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IN PLUTONIUM FUEL FABRICATION PLANTS*
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Los Alamos, NM 87545

(505) 667-2182

ABSTRACT

Nondestrucrive assay (NDA) sysiems have been developed
for use in an automated mixed oxide fabrication facility.
Unique features have been developed for the NDA systems
to accommndate robotic sample handling a1.1 remote oper-
ation. In addition, the systems have been designed to ob-
tain International Atomic Energy Agency inspection data
without the need for an inspector at the facility at the time
of the measurerments. The equipment is being designed 10
operate continuously in an unattended mode with data stor-
age for periods of up to one month. The design, perfor-
mance characteristics, and authentication of the NDA sys-
tems are described. The data related to reliability, preci-
sion, and accuracy arc presented.

INTRODUCTICN

During the pust decade, thz International Atomic
Energy Agency (AL A) inspectors, national inspectors, and
facility opcrators have used neutron coincidence counters ! 2
cxtensively to measure the plutonium content of vanous
forme of nuclear materials in the fuel cycle. Of special im
pertance {or these verification measurements are the input,
oatput, snd an process inventory of nuclear fabricanon
tacilities,

Lerge, antcanated faciltties for fabricatng plutoninm
tuel present bath difficultics and opportuniries tor improved
control and inapection of nuclear materiais, The raditional
methods of sample measurements requiring the transfer of
the sample from the production hine to the measurement
station arc not possible i most cases. The robotics used
for automatyon requice special containers for nuclear mate -
nul that cannot he casily remaoved from the production hine.
Also, safety and radintion protection considerations require
that the measuring devices be instalied in the fuel produc
ton tlines becanse, in generar, personnel cannot be i the
fuel handling area with nuclear matenal. These operanonal
constrants are common i many of the modens facilines
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that have been designed for fabricating and processing plu-
tonium fuel.

To accommodate these facility features and to reduce
the inspector’'s workload, we have designed the non-
destructive assay (NDA) equipment to be auton:ated,
amendable to unatiended operation, and with a size and fuel
mass capability '~ match the robotics fue! manipulators.
Authentication techniques have been incorporated into the
NDA systeins 50 that the data can be used by independent
inspectors such as the IAEA.

The standardized containers and programmed fucl
movements in automated facilities make it possible to per-
form more accurate nondestructive assay (NDA) measure-
ments than are possible in conventional nonautomated
faciliies. The NDA instrumentation can be custom de-
signed and optimized for the particular taeasurement goal
in the automated facility.

INSTRUMENTATION

At the Plutonium Fuel ' Jucton Facility (PVPE) in
Japun, NIDA instruments ha . been installed to give com-
plete measurement coverage of all the plutonium in the fa
cility. ‘Table I lists the instruments and the measurement
Jocations within the plant. In addition to the input and out
put locations, more difficult wo access locanons such as
glove boxes, process equipment, and on a trial basts, waste
containers are included in the measurement coverage.

TABLE L NDA Syatemssn Use at the MOX Fabricsnon Faciity

—— — —— -

Lix ation Uerecion |
1 POCAS  Canster inpan
? FAAS  Fuel assermbly outpagt
\ FIAN  Foel pin counter
L MACGR  Matenial accountancy glove box counter
bl GHAS  Glove bor holdup counter
(] WDAS  Waste b um anesy sysiem

l ! INVS(Ue) - Inventory sample neution sl gemma dvtay




Figure ! shows a diagram of the NDA syvstems and
their apphications 10 the facility. The matenal categones
that are measured include the input mixed-oxide (MOX)
powder and the output fuel assemblies. The process-line
MOX powder, pellet trays, and scrap are measured inside
the glove-box lines using detectors outside the elove boxes.
The MOX holdup in glove boxes, furnaces, and process
equipment 18 measured using large slab detectors on the
outside of the equipment. Small-grab samples destined for
chemical analysis also are measured in the NDA systems
before analysis.

STORE nowup
JCORE.

sronz) FUEL PRODUCT

7 MOX.
PROCESS ASSEM.
4
CCRABN, T N
AWLE KWASTE
p ]

e

Fig. 1 Diagram of the PFPF faciiey MOX material locanons
and the corresponding WDA svsiems  The numbness correspond
1 the measurement systems listed i Lable |

Al of the detector systems histed in Table T are based
on passive ncutron comncidence counung of the 240py.
effective mass using *He counters. Neutron multiplication
corrections are made as needed. The piutonium isotopic
ratios are obtaned by mass spectroscopy of grab samples
and/or gamma-ray spectroseopy.

After multiphication corrections, the comncidence neu
tron yield 15 directly proporuonal to the 40Py eftectuive
mass. Thus, by measunng the comeidence neutron vield
from all ot the plutomum in the facibty . we can verity the
centire plutontum inventory. Of special significance for the
PEPE facility s the capabihity to make routine quantitative
ineasurements of the holdup and waste matersals

Canister Counter Description

The camster couner (PCAS) was developed for mea
suting, plutonium powder contatnea i storage canisters
The counter was desipned tor mstallation in the tabnication
plant as part of the automated camister ransfer system
Fach camster continnts trom one o four cans of MOX o
Pu()y  The neution counter measures the spontianeous s
ston vite fsom the plutonanem, and, when this i combined
with the isotopie tatios, the plitonnem mess s detemuned
The system can accommodate plutonsum Joadings up to
10 kg, with 5 kp being avpneal oading Sofitwite has been
developed to permu the contivnons anattended operation of
the system

The system consisty of

* detecton hewd,

= secunty cap,

s clecttomes cabinet,

=SSR comadence counting elecironies (23,

« COMPAQ Ponable HI computers (2), and
* Epson LQ-850 printer

Figure 2 shows the position of these components inside the
clectronics cabinet. The electronics of the system are simi
lar to those of the HI.NC-1] ?}

To accommodate the shape and height of the sample
Ccontdiner (canister), 1t was necessary to design the detector
body to fit in an annulus defined by the camister cart-trans
fer barrel shown in Fig. 3. The detcctor tis between the
central concrete shield and the outside steel wall

The canister is lowered into the detector by o, anto
mated overhead mampulator. After the sample 15 released,
the combined sample, detector, and transter cart move hon
zontally for several meters to the sample identification
camera The neutron measurement is pertormed dunng the
travel of the transfer cart. Thus, the power and s:gnal hines
connecting the detector to the electronics are designed 10
move with the robotics system,

A 2520 neutron source located inside an empty canis:
ter 18 used to check the cahbration and performance of the
system. ‘The piant roboucs system can automatically

Fig. 1 Photograph of the electoniy and cabiner used 1oy the
cantster counter and the capule counter
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plutonium mass 1s determined. The system can accommo
date plutonium loadings up to 10 kg. The clectronics and
software for the capsule counter are identical to the compo-
nents for the camister counter in the canister counter
descripuon section.

The capsule counter 1s designed to accomrmaodate the
5-m-long capsules that hold the fuel assemblies  The cap-
sules are lowered into the detector from overhead by the
capsule robotics system. When the botrom of the capsuie
reaches the floor level, the plutomum zone 1s several meters
ahove 1t; thus 1t was necessary to build a suppon stand for
the detector to lift it up 10 the fuel zone.

The capsule counter is shown in Fig. 6. The detector
18 split 1nto halves to allow installation around the facility
guide tube. The detector body is made of polyethylene
with through holes for twelve 3He tubes. The neutron
counning efficiency of the detectoris 16.1%.

Because of the well defined fuel composition and
good standands, the accuracy tor teel assembly assay 1s bet
ter than 1%

The detector operates in the continuous mode with
data dumps every minute. The towls rate i the counter

Fig 6. Photograph of the caprule counter deirctor head and
SN Cover

thus gives a time history of the movement of PuO;an the
room or nearby arcas. The detector 1s unshielded and has
an exterior surface area of about 18 000 cm?, with an
mntrinsic efficiency of about 16%, so the sensitvity 1s high
for detecting neutron source material in the vianty of the
detector.

Fuel-Pin Assay System

The fuel pin assay system (FPAS) measures the plu-
tontum content of MOX fuel pins in trays contaning up to
24 pins. The FPAS 18 similar in concept to the onginal pin-
tray counter. The FPAS counter accommadates both JOYO
and MONJU fuel pins with a single counter configuration,
and so must have relatively flat response tor 1.2 wm Mea
surements miy be taken cither attended or unattended. (If
unattended, provisions are betng made for the counter to
trigger a camera 1o automatically record the truy identifica-
tion). Trays contatming pins to be assaved are removed
from the storage ares and brought into the counter by a
robotic conveyor.

Material Accountancy Glove Box (MAGE)
Counters

Three MAGRB counters have been developed {or use
i PFPE. Bach system consists of two slab detectory
mounted outside the glove box and the associated electron
s JSR-11 computer, and printer). Samples of powder
and pellets from the vanous process arcay are posinoned on
the load cell iside the glove box by the robotie transter
system, the MAGH countet measures the plutomum con
ients. Samples may contnn up to HR kg MOX. MAGH |
measures pomanly teed powdes, MAGH 27 measures pn
manly recycle powder and green pellets, and MAGH 3
assays promanty sintered pellets Al MAGH svstems have
similar detectors so thiat each connter may serve as a back
up for the other two - Software atlows for either antended o
unattended opevaton When operated o unattended mode,
the computer will tagper o ciimera for sample wlennifen
non

The acctracy of the MAGH counters s in the nangte of
1 A% depending on the fuel category

Gloave-Box Holdup Counters

A techmique has been developed o accutinely mea
e the phatoniom holdup mside bige plove box hnes Ciom
wide by Vintdb by oomilongs The procedure s o postion
twor Luge slab detectors cont anp e tubes on opposie
sides of the plove box The tyodetectons are electiomcally
coupled to count neagrons i the conncidence or time
conrelinon mode

Toomeasure the plove box hine, the detector panr s
maoved i uneon over the extenen sarface of the plove bos
using & 1.2 posion scan fot ntoll size box The itepration
of the sean 1 propotional o the nass of M9 effecnve
inside the plove box



The glove box assay system (GBAS! calibration mea-
surements show a remarkable independence from the par-
ticulur glove box. The new scanning procedure averages
out differences in the scattering between boxes containing
hoppers, blenders, calciners, gnnders, and filters. A com-
parison of the calibration coeftictients for all of the glove
boxes gave the remarkable result that the average vanation
in the separate calibrations was only $5%.

With this new measurement capability for glove-box
holdup, IAEA 1nspectors can treat the holdup as verified
inventory. A sample identificanon number will be assigned
o each glove box. Durning routine monthly inspections at
the facility, the IAEA will include these giove-box samples
as pant of the measured inventory. Thus, a large source of
mventory uncertainty will be ehminated, and cniucality
control dunng process eperations will be improved.

Waste-Drum Assay System

The process-hine wastes are placed 1in 200-¢ drums
and measured before leaving the plant. The waste-drum
assay system (WDAS)® uses the classical NDA method of
passive neutron comaidence counting of plutonum but has
a new “add-a-source” feature 1o improve the accuracy for
matrix correcuons and new stanstcal techmques to im-
prove the low level detectabiluy himits.

The add a-source techmgue introduces a minute
source of 29°C1 (108 g) 10 the external surface of the sam
pie drum, and the pertrbation by the drum ol the 2320
comcidence counting rate provides the dat 1o make a
matrix correcnon for the plutonium mside the drum, The
crrors introduced trom mattix matertals i 208 £ drums
have been redaced by an order of magnitude using the add
asource techmqgue. In addition, the add o source methexd
can detect the presence of unexpected neutron shielding
matertal inade the drum that might nde the presence ot
SNM. For the i plant installaton at the PEPE MOX tacil
iy a0 Japan, the detectababity it 1 07 myg <40by (or
2 U myp plutonmum) tor a 15 nuin measorement . Fora drum
contumng 10 kp of waste, this translites 1o about 7 o€y
This excellent sensinvity was achieved using a speaial low
background detector desipn, pood averhead shoelding, and
sttgstical techmigues i the soltware o selectt sely teduce
the cosmuc rav neaton backpround

lnventory Sumple Counter

The mventory sample comadence counter (INVS)®
wis developed o passively assay smadl phutoniunm samples
by using ncntton comiadence coenting techmques  The
INVS connter has been widely used by the TAFA iy
MApecron actvities at vartons nuclear tacihies thiogphom
the world At the PEPEan Bapan, the INVS counter s con
pled o sample wer andermeath a plove box i the analy
wal area The sotopic composition of the sample s de e
nined by pamnia iy specttoncopy m this ared as we .

The INVS (Mod 1TH7 i Japan has » ameter of
Womand o height of 272 The sciyethviene body con

tains eighteen He tubes resulting i a neutron counting
efficiency of 42%.

A 15-min measurement gives a precision of about
0.5% and the assay accuracy vanes from 0.5 10 3% depend
ing on the fuel category.

SOFIWARE

The sofiware consists of two main programs & COL
LECT controls the shift regisier o collect data continvously
in the unattended mode. REVIEW s run about once a
month to examine the large amounts of data collected. The
REVIEW program also creates data files that can be input
into the 1AEA high-level neutron comncidence program 1o
calculate grams of plutontum in the sample. Separating the
software into two programs allows the tnspector to spend
ninimal time in the radiation area collecting data. The dat
from the COLLECT program can be exammned i a more
comfortable environment with the REVIEW workstation
computer.

Data Collection

The COLLECT progrim operates on the computers in
the electronics cainet located near cach detector

The mam function of COLLECT 15 1o gather data
conttnuously, but it has addmonal capalities  In addition
to collectng data during & measurement campargn, this
program allows the mspector to copy the dat files to a
foppy disk for transter to the REVIEW program for further
analysis. o pnnt campagn summarnes of previous dat, o
set patameters used i the collecnon analysis, and to delote
old data from the hard disk . No operator interaction i nee
cusary during data collection. After each 60 s run, COL
LECT reads data from the shitt register and wries it to the
computer hand disk.

Data Review

The REVIEW propram operat s on the computers
locatcd an the workstaton area ot the PEPE The pimary
tunctions of the REVIEW progrum are 1o store the taw
count data from che COLLECT propram i a diatabase, to
capidly mspect and observe these data, and 1o ponetate data
tiles for mpeato TAEA codes Large amoants o data are
produced by the umattended operation - A ciumpaipn af one
month produces STOO0 raw data tuns toq cach shitt tepas
ter/coraputer system I each nun were poated on o line, the
resis tor one detector would cover 780 pages The Rl
VIEW propran displavs the data graphocally so the
pector can guicdy and eaaly examine it

AUTHENTICATION

Hevause the system s opetanng inan anattended
mode withount TATA inspectors in the tacihity, we destpned
tmpern indicating tewtures anto the NDA system tor an
thenncution These include the tollowing



* detector head under inspector scal:

* visible and unbroken cable runs between detector
head and electronics cabinet;

» scaled electronics cabinet;

* modular electronic components that are compati-
ble for replacement with standard IAEA equip-
ment;

* continuous data collection;

¢ software replaceable by the inspectors;

* software diagnostics for intcrruption of or tamper-
ing with the signal,

* californium-252 check sources and normalization
sources for verification of total system perfor-
mance; and

* containment and surveillance (C/S) sysiem over-
view of detector and electronics cabinet.

These measures give an in-depth rcdundancy in au-
thenticating the NDA system.

The continuous monitoring of the room background
gives a record of any movement of MOX in the room. Be-
cause the recording of MOX movement also is part of the
C/S system, the detector gives an independent method to
partially authenticate the C/S system.

SUMMARY

Passive neutron coincidence counters have been de-
signed and implemented ¢ measure the plutonium input,
outpat, process lines, holdup, acd wastes of an automated
MOX fabrication tacibty. The counters operate in a con-
tinuous and unattended mode with full authentication for
independent inspection agercies,

The systems have been reliable with no failure lead-
ing to loss of inspection data during the initial three vears
of use. The accuracy and precision of the systems that are
installed in the automated facility are better than can he
obtained with poriable NDA equipment. Repeat measure-
ments with the 25201 control sources have demonstrated »
precision of O.1% (standard deviation) without sny normal
ization over the iniial two years of opemtion

The continuous made operation with avtomated data
collection, stornge. and convenient renieval has made ot
possible for inspectors to spend less time in the plutonium
facility without any loss of measurement capability.  In
fact, the sumple constiunts in size, mass, and containment
dictuted by the plant roboties system have made 1t possibie
to obtain a higher accuracy and precision with the NDA
systems than has been possible for older convenuonal faci
wes. The precision and stability of the ieutron syste ns s
(L1% 10 0.2% und the accurucy depends on the fuel cate
pory. Most of the NDA svstems histed o0 Table | operate
contimuously 1 the unatiended mode paiving near 1eal tune
nformution on the phnomm inventory in the tacility
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