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Introduction

In 1981 a small, battery-operated multichannel
analyzer (MCA) prototype developed at Los Alamos Na-
tional Laboratory was delivered to the International
Atonic Energy Agency (IABA).1:2Z fThe intent was to
produce an instrument for inspector (nonscientist) use.
Automated measurement programs were built into the MCA.
An enhanced, commercially produced MCA* 1is now avail-
arle, 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
MCAs, the IAEA 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 suited for infield applications., {its
powerful bullt-in intelligence and communications
protocol 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 used.

PMCR Applications Proqrams

The portable DSD-2056-4K multichannel analyzer
(PMCA) has typical features found on classical MCA de-
rigns. A unique feature of the PMCA, shown in Pig. 1,
is the USER key, whicl. switches the unit from a genetral
purpose MCA to a sophisticated measurement tool for one
of several specific measurewents that can be selected
from the menu displayed on the 2-1line by l6-character
1iquid crystal display (LLT). Yor cumplex measurements
that are performed frequently or by several different
people, it 1s desirable to have a unique progiam for
each particular measurement. The advantages of using
such application programs are as fnllows:

1. The programmed steps lead the user through a
defined procedure reducing the possibility of errors
due to improper procedural =snteps, and assurance 1is
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 possibllity of keying in the
wrong value if trensferring the data manually to a
calculator or other couputer. The 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 DBD-20%6-4K.

front panel of PMCA.

Pig. 1.

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

Internal Application Proqrams

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

The utilities package contains the {ndividual
hardware drivers for the PMCA specific devices like th:
analog to-digital converter (ADC), discriminators,
amplifiar, etc. 1t also contains drivers for the
interactive user 1interfaces with the 1.7, 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 invclves converting internal
numbers into ASCI1 strings ad then formatting that
string to the LCD. Similarly, subroutincs exist to
input floating-point or {inteyer numbers from the
keypad and convert these ASCII strings into internal
number representation.

The beslc commands package uses the utilities
package to create the command sequences that are ex-
ecuted on each keypush., Rach keypush consists of a
menhu of prompts that appear in the LCD window, and
actions and calculations associated with those prompts.

The utilities package and the basic commands each
use about 8X bytes of memory. To give the applications
programmer access to general purpose subroutines the
following convention 1s used. Necessary external



varlables are declared to oe located at memory loca-
tions that do not change in subsequent system software
upgrades. A set of subroutine vectors pointing to
general 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 resaln con-
stant. The application program executes a utility
subroutine by doing a subroutine call to the vector:
the vector initiates a jump to the present location of
the utility subroutine where the subroutine is actually
executed.

Approximately 30K of memory is avsiladble for user
application software. A typical user application pro-
gram consists of “here parts:

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

2. Input parameters and information for the
BOASUTOMeNt .

3. Carry out defined steps to acquire dJdata.
This may involve prompts to position certain
standards. sources. @tcC.

4. Do measurement relsited analysis on the ac-
quired datas.

5. Display calculated results.

Some parts of an application program are just executing
procedures or subroutines that already exist in the
utilities or basic commands. Other parts contain code
unique to the application progranm. In the present
applications programs. the subroutines to do the PMCA
setup. input specified parameters. and acqiuire the data
are written in assembly language. These subroutines
make use of several modules from the utilitiea and
basic commands. The data analysxis is different for
each program and is now being written in FORTRAN. The
final results are displaved from FORTRAN. Typical
application programs use about 12-15K Dbytes of ROM
mOROrY .

The most sophisticated application. the compact
densitometer. involves the measurement of elemental
plutonium cconcentratior in solution by ®measurina the
abgsorption of gammu rays with energies just above and
jus. beélow the plutonium K-edge (energy = 121.6 keV)
by & kn>»m amount of Pusolution.d The T8¢
121.1-kxeV line lles just Dbe.ow (his +dqe and the
37co 122.1-kev line 1ies Just above the edge. The
amount of Pu is determined by measuring the relative
intensiiion of these lin:n when thaey panm 1hrough a
80lution with Pu and through a similar solution with-
out Pu. The 88 kev 109ca gamma ray. which 1s fixed
relative to trhe detector and does not pass through the
solution mample. ir uned to correct fur any count-
rate-dependent losses.

The user application program installed in the PMCA
prompts the user through steps for this measurement.
The reyluns of interest (ROls) are automatically set
for the user. The ROIs are calculatad based on spucl-
fied energy regions: the energy calibration is made
using the 8 and 121 xev peaks. R background meas
utemeat is performed. The 121 and 122 kev peak in
tensities are measured without Pu sulutions in pluce.
R calibration constart is deteimined by measuring the
intensity of the vyamma rays after they have passed
through a standard Pu go ution or an option exists to
enter & predytermined calibration constant. Then the
user is prowpted rhrough intensity measurements using
unknown golutions. The results and propagated errorn
are calculated with the Intensities of 7%8e and
37co. corrected for decay !ime.

An in-plant densitometer thatr uses an WD6560-
analyzer tc do measuremsnts. anaiysis. and control ob-
tains accuracies of -~0.4v.% Tne portable K-edge
ylelds accuracies of 1-20% and precisions similar to the
accuracies of the in-plant installation. Hence the
PMCA i3 not the factor limiting the accuracy.

The Nal enrichment program. basad on the enrich-
sant meter principle. is used to measure uyranium
enrichment. This user-friendly application program is
tesident in the PMCA. 1In normal use 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 be determined
by using 2 to n standards by the PMCA. or previously
determ.ned values for calidbration constants can be
entered. The user s prompted to supply the percent
enrichment of each standard. Data are then acquired
and new calivration constants calculated. Once the
calibration constants are known. the user can aeasure
unknown samples: the percent enrichment and uncertainty
are cCalculated for each sample. The program has other
enhancements that can be selected such as reanalyzing
data from tape. checking if a ne«s standard fits the
calibration coustants previously used. and changing the
preset PMCA parameters. Table 1 shows results obtained
by six teams of inspectors at a training schoo! in Los
Alamos using the internal Wal snrichment prograam.

The UFg cylinder cnrichment measurement pr..y am
uses ~ high-resolution qamma (HRG) dete.tor tc measure
enrichment of material 1inside a UPg cylinder. The
current UFg program in the PMCA prompts the user for
the wall material linear attenuation coefficient. wall
thickness. and calibration constant. Once these values
aie entered. a spectrum from the cylinder is acquired.
The program calculates the enrichment and uncertaéinty
and displays the results. The present version of the
program was written for the prototype NCAs: it will
soon be updated to do PMCA setup. allow for reanalyzing
date from tape. and have an option to determine a cal-
ibration constant. The original program was usec for
an extensive study by a Buratom acierntist in which 1.7%
uncertainty for low-enriched uranium was obtained.

External Application Programs

An axternal applications program uses the commun-
ication protocol defined for the RS 212 pmit ' A
PMCA key can be pushe’ by sending an ASCI1 string
representing that key to the PMCA = RS- 232 port. Por
example. to “push™ the SBETUP key send the five char-
acters. SETUP. follcwed Dy a carriage return. The PMCA
constently monitors the seriel port for keypushes to
execute: once it finds a keypush string it executes the
sape action as if that key were purhed on the keyboard.
Ths porsible strings that can be secnt are listed in
Table 11. 1In addition to the strings corresponding to
key labels. there are some virtual keys such as OFMKEY.
which disables keypad entry. and ONKEY. which enables
keypad entry.

An external application program can be written on
any computer that has a R8 2)2 port that cen be used
to communicate with the PMCA. The PMCA setup anu data
acquisitions are accomplished by a series of “key
pushes.” which imitate wha' a user would do if per-
forming these actions using the keypad. During this
process. the PRINT key is freguently used to echo via
the serial port tre present contents of the LCD: this
providon a handshake 80 the wexternal computer knows
which keypunrhes the PMCA has executed. Once the data
Are acquired the 1/0 kay is used to dump Jata from the
PMCA: this may finvolve dumping data [from all the
channels or using just data from the ROls. The
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SBesults 2btalned 1f pllieuf reJector was "ot used.

TABLE II

PMCA EXTERNAL COMMUNICATION PkOTOCOL
ASC11 STRINGS

0 ACQUIRE YEBS

1 MCS NO

? USER NEXT

3 SETUP ce

4 PRESKET ENTER

3 MEMORY END

6 PLOT DISPLAY

7 1/0 NORMAL

8 TAPE EXPAND

9 CAL1B PRINT
Control & CALC R1IGNT
Conttol P RO1 LEBFT
Control N up DIAG
Control R DOMWN ONKRY
Control D INC OFFKEY
Control v DEC ONHS
Control L OFPFHS

analysis is performed in the external computer and

results can be displayed or printed by the external
computer.

The flrut application of external control was a
Pu- inventory verification system. which used a neutron
coincidence counter. a HRO detector. a PMCA. and an
HP- 8% computer.® The neutron counter determines the
amount of spontaneously fissioning Pu. a mixture of
238py. 240, and 242py.  using the isotopic fractions
de"ermined by the HRG detector and the PMCA. the total
amount of plutonium is deteimined. The HP &% i3 pro-
!:smod to gather neutron dJdata and calculate the
Pu effactive mass. The proyram also totally mets
up the PMCA gain. high voltage. ROIB. etc. It starts
data acquisition. initiares data transfer. makes qual
i1y assurance chocks. and calculates and reports isc-
topics. The operator then checks the measured isotopic
results against deciared values: then he can specify
whether the measured or decla ed isotopics are to be
used to calculate the totsl Pu. This unit 1s being
evaluated at Bavannah River Laboratory.

The external computer programs have been written
in BASIC. which can easily access the PMCA via a serial
port and is understood by many people. To implement
seasuresents that are difficult to define until some
experience 1is gained with the particular equipment.
BASIC p.ovides an ideal devalopment environment because
BASIC programs can be easlly modified. The maximum
data transfer rate of the PMCA is 19600 baud: wmost
application programs have used 4800 baud due to con-
straints imposed oy the external computer (8pson MX- 20
running RI 'ROSOFT BASIC). The execution of the ex-
ternal programs takes longer than those installed 1in
PROM inside the PMCA. but the advantages are easier
programming and program wodificatior..

1n order to make the development of exts.nal com-
puter progiams moie efficlent. a group of subroutires
to do comwmonly ured functions were written in BASIC.
The subroutines were originally wraitten in BASIC for
use on the Epson MX 20 and have now been adapted to the
1BM-PC. R specific applicatlion program is corstructed
by using applicable sudroutines from tae general pack
age and ther adding code to peiform the speciried pro-
Ccedure and analysis. Sub.out: es that do the following
are availlable:

1. The PMCA Gcetup is acconplished by using values
from a predefined table or allowing the user to entar
new valuas for detecior ype. amplifier pelarity. high
voltage. Nal Jetector statil'zer (enabled or disabled).
lower and upper 1level discriminators. zero level.
threshold. pulse pile-up rejector( enabled or dis-
abled). memory subgroup. and preset count time.

2. The ROl can be set v~ using a tadle of be-
ginning and ending channels for cacl. RO1. & tadble of
beginning and ending eneryles for sacn ROL. or allowing
ihe user to manually set the RUIs from the PMCA keypad.

J. The data acquisition sequence acquires data
using the ACQULIRE key ot allowe reanalyzing data f:iom
the cassette tape.

4. Data are dumped from the PMCA using the 1/0
kev. If 1individual channel data are used by the ex-
tended proyrem. the desired dats are stored in arrays
in the extsrnal computar.

3. The ful: width at half maximum (PWHM) can be
calculated for any ROI,

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



7. The intecral or net sums of any ROl can 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
development will soorn be tested at the Oak Ridge ¥-12
plant. This 4is 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 MX-20
controls data acquisition and analysis. Results are
printed on the HX-20's internal printer. The use of
this system is malnly for inven.ory and it may have
limited use in process control.

rig. 2.

Sinulated uranium-holdup measurement.

The other external programmed application 1is
measurement of plutonium holdup of solld materials in
pires and ~“process modu.es” such as compressors. un-
like the uranium holdup. which is measured through
pipes throughout the plant. all the Pu holdup measure-
ments are sade inside gloveboxes. The HX-20 plays the
same role in this application.

PMCA Performance

A series of acceptance tests were made on 35 PHNCAs
beforr they were delivered to the 1AEA. One of the
tests was to determine the “ultima’e" rasolution of the
ADC. Low count-rate tests were made using a PGT planar
detector (Model 10P 310 with Model 873 low power pre-
amplifier). The summary for PMCAs for both deliverles
to the IAEA is shown in Table IIl. The range of reso
lutions 1is shown and the average is inside the paren-
thesis. We observed that injecting the output from an
ortec 372 amplifier into the direct inpu* of the PMCA
gave worse resolution than using the PHMCA Internal
rmplifier.

Another test was a resclution vs count rate test.
A coexlal detector (POT Model LOCIS8D with a Model
RG- 11C preamplifier) was used for this test. FPFor the
last 20 units delivered to the 1AEA. the resolution at
185.7 kev for ~3.4 k/s and for ~26 Kk/s count rate
is shown in Table IV. The U source was fixed at

TABLE 11l

“ULTIMATE"™ RESOLUTION SUMMARY

N
122 xev 186 kev
Unitg 1-15 0.57-0.60 (0.59) 0.66-0.70 (0.675)
Units 16-3% 0.59-0.64 (0.61) 0.69-0.72 (0.71)
~3.4 k/s and the increased count rate was produced
using & 9'co source. The resclution averaged 1.0

keV at the low rate and 1.27 kev at the high rate.
Using a laboratory system of a4 canberra Model 2020
amplifier and Canberra Model 8077 ADC. resolutions 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 resolutions shownm in Tabie V.

TABLE IV

RESOLUTION RESULTS

Resolution
Serial
shmber __ Units of kev Units of %
Planar Detector Co-axial Detector Nal Detector
(1.5 k/s) (3.4 k/8) (26 Kk/3) (5.4 k/3)
122 keV_ 186 kev 186 keVv 186 keV
5827 0.61 0.72 1.2 - 1.4 10.6
5826 0.%9 0.70 1.0 - 1.3 10.8
5828 0.% 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
5830 0.5 0.70 1.0 - 1.1 10.1
5834 0.63 0.71 1.1 - 1.3 23.6
5833 0.60 0.69 1.0 - 1.3 10.1
5822 0.61 0.7 1.0 -~ 1.2 10.6
58335 0.61 0.71 1.2 - 1.4 10.2
3836 0.60 0.7 1.1 - 1.2 10.2
38137 0.% 0.%9 1.0 - 1.2 10.0
3838 0.61 0.72 1.0 - 1.2 10.8
5839 0.61 0.70 1.0 - 1.3 10.1
5840 0.61 0.72 1.0 1.2 11.0
5841 0.60 0.68 1.0 - 1.3 10.1
5842 0.60 0.69 1.0 - 1.2 10.3
9843 0.63 0.72 0.98 - 1.3 10.7
5844 0.64 0.713 1.0 1.2 10.5
5849 0.61 0.70 2.97 - 1.4 10.8
TABLE V
TRST RESULTS ON PMCA SLi4769
Area Normal 1 Kesc] -
Pile-up Uncer- 12ed Dead tion
Rate Relector _Area_ tainty Ares_ Time (kev)
) &k OoN 181427 Jlé 1 - 0.9%
21.%k ON 18239 443 0.993 5 1.1
21.%k orre 133334 300 0.73 29 1.1
33k ON 177491 702 0.978 10 1.2
A test of the pulse plleup rejector (PPUR) was

84180 made by checking the area of a peak from a fix~:
source as the cuunt rate varied. The acceptance tosts
showed a slight positive bias (~1V) in the area at
high rates. Because the procedure used during caeckout
was optimized for tesolution. adju'‘'nents wete made
that moved the peak centroid. We repeated the mean-
urements in Los Alamos. For this test on PMCA SN4789
we made four sets of three measurements and averaged



the resulcs of the measurements. Table V lists tre
asasured areas. The area is the 186-kev peak of a
fixed 232y source. The count rate was increased by
bringing a 37Co source close to the detector. From
these data we observe ~1% loss in going from 3.4k/s
to 21.5k/s. bdotice the ~27% loss if the PPUR is
turned off. wWith the PPUR on. ~2% of the count rate
is lost in going from 3.4k/s to 33k/s.

The results of Nal resolution tests are showm in
Table IV. The same Harshaw Model 852 detector was used
with all PACAs for this test. The measurements were
made with a gross count rate of ~5k/s. The average
resolution at 185.7 kev is 10.4\ with a range of
10.1-11.0%. 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 detector. which gave 10.20%
resolution with a PMCA. is shown in Fig. 3.
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Typical Nal spectrum of 23%y col-
lected with the PWMCA

®ig. 3.

The lock range of the Nal stabilization circulrtry
was tested by adjusting the stabilization setpoint &)
the 186-xevV peak fell approximately at channel 3C0
within %12 channels. The high-voltage setpoint was
first set 100 volta higher and then 100 volts lower
than the statilizatior setpoint. 1In cach PMCA the
stabilization circultry brought tLhe peak back to
channel 300G within the l-channel uncertainty of the
centroid calculation program.

Checks of the Nal stabllizer temperature compen-
sation circuit we:e not made beceuse the Nal detectors
to be used with the PMCA were not available.

In the ROl setup. resolution and cent:oid calcu-
lations were al. done using an WX 20 computer 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 DED-2056-4Kk PMCA is a standard tool used in
both international and domestic safeguards. This tool
and the bullt-in user programs have been field proven.
Por applications where the Banpower to program built-in
programs is not available, programs in external cow-
puters can control the PRCA. A set of general purpose
setup and analysis sudbroutines have been written in
BASIC to be used directly or as a guide in tha external
applications.

Vhile safeguards and the nuclear industry are just
beginning to make use of the present PMCA. we are
looking into ways of making it easier to write internal
programs for the PWCA and into replacing its current
8-bit processor with a 16-bit processor to give it the
capability *o do very 1invoived analysis such as peak
fitting and dotailed plutonium isctopic analysis.
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