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Non-intrusive inspection of cargo containers using the C-BORD Rapidly Relocatable Tagged Neutron Inspection System
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1 Introduction he iuropen projet gEfyh @e'etive gontiner inspetion t fyE her ontrol pointsA ws imed t developing nd testing omprehensive ostEe'etive solution for the generlized inspetion of lrgeEvolume freight ontiners PQD PTD IHD IWD PPD PRD PUD PHD IVD PI 1 F sn order to ontriute to the protetion of i ordersD the gEfyh ollortion developed frE mework of xonEsntrusive snspetion @xssA tehnologiesF he requirement to develop xss tehniques is justi(ed y eonomil nd sfety resonsD sine physil inspetion of suspeted ontiners is timeEonsuming nd expensiveF woreover n inspetion might put opertors t risk of injuries nd exposure to thret mterilsF he rod rnge of threts tht were investigted in gE fyh inludedX explosivesD hemil wrfre gentsD illiit drugsD too nd speil nuler mterilsF he min tehnil ojetive of gEfyh ws to develop omprehensive toolox of (rstEline 8 seondEline susystemsD employing di'erent xss tehniquesD inluding pssive s well s tive teE hnologiesF he desired ehnology ediness vevel @vA of the resulting system ws vEUD tht orrespond to prototype demonstrtion in operE tionl environmentF es (nl resultD the projet developed uni(ed dt mngement system for ll the tehnologiesD with dt fusion pilities nd deision support omponentsD filitting the qulity of the interpreE ttion of the dt from the xss susystemsF e ommon dt formt ws de(ned mong ll the tehnology developers s well s ommon qrphiE l ser snterfe @qsAY oth were developed ording to the endEusers spei(tions nd requirementsF he involved tehnology developers were prtners of the gEfyh onsortium PTF his rtile spei(lly reports tht prt of the (nl (eld tests tht onE erns the performne of the pidly elotle gged xeutron snspetion ystem @xsAF elthough other neutron inspetion systems hve een reE ported ID ITD PWD the xs is the (rst exmple of rpidly relotle @opertionl within RV hoursA inspetion system for rgo ontinersF he tgged neutron tehnique PQ employs neutron genertorD tht essentilly is prtile elertor tht indues the fusion of deuterium nd tritiumF ometimes the neutron genertor is referred s n ssoited prtile geneE rtor ISF sn the proessD IR we neutron is produed together with n lph prtileF he two prtiles re reted with liner moment tht re pproximtely lignedF he lph prtile is then used to tg the neutronD oth in time nd diretionF I.e. the signl of the lph prtile sets the time origin for the neutron imeEofEplight @opAF he neutrons then intert with the mterils in the ontinerD minly y mens of inelsti stterings with the nulei tht mke up the mterilsD produing prompt gmmErys oming from the deEexittion of the nuleiF he energy spetrum of those gmmErys is then employed to determine the mteril9s ompositionD whih together with the spil nd ngulr informtionD using the op nd the lph prtile diretionD o'ers the ene(t of eing le to identify lsses of mterils with lso sptil informtion ITF 2 C-BORD systems overview 

C BORD

lik IX plow of rgo ontiners s de(ned in the gEfyh frmeworkF he seletion stges identify rgoes tht hve to e further inspeted or n e relesedF enomlies might e threts or n inongruene in the goods delrtionsF por prtil nd eonomil resonsD only frtion of the millions of freight ontiners n e sujeted to nonEintrusive inspetion @xssAF e (rst seletion is rried out sed on the ustoms delrtionD intelligene nd other dt olleted y the ustoms uthoritiesF sn ddition rndom insE petions re rried outF sf ontiner is seletedD the gEfyh toolox is R employed for n urte nonEintrusive inspetion of the ontiner nd its ontentF gEfyh tehnologies re sudivided into two tegoriesX (rstEline nd seondEline inspetion systems @pigF IAF gEfyh (rstEline inspetions re ple of quikly nlyzing ontiners nd therey keeping the disrupE tion of the )ow of the goods through the port t minimumF hey re employed to signl itemsD or regions tht pper nomlousD inside the seE led ontinersF he time required for (rstEline sn depends on the speE i(s of the ontinerD nd might vry etween minutes nd tens of minuE tesF gEfyh seondEline inspetions re omplementry tehnologies tht n identify the nomlies tht ould not e identi(ed y interprettion of the (rstEline susystems9 dtF sf nomlies re still not leredD fter the seondEline inspetionsD physil inspetion is lled on the ontinerF he gEfyh set of (rstEline tehnologies onsists ofX edvned diE tion wngementD xext qenertion grgo EyD nd ivportion fsed hetetionF he seondEline tehnologies onsists ofX gged xeutron snspeE tionD nd photo(ssionF he evportion sed detetor @lso lled ni'erA is the (rst inspetion performed on the ontinerF st smples nd nlyzes the ir inside the ontiner deteting spei( hemilsF he dvned rE dition mngement tehnology is omposed of dition ortl wonitors @wAD tht re equipped with dvned lgorithms for rdioisotope sourE es identi(tionF he ws re the seond inspetion system tht is usedF pinlly the ontiner is snned with ErysF ell the dt olleted in the (rstEline inspetion is nlyzed nd interpreted to determine the seondEline tehnology to e seletedF sf nomlies nnot e lered in the (rstElineD the seondEline tehnoloE gies @xs or photo(ssionA re seleted nd employedD depending on the density nd tomi numer of the nomlyF he xs is used to detet ontrnd of explosivesD illiit drugs nd hemil gents in spei( voxels within the ontiner IHD IWD PQD PPD PHD PRF oxels re elementry volume unitsD i.e. the minimum volume element tht n e nlyzed due to the sptil resolutionF hue to ontrtul oligtions nd seurity resonsD the voxel dimensions nnot e pulishedF he dditionl vlue of the xs is the ility to distinguish etween orgni sustnesD tht my hve siE milr nd low densities nd tomi numersD nd thus look similr on Ery rdiogrphies @e.g. explosives vsF nrotis vsF enign mterilsAF he phoE to(ssion tehnology is employed to detet speil nuler mterils @xwA PUD soD high density mterilsF pirstD spei( zone of the ontiner is irrdited with Erys @remsstrhlung spetrum with the endEpoint energy t W weAF he photo(ssion susystem is tivted immeditely fter the E rys re turned o'D deteting IP high energy delyed gmm rysD delyed neutrons nd prompt neutrons y mens of hreshold etivtion hetetion @ehA PSF S 3 Detailed description of the Rapidly Relocatable Tagged Neutron Inspection System (RRTNIS) he ore of the xs is h neutron genertor @odern qixsi eIU gfyhAD tht produes fst neutrons @E = 14 weA y mens of the deuteriumEtritium fusion retion @ 2 r + 3 r → n + 4 reAF xeutrons re tgged in time nd diretionF his is relized y deteting the ssoited lph prtilesD using eXge sintilltor oupled to positionEsensitive multiEnode photomultiplier @wAF he neutron genertor is ensed in polyethylene @iA rdiologil shieldingD to ensure tht the tgged neutron em espes through onil perture @totl ngulr width of PH • A PQF ghrteristi deEexittion gmm rys re emitted in ll diretions when fst neutrons intertD mostly y inelsti stteringD with nulei elonging to the enountered mterilsF he gmm detetion system mesures the gmm energy spetrum nd the time distriution etween the lph emiE ssion nd the gmm detetion IHD IWD PQD IVF he lphEgmm time di'erene llows determining the neutron imeEofEplight @opAD nd suE sequently the intertion distneF hereforeD y seleting window on the op spetrum nd prtiulr neutron diretionD it is possile to otin the energy spetrum of the gmm rys emitted from hosen voxel in the ontinerF pinllyD the gmm spetrum of the voxel of interest is unfolded into liner omintion of elementl gmm spetrF he neutronEindued elementl signtures were mesured during the xs lirtion phse with pure element trgets PPD PHF he xs gmm detetors re twenty @PHA lrgeEsized prllelepipedE shped @S×S×IHA xsXl sintilltion detetorsD nd three @QA ylindril @Q×QA vfr 3 Xge sintilltion detetors @pigF PAF xs detetors re used to detet the higher energy gmm rys @e.g. oxygen9s TFT weAF vfr 3 Xge detetors re used to detet the lower energy gmm rdition @down to pproximtely SHH keA with su0ient energy resolution to seprte these gmm rys PQF he detetors re mounted on n iron frmeD tht inludes led shieldingD to redue the kground generted y neutron pture on the hydrogen nulei of the i shieldingF he xs is designed to hve ksttering on(gurtionD in order to hve more ompt system thn previous isegu gged xeutron snspetion ystem @xsA ISY tht hd detetors ove the ontiner nd in trnsmission positionD t the oppoE site side of the genertorF e seond reson is to improve detetion e0ienyD when inspeting ottom prts of the ontiners PD ITD QD PQF he xs n sn only one side of ontiner t time @∼IFS m depthAD therefore for douleEsided sn the ontiner hs to e repositioned fter the (rst snF his hppens minly euse inident neutrons re signi(ntly ttenuted y rgo mterils efore rehing the other side of the ontinerD esidesD gmmErys su'er ttenution due to the sttering with the mterils inside the rgo ISD PF yn the other hndD s detetors re lose to the neutron genertor in the gEfyh xsD they re proteted y RH m thik polyethylene @iA shield nd S m thik led pltes @pigF PAF reliminry simultions foresw tht the mximum expeted ounting rte on eh deE tetor is IHH kps @kilo ountsEperEseondAF gustomEmde xsXl detetors were ssemled in order to hieve n energy resolution etween TFS7 nd V7 @t TTP keAD s well s linerity nd gin stility up to ounting rtes of PSH kpsF he ssemled vfr 3 Xge detetors exhiit n energy resolution of ~QFS7 @t TTP keAD nd linerity nd gin stility up to IRH kps IHD IWF he nuler eletronis hin for signl proessing is modern nd omE pt system sed on fst digitizersF st is omposed ofX wo geix IUQH wi higitizersD IT hD IR itD SHH wGs @with higitl gonstnt prtion hisrimintorD hgphD emedded in the (rmwre for preise timing mesurementsAY pive geix TSQQ wi r supplyD T h @xiqAD R kGQ meY yne geix PUIV wiEgs yptil vink fridgeF yptil (er onnetions using the geix gyxiP protool for fst quisition @geix eQVIV gs ixpress gyxiP gontrollerAF e omputer with n open soure dt quisition softwre lled efgh @equisition nd frodst of golleted htA ?D VD IIF he two digitizers re treted s independent modules nd no synhroE niztion etween the two is performedF ih digitizer internlly vlidtes the olleted intertion events only if it detets oinidene etween the lph signls nd t lest one of the gmm detetorsF ith suh onE (gurtion nd prodution rte of 7 • 10 7 neutronsGsD the system ollets round 4 • 10 5 eventsGs per digitizerF he dt quisition system @heA ws proven to e le to sustin rtes of up to 4 • 10 5 eventsGs in similr onditions to the experimentl testsD with ded time of I7 WF he system produes round UHH wfGmin of dt during xs snF efgh ws pulished s n open soure projet in the spirit of the rPHPH open ess reserh 2 F efgh is omposed of set of independent softwre modules tht ommunite through network sokets IQF ih module is dedited to single tsk @e.g. r mngementD digitizer mngementD dt (lteringD dt storgeAD in order to simplify their design nd implementtionF his design proved to e very verstileD sine it hs een used lso in other experiments oth in highEperformne s well s in resoure onstrint dt quisition systems IID IRD IUD PVD UF 2 The source code is available in the ocial repository https://github.com/ec-jrc/ abcd V lik QX xs inspeting stndrd IH ft rgo ontiner during the otterdm (eld trilsF li IX gover lods used to uild the mokEup ontinersF gover lod gompted luminum srp gigrettes in metl oxes pertilizer fnns he neutron genertorD the rdiologil iE shieldingD the gmm deE tetion frme nd the he system were integrted in wterproofD tempertureE ontrolled externl se @pigF PAF he whole loded externl se @~S tonsA ws pled over lifter whih is le to elevte the externl se up to heE ight of P m @pigF QAF he enter of the neutron one n e positioned from height of I m up to Q mD in respet to the groundF ith the lifterD ny height inside IH ft ontiner n e inspeted with the neutron em @externl height of IH ft ontiner is PFT mD plus £ HFS m for the truk seAF he lifter is lso le to move the externl se loser or further wy from the externl wll of the rgo ontiner @mx QH mAF uh movement is ruilD for sfety resonsD during rgo ontiner lignment with the xsF 4 Rotterdam eld trials he tests were rried out t ustoms dministrtion of the xetherlnds9 @hgeA fility in the seport of otterdmD the xetherlndsF Ery trnsmiE ssion imgesD produed with hgeEowned equipmentD were used s referene imges for the gEfyh tehnologyF por instneD the xs ws imed t prtiulr lotions pinpointed on the Ery imgeF ynly mokEup onE tiners were used in the testsF ithil onsidertions opposed the use of ommeril ontinersF st would not hve een possile to ontt the onE tiners owners during the short time frme of the gEfyh (eld trilsD thus informed onsent to sn the goods would not hve een villeF ome prtil resons in fvor of mokEup ontiners reX more vriility of onE tent nd positioningF e totl of SP mokEup rgo ontiners @IH ftA were prepred with four di'erent over lods @le IAF imulnts for drugs @oE ineAD explosives @gRA nd hemil weponsD with e'etive tomi numerD densityD nd tomi rtios resemling those of tul illiit mterilsD were used s thret items during the (eld tril @detiled hrteristis in tle PAF rying quntities of the simulnts were pled t di'erent height nd depth inside the ontinersF ositions nd quntities were seleted in order to over rod rnge of thret senriosF yverll the (eld tril ws onduted in one month of whih two weeks were used for ontiner inspetionF he ontiners were nlyzed using the whole set of xss susystems of the gEfyh frmeworkF wost ontiners underwent susequent sns with ll the susystemsD in order to relistilly reprodue the norml )ow of rgo in the ustoms filityF fut not ll the seondEline susystems were employed on eh ontinerF pigF R shows shemti representtion of the (eld tril proedureX sn order to perform orse mteril lssi(tion @pigF UD rightAD eh pure element of the dtse is ssoited with mteril typeX hemil @liumD hlorineD )uorineD etc.AD ermi @silionAD metlli @luminumD ironD hromiumD etc.A or orgni @ronD nitrogen nd oxygenAF st is importnt to further re(ne the identi(tion of orgni mterilsD in order to distinguish etween illiit drugsD explosivesD nd enign mterils @suh s woodD ottonD pperD etc.AF o do soD the weights of ronD nitrogen nd oxygenD determiE ned y the unfolding proedureD re trnsformed into hemil rtiosD using onversion ftorsD tht were determined y wonte grlo simultions using the wgxT ode PQD PPD PHF he Ph likelihood histogrmD ssoited to the xGg nd yGg frtionsD is represented in ryentri tringle represenE ttion @pigF UD leftA RF he soElled gxy tringle is vlid to lssify only orgni mterilsF he xGg nd yGg hemil rtios of ommon explosivesD illiit drugs nd enign mterils re lso projeted in the tringle repreE senttionD whih llows to de(ne res orresponding to these three types of mterilsF sn order to filitte interprettion y nonEexperts end usersD the results re summrized in mteril distriution pro(leF he mteril pro(le is IQ plot tht reonstruts the omposition t eh depth intervl @e.g. pigF VAF he reonstrution is long the tgged neutron em diretionD whih is used to represent the evolution of the mteril type s funtion of the depth @in ritrry unitsA in the ontinerF he pro(les re shown pproximtely strting from the wll of the rgo ontinerF 6 RRTNIS case studies li QX gse studies reported in this rtileF sh gover lod hret I luminum oine simulnt @PH kgA P luminum sulfur mustrd gs simulnt @PH kgA Q igrettes oine simulnt @RH kgA R fertilizer explosive @gRA simulnt @PH kgA S nns none emong the SP snned ontinersD we stress the ft tht only (ve inE ditive ses @le QA re presented nd disussed in this rtileF yverll the xs performne is reproduileF he mounts of thret simulntsD disussed in this pperD do not represent the minimum detetle quntities @whA of the xsF he depth of the retrieved signl in this pper is given in ritrry unitsF 6.1

IF
Case 1: Aluminum cover load with drug simulant goine simulnt ws hiddenD lose to the ontiner wllD in IH ft rgo ontiner loded with luminum srpF pigF V shows the mteril distriution pro(le long the tgged neutron emF he presene of the drug is lerly identi(ed on the pro(le olor plot nd y the presene of ron exess on the ount frtion plot @with n mplitude of ~IS7AF he position of the thret is identi(edF he ontiner wll n e inferred from the sudden hnge in the ount frtion plot with luminum nd iron @pigF VAF hespite the ft tht n illiit mteril loted lose to the wll of the ontiner ould represent n 4esy4 se to studyD tullyD from the point of view of the ustoms o0ers experieneD it is the one of the most unomfortle se to mngeF ith suspiious item lose to some wll of the rgo @identi(ed for exmple from the Ery imgeAD during the intrusive inspetion the whole rgo hs to e unlodedF gR explosive simulnt ws hidden in IH ft rgo ontiner loded with fertilizer over lodF pigF II shows the mteril distriution pro(le long the tgged neutron emF he presene of the thret lose to the ontiner wll is evidened y the highlighted regionF he region in whih the explosive simulnt is reognized is hrterized y high ount frtions of gD xD nd yF trong signls of potssium @uA nd hlorine @glA long the ontiner depth re oserved euse of the over lod @fertilizerAF 6.5

Case 5: Bananas cover load with no threat he lst se studyD whih is the (rst reported se of neutron interrogtion of food produtsD reports the mesurement of nns over lod with no thret presentF pigF IP shows the mteril distriution pro(le long the tgged neutron emF plse positives of explosives n e identi(ed in the mterils pro(leF he erroneous thret determintion ws used y the di0ulty to unfold the gmm ry spetrD produed in dense orgni mtriesF sndeedD rndom oinidenes with sttered neutronsD interting in the surrounding orgni mtrixD overwhelm the gmm ry spetrumF sn dditionD the pure element spetrD tht hve een mesured with IR we neutronsD re less relevnt for mterils deep in the mtrixD due to neutron slowing downF pinllyD IU lik IPX gse study SX fnns over lod with no thretD flse positives of explosives re highlightedF wteril distriution pro(le long the tgged neutron emF ounting sttistis re poor due to neutron ttenution used y the orgni mtrixF hese issues ould e ddressed y using lrger neutron )uxD ndGor longer quisition timeF woreoverD the unfolding dtse nd the unfolding proedure should e dpted with pure element spetr ssoited to neutrons elow IR weF he rdition level ws mesured efore nd fter the xs inspeE tionD in the proximity of the food produts in the ontiner t the spot where the neutron em ws the most intenseF wo detetors @ymetri xs eE ri(nder nd yrte rqe hetetive A were used efore nd fter the IH minutes irrditions to look for signs of tivtionF xo detetle hnge of the environmentl rdiotive kground ourredD s onsequene of the neutron irrditionF hould hnge in the mesured kground e registeE redD this my suggest tht tivtion of the rgo y the neutron irrdition hs tken pleF 7 Conclusions he pidly elotle gged xeutron snspetion ystem @xsA deE veloped during the gEfyh projet ims t providing n e'etiveD ompt neutron nonEintrusive interrogtion systemF he xs is the (rst exmE ple of rpidly relotle @within two dysA neutron inspetion system for IV rgo ontinersF he dedited xs dt quisition system llows the quisition of PH xs@lA sintilltion detetors with the e detetor tht serves to tg the IR we neutronsD produed y h neutron genertorF he neutron imeEofEplight provides n informtion on neutron intertions in the depth of rgo mterilsD nd gmm energy spetr of seleted voxels @elementry volume unitA re unfolded in order to identify their elementl ompositionsF he xs dt proessing llows leling voxels9 mteriE ls s orgniD metlliD ermi or hemilF yrgni mterils re further lssi(ed s enignD explosives or illiit drugs depending on their ronD oxygen nd nitrogen hemil proportionsF pield tests were rried out t ustoms dministrtion of the xetherlnds9 @hgeA fility in the seport of otterdmD the xetherlndsF he tests deE monstrted tht the system is le to identify less thn PH kg of explosives nd nrotis in metlliD orgni or hemil over lodsF uh performnes onstitute drmti improvementD ompred to previous isegu9s gged xeutron snspetion ystem designed to detet IHH kg of x in the middle of HFP gGm 3 iron rgo PD SD TF purther re(nements of the dt proessing re foreseen to improve mteril identi(tionD s funtion of depth in the rgo ontinerD in prtiulr with orgni rgo mteriE lsF woreoverD the rti(il intelligene tehniques employed in the mteril lssi(tion PR will e improvedF 8 Acknowledgments e thnk the tg ssprD stlyD nd its tem @ittorio porinD fent eE dersenD tjn fogurskD qiovnni rsnoD pederi imonelliD rmid gziri nd prno gioeA for weloming the ommissioning nd ( 
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  NaIlik PX pront view of the xs detetion systemD with the front door openF he e detetor is not visileD euse it is inside the neutron genertorF sts position is ligned with the neutron oneF he externl se dimensions reX 2.4 m × 2.8 m × 2.3 mF U

  based detector lik RX hemti representtion of the (eld tril t the ustoms dministrtion of the xetherlnds9 @hgeA fility in the port of otterdmD the the xs instlltion nd ontrolled rdition re @RH m×TH mA t the otterdm seport test fility of hgeF II he moile Ery system nd xs were pled outdoor in ontrolE led rdition re @pigF SAF 5 RRTNIS analysis ih inspetion mesurement of ontiner lsted round PH minutesD onE sisted of two runs of IH minutes eh oneF he totl nominl neutron generE tor emission rte in oth sns ws 5 • 10 7 neutronsGseond @in ll diretionsD not only in the PH • tgged emAF huring neutron emissionD ousti nd viE sul signls were employed to wrn opertors out the presene of rdition in the reF lik TX ht reonstrution of xs mesurement in n empty ontE iner PID IVF veftX lph mp s reonstruted with the position sensitive e detetorD with seleted region tht identi(es diretion in the neE utron emF ightX qmm energy spetrum orresponding to the seleted neutron emF he proedure to perform the omplete nlysis of single mesurement is s followsF IF he dt is quired from the two signl digitizers with the efgh dt quisition softwre VF PF he lph event distriution is reonstruted with the position sensiE tive e detetor @pigF TD leftA PID IVF QF he neutrons diretion is de(ned seleting spei( re on the lph mpF RF he Ph mp orresponding to op nd gmm energy orreltion is uilt @exmple gmm spetrum in pigF TD rightAF SF eleting regions in the op spetrum mkes possile to identify the energy spetr of the mterils inside voxelF IP TF he kground orretion is performed to eliminte rndomD nonE physilD events nd orrelted ontriutionsD used y tgged neutron intertions on the surrounding mterilsF ee PHD PI for more detilsF UF he neutron )ight pth spetrum is slied in setionsF VF he unfolding proedure is pplied to ll the energy spetr otined y the sliingF WF pinlly the elements distriution is onstrutedF lik UX wteril lssi(tion plotsF veftX gxy ryentri tringle reE presenttion of seleted regionF hded re orresponds to proility distriution tking into ount mesurement unertinties @ounting sttisE tisD neutron nd gmm ttenution in rgo mterilsAF genterX ilementl omposition in seleted regionF ightX gorse mteril lssi(tionF

  IR lik VX gse study IX eluminum over lod with oine simulntF wteril distriution pro(le long the tgged neutron emF lik WX gse study PX eluminum over lod with sulfur mustrd gs simuE lntF wteril distriution pro(le long the tgged neutron emF IS 6.2 Case 2: Aluminum cover load with sulfur mustard gas simulant ulfur mustrd gs simulnt ws hidden in IH ft rgo ontiner loded with luminum srpF pigF W shows the mteril distriution pro(le long the tgged neutron emF es it n e seen in the orse mteril lssi(E tionD there is not ler presene of the thretD t lest not in determined positionF roweverD the rises in ron nd hlorine proportionsD nd the negligile presene of oxygen t the sme level of the pro(leD llow the idenE ti(tion of the sulfur mustrd gs simulntD lose to the ontiner wllF en improvement of the nlysis softwre ould help the user in the oservtion of this rgoF 6.3 Case 3: Cigarettes cover load with drug simulant lik IHX gse study QX gigrettes over lod with oine simulntF wteril distriution pro(le long the tgged neutron emF goine simulnt ws hidden in IH ft rgo ontiner loded with igrettes over lodF pigF IH shows the mteril distriution pro(le long the tgged neutron emF he orse mteril identi(tion pro(le lerly shows the thret positionF trong signls of elements whih re present in orgni ompounds re mesured @gD xD yAF yverll there is lso high iron ount frtionD whih is explined y the ft tht igrettes were pkged in metl oxesF IT 6.4 Case 4: Fertilizer cover load with explosive simulant lik IIX gse study RX pertilizer over lod with explosive simulntF wteE ril distriution pro(le long the tgged neutron emF
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