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ARSTRACT

The Automited Rctirement and Integrated
Extraction System (ARIES) is a new development
and demonstration glove-box line planned for instal-
lauion at TA-55. The mission of ARIES is develop-
ment of advanced technologies for disassembly of
retired plutonium weapons components. ARIES s
subddivided into the following subsystems: Receiving
(airlock 10 system  controlled atmosphere),
Disassembly (pans are scparated into henushells),
Plutonium Consolidation, Americium Removal,
Decontamination (removal of trace plutonium from
nonplutenium parts), and Nondestructive  Assay
(NDA). ‘The ARIES NDA sabsystem consists ol four
computer-based NDA instruments  (caloiimeter,
gamma-ray isolopic sysicm, segmented gamma scan-
ner, and an active/passive ncutron multiplhicity
counier); i robat W load and unload the msiraments;
and a host computer o sense and control the nstr-
ment status, schedule measurements, archive the re-
sults of the assays, and direcet the activities of the
robol, The NDA subsystem will be fully integrated
into the ARIES process hine and will provide assays
ol nuelear matenal that are inherently safer and more
cthicient than nonattonaated systems,

INTRODUCTION

Histone changes are now ocenrnng e Unaed
States naclear deterrence policier. As G resalt, the
reqenrements placed on the thnted States nucleu
weapons Laboratones and the nuclear production
comples have changed diamatically, Whereas old
policies rehied on deterrence by numners (wath a
lowcuts on the Totmer Soviet Umon) and on Luge scale
production, the new Department ot Bocipy (1X0O1)

*Ihe ARIES propgram s sopported by the US
Department of bnerpy, Delense rogiams, Rescach
el Development leadimg o the design ot the ARIES
NDA system has been supported by the US
Departiment of Bocrpy, Othice of Safepnands and
Seciny.

weapons complex will rely on deterrence by capabil-
ity with a focus on nonproliferation, The Tuture com-
plex will focus on nuclear materials management and
long-term, secure storage of nuclcar material, Previ-
ously, the primary cost in the weapons contplex was
associated with building new weapons. Now the
major costs will be associated with weapons disman -
tement and decontamination and with addressing
safeguards; security; and cnvironment, saftety, and
health needs.

Clearly, the development ol advanced disman-
tement technologies will play an integral part in the
changing role of the DOE. As an important compo-
nent of this cffort, AKIES (Auwtomated Renrement
and Integrated Extraction System) is designed o
provide a test bed for the development of wehnology
for the dismantlement of the pomanes of nuclear
weapons (pits). ARIES will integrate and antomate
the disassembly of pus, consolidation oif plwomum,
removal of amencium from this plutonium, and in
line measurement of the products and wastes by stite
ol the-art nondestrucuve assay (NDA) methods.

No integrated method now exists for the disman
tement and recovery of nuclear matenal from many
weapons designs. Even those assembhes for winek
recovery techimques have been established reguice
extensive manual handhng, (with associged personnel
exposure o radianon) and resalt o considerable
wisle peaeration during, dismanticment. The 1 -xt
gencration nuclear materals pocessmg tacility
(Complex MH will rely on site returns o provide its
teed, ARTES will provide the methods to siisty thas
poal winle at the siame time reducig: waste, lowenng:
personnel aadaton exposnres, and operating 1o the
hiphest standards of safety and secnnty.

OVERYIEW OF THE ARIES PROCESS

Pus contimmimg Platomium will be the input ton
the ARIES process Tine and the ontpat of the process
will be amencnmm free plutomum metal. Several
mteprated subsysteins ue necessary to gaecomphsh
this as onthined m b |

it o AL F
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Fig. |. Muwerials flow in the ARIEY process.

Receiving: Pits will be introduced inw the
ARIES line rough a contamination control
ciclosure.

Disassembly: A cutung lathe is used to scparate
the pit into two hemishells, The lathe is loaded and
unloaded robotically,

Pluomum Consolidation: ‘The hemishells are
placed into the consolidaton apparatus and nearly
100%. of the phitonium 15 collected as an impure
mey' ready for subsequent amencium removal,

Amcncium Removill: Highly radiosctive 241 Am
18 separied trom the consolidited platomum by an
automated mollen sall oxtraction (MSE) process,

Nundestructive Assiy: Al pridducts and wastes
feavig the ARIES process will be assayed in-lme for
plutontum accountamhity and wasie management pur-
poses. State of the art NDA technigues (calonmetry,
RALANMD T4y 1SOlOPICS, Segmented gamma scanming,
amd nentron counting) will be used together with a
matera) inndling, 1obot

Figme 2 shows the ARIES plove bon e
planned for mstallaton m the Los Alaros Plutonm
lacthty.

ARIES NONDESTRUCTIVE ASSAY
SUBSYSTEM

The ARIES NDA subsystem consists of four
computer-based INDA  instruments (calorimeter,
pamma-ray isopic system, segmented gamma scan-
ner, and an active/passive ncutton mulupheity
counter); a robot 0 load and unload the instruments;
and nn NDA host computer that will sense and con
rol the mstrument situs, schedale measurements,
archive the results of the assays, and direct the active-
ues of the robot. The NMow of matenal in the ARIES
NDA system as from the mainn ARIES plove box line
o temporary matenal stagimg arca, through the
NDA msttuments, and then out of the glove box hine
for hnal disposinon to storage, process hines, ot
WilsIe,

The ARIES NDA subsystiem, desenibed more
fully below, 15 shown m block diagiam form
e b Fagure 4 allusttes the mtertace al the s
ments 1o the NDA glove o
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The ARIES glove -box line

NDA Host Computer

Aypical plutomum sample will be received o
the sampic holding arca from the MSE operanens.
Data, such as sample dentihicatnon and descnption
and] analyses requestedd, will be entered mto the NDA
host computer by the operators (manual operation) o
from the ARIES process control computer. The sam
ple adentihcanon will be ventbied i the NDA glove
box with a bur code reader. The NDA host compuier
will sehedule analyses. keep tiack of the status of the
four NDA msuuments, request toading and unloadmg
ol the instruments by the tobot, request modihication
of the mstum nt configuration (neatron counter) by
the robot, archive results, and prepare repotts on the
uems that Bave been analyzed The NDA ost com
pter will combine the assay 1esulis fromahe vanoas
mstruments o give w complete assity lor goams of
plutomium and smencwm. Complete assay vesibis
will be reporied by the NDA host compuater o the
opertons or o the ARIES process conral computes
The NDA host computer wall report compl-te assay
tesults 1o the opertors and the ARTES process con
ol system compler.



Pig 4 Cataway view of ARIFS NDA glove box

NDA Automated Material Handling Robot

The NDA rabot wiil load the mstamenty and,
alter analvsis s complete, unload the insamments and
retumn the dems to the stagang area. The robot will
abso be responsible lor chanpang the conliguon of

the newtron ¢ounter o accommoenlate different meth-
ods of gsay. Alier all of the assavs iequested lor i
item are complete, the NDA tobor will Toad the iiems
mto the between box shuttle and they el be ge
moved from the ARIES prove box hne lor tarthe
chemteal processing, w Slorage, on as wasie



Calorimeter

The ARIES calorimeter, de-igned by EG&G
Mound Appliecd Technologics, is a walcer-bath heat
exchanger calorimeter modified for in-line glove box
use. The calorimeter » ill be attached to 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
containment. The waler jacket is around the outside
of the calorimeter and there is no danger of lcakage
ino the glove box enclosure.

The wallage range and mcasurcment precisions
for Lhe instrument are specificd 0 he

0.1 waus + 2.0 % through 100 waus + 0.1 % .

The 7-in.-diam sample well of the calorimeler
will accommodate the ARIES sample can (standard
food pack, #502, “2-1b colfee can™) which is 5.125 in,
in diameter and 6.5 in. high.

The calorimeter compuler will be a PC with a
YM3186 operating system. The calorimeter program
will use both equilibrium and prediction methods of
“end-point” detection 1o determine if an assay is
complete. Results of standard, sample, and basclhine
runs will be stored on disk for Later use. The results of
the measurement, in watls, will be passed to the NDA
host computer o be combined with the gaimma-ray
isolopic measurement of specific power (walls/gram
plulomum) o give an assay for ol plutonum.

Plutonium Gamma-Ray Lsotopic System

The softwire tor the Plutomum Ciamnma-Ray 1so-
topic System will be a newly developed PC version
of the FRAM (}'ixed Bnerpy, Response Funcuon
Analysis with Multiple Elnciencies) soltwaie! tha
has been used i the NMT 4 NDA Laboory since
1989,

The FRAM soliware will measure the plutonium
sotopic distubution and “HAm facnon e all e
plitonum bearmp samples prodoced by ARIES.
Typcal measurement tmes will be 0o 30 nan for
samples with o few hundied pams or more ol plato
mum o 1w ) h for sunples with a pram or so (the
precucal lower himt for the systennd The pamma ray
Eolopie measareaent produces values for the specifae
power (Pc i watts/pram  plutoninm) and the
cltcetve “"“I‘u lraction ("'"'I'ul.“) tor the plutonunm
m e simple. These quamtities are combuned wath the
results of calonimety (P or neatton counting
(""“I'ul.“\ o prve anaaay aesualt ol prams ol plato
mum. The adivadual sotopic Bacuom, and <1 an

fracion are also used in the coincidence counter
analysis. Typical mcasurement precision of Pgr for
purc mctal samples is expecied Lo be about 0.3% (one
standard deviation) for a 30 1o 60 min assay ume. The
precision for 240Pu ¢ is expecied 10 be about 2.0%
for thc same assay time. Mcasurement accuracy 1s
expecied (o be <0.25% for P grand <1% for 240Py g
for mctal samples. The helcrogencous matnx of the
MSE salts makes analysis of thesec matenals more
difficult. For the MSE salts, the measurement accu-
racy is expecied to be in the 5% range for both Py
and mpueﬂ'.

The gamma-ray spectra will be obwinad with a
single lead-shiclded, high-purity, planar, gecrmanium
detecior connected with appropnale clectronics o a
PC-based multichannel analyzer. The detecior will be
mounted on a computer-controlied, stepping-motor-
driven platform and will be able 10 move woward or
away from the sample being measured. This will
allow for optimizauon of sample counl rates. The
detecior, shielding, and support platform will sit on
the floor under the glove box 1loor, outside the con-
tainment, and will view the samplc through a well
mounted to the {loor of the glove box. The computer
system will be a PC operating under Windows
1.1/DOS.

Inside the glove box, the robot will place the
sample on the turnwable of a scanming mechanism
inscrted into the glove-box well. The scanning mech-
amism rotites he sample and scans the sample verti-
cally past the uncollimated dewctor.

Segmented Gamma Scanner (SGS)

The software for the ARIES segmented gamna
seanner will be a new PC version of soltware already
developed by Los Alamos Saleguards Assay Group
N-1.

The segmented gamma scanner will measure the
amaount of ansolope of plutoniam, usually 29y, (o
B0 or 24 Am) by comparing the mtensies ol
pammia mys ematted from wanow honzontal segimens
of a sample with the radiation enntied by o cahibration
stndard, The measurement s corrected for matnx
attcnuanion by using an external NSe tansmussion
source, Because this methad measures amounts ol
spectbic isotopes, the measured sotopee fraction as
reqiured to convert the tesolts to the miass of cach
clement The SGS resull wall e combuned with the
meiastred  sotopic fraction e the NDA host
compater

The plove box wel! ad scan tible will be very
sthan to that desenibe o the ARES pamma tay

potape system (see aboveyr The overall lindwae



design for the SGS is similar to thal of the gamma-
ray isotopic system with the addiuon of a transmis-
sion-source holder and shutler mechanism for the
transmission source, The detector pladform will be
fixed for the SGS.

ARIES Neutron Counter

The ARIES ncutron counter (ARNC) will be
designed to have [lexible capability o nandle both
plutonium and uranium items. The plutonium capa-
bility of the counter will consist of passive ncutron
coincidence counting, passive multiplicity counLing,2
and combined active/passive coincidence counting.
Passive maltiplicity crunting may be used o measure
somc materials with (o, n) contribulions arising from
the sample matrix (MSE salls). Neutron counting will
be usced primarily w meazsure those items that have
low masses of nuclear material and therefore cannot
be measured by calorimetric assay.

Active inlerrogation capability for the assay of
high-density 233U will be designed into the ARNC.
This capability requires two americium-lithium iso-
topic sources for active wradiation of the sample. The
americium-lithium somces will be contained in a
scparate set of end plugs for the ARNC. Tk robot
will change end plugs when the instrument is
switched from passive mode. The americium-lithivm
sources will cach have neutron outputs of approxi-
matciy 105 /s,

A combined activefpassive * capability will also
be provided. This will require a thisd sceof end plugs.
The ARNC will be the first system with capability o

apply four different measurement methods (passive,
passive mulliplicity, active, and activc/passive) 0 a
singlc sample. The iniual implemcniation of the sys-
tem will be used to define the hest technigue for each
sample lype. The ARNC computer will be a PC oper-
ating under DOS.

ASSAY REQUIREMENTS

The material 1o be analyzed in the NDA box will
be mostly plutonium mectal, plutonium bearing MSE
residues, or wasle conlaminated with plutonium.
Materials will be analyzed according o the level of
nuclcar materizl and the item matrix. The “amount of
SNM™ in the table is based on the oplimum operating
ranges for the indicated instrument. The assay paths
of the various materials are summarized in the wble
below. Initially the instruments will analyze only
plutonium materials. At a future date, the NDA in-
struments can be Scl up to assiay uranium iiems gen-
craicd by the ARILS processes.

CONCLUSION

The ARIES integrated system is a st bed for the
developmenm of processes that remove plutonium
from site-returned pits with the greatest possible
safety and consideraticn of the environment. These
goals dicute design and installation of a fully inte-
grated set of processes that minimize fully inte grated
setof processes that munimize waste, enhance worker
safety through automation, and emiploy state-of-the -
an processes iand instrymentation,

Mcasurcinent Methad of Choiee tor Material
Generiated by the ARIES Propect

Hem to be Measured Amount ol SNM Measurement Method ol Choiee
SGS Calorim. - Iso ARNC
M5 Pu el provduct - 100 g X X Possible
MSIE Salt » S0 g Pu X X Possible

|| - S0p P X .

\ P Contamimated Hisection Waste 10y Puo X I'osable Possible
PPu Contimuuned « S0 p PPu X Passive
Theh Density Waste o
Pa Contaimnaied = S0 Pu X Possible |
Low Density Waste ) .

Ennched U Preces 05 Tkp Active
Depleted U Preces 05 1 kyp _ Passive
Depleted U Contimmnated Low No pennd assay method with this system

Densily Waste o for depleted v at low levels, L
Fnnched U Contammated §ow < Apll AN

[ensity Wasie . - e mbeee o L




The ARIES NDA subsystem is an automaied,
in-line,  aplete NDA laboralory. The sysicm has
been designed o assay any of the types of malerial
that the ARIES process will produce with the most
up o daie measurcment methods. The aulomated
material handling robot will reduce operator radia-
tion exposure to radioactive material. Because all
of the instruments are in-line, items will not have to
be bagged out, again reducing operator exposure Lo
radiation. Safeguards will also be enhanced
because the materials will not have 10 be removed
from the process line {or measurement
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