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Introduction

In 1981 a small, battary-operated multichannel
analyzer (MCA) prototype daveloped at Los Alamos Na-
tional Laborstory was delivared to the International
Atonic Bnergy Agancy (IABA).1:2 The intent was to
produce an instrument for inspector (nonsciantist) use.
Automated measurement programs were built into the MCA.
An cnhanced, commercially produced MCA* is now avail-
arile, which was patterned after and ir -oftware com-
patible with the prototype. After an extensive review
of the hardware and software of the available portable
1MCAs, the 1AEA has chosen this MCA to be used by IAEA
inspectors throughout the world. Inspectors from the
EURATOM Directorate of Safeguards are also using these
MCAs in inspections throughout Burope.

While this MCA's portability and programmability
make it ideally snited for infield applications, its
powerful built-in 1intelligence and communications
['rotocol make it a strong candidate for distributed
data acquisition and control systems.

The user-instrument interface philosophy 1is so
easy to use that in domestic and internationa) training
schools, the operators manual is not usad.

PMCR Applications Proqrams

The portable DSD-2056-4K multichannel analyzer
(PMCA) has typical f{eatures found on classical MCA da-
rigns. A unique featuie of the PMCA, shown in Pig. 1,
18 the USER key, whicl. switches the unit from a ganetal
purpose MCA to a sophisticated measurement tool for one
of several specific measursients that can be selectad
from the menu displayed on the 2-line by l6-charactar
1iquid crystal display (LLT). vor cumplex measurements
that are performed frequently or by sevearal different
people. it 1is desirable to have a unique progqiam for
each particular measurement. The advantages of using
such application programs are as fnlliows:

1. The programmed steps lead the user through a
defined procedure reducing the possibility of errors
due to improper procedural nteps, and assurance is
provided that measurements are performed identically
even though several different people are perfoiming
them.

2. All calculations are done by the application
program, eliminating the possibility of keying in the
wiong value if transferring the data manually to a
calculator or other couputer. Tha internal calculation
capability provides immediate results allowing conclu-
sions to be made quickly. 1In addition to the main
result, such ag uranium enrichment, other useful in-
formation. such as error propagation, count rates,
etc.. is easily calculated and displayed.

Several application programs exist for the PMCA.
These programs are either internal (programmed in PROMs
that reside inside the PMCA) or external (written on
another computer that communicates with the PMCA that

*Marketed by D. B. Davidson Co.. North Haven. CT as
Model DSD-20%6-4K.

Pront panel of PMCA.

Pig. 1.

acquires the data and does some internal calculations
to get tha results).

Internal Application Programs

A basic understanding of the PMCA operating system
software 1s necessary to write internal application
programs. The operating system can be divided 1into
two main parts: a utilities packnge and a baxic com-
wands package. The system software was written in
Motorola 6809 ussambly language to produce compact
code. The hardware constraints of the system (port-
ablility, battery operation) and the original limita:
tion of a 64K address space on 8- bit mlcroprocessors
made compact code desirabla.

The utilitias package contains the individual
hardware drivars for the PMCA specific devices like th:
analog to-digital converter (ADC), discriminators,
amplifiar, atc. 1t also contains drivers for the
intaractive user interfaces with the 1.0, Kkeypad,
cathode -ray-tube display, realtime clock, cassette
tape. and RS- 232 serial port. The utilities alsn con-
tain higher level subroutines that provide interfaces
useful to application programs. The hardware driver
for the LCD simply outputs a character to an LCD
position. The higher level LCD subroutines print a
number on the LCD. which invclives converting internal
numbers into ASCI1 strings aid then formatting that
string to tho LCD. Similarly, subroutincs exist to
input floating-point or inteyer numbers from the
keypad and convert these ASCI1 strings into internal
numbar represantation.

The baslc commands package uses the utilities
package to create the comumand sequences tha! are ex-
ecuted on each keypush. Each keypush consists of a
menu of prompts that appear in the LCD window, and
actions and calculations associated with thcse prompts,

The utilities package and the basic commands each
use about 8X bytes of memory. To give the applications
programmer accemst to general purpose subroutines the
following convention s used. Necesnary external



varlables are declared to pe located at memory loca-
tions that do not change in subsequent system software
upgrades. A sat of subroutine vectors pointing to
ganeral purpose subroutines in the utilities and basic
commands is located at defined memory locations that
also do not change with systea software upgrades.
Using this vector approach allows the internal system
software to be changed without changing user software
becauss the links betwsen the two programs resain con-
stant. The application program executes a utility
subroutine by doing a subroutine call to the vector:
the vactor initiatas & jump to the prasent location of
tha utility subroutine where the subroutine is actually
executed.

Approximately 30K of memory is avsilabla for user
application softwara. A typical user application pro-
gram consists of "hace parts:

1. Set up the PHNCA parameters according to a
spacified memory table of settings for high
voltage. detector type. etc.

2. Input parameters and information for tha
measurement .

3. Carry out definad steps to acquire data.
This may involve prompts to position cartain
standards. sources. etc.

4. Do measursment relntad analysis on the ac-
qQuired data.

5. Display calculated rasults.

Some parts of an application program are just executing
proceduras or subroutinas that already axist in the
urilitias or basic commands. Other parts contain code
unique to the application program. In the presant
applications programs. the subroutines to do the PMCA
satup. input specifiad parameters. and acqiire tha data
ara written in assembly language. Thase subroutinas
nake use of saveral modules from the utilities and
basic commands. The data analyxis is different for
aach program and is now being written in PORTRAN. Tha
final results are displaved from FORTRAN. Typical
application programs usa about 12-1%5K bytes of ROM
BOROTY.

Tha wmost sophisticated application. the compact
dansitometer. involves the measurement of elemental
plutonium cconcentratior in solution by ®measurina tha
absorption of gamma rays with enargies just above and
just below the plutonium K-edge (energy = 121.6 keV)
by & kn>wn amount of Pu solution.d e 98¢
121.1-kev line 1lies just balow .his «dge ana the
37co 122.1-kev 1ina l1ias just above the edge. The
amount of Pu is determined by maasuring the relative
intensiiion of these lin-n whan they panm through a
solution with Pu and through a similar solution with-
out Pu. The 88 xev 109cd gamma ray. wnich 1s fixed
relative to tre detector and does not pass through the
solution sample. imr uned to correct four any rount-
rate-dependent losses.

The user application program insta)led in the PMCA
prompts the user through steps for this measurement.
Tha reylons of interest (ROIs) are automatically set
for the user. The ROIs are calculatad based on speci-
fied energy regions: the energy calibration is made
using the 68 and 121 kev peaks. A background meas
uremg.at is performed. The 11 and 122 kev peak in
tensities are measured without Pu sulutions in pluce.
A calibration constart is detscimined by measuring the
intensity of the vamma rays after they have passed
through a standard Pu so.utisn or an option exists to
enter & pieldvtermined calibtation constant. Then the
user is prowpted rhrasgh lntensity measurements using
unkiiown solutions. The results and propagated eriorn
are calculated with the intensities of '38e and
37co. corrected for decay iime.

An in-plant dansitometer that wusas an WD650-
analyzer tc do measurements. analysis. and control ob-
talns accuracias of ~0.4v.4 The portable K-adge
yields accuracies of 1-20% and pracisions similar to the
accuracies of the in-plant installation. Hence the
PNCA i3 not the Factor limiting the accuracy.

The Nal enrichment program. basad on the enrich-
aant meter pzlnciph.” is used to ®msasure uranium
enrichment. This user-friendly application p:ogram is
tesidant in the PMCA. 1In normal usa ole selects pre-
defined values for the instrument setup. The PMCA high
voltage. amplifier polarity. etc.. are the automati-
cally set. The calibra-ion constants can ba determined
by using 2 to n standards by the PMCA. or previously
datarm.ned values for calibration constants can be
entersd. The user !s prompted to supply tha percent
enrichment of each standard. Data ara than acquirad
and new calivration constants calculatad. Once the
ca'ibration constants are known. the user can asasure
unknown samples: the percant enrichment and uncertainty
are calculated for aach sampla. The program has other
anhancements that can be selectad such as reanalyzing
data from tape. checking if a naw standard fits the
Calibration coustants previously usad. and changing the
preset PMCA parameters. Table 1 shows results obtrained
by six teams of inspectors at & training school in Los
Alamos using the intarnal Wal enrichment program.

Tha UFg cylinder cnri-hment measurcmsnt pr.-y.am
uses » high-rasolution qamma (HRG) deta.tor tc measure
anrichment of material 1insida a UPFg cCylinder. Tha
current UPg program in tha PMCA prompts tha user for
the wall matarial linaar attenuation coefficiant. wall
thickness. and calibration constant. Onca these valuas
aie antarad. a spactrum from the cylinder is acquired.
The program calculates the enrichment and uncertainty
and displays the results. Tha presant varsion of tha
program was written for the prototype NCAs: it will
soon be updatad to do PMCA setup. allow for reanalyzing
data from tapa. and have an option to datermine a cal-
ibration constant. The original program was usec for
an extensive study by a Buratom sciantist in which 1.7%
uncertainty for low-enriched uranium was obtained.

External Application Prograns

An axternal applications program uses the commun-
ication protocol defined for tha RS 212 pott ' A
PMCA key can be pushes by sending sn ASCII string
representing that key to the PMCA s RS8-232 port. For
example. to ~push” the SKTUP key send the five char-
acters. SETUP. follcwed by a carriage return. The PMCA
constantly monitors the seriel port for keypushes to
execute: once it finds a keypush string it executes the
same action as if that key were pushed on the keyboard.
Ths porsible strings that can be scni are listed in
Tabla 11. 1u addition to the strings corresponding to
key labels. there are some virtual keys such as OFMKEY.
which disables keypad entry. and ONKXEY. which anables
keypad entry.

An external application program can be written on
any computer that has a RS 232 port that cen be used
to communicate with the PMCA. The PMCA setup anu data
acquisitions are accomplished by a Bseries of “key
rushas.”™ which imitate wha® a umer would do if per-
forming these actions using the keypad. During this
process. the PRINT key is frequently used to echo via
the serial port tre present contents of the LCD: this
providoa a handshake 80 the waternal computer knows
which keypunhes the PMCA has executed. Once the data
Are acquired the I/0 kay is used to dump Jata from the
PMCA: this may involva dumping data fiom all the
channels or using just data from the ROls. The
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‘Results ndtained 1f plleus rejector was nNot used.

TABLE 11

PMCA EXTERNAL COMMUNICATION PKkOTOCOL
ASCII STRINGS

0 ACQUIRE YE&S

1 MCS NO

? USER NEXT

3 SETUP cs

[} PRESKET ENTER

3 MEMORY END

6 PLOT D1SPLAY

2 1/0 NORMAL

8 TAPE EXPAND

9 CAL1B PRINT
Control & CALC RIGHT
Control P RO1 LEFT
Control N up DIAG
Control R DOWN ONKRY
Control D INC OoFrFxey
Control V DEC ONHS
Control L OFPFHS

analysis is performed in the extarnal computer and

results can be displayed or printed by the external
computer.

The firut application of external control was a
Pu- inventory verification system. which used a neutron
colncidence counter. a HRG detector. a PMCA. and an
HP- 8% cmpuor.' The neutron counter determines tha
amount of spontanecusly fissioning Pu. & mixture of
238py. 240~ and 242py. using the isotopic fractions
de*ermined by the MRG detector and the PMCA. the total
amount of plutonium is determined. The HP &% is pro-
xamod to gather neutron dJdata and calculata the
Pu effsctive mass. The proyram also totally sets
up the PMCA gain. high voltage. ROIS. atc. It starts
data acquisitioh. initiates data trensfer. makes qual
ity assurence chucks. and calculates and reports isc-
topics. The operator then checks the measured isotopic
results against dec.ared values: then he can spacify
whether the measured or decla ed isotopics are to be
used to calculate the total Pu. This unit is being
eva)uated at Bavannah River Laboratory.

The axternal computar programs have been writtan
in BASIC. which can aasily access the "MCA via a sarial
port and is understood by many peopla. To implement
soaturements that are difficult to aafine until some
experianca 1is gained with tha parcicular equipment.
BASIC p.ovides an ideal davalopment anvironment because
BASIC programs can be easily modifiad. The wmaximum
data transfar rate of tha PMCA 1s 19600 bdaud: wmost
application programs have used 4800 baud due to con-
straints imposad oy the axtarnal computer (ipson HX- 20
running RIROSOFT BASIC). Tha exacution of the ax-
tarnal programs takes longer than those installed in
PROM inside tha PMCA:. but the advantagas are easier
programming and program wodificatior.

In ordar to make tha development of ext:r:nal com:
puter progiams moie efficiant. a group of subroutiras
to do cowmonly ured functions wera written in BASIC.
The subroutines were sriginally wratten in BASIC for
use on the Bpson MX 20 and have now bean adaptad to the
IBM-PC. A specific applicatlon program is corstructed
by using applicable sudroutines from tae general pack
age and ther adding code to petform the speciriad pro-
Cedura and analysis. Sub.out: am that do the following
ara available:

1. The PMCA cetup .5 acconplished by using values
from a pradefined table or allowing the user to entar
new valuas for detecior :ype. amplifier polarity. hlgh
voltage. Nal Jetector ststil‘zer (enabled or disabled).
lower and upper leval discriminators. zero level.
threshold. pulse pile-up rejactor( enabled or dis:
abled). memory subgroup. and preset count tima.

2. The ROIs can be sat v~ using a tadle of be-
ginning and ending channels for eracl. RO1. a table of
beginning and ending eneryles for eacn ROI. or allowing
ithe usar to manually set the RUIs from the PMCA keypad.

J. The data acquisition sequance acquires data
using the ACQUIRE key ot allows reanalyzing data fiom
the cassette tape.

4. Data are dumped from the PMCA using the 1/0
kev. 1f 1individual channel data are used by the ex-
tended proytem. the desired data are stored in arrays
in the external computar.

5. The ful: width at half maximum (MWHM) can be
calculated for any RO,

8. The integral or net area of any ROl can be
read from the CALC function.



7. The intecral or net sums of any ROI cean alsc
be calculated using channel data stored in the arrays.

Two major applications. which use external con-
trol, are now under development at Los Alamos. One
devalopment will soorn be tested at the Oak Ridge ¥-12
plant. This is a portable cart with a PMCA, a HX-20.
and a complement of Nal detectors. It will be used to
measure uranium holdup in high-enriched powder transfer
lines. Pigure 2 shows a technician placing one of the
detectors over a simulated transfar pipe. The HWX-20
controls data acquisition and analysis. Results are
printad on the HX-20's internal printar. The use of
this system is mainly for invan.ory and it may have
limited use in process control.

rig. 2.

Sinmulated uranium-holdup measurement.

The other axternal programmed application is
measuremant of plutonium holdup of solid matarials in
pires and “process modu.es” such as compressors. un-
like the uranium holdup. which 1s measurad through
pipes throughout the plent. all tha Pu holdup measure-
mMnte are aade inside gloveboxes. The HX-20 plays tha
same role in this application.

PMCA Parformance

A serles of acceptance tests were made on )3 PMCAs
beforr they were delivered to the IAEA. One of the
tests was to determina the -“ultima~e~ rasolution of the
ADC. Low count-rate tests were made using a PGT planar
detactor (Model IGP 310 with Model 873 low power pre-
amplifiar). The summary for PMCAs for both delivarias
to the IAEA is shown in Table 111. The range of reso
lutions is shown and the average is inside the paren-
thesis. We observed that injecting the output from an
ortac 572 amplifier into the direct inpu* of the PMCA
gave worse resolution than using the PHMCA internal
~aplifier.

Another test was a resclution vs count rate test.
A coaxial detector (POT mModel LOCTISD with a Model
RG: 11C preamplifier) was used for this test. For the
last 20 units delivered to the IAEA. the resolution at
189.7 kev for ~3.4 k/s and for ~26 ki/s count rata
is shown in Table IV. The 23% gourca was fixad at

TABLE 111

“ULTIMATE™ RESOLUTION SUMMARY

N
122 xev 186 kev
units 1-19% 0.%7-0.60 (0.9%9) 0.66-0.70 (0.67%)
Units 16-3% 0.959-0.64 (0.61) 0.69-0.72 (0.71)

~3.4 k/s and the increased count rate was produced
using a Tco sourca. The rasolution avaraged 1.0
kaV at the low rate and 1.27 kav at the high rate.
Using a laboratory system of a4 canberra Model 2020
amplifiar and Canberra Model 8077 ADC. rasolutions of
0.763- and 0.790-keV were obtained with this particular
d."ector. In Los Alamos. using our PMCA SN4789. we ob-
tained the rasolutions shownm in Tabie V.

TABLE IV

RESOLUTION RESULTS

Resolution
Serial
shmber __ Units of kev Units of &
Planar Detactor Co-axial Detactor Nal Detector
(1.9 x/s) (3.4 k/8) (26 k/3) (5.4 k/8)
o 122 kev 186 kev 186 kav 186 ke
3827 0.61 0.72 1.2 - 1.4 10.6
5826 0.99 0.70 1.0 - 1.3 10.8
5828 0.5%9 0.70 1.0 - 1.4 10.6
5829 0.%9 0.69 1.0 - 1.3 10.1
3831 0.64 0.72 1.0 - 1.2 10.6
3630 0.%9 0.70 1.0 - 1.1 10.1
3834 0.6) o.mn 1.1 - 1.3 3.6
5813 0.60 0.69 1.0 - 1.3 10.1
9822 0.61 0.71 1.0 - 1.2 10.6
383% 0.61 0.71 1.2 - 1.4 10.2
3836 0.60 0.70 1.1 - 1.2 10.:.
3837 0.%9 0.69 1.0 - 1.2 10.0
3838 0.61 0.72 1.0 - 1.2 10.8
5839 0.6} 0.70 1.0 - 1.3 10.1
5840 0.61 0.72 1.0 1.2 11.0
5841 0.60 0.08 1.0 - 1.3 10.1
5842 0.60 0.69 1.0 - 1.2 10.3
5843 0.63 0.72 0.98 - 1.3 10.7
3844 0.64 0.73 1.0 1.2 10.5%
5643 0.61 0.70 .97 - 1.4 10.8
TABLE V
TRST RESULTS ON PMCA SLI4769
Area Normal ) Kescl :
Pile-up Uncer: 12ad Dead tion
Rate Rejector _Area_ tainty Area_ Time (kev)
3 4k ON 181427 316 1 - 0.9%
21.9k ON 182239 443 0.993 9% 1.1
21.%k orr 133334 %80 0.73% 39 1.1
33k ON 177491 702 0.978 70 1.2
A tast of the pulse pileup rejector (PPUR) wau

4180 made by checking the ares of a peak from a fix~i
source as the cuunt rate varied. The acceptance tests
showed & slight positive bias (~1N) in the area at
high rates. Because the procedure used during caeckout
was ortimized for tesolution. adju’'‘nents wete made
that moved the paak centroid. Wr repeated the mean-
uremants in Los Alamos. Por this test on PMCA BNAT8Y
we made four sets of three measuraments and averaged



the resulcs of the measurements. Table V lists t.e
asasured areas. The area is the 186-kev pesk of a
fixed 232y gource. The count rate was increased by
bringing a 97co source close to the detector. From
these data we obsarve ~i\ loss in going from 3.4k/s
to 21.9k/s. Ddotice the ~27% loss if the PPUR 1is
turned off. Wwith the PPUR on. ~2A of the count rate
is lost in going from 3.4k/s to 33k/s.

The results of Nal rasolution tests are shosm in
Table IV. The same Harshaw Model 852 datactor was used
with all PMCAs for this test. The measurements were
made with a gross count rate of ~5k/s. The averaga
resolution at 185.7 kev is 10.4\ with a range of
10.1-11.08. The stated resolution overestimates the
actual resolution because it is calculated on the basis
of the 1/2 height on the high-energy side. A plot of
a spectrum taken with a datector, which gave 10.2%
resolution with a PMCA. is showm in Fig. 3.
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Typical Nal spectrum of 23%y col-
lacted with the PMCA

Fig. 3.

Tha lock range of tha Nal stabilization circuitry
was tested by adjusting the stabilization setpoint s
the 186-xev peak fell approximataly at channal 3C0
within %12 channels. The high-voltage setpoint was
first set 100 volts higher and then 100 volts lower
than the statilizatior satpoint. 1In cach PMCA the
stabilization circultry brought t(he peak back to
channel J0C within the l-channel uncartsinty of tha
centroid calculation program.

Chacks of the Nal stabilizer temparature compen-
sation circuit we.e not made beceuse the Nal detactors
to be used with the PMCA were not available.

In the RO1 setup. resolution and cent.oild calcu-
lations were al. done using an ¥X 20 computar and the
external communications package of the PMCA. The setup
an-. analysis routines were written in BASIC on the
Epson HX-20.

Sumsary and the Fyture

The DSD-2056-4xk PMCA is a standard tool used in
both international and domestic safeguards. This tool
and the built-in user programs have been fiald proven.
Por applications where the manpower to program built-in
programs is not availabla, programs in external com
puters can control the PRCA. A set of general purpose
setup and analysis sudbroutines hava been writtan in
BASIC to be used directly or as a guide in tha extarnal
applications.

While safeguards and the nuclaar industry are just
beginning to maka usa of tha presant PRCA. we are
looking into ways of making it easiar to write internal
programs for the PMCA and into replacing its current
8-bit processor with a 16-bit processor to give it the
capability *o do vary invoived analysis such as peak
fitting and deotailed plutonium 1sotopic analysis.
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