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Abstract

A conmortlum of laboratories la collaborat-
ing with the Savannah River Plant to develop ●n
integrated ●yntem of ●tate-of-the-art nondestruc-
tive aasay (NDA) instrumentation to provide nu-
clear materiala ●ccounting and proceca control
information for ● new plutonium ●crap recovery
facility. Individual microcomputer-baaed inatru-
menta report ●eaay ra9ults to an Instrument
Control Computer (ICC). The ICC, in turn, la
part of a larger computer network. tha’ includes
computere that perform process control and nu-
clear materiala ●ccounting functions. Integrated
nystem design conniderationm, integral testing,
and individual instrument measurement functions
are diacunsed.

~. Introduction

A new plutonium ●crap recovery facility la
being constructed ● t the Savannah River Plant
(SRP). The Los Alamoo National Leboretory io
collaborating with SRP to define and develop an
integrated system of ❑odern, automated nonde-
structive aesay (NDA) instrumentation that will
provide nuclear materialu ●ccounting and process
❑onitoring information to the operatora of thin

facility. The goal io to provide ●n accounta-
bility ryotem that io capable of drawing frequent

material balances with minimum reliance on lab-
oratory measurements of ●nalytical ●mmpleo. The
integrated ●yatem in illustrated schematically
in Fig. 1,
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This ●tate-of-the-art Instrum;tation ie be-
ing designed and fabricated by the ba Alemo8
Natlonel Laboratory, Lawrence Livermore National
Laboratory, Mound Laboratories, and Savannah
River Laboratory. Los Alamo@ la ●lao serving ● s
cystem coordinator, combining the individual cgm-
ponentn into ● n tntegreted package with the ten
NDA instruments reporting to ● central Inattument
Control Computer (ICC). The ICC, in turn, is
integrated into ● facility computer network that
includee other computers dedicated to process

control ●nd nuclear materiels ●ccounting func-
tions. The three computere that make up this
network have dedicated functions but exchange
relevant information via a DECNET communications
link to optimize the slmultaneoua performance of
all these functions. An extended integrated test
of the ●ntire ●yrtem will be performed ● t Lcs
Alamoe prior to installation in the facility.

2. Facility Proce8a/NDA——
Bieacurament Description—

Thie new facility ic designed to recycle and
recover nff-specification plutonium, ●xceea proc-
●a~ waste, ●nd uroceas scrap, The layout of the
procees is ehown in Fig. 2. Input maLerials
●cheduled for recovery are brought from a Btornge
vault to a dedicated Feed Assay Room (FAR) where
their total plutonium rontentc ● re determined
for input accountability purpo~ec using ● oeries
of NDA meaourementr, Fcllowing the input ac-

countability meaeuremento, the materiala ● re
transferred into a feed glovebox train (Feed) for
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FiB. 2. Phyoical layout of plutonium ●crap re-

covery fncility.

?’ig, 1, Schrnmatic diagram of integrated NI)A
●yntem for new plutonlum -crap racovery facility.



preparation before their dissolution in one of
two diaeolverlanion-exchange glovebox traina.

After chemical processing, ●olutiona ● re
tranbferrad out of the facility so product or
waate. Required NDA meaauremente of dismolver/
●nion-exchange cabinet ●olutione ● re performed
cm ●amplee obtained from proceaa voaaela ●nd
transferred by conveyor to ● dedicated glovebnx
in a Sample Aeeay Room (SAR). Bulk and ●olution
oampla identification labels ● re !nput to the
appropriate computer cyetems using bar-code read-
ara connected througli computer terminele.

Solid waste from tha procaea will be trans-
ferred by conveyor to the waste-handling cabinet
and ●aaayed for plutonium content by NDA. The
resulte of the measurement will determine whether
the waste ie recycled in the facility or cent to
burial. Liquid waete will be ●ampled ●nd ●aaayed
for plutonium content by NDA in the SAN. These
solutione are recycled in or transferred out of
the facilft> conaietent with thair piutonium .on-
tent. In addition to the instrumentation ~!e-
cuesed above, ● sodium iodide, gamma-ray detector
●rray will be deployed ● t key pointe in the proc-
ess. Measurement from thie array will be used
to determine holdup in proc?ee equipment, eet
criticality alarm limits, and monitor the proc-
eee.

3. NDA Ueaeurement Syetem Description

The design of the integrated NDAmeaaurament
syetam la shown in detail in Fig. 3. Each NDA
instrument that ie part of the integrated system
ie microcomputer-baend and thun ie capable of
stand-alone operation if the central computer is
out of eervice. Thi@ modular sy~tam deeign fea-
ture hae ●llowed ●ach instrument ●upplier more
fraedom in individual instrument deeign. It ●leo
permite the parallel development of many indivi-
dual NDA instruments by several ●uppliere to
minimize the total time requirad to develop the
●ntire byatem. Nevertheleec, certain hardware
featuree, such ● s microcomputer, pulee proceed-
ing modulee, ●nd multichannel ●nh.yzere, are
common throughout the ●yetem. Note that in al-
moet every caae at leaat two NDA measurement

●ye:ams ● re controlled by a single MICRO/PDP-11
computer.

In ●ddition, there ● re many etantard soft-
ware featuree, the moat important, from the point
of view of facility operation ie the interface
batwaen the individual NDA instruments and the
operator performing the ●aaaya. All instruments
are opereted from dedicated microcomputer term-
inelm and have standardized operator/instrument

dialogue. This standardization reduces the com-
plexity of operator trainirrs as well as potential
confusion, ●ince the ●amc operator will ltkely
perform aeaaye on ●everal Instruments.
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Fi@, ;. Mtailed demign of intesrmted NOA ●yetm for new plutonium #crap

recovery facility.



The operator/instrument interaction standard
fu based on our expedience with Inotalled instru-
ments ● t the Los Alamos Plutonium Facility. Dur-
ing the last five yeara, ●ach new imtrument in-
●tailed has featured further refinements of the

operator/instrument Interaction with the goal of
developing ● truly user-friendly ●yatem.

Another ctandard demign feature is the com-
munication between Individual NDA instruments
and the ICC. All such communications 1s through
serial Iinea using ● standardized cmunications
protocol developed for the nautron interrogator
that waa recently installed ● t tha Fluorinal ●nd
Stora ● Facility of the Idaho Chemical Procaoaing

!Plaat . All c-unicationa ● re to be initiated
by the NDA iustrumenta. Except vhen acknowledg-
ing recefpt of information or ●anding requested
information, the central computar ic ready to
receive meaaages. Several faatures ● re incorpo-
rated into the protocol for checking the correct-
ness of maaeages. Each maeaaga containe ● byta
count (to chack the meeeage length) ●nd ● check-

Bum (to check the longitudinal ●um of the ●eaaage
characters) ●o that the integrity of the ccmuni-
cation metenge can be verifiad. All information
is transferred in ASCII character ●o that ● non-
intelligent terminal can be uoad for dabugging.

A ueaauremant control (MC) program ie aleo
common to ●ll inetrumeatao A well-dacigned YC
program ie crucial for aaaurlng the validity of
the NDA ●ssay reeulte. The MC program for tha
varioum Instruments to baaad on that devaloped
for the km Alzmoo Plutonium Facility2. Thi@ MC
program has been in operation ●t Loo Alamo8 for
the laet five yaara ●nd ●ubntantial operational
experience haa bean accumulated.

The measurement controle are divided into
two levelB. Level 1 MC ie performad at the 2ndi-
vldual NDA lnetr~,mente whare ● faw ●iaple ●tatie-
tical checks ● re performed. Theoe checke include
a bi.sB check, ● precieion check, ●nd a background
check performed at regular intervale,

Diagnostic checke3 ara alao incorporated.
For gamma-ray syetema, the diegnoetic checke con-
sist of ● datectoz resolution chack and zero and
gain stabilizer ehecka. ?or neutron coincidence
syatama, the diagnostic checks would include a
totals-tc-accidentala test, ● totale teot, ●nd a
coincidence test. The diagnoetica checke will
be perform~d fer ●very ●asay.

Level 2 NC ie performed ●t the ICC level.
At this lavel, control charte will be maintained
for ●ll the NDA ●yatema to monitor the trende of
the biaa-check and precision-check data. Be-idea
performing more ●xteneive statistical taat9, ●ll
the MC data will be ●rchived ● t tha ICC ●nd can

be retriaved to study individual inetrumant per-
formance.

4. Individual NT)AInstrument Development— —.

The Intiividual NDA instruments ● re baing
devaloped ●nd fabricated by four inatrumant ●up-
pliare. Tha instruments, thair ●uppliarc, the
nature of the NDA measurement, and the locetion
of the inetrumant in the facility era given in
Table I. Cenarnlly, tha colida i~otopic analyzar
meaeurament will be used in conjunction with
●ither the calorimeter maaaurement or the feed
coincidence countar meatlrement to detarmina the
total plutonium mace of input materiala in the
PAR. In the SAR, the integrity of ●amplee in
●aaured by firat chacking for cucpended aolide
in the turbidimeter ●nd than comFarin& tha ●ampie
danaity, meaeurad with the densitometer, to the
measured deneity, obtained with differential
preornu~e trsneducors, of the tank from which the
cample waa obtained. If theme teetrn are euccees-
ful , the plutonium concentration of the eample
ie then meaaured in either the x-ray fluorescence
●nalyzer, tha gbmma PtlA ●nalyzer, or the LOSAI
analyzer.

TASLE I

NDA INSTRUMENTSFOR INTECRATEb MEASUREMENTSYSTEM

Instrument. ----- .- . . . . . -.-—-. —

Feed coincidence cocntcr

Calorimeter (4)a

Sollda iootopic ●nalyzer

Turbidimetcr

I)anoitometer

h-ray flunrasccnce (2)a

Gamma PNA (2)a

L09AI

Wetta coincidence counter

Nal monitor ●rrey

. . . ..- . . .

*lier

Lon Alamun

Hound

LLNL

SRL

SRL

LLNL

LLNL

Loo Alamo,

Los Alamoe

Lot Alamom

Meaaur9ment~e------- —...- -—

Effective 240Pu man.

Heat

Pu ieotopic fracticne

Sumprnnded ●olidm

Solution deneity

Pu concentration

Pu conconfratlon

Pu cone.entrntlon (Low)

Eff.ctive 240Pu maes
2:9

Pu ● ane

Location.---— ,.—

FAR

FAR

FAR

SAR

tlAR

SAR

sAk

SAR

Procaae ● rea

Proccrnn ar~a

●Numbar of individual mamourement units.
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Note that there arc: two x-ray fluorescence
●nd gamma PHA measurement ●yatems. This instru-
ment ●elaction provides two types of redundancy.
First, in normal operation the two ●easurement
techniquern ara performed on duplicate samples to
provide independent plutonium concentration val-
ues for comparison purposee. Second, if either
instrument type ie out of service, there ie a
backup unit to take over the measurement function
while the first lnetrument is repaired. These
redundancy featuras are critical since these two
meacuremanta ●re part of tht! output accountabil-
ity deterainationa for the facility.

The inottuments located in the process ● rea
report to the process control system ●nd have
important procees monitoring functions. ‘i’base
instruments will ●lao provide ●ccountability in-
formation when material balancea ● re drawn.

5. Instrument Control Computer (ICC)

Aa shown in Fig. 3, the ICC haa three major
functions. The firat of these la to serve as a
focal point and communication link for all the
NDA measurement in the Faed Aaaay ●nd Sample
Aaaay Rooms,. The ●acond function ia to communi-
cate with the Proceae Control Computer ●nd the
Nuclear Materiala Accounting Computer. ‘i’he final
major function la to gather ●ad archive ●ll in-
formation neceaaary for providing ●n “aud.t
trail” ●nd performing the facility accountability
function. The ICC ●lao ●chedulea the aaaay of
samples in the SAR by meana of ● display scraan
●bove the gluvebox ●nd validatea feed material
cans aa they antar @nd leave the FAR.

The computer selacted to perform these func-
tions 10 a Digital Equipment Corporation VAX
111750 with an RA81 fixed Uincheater dlak drive
for on-line operation and an RL02 disk driva
with removable disk packa for ●rchiving data or
trarmportimg information batween machinao. We
● re uning the VMS operating system ●nd DECNET for
communications with the other lar~a computers in
the network. Information lo axchanged with tha

MICRO/PDP-11-baaed NDA in&trumenLa over standard
●erial cosurmnicatione lines uain8 a standard
Loa Alamoo-dwvaloped protocol. Tha ICC in in-
stalled at Loa Alamoa ●nd is currantly being u-ad
for software tlavalopmen:.

We ●re taating the software packagea that
will provide the communication with the NDA ln-
●truments. The ooftware packagea for scheduling
●amplm~ ●nd communicating rtith the Proceae Con-
trol and Nucltar Materiale Accounting Computere
● re under development. We ● re currently daeign-
ing data baaea for the ICC, which will serve the
major functions of ●rchiving ●ll data receivrd,
●atabliehins ● racord of proceaa traneac.tiona,
●nd providing input to the facility nuclear-
material-accounting function

6. System Intc&ration ●nd Future Plana—- ..- -- ----- .----- -—. _-—

Following sccertanca taating of the indivi-
dual inttrumenta in June 1985, ●ll NDA inatru-

menta will be shipped to Loa Namoa and asaembled
for acceptance testing of the integrated ayotem.
The primary purpoee of the latter teat, currently
echeduled for January 1986, la to aasure the
performance of the NDA instrument/ICC communica-
tion and the ICC software.

The 100-h acceptance test of the integrated
system will be followad by an oxtanaive training
prosram provided by Loa Alamos and the other con-
tractor for facility personnel.. The purpose of
this training is to provide the ina~rument devel-
opers with the opportunity to instruct facility
operation and maintenance personnel in the prin-
eiplea and use of the ●quipment that compriaaa
the integrated NDA system.

At the completion of the training aeaslons,
●ll equipment will remain in Loa N.amoa until the
facility construction schedule will permit deliv-
ery of the integrated system to the construction
site. At that time, i,os Alamoa and the other
contractor will asaiat ‘acility pe-sonnel in in-
stalling the integrated oystem. Following the
installation and conaietent with the facility
start-up schedule, Los Alamos will asaist in per-
forming the initial calibration and check-out of
all NDA instrumentation. When the fac!lity
●chieves full operating capacity, an ●xtenalve
●valuation of integrated ayatem performance will
be conducted. The evaluation will include care-
ful NDA/amalytlcal chemistry comparieono of ran-
dom samplea and complete atati~tical analyaes.

Implementing this integrated system in a
proceaa ●nvironment repraaenta a major step in
raalizing the full capabflitiea of ❑odern ~A
instrumentation. We ●nticipate that the auccess-

ful’ operation of this multilaboratory, integrated
NDA system will point the way to future innova-
tion in the decign of nuclear materialu account-
ing myatema.
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