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AN NDA SYSTEM FOR AUTOMATED, INLINE WEAPONS
COMPONENT DISMANTLEMENT®

Thomas E. Sampson, Safeguards Assay, N-I; Teresa L. Cremers,
Nuclear Materials Measurenient and Accnuntability, NMT-4;
Joseph C. Martz, Plutonium Mecuallurgy, NMT-5; and
Wolfgang R. Dworzak, Nuclear Materials Technolagy Division,
Los Alamos National Laboratory, Los Alamos, New Mexico, 87545

ARSTRACT

The Automited Rctirement and Integrated
LExtraction System (ARIES) is a new development
and demunstratan glave-bax line planned far instal-
latian at TA-55. The mission af ARIES is develap-
ment af advanced technaligies fur disassembly af
rctired plutanium weapans campanents. ARIES s
sublivided intn the follawing snbsystems: Receiving
(airtuck  m system  cnntratied atmasphere),
Disasscinbly (parts are separated inta hemishells),
Plutonium Cunsolidatinn, Amcericinm  Remnval,
Deconunninatian (remnval af tace pluttmium fnun
mmplmoninm  parts), and Namlestretivee Assay
(NDA). ‘Tl ARIES NDA sahisystrm cansisis of funr
camputer-based NDA mstruments (ralarmerer,
pamnma-ray isatpic system, segmented gannni scan-
ner, amlb an active/passive mentran mmbtiplhicity
camner); i rabot ta laad ol intnad the msimnents;
andk a host campuer 1 sense aml cantrob the mstirm -
mem sins, sehedule measnremenms, archave the ve-
salts of the assays, and direet the activities ol the
rabat, ‘The NDA subsystem will be Intly me grated
mna the ARIES process hine amt will pravide assays
at naclear matenal thin are mherently sater and more
ctiicient than nowmtoncned systems,

INTRODUCTION

thaxtone chianges are now ocenng m Uhnted
Stites naclein detenence pahewer. As aesnh, the
reggureiniems pliced on the ated Staes nneclemn
weapons kihotmones aud the nnclten producnon
comples have chamged dianiically, Whereas ohd
pohicies 1ehed on detertence by nmpers (with a
tocus on the tonner Soviet Unmon) and oa kngee seale
podweton, the new Depamunent ot Bocipy (DOL:)

*The ARIES progrmm as suppotted by the 1S
bepantmem of Energy, Detense Programs, Reseanch
and Developnnem beadimg 1o the desipn ot the ARLES
NDA system has been sapported by the HIS
bepamenr o Fuepy, Othee ot Satepiands mud
Secunty.

wcapans complex will rely un deterrence hy capahil-
ity with a focus un nunpruliferatinn, The fiture cam-
plex will fixcus an nuclear materials management and
tong-term, sceure stvrage al nuclear material, Previ-
nusly, the prinary cnst in the weapons contplex was
associatcd with building nrw weapions. Nuw the
major ensts will be associated with weapans disiman-
tlement and decantamination and wih mbdre ssing
safcguards; seenrity: amf ¢nviramnent, siafety, amdl
health needs.,

Clearly, the devebyunnent af advanced disiman
thement technalages will play im integral part in the
changing rale af the DOE. As an impartant campa-
nent af thas effart, ARKIES (Antmned Reurement
andd Integratal Extrartiom System) s designed ta
pravide a test bed Far the develipment at technalapy
fur the dasnamtlennem ab the prrmanes ob unclear
weapians (pits). AREES will mtegrate and antnmane
the chsassemhly al pits, cansabickmon ai plnomam,
remaval nb amencim tram tns phitaniam, mud m
b imeasarcmen af the products and wastes by stne
ol the-an nondestractive assay (NDA) methuds.

Na mtegrateil mcthod now exasts far the disman
themem and recavery af unclear matenat fnm nany
weapians designs. Even those assembihes tor winek
recavery techmgaes have been estabhshed reguire
cxtensive mammal landhnag (with associafed persomel
exposme ta vadunan) nd wesnlt e cansiderablbe
wiste penceration dormg disimamttemenm. the ex
gencranon unclem matenals pocessang taahty
(Complex MH walb ety on sie ieimns 1o provade s
teed, AREES wall pnovude the methods o sansty thns
poat v-hle o the some e ednemyg waste, lowenny,
personnel ebiation exposmes, and opetanng o ibe
Inghest stimdinds ot satety and secmty.

OVERVIEW OF THE ARIES 'ROCESS

Pus continmg Pltomam wilt be the wpat ton
the AREES process bine and the omput ot the process
witl be mmencnm fiee: phtommm metal: Several
mteprated sabaysteins ane wecessy o sneonmiphisb
thas as onmtbinedd m b |

oty (AT A



RETIRED) . | RECEIVING DISASSEMBLY___A PLUTONIUM | Pans
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Metal  Waate Containing Storage Containera and Wasies

* Alternate Path

Fig. |. Mwerials flow inhe ARIEY process.

Receiving: Pits will be imirmduced inta the
ARIES hne swrough a cimtamination cantral
ciuclasure.

Disassembly: A cutung lathe is useil th scparate
the pat int two hemishiells, ‘The fathe s aded and
unloaded raboticalty.

Plutomum Consolidation: “Fhe hemushells are
plred ima the comsabidataon apparains sud neqarly
100, af the plutmium s cullected as an unpre
me ' ready far subisequent sieneunn remaval,

Amcneium Removid: Hhghly radiactive LALW N
18 separiticd fran the cansolulmed platamum by mn
amomateal mahen sah oxwraction (MSE) process.

Nondestruclive Assiy: Al pnglucts mnl wastes
leavimg the ARIES process will be nssayed mi-hoe hin
phnomai accountatuhty and waste nmnagenem pai-
pases. State nb the art NDA wechmgues (cabanmneuy,
panmg ray asalagies, segmentel ganmmm scuming,
ud nentron conting) will be nsed wagether with o
matenal lmdimg 1abot

Figme 7 shows the ARIES glave hox hne
plmmed o mstblatae m the Fag Almeos Fhinammn
bFacilny.

ARIES NONDESTRUCTIVE ASSAY
SUBSYSTEM

The ARIES NDA subsystem cansists af fanr
computer-based NDA mstruments (cularimcter,
ganuna-ray isntpic systim, scgmented gamm scan-
ner, and an active/passive ncunnan multipheity
camntery; a bt ta load aml idoad the mstnmenty;
undd nu NDA hust campmier thin will sense minl cm
trat the instrument statns, schednle measnremems,
archive the resnlts ab the assays, and direet the active-
ues af the rabat, ‘e flaw af nmwenal m tie ARIES
NDA system s fram the main AREES ghave bax e
mta a temparary matenal stagmg urea, tnangh the
NDA mstummems, mul then ani at the glave bax hie
tar hmal dispasitian ta starage, pocess hnes, o
wilste,

The ARLEES NDA subsystem, descnibed more
tully helow, s shawn m hlock diggram torm m
i b Bgare attnstrates the mertnee at the msun
menms 1o the NDA glove box
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The ARILES glove -box line

NDA lost Computer

A ypical phntanmmm smnple witl be recerved to
the samygrirc hatdmg arca trom the MSE aperaneus,
Datit, snch as sample wbentiheston aml descrpnan
andd nnalyses regquested, will be enered mita the NDA
hst campiter hy the operitars (ammnat aperatian) a
trom the AREES process cantral camputer. ‘the sim
ple whrnnhicanon wiit he venbied moithe NDA glave
bax with a bar code reader, 'Fhe NDA hast campmier
witl schedate mualyses, keep ik ob the sutss of the
tom NDA wmsnmments, reguest foadmp ad mtambng
at the mstmmems by the 1obot, regnest inoditication
ob the mstimn m canbignraton (neanon comnen) by
the rabat, arclnve resnhs, md prepane wepons anibe
uents that Eave been miatyzed ‘the NDA fiost com
puter wilk comtune ihe assay 1esnbs tiom he vimns
msiments o gave a complete assay o grams ot
phaommm md muenenan. Complete nssay tesalis
witl be 1eporied by the NDA host compnter o the
operianns or 10 the ARIES pnocess conmaol compntey
Thee NDA host coapiter watl 1epont compl-te nssiay
tesuhts 10 the operatars amd the ARES process con
il sysienceompmen.



Py 4 Cutiovay view of ARIFS NDA glove box

NDA Autonated Materiat Flandling Rohot

Thr NDA 10bot wiil toad the mstannents sl
nhier anatvsis is complee, miload the neapmmems ad
et the nems o the stagmg aea Phe 1obot wall
ulso be vespansibife tor chingmg the vonbipmation ot

the uentron comter i acconnnedate difterent meth.
idds of gssay. After bl ab the assays ieguesied ane i
nem e complere, the NDA 1obot wall toad the nems
mto the berween box shmtle ad they w0k be e
moved hom the ARFES grove box e {or bnthe
chemnent processng, 1 storage, pis waste



Calorimeter

The ARIES calorimeier, deigned by EG&G
Mound Applied Technologics, is a water-bath heat
exchanger calorimeter modified for in-linc glove box
use. The calorimeter w ill be atached 1o the glove box
through a single opening in the bouom of the box and
preserve the integrity of the glove box. That is, the
inner chamber of the calorimeter is also the glove box
conlainment. The water jacket is around the nuiside
of the calorimeter and there is no danger of leakage
into the glove box enclosure.

The wallage range and mcasurcment precisions
for the instrument are specificd ta be

0.1 waus + 2.0 % through 10.0 waus + (0.1 % .

The 7-in.-diamm sample well af the calurimeter
will accommndate the ARIES sample can (stamiard
food pack, #502, *“2-1b coffce can™) which 1s 5.125 in.
in diameter and 6.5 in. high.

The calvrimeler compater will be a PC with a
VM186 opcrating system. The calorimeter pragram
will use both cquilibrium and preatiction methosls af
“end-paint™ detectian W deiermine if an assay is
camiplete. Results of standard, sample, and baschne
runs will be stared vn disk tar Laer nse. The resnlts nf
the mcasurciment, in watls, will be passed ta the NDA
st campmer ta be cambiunetll with the gimmi-ray
isatapiic measnrenwnt af specibic pawer (walls/gram
phnommumm) o give an assay tar otk platonnm.

I'lntanium Gamma-Ray Isatopic System

The sahtware tar the Fhitomam Ganna-Ray Esa-
e System will be a newly developel PC oversion
at the FRAM (Fixed Bncrgy, Response Fanction
Auitysis with Multiple Elnciencies) sobwine! tha
has been nsed m the NME E NP A Babarmory sinee
1IRY,

The FRAM sobtwme will measme the plitonnan
sotapic desmibman and M Am tacnon e all e
phuommm beanmy samples podneed by ARLES.
Typrcat measmement tmes will be S o 30 ma ton
samples with i tew hnndied prnms o mme ol phia
mmm ta 1 1o} hlor simples with o pran o sa (the
prectical fower han tor the systemny e gannma ay
edopue measmement ppodaces valaes ton the specibie
powel :I"_“ 1 W:Ill.\/)‘_ll.llll phitoramay aoud 1he

t'a hiction ("'“I'u,.“) tan the plmtoiamn
mtlke sppte . Phese gquantines sue conobaned winh the
1esudts at catanmeny (I',_") o nentton o
l""”l'ul_nl o pive an sy tesibt ol prons ol phdo
mam. Fhe mividuat sotoptc faenons and *1 A

de

citeenve

fraction are also used in the coincidence counter
analysis. Typical measurement precision of P g for
purc mciat samples is expecicd (o be about 0.3% (onc
standard deviation) for a 30 1o 60 min assay ume. The
precision for 220Py ¢ is cxpecied to be about 2.0%
for the same assay lime. Mcasurcment accuracy 1s
expected (o be <0.25% for P grand <1% far 240Py g
for mctal samples. The hetcrogencuus matnx of the
MSE salts makes analysis of these matenals more
difficult. For the MSE salts, the mecasurement accu-
racy is expecied o be in the 5% range for bath Py
and mpueﬂ'.

The gamma-ray spectra will be obuined with a
single lead-shiclded, high-purity, planar, germanium
detecilor connected with appropriate clecuronics o a
PC-based multichannci analyzer. The detectar will be
mounted on a computer-contraltled, stepping-matuir-
driven platfurm and will be able 1o muve wward or
away fram the sample being measurcd. This will
allow for optimizauon of sample count rates. The
detecwr, shiclding, and suppurt platfurm will su on
the floor under the gtove bax tinor, omside the can-
1ainment, and will view the saniple thraugh a well
mounted to the {loar orf the ghive bax. The campuer
system will be a PC aperating uniler Windows
3. 1/DOS.

Inside the ghive bax, the rbm will place the
sample an the turnuabhbe af a scanning mechanism
inserter! mtathe glave-bax well. The scamung niech-
amsm mitates e ssunple and scans the smuple vern-
rally past the unenthnated dewcetar.

Segmented Gumma Scanner (SGH)

The safiware far the ARIES sepmented g
semmer will be o new PC version ob software already
devetoped hy Las Akimos Salepannds Assay Groap
N-I.

The sepmented gamma scamer with mcasure the
ammonmt of mnsatope al phitonnnn, nsnatly Ly, (o
D0 ar 24 A hy campang the mensities nl
pammi cys rnnneil hom winow honzonal segimeis
of a smnpte: with the vadiation enmtied hy a cabibation
stimdard. ‘The measnremem s conected tor manx
atiennation by usmp an exiernal "Se nansunssion
samee, Becimse s methad measures mmonms at
specihic isotopes, the measined sowgge factnm s
weguired 10 convert the tesnhis 1o the niass ot each
clememt Fiwe SGS resubt watl be combaed wih the
measmed tintion e the NDA hasi
coapinel

Lhe plove box wet' aud soan tible will be very
sthin 1o then descntbe For the ARIEN panung 1ay
IOIOpe systear (see absove)  Phe overalt tandwane

otope



design for the SGS is similar to that of the gamma-
ray isotopic sysicm with the addition of a wransmis-
sion-source holder and shutier mechanism for the
uansmission source. The detector platform will be
fixed for the SGS.

ARIES Neutron Counter

The ARIES ncutron counter (ARNC) will be
designed 10 have [lexible capability o haudic both
plutonium and uranium items. The plutonium capa-
bility of the counter will consist of passive neutron
coincidence counting. passive mukltiplicity counting,2
and combined active/pussive coincidence counting.
Passive muluplicity ¢runting may be used Lo measure
some materials with (o, n) contribulians arising (rom
the sample matrix (MSE salts). Necutron counting will
be uscd primarily 1o meazsure thase items that have
law masses af nuclear materal and therefare cannot
be measured by calorimetric assay.

Active interragatian capability for the assay of
high-density 233U will be ilesigned into the ARNC.
This capability requircs two americinm-lithium iso-
tupic sources for active irradiatian of the sample. The
americinn-hithimm simees will be cuntained in a
scparate set af end plups fur the ARNC. Pl rabat
will change end plugs when the mstrument s
switched trom passive maode. ‘The americium-tithiem
sanrces will cach have nentran outputs of appraxi-
unteiy 105 u/s.

A cambined activefpassive ¥ capahiliny will also
be provided. s witl regnin: a dnrd scoal end plags.
The ARNC will be the first system wih capuhihity o

apply lour different measurement methods (passive,
passive muluplicity, active, and active/passive) 10 a
singlc sample. The iniual implementation of the sys-
tem will be used to define the hest technigue for each
sample type. The ARNC computer will be a PC oper-
aung under DOS.

ASSAY REQUIRFMENTS

The material 1o be analyzed in the NDA box will
be mostly plutonium meial, plutonium bearing MSE
residues, or wastle conlaminated with phitonium.
Materials will be analyzed according o the level of
nuclcar materiil and the item matnix. The “amnum nf
SNM" in the Lible is based on the optimum operating
ranges for the indicated instrument. The assay paths
of the various materials arc summarized in the uible
below. Imitially the instruments will analyze only
plutanium materials. At a future date, the NDA in-
struments can be set up ta assay uranium ilems gen-
craicd by the ARIES processes.

CONCLUSION

‘The ARIES integrawed system is a est bed far the
develapment af pracesses that remove plutiinium
fram site-returned pits with the gremest passible
safety and cansideraticn af the environnient. These
gnals dicuate design and instatkanan nb a tully inte-
grated ser nfl processes that nunimize  (mtly e grated
setaf processes that mminnze waste, enbiamee wikker
safety throagh amamatwm, and cmploy state-al-the -
it prrocesses and mstnumematin,

Mcasurcipem Methaod of Chower: for Matenal
Genernad by the AREES Pugeat

hem ta be Measured Amaunt at SNM Measurennmt Method of Choee
SGS Calorim. § - Iso ARN(C
MSE Piomtal prikdie - 100 p N X F'ossible
|| MSE Sah > S0 g ' X X Possiblue
= S0 ' L
\ ' Contammiated Msection Wasie « Mg Py X Pasabile Fossibile
' Contimmaned < SOp'm X Hassive
theth bensny Waste .
' Conennmened < Sp ' X Hassible |
[ Low Density Waste : —
Ennched U Feces 0.5 Fhp Achive
bepleted U t'aees 05 | kp Hassive
bepleted U Contammated How No poodd assay ivethod wad this S\'.\ll.‘lll
[ Devsuy Wase, (o dettered mamm at jow level -
Eunched U Contnnmiated U.ow Al \
Densny Wasie .
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The ARIES NDA subsystem is an automated,
in-line,  apleie NDA laboratory. The sysicm has
been designed to assay any of the types of malerial
that the ARIES process will produce with the most
up o date measurement methods. The automaied
matcnial handling robot will reduce operator radia-
Lion exposure to radioactive materiat, Because all
of the instruments are in-line, iwms will not have to
be bagged out, again reducing operator exposure to
radiation. Safeguards will also be enhanced
because the materials will not have 1o be removed
from the process line for measurement
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