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ABSTRACT

A consortium of national laboratories is
collaborating with the Savannah River Plant to
develop an integrated system of state-of-the-art
nondestructive assay (NDA) instrumentation to
provide nuclear materials accounting and process
control information for a new plutonium scrap
recovery facility. Individual microcomputer-
based instruments report assay results to an in-
strumeut coatrol computer (ICC)H, The ICC, in
turn, is part of a larqer computer network that
includes computers that perform process control
and auclear materials accounting functions. The
experience in developing the integrated NDA sys-
tem, the design, and the testing are discussed.

I. INTRODUCTION

A new plutonium scrap recovery facilicy
has been constructed at the Savennah River
Plant (SRP). Los Alamos National Laboratory
collaborated with SR? to define and cdevelop an
ilategrated systam of modern, automated non-
destructive assay (NDA) ingtrumentation that
wili provide nuclear materialgs accounting and
process moaitoring information tc the nperators
of this facility. The goal is to provide an
actountability syatem capable of drawing fre-
quent material balances wvith minimwn reliance
on laboratory measurements of analytical sam-
ples.

This arate-cf-the-art instrumentation has
besn designed and fabricated by Los Alamos
National Laboratory, LAawrence Livermore Nation-
al CLaborastory (LL.NL), Mound Laboratories, and
Savanpah River Laboratory. fLus alamos serves
as systam coordinator, combining the individual
components into an inteqrated package with the
10 NUA instruments rceporting to a cenrral in
strument control compurar (100), The ¢, n
turn, Is integrated intn 4 fAac.lity computer
network that incliudes other computers dedicated
to procass control and nuclear marerials ac
counting functic:.us, The *hree computers that
compose rhis network have dedi-ared funcrions
but  exchanue t(malevant infoimarion P heauah  a

Digital Equipment Corporation network (DECNET)
communications link to optimize the simultaneous
performance of all three functioas. The inte-
grated system is illustrated schematically ia
Fig. 1, The details of the system design have
been reported in previous publications.l'z

The system has undergone extensive develop-
ment for more than ) years. The equipment has
been shipped to and installed at SRP. When "he
facility initiates plutonium processing, Los
Alamos and the other national laboratories will
assist in performing the initial calibration and
check-out of all NDA instrumentation. Imple-
menting this intejrated system in a process en-
vironment represents a major step in realizing
the full capabilities of modern NDA instrumenta-
tion.

In developing such a system, we have
iearned many things and have had to constantly
remind ourselves to <eep the system simple; it
is sufficiently comp.icated with 10 instruments
working as & system. This paper describes our
experience in developing such an inteqrated sys
tem so that other facilit.es <conslidering such a
system may benefit from this experience.

[, DESIGN CRITERIA

A. Modular Approach

When the SRP personnel con:acted us .on
cerning the development of such a uystem, we
welcomed the project because of its unique —hal-
lenge! to bulld an lnteqrated system in an
actual chemical processing faclility. Hecaiie
this experience was naw, wa could not anrticipate

all the problems we might aencounter or the ! imne
development might require. We had approximarely
} ysars to build aad develop the system., Sev
sral of the state of -the-art NDA systems o«
I years to develop and test. The tight achednin
mandated that only provan techniquen or simpls

extrapolations of proven techniques -ould w
ined, and that as much of the developman' .
possible should be done in parallel. Tab »



LLNL -

SRL/P

|Aumnuuun [ — - - = === ha ":2::2r‘
compyTER B =__cowvria .
‘ i
rewTIR ™ j
snres ' TEME— tTana
TER— SANPLE ASIAY baPLAY
| LANL
' reaTay
T
LED ASAY
aa e in)
ull | CALORREE TERS
{ MOUND

‘AMI

e Y-PMA COARIAL Ge PLAMAR 3 10LI04 Lo JAITE  TRANPEW AMOR TANKS TANKS TAMKS ramRs
! H e AIAY LM CAN . o o
SLI0 OTOPICS e Bt WY T W1 N
A 1. G —A_ LA A PROCLE ARSA
T TEmeAL T4 + SANPLE ALSAY
0 0AR CODE READES A FEED ASSAY

Fig. 1. Detail design of integrated NDA
possible should be done in parallel.

TABLE I

PROJECT PHASES
1. Conceptual design study
2. Ilnstrument development and fabrication
3. Instrument control computer

® Specification

¢ Procurement

¢ Software development
4. System integration and testing
5. Training
6. System delivery and installation
7. In situ calibration and testing

The best approach in
idrge prnoject is ro hreak
this project each NDA
a module.

srganiglng  such a4
it into modules: in
instrument {s considered
A modular approach allows all the NDA
instruments to be developed in parallel, which
saves calendar time. Because four national lab
drataories ate providing the instruments, the ap
ptoach allyws phanes 2 and ) (described in Table
1) to o dAeveloped concurvently. &L modular ap
proach aisy allows petformance tests to be «<on
fucred Hu  mach module. In 4ome ways, rthis

system for new piutonium scrap recovery fa~ility.
Table 1 summariszes the several phases of the project.

appreach s similar (o the devilopment of a
larqe., complex software program: the program is
divided into subroutiaes. each performing a
unique fuaction. In addition, each subroutine

can be tested scparately.

8, Communication

Because all the NDA instruments .communi -
~ate with rhe [CC, rthe communicatinn protocol
has to be selected very ear!y in the dJdesign.
This communication links the individual modujes
and "he cerntral computer, g0 it is impurtant to
maky “he link 18 simple ac possible. We have

invest{gyated the use of DECNET as the communica
tion lionk between the microcomputers (DEC u 11)

and *the .CC. We found rthat DECNET would use A
substantial portion of the memory .u *the micts
eomputers, leaving very little for rthe yotaal
NDA applications.

\oserial line (RS-212% communication puae s
CoL was selected for this project: it was leve,
ped for +he neutron interrsogator ingtalied g
the Fluorinel and Storaqe Faciliirty of *he | taho
Thamical Processing plane ) Sevetal e e,
Are incorporatsd into rhe protocol for ne <oy
the ‘orryctness of each message: A hyts ot



to check the message length and a check sum to
check the longitudinal sum of the message char-
acters. All information is transferred in ASCII!
charucters so that a nonintelligent terminal can
be used for debugging. This feature is useful
in “he instruments’' integration and testing
phas¢s.

C. Master/Slave Relatiomship

There are six or more microcomputers re-
portiag to the ICC (DEC VAX-750) computer in
this projecs. During the G[project's design
phase. it is crucial to decide which computer
will be the master and initiate the commurica-
ticr and which will be the slave aand listen to
the communication. We decided that the micro-
computers should be the master and the ICC
should be the slave for the following reason:
The microcomputer has limited memory, and most
of rhe NDA systems are pushing the limit of the
compiuter memory before adding the ctask of
listening to the ICC; the ICC computer is a
much more powerful computer (VAX) and has suffi-
ciert memory to take on the task of waiting for
communications from the microcomputers. All
communications are Lo be initiated by the NDA
iast.rumeuts; except when ackncwledqging receipt
of ianformation or sending requested informa-
tion, the central computer is ready to rec2ive
messages.

Seve:ral suggestions have been made for bi-
directional communication, with the ICC and the
microcomputer both able to initiate a communica-
tiorn; rhis process would significantly increase
the system's complexity with very li*tle gain in
the system's versatility,

III. DESIGM FEATURES

The design goal of this project is that the
individual instruments can be operated in a
stand-alone mode. This setup anticipates the
situation in which the ICC computer is not func-
tional; the facility still can process material
usiny manual entry. It was also the design goal
of the project to ensure that the system can be
easily maintained both from the hardware and
software points of view. Another desigr objec-
tive {s that the instruments should have meas-
urement control (MC) featu.es.

A.  Bardwsre Standardisation

In 4 large project such as this one where
the hardware cost exceeds a million dollars,
standardisation is crucial, Standardization
has several other advantsges such as reducing
the number of spare parts needed (or back-up
and simplifying the rraining of persounel in
maintdining and operating rhe NDA instrumeuts,
Hardware components have been standardized as
much as practizable.

Considerable effort has been devoted to -he
details of hardware configuracion. For exampie.
a standard u-11 backplane configuration is used
throughout for all the instruments; identical
vector and address are used for each of the de-
vices interfaced with the computer. An example
of the standard back planc layout is shown in
Table [I. Another e#xample of the hardware
standardisation is the electronic components.
Figure 2 shows the electronic racks for all the
NDA instruments in this project provided by the
four laboratories: they look identical except
for the logo identifying the instrument.

B, Software Commonality

From the beginning of the project, it was
agreed that DEC software shculd be used because
ali four laboratories involved had experience
wricing DEC software. A lot of time and discus-
sion have been devoted to the issue of usiang RT
(single-user DEC software) vs RSX (multiuser DEC
software). The RT operating -/stem was selected
for several reasonc: it is simpler; it is easi-
er to write the device driver for a single-user
system and to generate the system software; and
most of the developers are more familiar with RT
software.

From a facility operations viewpoint, the
most important software is the interface between
the individual NDA iastruments and the operators
rerforming the assay. All instruments are op-
erated from terminals and have standardized
operator/instrument dialogue. Ffor example., the
‘A’ command on one ingtrument will start an
assay, as in any other instrument; the 'MB’
command will initiate a MC biag run on any in-
strument. This standardisation reduces the com-
plexity of operator training as well as poten-
tial coafusion because the same opcrator will
likely perforin assays on several instrumentis.

The operator/linstrument interaction is
based on our experience with installed instru-
ments at the Los Alamos Plutonium Facility.
Over a 7-year period, each instrument installed
has featured further refinements of the opera
tor/instrument interaction with the qoal of
developing a truly user-friendly system.

There is the question of what *to 4o with
the assay or MC data when tho ICC is not func-
tioning, Each of the NDA modules is Jesijned
80 that it can archive sssay results and MC
data up to 7 days (100 records each). [n each
of the NDA gystems, there are two log files. oue
for assay results and one for MC tegults, Thase
two flles serve dual purposes: they are 1sed
tor archival results, and they can bhe usad Ly
the supervisor o examine previous data from the
terminal. It is assumed that the I[CC wiil e
repaired within 7 days. During thit perind *rhae
Assay results can be manually entered (nto 'he
accountablility computer, When the 17
repaired and on line again, the ar-hived i,ay
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and MC resul.s will be sent to the ICT asutomani-
cally., The ICC will archive dats for 1| monnmn,
after which the data can be :cpied d>an. remova-
ble disks f)r permanent storage.

C. M.

The /€ is mandated by DOE requirements. (-
is important to have a well-thought-dut MC pro-
gram ear.y in the project so that rhe meas.ce.
ment sygcems cdén incorporate MC intn the .as=o. .
~ent desrga. The MC program for the . ar:i..s
inatrumants is based oo that jeveloped f3r “ne
Los Alamos Plutonium Focnicy.‘ This MO 2
jram has Deen used at Los Alamos since 1377, !
subst intial operational experience has oo
accurulated,

The MCs are divided 1nto "wo ieve.3. .o
Flg. 2, Elactronic racus during rhe integral { M! 1t performed on the 1ndividual NUA oo
rtasring phase. m@irs At which 8 few gsimp.e shatisri V. o <,

rre performed. These :hecks, petf :-al



reqular intervals., include a Dbias check. a pre-
cision check, and a background :theck. Diagros-
tic checks are 3.s0 1ncorporated. For jamma-ray
systems, the dJiagnostic checxks consist of a
detector resolution check and zero and gaia sta-
bilizer checks. For neutron coincidence sys-
tems, cthe diagnostic check would include a
totals-to- accidentals test.

Level 2 MC is performed at the ICC level.
At this level., all NDA systems will have con-
trol charts to monitor the treands of the bias-
check and precisian-check daca. In addition,
Page's test for trends of the measurement proc-
ess can be performed at the ICC. Because all
the instruments are on-line to the ICC, every
MC run will be archived at the ICC, which then
can ancumulate realistic performance data ot
each of the NDA systems, A detailed descrip-
tior of the MC program can be found ia Ret. S.

IV. TRSTING

In a complex project., testing is crucial.
In this project, rthree levels of testing have
been performed: individual module, communica-
tions, and system.

Because each of the NDA iastruments is a
module. performance testing on each module is
coaducted at the four participating laborato-
ries. Each NDA instrument was tested for tne
different assay modes (assay, backgrouad, MC
bias, and MC precision). The accuracy and ths
precision of the iostrument are cested accord-
ing to the specifications., The archival capa-
bility of each module is also examined. Ffinal-
ly, the reliabilivy of the module is tested,

The unique phase of this project is the in.
tegral stagi gq. The primary purpose of cthis
phase was 0o check "he communications between
various computers and to verify “he ICC softwere
during the operation of the NDA instruments. To
accomplish this (nitiative, all the NDA instru-
ments from all the labocatories were shipped and
installed at Los Alamos. After each instiument
was tested successfully in che stand-alone mode,
it was brought on-line with the ICC, <ommunica-
ricn test: were then performed by axercising
each of the NDA instruments in the various assay
modes mentioned ear.ier.

Next, the Feed Assay Room instruments (plu-
ronium solid isotopics. <calorimeter., and +he
feed coincidence tuvunter) were exerc:sac togerh-
ecr to verify rhat nhey ~ou.d providy a plutonium
value for =he input of the process. Then, rhe
Sample Agsay Room SAR) .nstruments . turbidi-
meter. Jdensirometer, x-ray fluiorescence, 7jimma
pulse-height anaiyser. and low-golution assay
instrument) were exer:ised rogether. Sampies
tnar would require a4 process measurement and’/or
Accountabiiilty meas.cement were routed rhrough
the SAR by Jilferent reqime :odey represent.ng
differenr. assay sejuences. For  each  assay

-~

sequence, ~he Commuaicatioans Dbetween =-he [T
and the accouatability and process :ontrai om-
puters were checked, Soth normal and abnormal
operations ICC down) were cested =0 simulate
realistic operational conditions, inciluding
Jperator error.

v. COMCLUS IOM

The design, devetlopment., system .utegra-
tion. training, and installation phases of -he
NDA system have been completed: the only remain-
iag task is ths in situ calibration. [a this
project., we have had to constan.ily strive to
simplify the system without compromisiag the
capability of the system. Throughout this peri-
od, a spirit of camaraderie developed among the
four laboraterien and SRP persoanel. Because
of this dedicatel team effort, this project was
successfully completed. Figure ) shows che Los
Aiamos veam in front of some of the assay sys-
tems during the iateqral testing phase.

Los Alamos Cteam in froat of some of
rhie assay systems during the integral testing.

Fig. 3.
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