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ABSTRACT 

The abiliry 10 accurately and rapidly measure nuclear 
murial within drums and examine their contents without 
having to unpack the drums savcs time, reduces 
c h a r W ~ t i o n  costs and minimizes radiation ~xpm~rc. 
Over the past two years, Los Alamos National Laboratory 
(LANL) has &vel+ and fielded a suite of mobilc 
nondestructive nsmy and examination syslcms for use 
primarily on ila mn mnsuranic VU) waste but rhar also 
have application to low level, mlwd and hazardus wastes. 
It has become obvious that syslfims like these are generally 
uscfut and have appIicatiow at other Depafimcnr of 
Energy (DOE) pmdudon and WrVirOnmtnull. technology 
Biles. Mobile apabilitics prwcnt a potential cow savings 
where waste dmms have ta be tmnqmkd to a fixed NDA 
fbility. b other cascs &cy fill a void whem there is 110 
fixed facilify available bea~use construction costs are 
prohibitive (as in the ease of wall quantity sim) or thc 
availablo iacilities mgr not meet current or evolving d k t y  
standards. Rather than bringing wask to a facility to be 
characterized, one can bring the characterktion capability 
to the waste. 

Three systcms are described; 

Mobile Radiogxaphy System (M-Rs): idwding Rwl 
Time Radiography (RTK) and digital ladiography 
for noninvasive examinntian d wask pskagc 
contents. 

*Mobile SegmmudlTomographic Gamma Scanner 
(MS/TGS); fbr determining the amount of ganuna 
emitting radioisotopes in waste packagcs 

=Mobile Passive/Active Neutron (84-PAN) Assay 
System: br delemining the amount d neutron 
emitting and h i l e  m a t e d  in WSLC packages. 

I. MOBILE SYSTEM DESCRlaToNS 

A. Mobile Radiography System (M-RS) 

A 450-keV M-RS has k n  custom designed and 
constructed by V.J. Technologies (Bohemia, N.Y.) lo 
inspect anuiners a€ rsdioaEtivc W ~ L C  prod& at LANL. 
Tt has the capability txf inspeCtiag wesb amtainera sizcd 
from %gal. cans up to standard waste boxcs (SWB, 
dimensions 54.5 in. x 71 in. x 37 in.). This 37 ton system 
is housed on a lriplcaxle, 51-a- semi trailer (Figure 1). 
Thc trailcr contains an operator control room (Figure 21, a 
lead shielded x-ray inapcclion chamber (Figure 3), storage 
rooms and ampa-, an AC p o w  gcncratar, a 
climate control systcm, an automatic fire suppression 
system, and mnfher handling quipment. Three axles are 
n& bccausc of the added lead shieldhg Tl'iquirod to 
shield thc opcratotp and public to chine4 x-ray 8- 
( a . 5  mWhr, S cm h m  ourside surfaQ of radiation 
protective cnclowrre at fd1 beam power). Tt has three 
imaging tapabilities; an image intensifier (12"). linear 
dido m y  and an open system. 

The image inrensiticr (II) is mechanically linked to rbe 
x-ray tube and travels with Lbc t u b  ta view any area of a 
wastc containor in real Lime. The I1 output to a CCD TV 
camera is a video format that is fed to operator-selected 
image enhanccmcnr cicuits then to both display monitors 
and video law recorders. The image intensifw also is 
proviclcd with an oprator-sekmd magniricalion mode 
enlarging the image in the selected area. 

The Linear Diodc Array (LDA) mis t s  of a singlc 
36" long, 588-pixel LDA, analo&onvmiodbuf&ring 
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cltdronic pacbge~, host acquisition cornput# interface 
cards; and associated cabling. Waste containers are placed 
between the x-ray 8ou1cc and the LDA. As the manipulator 
passes rhe LDA ~CIDBS the conlainor, the computer mires  
mn-line dam from the ConversionlinterfaQ electronics, 
The computer assembles tach wnsecutive scan line into 
memory for subsequent display on thc operator monitor 
andlor s&zqueat image prcmsing operations. Raw or 
imap procosstd data can also bc scarerl in the computer‘s 
optical storage subqdern for later recall, or funhcr 
analysis. Unlike rhc image intensilier and open system. the 
LDA is not a real time imaging mrn. 

The opcn Bystem arnixists of a 33411. by 27411. 
fluorescent screen, a mirror, and a TV carncra all coclosed 
in a s u d  box. TPis system allows the operator to view an 
entire 891-in2 area of the contents inside the container at 
once (M entire 55 gallon wastc drum can k V i m 4  at 
ma in raal time). 

B. Mobile Segmentednbmographic Gamma Scanncr 
W G S )  

The mobile S/TGS was developed to assay 
radionuclides in low-level, t r a d c ,  and mixed ura& in 
containers ranging in Size from 2 ft boxes to 83-gallon 
ovmpnclcs (Figures 4 and 5). The tomographic imaging 
capability pravidcs a Eompktc correction for source 
distrihtion d ma& attenuation cffms, cnabling 
accwate  assay^ of PU and other gamma-my emitting 
isotopes. b addition. the system tan reliably detect self- 
absorbii material such BS plutonium metal shol, and can 
corn for bias caused by self9bsorptio1~ The system can 

gamma-ray ascaris, and I b& of intermediate scanning 
pmtacols, enabling higher rhroughpur (up m 20 drums per 
8-hour a). 

b quickly COnIigUrrd IO w r c ~ ~ t e  k-fidd -XU, s-ented 

Tho mobile W G S  u s a  low+resolution transmission 
and emission tomography to mirrimizc bias due to 
nonuniZarniily in the nlatrix and in the distribution uf 
gamma-ray emitting material (for example, PU and U). It 
also supports traditional scanning techniques such as 
segmented &amma d g  (SGS). High resoiution 
gamma-ray spectrosa~py (HRGS) is USXI IO identify 
radionuclida within the drum and to ptovib aoourato 
mcasuremenbi af gamma-ray intensities. B-use 
munifon d x  attenuation and sou= position effect6 
arc acurunlcd Zar, the mobile STGS is accurate m r  a 
wide density rangc. 

The high-resolution gamma-ray spectroscopy system 
measures &amma rays d t t a d  from and rransmittcd 
through the wasre w. This system consi& of a 
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wllimatea intrinsic gemdm detector and associated 
spcctmxapy clcctronics. The collimator shapc depends on 
the type of scan. For cxamplc, scgmcmd gamma scanning 
requires a rectangular collimator. A clhmond-sbped 
collimacar is wed fin mmographic gamma scanning. 
Currently, tunpen inserts afe used to change the shap of 
thecollimator. 

Based on the resulk of a recent demonstration at 
ROCICY Rats’ , measurements of TR.. waste at ][AS b a s ,  
and ZUI experimental evaluation d the technique Using a 
wide variety af rnwk waste matricee and source 
wniiguralions, the demonslraleJ dvmkiges of &e mobilc 
SR%S Lechnolagy include: 

-Accuracy: From an accuwcy standpoinr, TGS 
outperforms all other conventional gamma-ray assay 
techniques €or drum-sized waste packages with 
heterogeneous contcnrs by a monaidcrable margin*. 

Completeness: the mobile SRGS system is capable 
of idcrrrif’ng and assaying m t  gamma-ray 
emitting radionuclides. 

Self-attenuation corrections: the mobile W G S  i6 
able to reliably detect the presenae of 8elf-amnuating 
malerial or lumps. Camma-ray assay recbniques 
other thaw TGS cannat reliably mnect fix lumps 
because the d‘ of lumps can be OM by other 
faclom. 

-Complementarity: the mobile SRGS can provide 
accuralc assays of drum for which cuher icchniques 
such as passive neutron cbunting are invalid. 

C. Mobile PassivdActive Neutron Assay 

Over t h ~  past 18 mnths (wpproximately) we have 
received, refhrbished, Z e a c t i v a t c d  and c 4 b m . d  a mobilc 
second pneration Los Alamoa PAN assay system3 (figures 
G and 7) given to us by the Carlsiaad Arca Offim (CAO). 

The mobile PAN assay system can be operated in an 
“active” mode which use8 a DT neutron generator (figure 
8) to produce interrogating neutrons to dete  and quantify 
Iissilc malcrial ( pu, U). 11 can also be operated in a 
“pssivc” modc. simply wunling ncumns emcrging fmm 
a waste drum arr a d t  of spotxtaneaus fissions (rrom 
Fk, “%I). In mutine operation bolh madcs musl be uscd 

to measure the waste matrix ncutron madcrating and 
absorbing characteristics as part of the assay process. 

238 

In an i d e a l i i  PAN system. the number a€ neutrons 
counted dwlng an assay -Id be proponional lo ulc 
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amount of fidle material in the waste dnrm and 
independent of wbwe the fissile material is lacated in it. In 
reality, tecause the neutmns WE need to oount c8n interact 
with nll tk drum's conlcnu, Ihe exact location of tho 
fissile mattrial, wen in a homogeneous mock waste matrix 
drum. can aftm tbe assay dt, &caUst of&. assay 
mulu have to be "correctad" to comperrsate for the 
moderating and absorbing characteristics af the W e  
matrix. FW hetmgamus wt.~ rims, these spalid 
variations suggest that the outcome of a PAN assay can 
depeod on where sourre m a t e a  is in a waste drum. A 
mechanism s u ~ h  as imaging4 may te ncaieid to nlocamn 

material in the drum as part ofthe assay pncess. 

ZII. MOBILE SYSTEMS APPLICATION 

One of the fim applications of all Out mobile systems 
tapther was in support d a  Na€ional T r m c  Program 
mce (NTPO) eCFm to determine the RCRA 
chara&&tics o f 4  LANL waste streams. The i n f o r d o n  
will be u8ed in support of the Wasrc Isatation Pilot Rant's 
(WIPP) no migration variance petition to the 
Environmental Protection Agency PA). This 
cham~r izauon prcljccr is dimmed in greater detail 
ekwhre  at this mnfb~%ce'. The wastes were 

ament and granular fa rock-lib salt bi& conlaminated 
with weapons grade plutonium, uranium and americium. 

" h o ~ g e ~ u s "  matrices d Portland cement, gypsum 

Because of the high americium content and low-2 
matca-ids in Ihc y u l e  matrix, PAN assay results were 
iuwilclusive. Our PAN assay system, operated in a passive 
counting mode, was not able to ptovide reIiable asssays of 
all of the drums because d t h e  resulting high (a,n) neutron 
production raw. Jn ~ C L ,  W singlcs neuvon count rate 
averaged about 14 times higher than would have been 
wpecrcd if the dbclactd value of weapons gmde (WG) 
plutonium was accurate and often was larger than would 
be expected ifths: war#e drum contained 200 gnuns of WG 
Pu as metal or dry oxide. This result i!3 Bhown in Figure 9. 

The mobile Sfl'GS was used for the measurement ad 
recard and was able to separably quantify fit =Pu and 
'"'Am conlent o f m h  drum (wtn tbough some wcighcd 
up to 980 pounds). Results of the SRGS scans of these 
d n m s  are plotted in Figure 10. Tbe S/TCiS scans also 
showca Lhar non-cqwilibnmn amounls aC "'Am were 
prtscnt in &ums men when it was not manScstcd. Finally, 
~ h c  sumnud gamma qmxnun resulting fmm lhrr SITGS 
scans oAen showed radiation fmm nNa, a product of the 
'9 ja.n)%a* rsactIoe This an indication that 
fluorinated compounds were present in the waste. and not 
explicitly indicated in chc waatc dcscripdon. IC i s  not 
possible, at this time, to determine how much fluorine was 
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in the waste, but if it is present in significant amounts, it 
could be rcspansible for the very large (qn) signals 
obswed in the PAN system. 

We have reported on a suite of mobile nondestructive 
assay and examination systems devdoped and ficldcd by 
LANL over the past nvo years, pdmarlly fir use on its own 
Tw waste but that also have application to low lcycl, 
mixed and hazardous wastes, Thest sysrcms or systems 
like them arc generally useful and have applications at 
other DOE production and environmental technology sites 

Wehaw:alsoreportedonafirstspp~anofatlour 
mobile systems togetbcr in an assay and exmination &on 
supponing RCRA characterkition of several LANL 
homogenous was&e stream fa support W P ' s  110 migration 
variants petition to the EPA. This application indicated 
how important it is, in general, to haw the capability for 
both neutron and gamma assay. ln this cage, IIeutron assey 
was tompiicated by very high (u,n) ncumn production 
mtcs in lhe wasle and occasionally incomplete m o m t i o n  
regarding isotopics. Without the nmbilc SITGS. assay 
would not havc been possible. 

The primary near tonn application Tor our mobile 
sy&ms will bc to support tke Transuranic Waste 
Inspectable Storage Projczl (TWISP) at LAW,. Th is  
projrzr, scheduled to begin in the summer of 1996, is to 
retrieve TRU waste from under canhen covcr at LANL and 
pIam it in inspectable anays to come into wmpliance with 
rcgulatbns far storage of RCRA regulated WBStes in the 
State of New Mexico. They will also bc uscd to 
characlcrizc wastes which will mbsequently undr;rgo 
intrusive analpis for RCRA aomponcnts, as we oontinue 
to chara0len';z.e LANL was& rtmm for shipment to WIPP 
when it opens in April 1998. 

While this will oaxpy much af our time )KC intcnd to 
pursue potential improvements, innovations and new 
applications including the fbllowing- 

A. Mobile Syslcms lnlcgratien 

Improvements in the muhs of assays can bc achlwcd 
by: 

*~lmbining information fmrn segmented gamma 
scanning, drum weight, and real time radiography Lo 
increuse oversll system rhmughpuc 

-use d the S/TGS lumpcorrection capability td 
identify ases wherc thc acrivc, thermal neutron 
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PAN m y  d fissile matcrial is biased due to the 
prescafc af self-shielded material 

.ueing the mobile STrQS emission imigtzs as a 
position cormztm - n for enhanced acauacy of active 
neutmn aumys (PAN or ='Cf shuflkr) 

-using tho mobile SnGS to flag and assay wasm 
with a high (qn) background which cimn0t be 
assayed mliably using passive neutron oountiqg. 

B. Rmote Handled Wastes 

For bums that must be r%motely handled or Lhal may 
result in an unacceptabfe dosc to the operators. the mobile 
STGS can bc operated by remote wntrul. 

c. Repackaging 

The combined infQrmation fiom a digital radiograph 
and a mobile SrrGS imago can bs; used to positively 
identify "hot" objects in waste drums to asse,ss benefic 
of rpackaging, This d d  aid in reducing the volums of 
l'IUJ in storage by enabling "hot" objects to be 
scgregakd, rendering the remainder of a wmc drum low 
lml waste. 

Funding for the M-PAN and M-RS systems dame from rhc 
U.S. Depammlt of Energy (EM-30) through direct 
baseline funding af waste management activitics at LANL 
(ADS 4172). Funding fbr tho development af tomographic 
gamma SCaMing (TGS) and research on quantitative 
mrnputeaized tomopphy ww providcd by thc Department 
of Energy (DOE) O&e d SatkguwdS and Secwily. "hc 
mobile S/TGS was subsqumtly dh.clapod in a 
collaborative &ort that i- the Chemical Science and 
Technology (CST) and NonprolitCration and International 
Security (NIS) divisions af Los Alamos NaLional 
Laboratory again fundd l?mugh the U.S. Depwtmeut of 
Energy @M-30) for waste management acthities at LANL 
(ADS 4172). 
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Figure 2 - The control room has TV monitors for rw7 
time imagca, c6nmols for thc x-ray source, drum 
move- dual video recorders, hardmpy capability and 
an optical disc bascd syslcm for archiving of di- 
radiographs. 

Fi- B 3 -Vi e 
x-ray source is i  he left. h e  linear diode array is 
mauntcd just in ftant d the 12” image intensifier ac ihc 
right for this photo. This ayslcm will bc uwd routinely for 
55 and 85 gallon waste drums but can accommodats an 
object up to the s i a  and weight ef a Standard Waste Box 
(SWB). 

Figure 4 - L A W S  mobdc Segnen~mographi i  
Gamma Scanner (WTGS). “FilLh whccl” lrailer custon 
built by E.G.&G., Las V e p .  
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P 

Figure 6 - LANL's PBssivdActiVc Natron PAN) 
assay system for 55 gallon drums of TRU waste. PAN 
issay sy&m and control mom are k a Uaasporlaincr 
mounted on a 45 hi trailer, 

FiL : 7 - 1 roam. Operating 
sofiwsnz is a Windavs-based package from Idaho National 
Engineering Laboratory (INEL+]. 



SENT BY :LANL ; 4- 9-86 ; 10:02 ; CST-7 ES&WT+ 5056654251;# 8/ 8 

Figure 8 - The umbile PAN system. A second 
generation PAN assay system is  mounted in the back end 
a f a  m r t a i n e r .  AD" neutron mwce is located in the 
back right hand conrcr d thc exposmd assay chamber. 
When the sliding door is closed, a 55 gallon wasta drum i s  
completely surrounded by %e neutron detector tubes. 

Figm 10 - SnGS resalts for om w stream 
analyzd in rhc coursc of rhc NTPO cRon. Thc TGS 
results track the declared values (based on radiochemishy} 
well and meal Lhar rbem z'"Am hot ~ p b t s  -d 
fmm 23%. These drums afe particdarly bnse. 
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