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Abstact

A wide vaniety of user requirements in nondestructive
asgay field applications can be satisfied by carefully specify-
ing a small number of standardized hardware and s-fiware
modules and their interfaces. Exarnples of this philosophy
will L presented with a novel, small multichannel analyzer
(M3CA) as the foundation. The protutype M3CA is i0 cm by
20 cm by 9 cm and includes a detector bias supply, ampli-
fier, and battery /1/.

1. Introducuon

In-field measurements are generally more challenging
than measurements made in a ¢conmolled laboratory environ-
ment. It is more difficult to get good results if the instrument
is brought to the item to be measured rather than if the item is
brought to a well: designed measurement station. In addition,
ficld measurements sutfer from poor control over the sample
geometry and chemical fo.m; ofien even the sample location
i, not well known. However, certain needs can only be sat-
isficd with in-ficld measurements, and in-field measurements
can be attractive to the facilny operator.

Current technology offers a choice between multiper-
son operation and simple, primitive operation. Existing
compuct multichannel analyzer (MCA) technologies are
portable but typically require additional personnel or rans.
portation mids or both 1o hold the a=tector, the dan reduction
nnd storige capability, and the miscellancous items that are
needed The ulternauve hardware systems lor portable
aperation by a single person tend to be of the “go/no go™ or
rate meter type that are susceptible 1o bias effects. The aim
ple alternative annot distinguish which isotope causes the
sigeal. Temperntire and battery level changes can cause
mstabihnes that lead o unpredictable biases in the measure
ment results,

Mcanwhile, user needs tor holdup vaeasurements, pro
cesy monnonng, inventery verihicanon, and envionmental
SUIVEYA HE RIOWINE 10 AN ¢NVITOMIREN! of increasing con
cetn for health nnd safety. Facility operators are attracted to
in tield measurements that generate less mixed waste and
requne less handhing and tadaation @ xposme than irnditional
count toom analyses Owe goal s to provide hardware and
soltware binlding blocks that users who are not iechmeally
expertin the el detals cin use W solve o vancory of
problems.

*This work s supported by the ULS Department of Fnergy,
Olice of Stepannds aml Secunty

2. Evolving Technologies

The advances in electronics and software arc more
rapid and more impressive every year. The MICA develop-
ment effort is benefitting from spin-offs from this market-
dnven advancement. Some of the specific hurdware devel-
opments are smaller and faster processors. low-power
requirements, and compact storage and controller units.
These readily available picces can be interconnected with
miniature, standardized interfaces and ali of this capability is
becoming available at continually decreasing unit costs.

Compact low-resolution detectors with shielding that
weighs nnly 2 kg are available from commercial sources /2/.
Bar-code-reader technology is being widely used tor items
that must be inventoried on a regular basis, and some bar-
code readers can perform sitnple control and storage func-
tions.

Software developments are proceeding at a commensu-
rate pace. New commercial tools, such as powerful und
flexible databases, exhibit enhanced features that take advan-
tuge of the hardware improvements. Many products can be
used across several hardware plaiforms and with different
operating systems. The data files of the better softwire can
be accessed by different programs, thus helping to reduce
the scourge of transcription errors.

We developed a multidimensional user needs mntrix
tor portable gnmma-ray assnys and compared it 1o the hand-
ware and software possibilities. OQur goal was to design
requireinents for a few siample modules that could be assem
bled into solutions addressing the various necds. The mea
surement aeeds ranged from crincality salety o accountabil
iy measurements, Ditlerent isotopes are of interest to ditfer
cnt facilities, sometimes more than one isotope _nensured
m a given apphcation, Needs common to all pplicanons
were stable hatdware response and compact, robust ficld
maodules Each user requires nssurance that the data ase valid
us taken, but detaded reduction and evaluunion ol the data
usunlly oceur later, off e Operational simplicity is essen
tal In peneral, the less equipment catned into the field and
the Iess cantied mto potentinl conmmation areis, the heiter

All equipment canied into the field must be reliable.
The mean e between hardware failurex must be as poed
ny or heter than the time for modern nuclenr insirament
module electtomey and deskop computers 1is not asc-py
able fov mantenance and repiir costs o be o apnilicnnt i
ton of the msihaton cost Facility opetators nmmonze the
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instruments. Repeating measurement campaigns because of
equipment failures is not a popular activity. Modern, low-
power electronics exhibit vastly better reliability than prede-
CCSSOT electronics.

Sofiware modules are becoming available that arc
independent of computer platform and operating system.
These programs have identical user interfaces independent of
the sysiems they run on. This philosophy should be
cxtended to new hardware units as much as possible This
philosophy can be assisted by defining simple interfaces that
require compatibility with several sysiems. The advantages
of modules that are independent of computer platform and
operating system are that less training is required for new
users, new modules can be used with existing equipment,
and it is casier 10 assemble the modules in10 new instru-
ments.

We are implementing a modular concept around a new
miniature modular MCA (M3CA) /1/. A small number of
hardware and software modules will forn a 100l kit. This
100l kit will use simple, standardized interfaces that can
couple 10 different controllers. The simple senal interfaces
will allow a variety of platforms to be coupled 10 the M3CA.
Each applicanon will start with pnmary modules from the
wol kit, which should sausfy most of the applicauon’s
necds. The relatively small amount of applicauon. specific
developmer.t will be done as required on a customized basis,

4_Applications of a M'CA

The chowee of which modular building blocks to use
with the MCA is deternmined by the specific appheations axd
the available hardware. Holdup measurements, ventication
meiasurements, and process monttoning are three applicanons
described below,

Lenable Holdup Mcasurements

Holdup 1s residual nuclear mmenal retned by process
cquipment after operaton Holdup accumulanons can be
sigmibcant because smadl amounts per unit area distributed
thioughout large facibies generally add up o Lirge amounts
/Y. Penodic nondestructive assiy (NDA) of holdup provides
measured nucleri matenal guanunes tor inventory 1econis
and for cnncaliy safety /47 Retention of safe quanuues ot
nucleaw natenaly in equipment avonds unnecessary and
coatly cleanouts and minmnzes radiation doses o operators

A vable propram tor quanitative measutements ol
holdup requares thousatds of gamma ray measurements i o
shont ume, brequently wath hmated aceess i challenyping
envitonrments Fynre 1 shows o user simulating a typical
measmement The user requires equmpment that - rapged.,
reliable, compact, iphwenpeht, and simple w use In penetal,
commercually wvilable, shielded, low resolution detectons
e med, as stiown aa g 1 However, i desnnble o
have the hadware capabiliny to support lagh resolution
detectors wosn b application tequites them The quatiny of
the spectral data ootuned from these measutemenis st be
assured ot al!s and the dati from each measutemert
st be matched w the speeific piocess cyupment,

Fig 1. A user simulaung # incasurement of the nuclear material
koldup in ventilation piping.

Assay of holdup takes place in three steps as follows:

(1) calibranon of the handware,

(2) acgquisiion and storage of data trom holdup
deposit measurements, and

(1) archiving and quanutative analysis

Hoth the MCA und the gamma ray Jetectes are required in
steps (D and (2) using diflerent control mesdudes.

[ the holdup mensurement calibration, a senally
mterfaced PC s used 10 set up and contvol the MYCA, o
mutomate the analysis for the generahized grometry calilea
ton /5, and 1o display the gamma ay spectia New., stable
handware does not vequire hequent cabbranon Calibration
uses long count tumes in conttolled. clean locanons remote
(rom the provess aeas Calibranons are pertoamed by NDA
cxpeits The use of soplisnced menu doven softwire and
spectral display/manpulation capabihnes s desstable i this
calibtntion Los Alamos sotiware developed m the € pro
pracvng lanpuape has been implemented (or operanon of
the MYCA vale il kevpad based PC conttol ol hardware
aed spectal denlay /17 Ao appheatons soltware packape
entthed FIMSH 0/, wintten i dBase TV automates the ¢al
Iation ot the holdup measmrment appheation A compued
version of thiy software has been dow nlopded wd e ated on
palm sized PO commumicating, with the MYCA The pud
uct of the cahbtanow s a pasuneter Gle t contany e



M3CA setp and spectrum analysis information, the refer-
ence information for the daily measurement-control and
quality -assurance tests, and the generalized-geometry cali-
bration constants,

To acquire holdup data, a palm-size, commercial, pro-
grammable bar-code reader/data-logger replaces the PC as
the MICA controller. The miniawre control unit is pro-
grammed 10 set up and conwrol the M3CA, automate the
acquisition of gamma-ray spectra. store the reduced spectral
data, and perform certain tests 10 assure spectrum quality.
The palm-size conmol unit becomes enabled for service when
the NDA expent ransfers the parameter file o the control unit
by serial link. The software program for the bar-code reader
i. & truncated version of HMSII, Holdup field measurements
must be performed in rapid succession in a hostile environ-
ment with all equipment carried by a single user who 1s rela-
tively unfamiliar with NDA m=thodology. Bar cades affixed
10 each measurement location are located and scanned by the
user who then initiates the corresponding measurement. The
bar code is stored with the reduced spectral data in the bar-
cxde -reader memory. Later analysis, outside the potentially
contaminated area, uses the bar code 1o match the data with a
specific process location and with equipment details that are
required 10 calculate a result. The user performs holdup mea-
surements at bar-coded locations until time or the memory
allocated for storage of data has been exhausted. The user
returns the bar-code reader/data logger to the NDA expen
who serially transfers the data (1ypically several hundred
measurements) to the PC, which can remain outside the
hostile environment. Following data transfer, the serial hiak
between the MYCA and the palm-size control unit is reestab
hished, and the user resumes measurements until all locations
have been measured.

Although the MCA 1s not used in the third step, this
step s essentl mn using the MYCA for holdup messure
ments. A single user might perfonn as many as 1000 holdup
measurements i an B hour shife ‘The third step quantities
and archives holdup values based on measurements by sev
cral users. The HMSII sofiwitre uses a data base developed
lor each Gacihty that hnks the reduced measurement data wath
phvacal and mechamceal detuls at individual measurement
locanons in the processes. The HIMSIH soliware correets the
data for vanous geometry and attenuanon eftects, guandbfies
the mdividual holdug assay results and uncenmnes, and
combines contipuous quantitutive results approprately to
gve the holdup quantity and sty uncertarmy for each prece of
cquipment, provess hine, or matenial balance mea Withow
dita manapgement, these volumes ol data wouold be of hitle
use

Yaudicauon Mcasweinenty

Noedlear mutenial venfieation meastitements aie pet
formed 10 conobonte declated (aecomnbility) values wath
quanutative assavs lem dechivcar oy can be ventied in sun
ape vinilts or i PHRCON Toeine vhication measurenients
are somctines indeangushable, m method as well as pur
pose, ltom holdup measwements, therehy both tequite
tupged, teliable, compact, hiphtweght, simple o use equip
ment that automanoably asses the quality of the dita

Examgles of verification of nuclear matenal quantitics
in process or storage locations by portable gamma-ray mea-
surements have been documented /7.8/. These examples
have involved hyperpure germanium as well as Nal(Th
detectors. each with different electromes to acguire and
reduce spectral data. Because of the modular and flexible
design, the new M3CA linked 1o the appropnate control unit
satisfies the nceds of all of these apphications and sigmfi
canily reduces size without compromising other feawres.

Continuous, unatiended pamma-ray and neutron mea-
surements have been performed on-line for real-time assay
of nuclear materials in process streams /7,9, 1()/. These mea-
surements monitor process operations primarily 1o control
the process. Production benefits of conunuous process
monitonng include optimized products, minimized waste and
reagents, and minimized delays (from remote analysis of
process samples) in processing. Unattended quantitauve
nssays reduce nuclear materials handling and transfer
requirements associated with the removal of process sam-
ples, therchy contnibuting to rudiation dose minimization anl
improved safeguards. The real-time readourt of nuclear mate
risl quantities can also contribute to cear-real-ume nuclear
material accountability.

In common with requirements for holdup und venfica-
1on measurements, assay cquipment for process monitoring
must be rugped, reliable, and compact. Normal operation
must be independent of user intervention; in the existing
MBCA design, user input 1s required only to identity a new
measurement location or sumple. The monitoring funcuon
apphes to a tixed location so that interverfion iy not reguired
after initial start up. A further requirement for the monitoning
funcuon, the automated assurance of the jquality of data
obtained dunng continouns operation, 15 alse biilt into the
MICA. The MYCA module has been designed 10 include
only essentinl generie fentutes. Applicaion specific {eatures
become modulin plug i or rmote addinons, Theretore, the
MICA is optinized for process monionng because maxi
mized rehabihity and mimimized complexaity are expected of
instumentiation installed on the process hine. The sophistica
tion (visual readouts, for exmmple) required w implement
process control funcuons will teside with interfaced had

e thit iy remote from the MYCA

S, Futuez Nyegs and Apphoatony
Enhanged Mumiglunzation

The prototepe MYCA addiesses the sequurements of
pottabihity and compactness tor holdup measumementy, ven
Lentton measmements, and PrCess THon oy, s stgmh
cantly smanller und liphiter than previous wstiuments with
cguivalent feanes Additiona! minsstunzation planned fon
19OV /17 wall make the MYCA even more useful by provihsy
oo fen even more luecvons



Measurement needs such as portable holdup assays
and quanntative process monitoring involve rapid acquisition
of large numbers of gamma-ray spectra that must be evalu-
ated in near-real-time. The prototype MICA transters
reduced spectral data because it has a limited memory and
sworage capability and is currently limited by serial data trans-
fer rates. Therefore, each specaum is first subjected to diag
nostic tests (spectral data can be subsequently adjusted) to
assure the quality of the reduced and transferred data. The
test program resides in the controller unit, but the MACA cal-
culates the spectrum-quality parameters and transfers these to
the controller unit for the diagnostic testing. Adjustments
(such as dignal-gain-drift compensation /11/; are performed
in the M3CA. upon command from the controller unit,
before the transfer of the reduced specural data. Increased
MICA programmiible memory will enable additional calcula-
tions of generic spectrum (uality parameters for enhanced
spectrum -quahity-assurance diagnosdcs. PC compatibility
will allow downloading of any standard PC program mio the
MYCA. Increased daw storage capability, by modular addi-
non of miniamnzed storage media such as thin magnetic cord
dnves, will permit archival storage of raw spectral data,

Linbanced Funciionality: Indicitory

The hardware status of the pretotype MPCA is verified
through the controller unit; it sends commands io the M3CA
and reads out parameters from it. But the status of the hand-
wire could be verified without the controller unit if a visual
readout of such things as voltnges, wmperatures, and power
stitus 1 added along with audio or visual indicators of
alirm it violanons.

Eahanged junciionahity: Pulse Heighi Analysis

New compact detectors are beinp tested for perfor
mance wid relability MACA hardware and sottware mipht
have 10 be adapted 10 be compatible  Adaptanons nught
mnclude pan stamlizanon, pulse rejeciion or pulse height
detect compensinon, diyntal control of exiernal detector bins
supphes, and “wueless™ detecion connecions. Compaubilny
with new detecion technologies might alse extend bevond
pamma ray detecions o apphicanons with neutron detectons

0. Summdny

O poal s 1o provide MCA hindware and sottwme
Bunlchng blacks that techimeal users van wee 1o solve a vanety
of poblems The MYCA will be idependent of computer
plattorm and operating svstem and can be used by echmenl
personnel wlho hive hinted expenence with itermal MCA
opetation
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