivcntmcuwmmt
intheD&Dana is* 10to20pCi/g.IftheSSMwemremovedandimmediatelyrcpked. the
shott-termmpmtabilityis* 30pCiig.Fiily. if apointismpetWdatseveraltimesthfoughutthe
day.thelong-tammpwtabilityis* 100pcii’. BcctwseLRADreadingsamstatkticulinnnttne.
higherCOmmkth levelsarcatpctedtogclwmh?kugcrtmcmhtk. &?Ualscthe
“envhmcnud“fluct@Onagain “dwnmtedtheetmrcstitniUw&wedidnot_ 10futther
reducetheotherermrcontributions.TheImidity kvck (.S0to98%)presentduringthese
mammmms didWNseemtoadvcrselyadkcttheSSM.

Thehotawaaround(27)hadbeenkkntifd byFcnuddprsmnwl.‘fk veryht = a (U).aiodpwd, btttwasexplainedtdkrourmmsumnmltsttbcatilmVvltcIeanunspifikd
sY&dspilkUnaddkiOmhl %lewt?IeseveaYdeits(ktltlhLLkisaeatimplavecalrkd

. .~ ‘In8pointat(22) - ma8uledsevwaltime%whbc0mm&ntresults.We
dottotltlavcmiatqmWhfmthcbot aleaalatgtbced#eoftbememmmtt ateafillm(8$) to
(4~’IIJc wry coIdalea~tltctOpof thefigtttecOmpOn&tOatundbedtimay becOver@
OtlErclmmbtb
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IV. CONCLUS1ONS

.rditmmdalphadctectband mdtodng
detlas

- = unabletoIncctmanyOfthccunent
fw sensitivity,Efficiency,ml potability.TheLRAD*= - descfibcdinthis

papercanmet thesedcmwls. In -, boththeMSM andSSM ~y~ havebeenused
successfullyin fnldconditionalEachOfthetestsIea&ltollmmspecik Conclusiotmm
fdtowing concluslottsrelate to t&eperformanceof tbeMSM.

Teat Area Condusbns Baaedoa MSM Performance

Loading Dodc ● CanefftcicmlymonitorfbOrs,eitherindOOrsOrOuubOm

● cancompktclym0n9t0r“ smallanasfwsurfacealphacmtamhhinm
mmanabktimt

● Candctectchangesinsuffacecauamhh a%smallasIodpmod
● Issensitiveenoughtomkblydetectcmtambh kvdsthatwete

-~
● LRADmmakesul’ftwemmmwltstbalestabk andmpmducibk

Blasting Pad . Isa fidlyfekhestcdalphamonitoring5ystemd canbeqlemteddiably—
fiwnabattefypmversupplyandabcalgmutKI(mquksnocOnnecU.:O&.A~~

exkingekctrkalsyitems)

● Canscantmldwae-sbedaleasfasuffacoalpltacO@mMkn in8
Ieasmbkt&lw

● Isscn!$itivecnoughwdctectchangesof lodpmmocdinf*mniwing

The following coadadons relate to the perfamance of the SSM

‘hst Area Condasioas Basedon SSM Performance

Femald . Isa fidiyfidd+cd alphanmiwing -~-~w-d~
tkl a~ ~ttStlJ@jf d 8 bd @llllld (x llo~ to

-~ -)

. LRAD systemusd intheSSMisnotadvmdy affectd byhigbhumUy.

● can be usedto - largealeas(- loamS)f- surfacealphacomamhh
inamsonabkthne

● Hasa dynamicmge ffom30dpnd100cd (10pCiig)to * m
9ooodpnwooanw000pciig)

●h wnshive=htbly detectsoilCOmddOn kvelstlw -
●

● Punctiottswellmhi
. .

gkmtmmmalea%bttt it isbcncrsuitcdfwuse in
aleasofmtch )owerCommidm

● Isktasedas twt%tvimmd U*llunnmrtolookat Iafgccomllninatkln
kanne%iimlmwyckanatu!as

. .
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