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AICROPROCESSOR JOPLICATIONS IN THE MUCLEAR IMDUSTRY#

C. Dwayne Ethridge

Los Almmos Scientific Laboratory
University of California
Lus Alamos, New Mexico 87545

Microprocessors 1in the nuclear industry,
particularly at the Los Alaacs Scientific Labora-
tory, have been and are being utilized in a wide
variety of app.ications ranging fram d-ta acquisi-
tion and control for basic physics research to
monitoring <pecial nuclear material in long-term
storage. Microprocessor systems have been devel-
oped to support weapons diagnostics measurements
duri underground weapons testing at the Nevada
Test Site. Multiple single-camponent microcamput-
ers are now controlling the measurement and re-
cording of nuclear reactor operating power levels.
The CMOS microprocessor data-acquisition inmstru-
mentation has operated on balloon flights to moni-
ter power plant emissions. Target chamber mirror-
positioning equipment for laser fusion facilities
empl ays microprocessors.

Introduction

Microprncessors 1in the pruclear industry,
particularly at the Los Alamos Scientific Labora-
torv (LASL), have been and are heing utilized
in a wide variety of applications ranging from
data acouisition and control for basic physics
research to monitoring special nuclear material
in Jong-term storage. Microprocessor systems
have heen developed to Support weapons diagnostics
measurements during underground weapons testing
at the Nevada Test Site (NTS). Multiple single-
component microcomputers are now controlling the
measurement and recording of nuclear reactor oper-
ating power levels. The CMOS microprocessor data-
acquisition instrumentation has operated on bal-
loon flights to monitor power plant emissions,
Target chamber mirror-positioning equipment tor
1aser fusion facilities employs microprocessors.

The Electronics Division is ar engineering
science resource for all divisicus at LASL. This
capacity allows the Electronics Division Mini/
Microcomputer Group to participate in the wide
range of microprocessor applications. This dis-
cussion describes a sample of these applications.

Transient Data Recording Systg!1'2'3

There 1s a continuing need for transient
data recording systems at LASL. Such systems

support experimental research efforts in the gen-
eral areas of weapons development, laser research,
fusion reactor research, and accelerator physics.
Two instruments in particular are used extensive-
ly, the Tektronix R7912** scan converter transient
digitizer and the Blomation hodel 8100 transient
recorder.

Two identical Intel BOOB microprocessor sys-
tems were developed for supporting two totally
difterent experiments. The tirst system was tu
be used aboard an NC135 flying laboratory for
the capture of electromagnetic simulator vata
from both ground-based and rocket-borne simula-
tors.

The second system was to be used at N1S in
support of weapons d.agnostics measurements during
underground weapons testing. The system was oper-
ated in an above-ground instrumentation van io-
cated fairly close to the shot site. This systew
was therefore to be subjected to the ground shock
and prnbable loss of power as a result of this
ground shock.

A critical regquirement tor the system was
the ability to transfer (within 750 ms) data trom
volatile memories of the input devices into hard
core memory in order to prevent loss of data in
the event of power failure during ground shock.

The system for use at NTS also requireu the
cathode-ray tube (LRT) display for set-up pur-
poses. Because size, weight, and power consump-
tion were of 1ittle importance, the magnetic tape
recorder and th> high-<peed 1line printer were
located in the !.strum-ntatiun van. In addition,
the system was interiaced to a microwave cata
1ink to allow transmission of data trom the shot
location to the control point some 10 to 20 miies
distant. As part of this requirement, 1t was
al.o necessary to transmit a limited data block
{335 words) prior to arrival ot Lhe ground shock
wave,

The usc of a microprocessor for data-aconisi-
tion system control was proved to bz r acticai
for these applications. The practicability ot
driving a variety of output wcevices wes clearly

~*This work was performed under the auspices of Lhe US Department cf Cnergy.
**Reference to a company or product name here or elsewhere in this report does not imply approval o

exclusion of others that may be suitable.



demonstrated. The NTS system successfully trans-
ferred the required input data 1into permanent
memory anc transmitted the required data block
by microwave 1link in approximately 650 ms, com-
pleting these tasks well ahead of the arrival
of the ground shock wave. The programmability
of these systems dramatically demonstrated the
ease with which new input/output (I1/0) devices
could ke interfaced to the system with nc hardware
changes required. Fimware changes were demon-
strated to be straightforvard and speedily accom-
plished.

Nuclear Instrumentation Module Microconiroller

As a result of the success of these Intel
RONR systems, additionai systems hased on the
Intel 8080 microprocessor were developed prior
to the availability of sinale-board microcontrol-
ler units. The following four applications util-
1zed a nuclear instrumentation module (NIM) pack-
- aged design.

1. Spectrometer Control 1er4

X-ray spectrometrv can prove usetul in deler-
mining the molecular content of materials without
the material under test sustaining any damage.
The spectral lines given off by a particular ele-
ment will ke unique when examined hy an experi-
enced crvstaloarapher. In order to pertorm a
spectrographic 7nalysis on a material, the spec-
trometer operator continuously scans the spectral
lines tc determine their coarse structure and
location. Once the coarse structure and location
of the spectral 1lines have been determined, a
oguantitative analysis is performed by step scan-
ring over small anqular increments and recording
a pulse count proportional to the 1intensity of
the spectral line at each such angle. The fine
structure thus measured will reveal many interest-
ing properties of the material under test.

The microprocessor system automatically con-
trols three spectrometer systems. The modular
microcomputer hardware was designed around the
Intel PORD central procescing unit and 1s packaged
using a modified NIM hardware system. This system
consists of a microcontroller module based on
the Intel 8080 chip, 32 kbytes of read/write ran-
dem access memory (RAMY, a serial 1/0 module,
and erough parallel I/0 to operate the spectrom-
oters. The microprocessor system is further con-
trolled by a Wang 2700B calculator or a Texas
Instruments ASR-732 terminal as desired by the
operator.

The software used in the microcomputer system
to operate the spectrometers was written entirely
in PL/M--a high-level algebraic 1language. The
operating system schedules tasks by examining
the task tahle continuously and executing any
task that has been enabled.

The software opercting system consists of
timed tasks, interrupt-driven tasks, and table-
ﬁlrivsi-n tasks executing at three hardware priority
evels

The advantages of this system &are that it
allows one operator to run three or more spectrom-
eters at one time while elim.nating sources ot
error in the collected datid that woulu be attrib-
utable to the operator. Mode-angie programmers
can be purchased that will perform some of the
functions of the spectrometer controlier tor one
spectrometer. However, none of the units current-
ly on the market have the flexibility of the spec-
trameter controller or control multiple spectrom-
eters.

2. Data Input Control for Numerical Contouriug
Contro

An Irtel 8080 microprocessar system has been
developed for the Numerical vontroi Fabricaiion
Group of the LASL Shops Department to enhance
the input capability of a Mark Century numerical
contouring control on an Excello 3-axis miliing
machine. The microprocessor system repiaces the
existing paper tape input medium with an equiva-
lent encless magnetic tape input capabiiily tor
Jjobs requiring large amounts of input data. This
capability was established with the microprucessor
controlling the Excello and an electronic data
terminal that provides dual magnetic tape cas-
settes, a harc=-cupy prinler, and ASvil 1ntertace
with remote device control features. The micro-
processor provides interactive operator controi,
and adaptive data rate control as a function
o: the magnitude of .nput data and Excelio opera-
tion.

The wmicroprccessor system has been adaes
without modification to the controllier so that
the paper tape medium can be utiiized tor existing
Jobs.

The magnetic tape cassettes are reusable
and represent an operational cost savings over
the existing throw-away paper tape meuium. The
magnetic tape cassettes also reduce thz handling
requirements ot paper tape for extremely iarge
amounts of input numerical controi data.

3. Data Acquisition for USDAJ

An Intel 8080 microprocessor system has beern
devel<ped for the US Ucpartment of Agriculture.
The system continually records the body tempera-
ture of diseased cattle. The transducer in a
cow transmits a frequency proportional to the
cow's temperature. The period of the trequency
1s digitized by a Hewlett-Packard (4P) 5300A
counter. At specific time intervals the micropro-
cessor system takes the HP data (4-bit paraliel,
6-digit serial), checks it for validity, formats
the data for reduction on large-scale processors,
and records the formatted data on magnetic cas-
sette medium.

4. __Electron Beam Welder Lata I\cquisitiﬂ3

Measurement and recording of an electron
beam welder's operating parameter, has been ac-
complished with one of the NIM microprocessur
systems. The objective of this syste. is to pro-
vide quality control data for tabrication welas.



The paraweters from the electron beam welder are
condi“.oned and converted to 12-bit parallel data.
The microprocessor System then compares the data
to specified operating limits, records the data
on magnetic cassettes, and updates an operator
control panel.

Single-Board Microcomputer Systems

Design philosophy has changed with ava.ia-
bility of the single-board microcamputer, which
ijs defined herein as a microprocessor packaged
on a single printed-circuit cara containing ail
the functions required in a digital processing
system. The follawing four systems represeni
single-board microcamputer applications.

1. Microcomputer-Based Personnel Access Control
~System ©./

An automated personnel access control system

(PACS) wutilizing a microcomputer 1is 1in use at

LASL during nonstandard working hours. The PACS

" . contains, at the point of access, all the elements

necessary to (a) grant or deny entrance to the
cnntrolled area, (b) alert security personnel
to atnormal conditions, (c) perform self-diagnos-
tics, (d) allow modification of the data base
containing names of persons authorized for access,
and fe) video tape-record the access/egress trans-
actions. In addition, the PACS transmits informa-
tion on standard telephone 1lines to a printer,
for hard-copy record of all transactions and ab-
normalities, and to a television monitor, each
located in the central security station.

The PACS offers LASL an opportunity tc reduce
manpover costs while making work areas more avail-
able, thus encouraging use by employees. Th2
criteria for granting access, traceability vu.
penetration, access flow-rate limitations, selec-
tion of nonvolatile storage medium for data base
and program, Software design, and problems with
detecting multiple person access are some the
facters of the PACS design.

2. Microcomputer-Controlled Fast Solid-State
Camerad

A fast solid-state camera has been designed
to record diagnostic pictures of unpredictable
high-speed events. The camera system was devel-
oped Tur the US Air Force Space and Missile Sys-
tems O0-ganization at Norton Air Force Base in
California. The sensor 1s an array of silicon
photodiodes that are read out 1in parallel. The
system design features a variable framing rate
to 100,000 frames/s, continuous recording with
asynchronous stop trigger, a solid-state memory
holding 256 frames, and electronics having a dy-
namic range exceeding 2000:1. The image data
are retained in a circular memory permitting the
camera to run continuously until the event occurs.
Immediately afterward the camera is shut down
witl a2 memory of 255 frames covering the event,
The camera can be synchronized with similar camer-
as covering different aspects of the same scene.

eration of the camera 1s monitored -
gpoﬁ?eé by a microcomputer, Theorgbergggr cggn

select framing rate, 1image presentation on the
CRT, and synchronization of multiple cameras.

The microcomputer provides interpretation
of operator commands into an appropriate set ot
states on the timing and control logic interrtace
and Formatting of the memory data into a condensed
1eagable display.

The microcomputer is an Intel SBL-80-204
printed-circuit card, This unit was selected
because 1t 1is inexpensive, readily available,
easily maintained, anma supported by a great deal
of software and diagnostic aids. The unit con-
tains all of the memcry, 1/0, timers, and inter-
rupts required to manage the fast solid-state
camera.

3. Effluent Monitoring for Nuciear Safeguardé9

A microprocessor-based instrument operates
a continuous surveiliance on effiuents ftrom a
nuclewr facility. It receives and evaluates
pulses from two Nal detectors and a set ot single-
channel analyzers. It has self-diagnosing capa-
bility so that it takes action not only when
it recognizes excessive radioactivity but alsc
when it accertains some abnormal behaviour. Power
failure procedure and automatic restart are pro-
vided. OQperative constants such as alarm thresh-
olds, times, and number of successive measuremenis
are permanently stored in a read/write battery-
operated C-MOS memory. The program aliows auto-
matic succession ot phases in a peculiar way anc
has a feature for loading anm auxiliary ,rogram
into RAMs.

The instrumenl contains an Intel singie-
boara computer, Type SBC 80/10, and operates au-
tonomously without the need of any surveiiiance.
It has self-diagnosirg capability so that it can
ascertain if both lhe effluent radioactivity is
kept within the norm and its own operation is
behaving correctly. An endless successiun of
measurement cycles interrupted by calibration
procedures is performed. Times for each one
of the measurements in a series as well as the
interval between calibrations are selected by
the operator during initialization.

The normal operation relies on the comparison
of the measured values with prefixed limits, with-
out takin? any initiative it limits are not ex-
cecded. In case of higher radioactivity ar wrong
behaviour, some actions are automatically initi-
ated, and alarms are set up.

The operator is called only wuring alarm
conditions, but during normal periods the instru-
ment is operated 24 h/day and no intervention
1s needed. Suitable wain‘nj to the building comn-
puter is given both in case of alarm or in case
of lccal power tailure.

4, Laser Uamage Experiment.s]0

Thermonuclear reactions, which are tc be
started by bombarding deuterium pellets with 1n-
terse laser light, “will require selection ot



opticai systems that can transmit light of at
energy densities. A data collection and amalysis
system to messure damage parameters of optical
components has been designed, using a microcomput-
er as its central processing unit. Every time
& pulsed, high-intensity laser is fired, data
sre collected fraom special instrumentation that
leads to a report of energy density on the target
and whether or not damage occurred. The software
for the microcomputer was developed on a minicom-
puter with the transfer media being cassette
tapes. The software consists of three tasks:
a keyboard monitor and accounting program, in
interrupt-driven routine to initialize the experi-
ment for a laser shot, and an interrupt-drien
routine to collect the data and calculate the
report quantities.

The microcomputer system 1s based on the
Digital Equioment Corporation microcomputer PDP-
11/03 (LSI-1).

Laser Mirror-Position Display

Within the past year at LASL, a high-energy
carbon dioxide leser facility has become opera-
tional and is being used to conduct research in
laser-induced fusion. Named Helios, this facility
is the most powerful gas laser in the world.
It is comprised of four dual-beam carbon dioxide
power eamplifiers and associated preamplifiers
that can generate eight high-energy laser beams
at the 10.6-um wavelength. These heams are di-
rected and focused by mirrors onto deuterium-
tritium-filled targets specially fabricated for
fusion experiments. At fuli output the laser
is canahle of generating more than 10 kJ of energy
with a pulse duration of less than 1 ns. Present
2yperiments are aimed at providing high plasma
densities from target shots.

n

The Helios facililty emplays 1€ mirrors within
a target chamber to direct 8 laser beams onto
a taraet. Each mirror mount contains three step-
ping motors that drive lead screws to move the
mirror. A motor controller has been fabricated
that steps the motors to control mirror-position
relative to the target. To augment this equip-
ment, a mirror position display system has been
designed cortaining memory to store the 48 step-
ping-motor positions. Motor motion 1s sensed
hy 48 dincremental optical encoders coupled to
the drive shafts. OQutputs from the encoder tracks
are multiplexed to an 8085 microproce.-or,
which is proqrammed to address the mirror mount
teing moved, 2nd transmit step information to
the ¢ splay chassis located in the control room.
Data transmission 1s accomplished by an 8251
USART and a fiber-optic data link.

Processing and displzy of the encoder data
i1s accomplisked by the mirror-position display
chassis in the control room. This unit contains
an P85 microprocessor and 2716 EPROM. A 3101
RAM with standhy battery power stores the position
of 48 stepping motors. Scratch-pad memory is
provided by an 8155 RAM, Two C251 USARTs communi-
cate with the target chamber circuits and the
facility computer.

The programmed control algorithms provide
means for storing and updating motur position
data, for crmaunicating with the target chamber
and the facility computer, for generating the
front-panel display, and monitoring the tront-
panel switches. For a selected mirror mount,
motor-position data are nrocessed anc displayed
in either absolute motor steps, or focus,
tilt, and rotate position. Programs were
written in assembly language and translatea by
a cross assembier, which produced necessary out-
puts for an EPROF programmer.

Low-Power 1ications

The availability of a reli ively compiete
family of CMOS, LSI, and MSI  .ips (including
microprocessors) has mude poss: .le the 1in situ
preprocessing of data prior to recording. Such
preprocessing makes it possibie .o do significant
data compression with little cor no loss in data
content and results in a large reduction in the
volume of data actua™ly recorded.

A fully portable baitery-powered microproces-
sor adaptive data-acquisition Sysiem (MALUAS) capa-
ble cf performing a reasonably comprehensive real-
time analysis of data, providing a first-orcer
compression of the signiticant data, and recoruing
this preprocessed data on a self-contained cas-
sette tape has been developed at LASL.

The entire system is packageu in a ueep-
drawi, aluminum military enclosure thal provides
adequate environmental protection for most appii-
cations. The suitcase contains, in aduition
to the microcompu: the tape cassette deck,
20-day battery pack, analog-to-digital (A/L) ron-
verter(s), precision time-of-day clock, and spare
card slots for signal ronditioning.

The microprocessor for these systems 1s tLhe
RCA CMOS 1802. This system was used for the tol-
lowing three applications.

1. Seismic Event I.)el'.ection‘I2

The selsmological application wutilizes a
dynamic threshold detection schemr followec by
subsequent frequency analysis to determine what
data are valid and should be recorded. The MAUAS
1s continuously digitizing the data at a 100 sam-
ple/s rale, storing the data in RAM butfer memory.
A dynam‘c noise band is continually computed,
based on the previous 129 dsta samples. If
sample value exceeds two times this dynamic noisc
band, the computer recognizes tkat an event may
have occurred. The data buftfer trom a point in
time (arbitrary interval) preceding this possible
event detection point is saved. The computier
now enters into a quasi-frequency analysis portion
of the program, which requires that a certain
number of sign changes [zero crossings) must occur
within a given time interval. If this criteria
1s met, the computer hac picked the event as a
probable real event, and starts outputting raw
data to the cassette tape recorder trom memory.
Simultaneously, uf course, data acquisition



continues, and now the computer {is analyzing the
currently digitized data to determine the end
of the event. The end-of-event algorithm uses
the pre-event noise band as a test threshold,
and declares an end to the event when n2 threshold
crossings occur for an arbitrary time, usually
16 s. Obviously, this technique requires a large
buffer memory to store event data until it can
be read out to the recorder. For a typical event
duration of say 5 min, a data buffer of some 32
kbytes 1s required. It 1is apparent that earth-
quake swarms or closely spaced events can swamp
this system because 64 k is the maximum memory
capabiiity of the MADAS system. In this event,
MADAS could b2 programmed to activate other real-
tf.e recorders to cover such an occurrence.

2. Spectrographic-Event Detection]2

The portable spectrograph application also
utilizes a dynamic threshold detection Sscheme
followed hy subsequent frequency analysis to de-
termine what data zre valid and should be re-
corded.

Spectrographic analysis results in count
peaks corresponding tc a possible relative concen-
tratior. of a given material. The event detaction
analysis program then must not only detect count
peaks in excess of some computed average back-
ground count but must also match the spacing of
these detected peaks to determine if the suspected
material is actually present. In the LASL appli-
cation, several spectra comparisons must be made
to determine which, if any, of the suspected mate~
rials is pretent. The match spectra are stored
in look-up tables, and a possible match is de-
clared when more than half of the detected peaks
match with the look-up spectrum. Once a match
has been declared, an identifier message is output
to the LCD display. This unit is used 1n & van-
mounted application and, hence, is always manned
during operation.

3.  Balloon-Mounted System for Emission Monitor-
Ing

A MADAS system has been developed for a puwer
plant stack emission-monitoring application for
a program being conducted by Sandia Laboratories
and the University of Denver. This system has
Lbeen mounted in a large balloon gondola and used
for several experiments measuring prwer plant
emissions. Development of this application is
continuing with the possibility of incorporating
altitude control into the microprocessor system.

Singie-Component Microcomputer Applications

The availability of single-component micro-
computers has encouraged many applications in
the nuclear industry. A single-component micro-
computer 1is defined as a s1ng?e physical package,
most commonly a dual-in-1ine (DIP), which contains
a microprocessor complete with at least some RAM,
some read-only memory (ROM), and some 1/0 capabil-
ity. One ofgective of the low-end microcumputer
is"to be self-contained in regard to the computer

hardware/software requirement.  Several single-

component microcomputers
available.

are now commercially

The Intel 8048 and the Mostek 3870 are exam-
ples of low-end single-component microccmputers,
whicir contain ROM program memory. The Inte) 8048
1s a member of the ASM-48 single-component micro-
computer family, which includes the following
nine versions of the basic architecture: 8048,
8748, 8035, 8041, 8741, 8049, 8039, 8021, and
the 8022.

The Intel 8048 1s a totally self-sufficient
8-bit parallel computer fabricated on a single
silicon chip using N-channel silicon gate MOS
process. The microcomputer contains 1024 8-bit
bytes of program memory, 64 8-bit bytes of RAM
data memory (working registers), 27 1/0 1lines,
and an 8-bit timer/counter in addition to on-chip
oscillator and clock circuit. The 8048 is de-
signed to be an efficient controller as well as
an arithmetic processor. The microcomputer has
extensive bit-handling capability as well as fa-
cilities for both binary and BCD arithmetic.
Efficient use of program memory results from an
instruction set co.sisting mostly of single byte
instructions and no instructions over two bytes
in length.

Features of the microcomputer include a sin-
gle +5-V suppiy, 2.5-us cycle time (all instruc-
tions one or two cycles), and a single-level in-
terrupt system. Of specific cencern for nigh-
volume applications 1is the interchangeable 8048
ROM version with the 8748 EPROM versicn, which
can be easily reprogrammed throughout the develop-
ment and prototype debugging. A repertoire of
over 90 instructions makes the single-chip 6748
rqual in performance to most multichip NMUS micro-
processors available.

The Intel (748 provided flexibility in pro-
gram development because of its feature of ultra-
violet (uv) light erasable/programmablz RUM EPRUM
program memory. The EPROM feature aliows simple
and quick turnaround for physically altering the
microcomputer software. Typical erasure time
with a high-intensity uv light 1is approximately
19 min. Experience has shcown the programming
time to be in the order of 2 min. The EPRUM capa-
bility eliminates the need for extremely high
volume necessary for RUM cost with ROM mask prepa-
ration, and the technical risk of a single-bit
error requiring a recycle of mask preparation.

_ The following five applications have utilized
a single-component microcomputer.

1. Shelf-Monitor S¥stem for SEec;gliyucledr
aterial Real-Time Inventory '~

Special nuciear material in long-term storage
in a vault is an attractive target for a di-
verter. A shelf-monitor system h-s been designed
that will enable constant surveillance of this
material using a variety of sensors. A single-
omponent microcomputer collects data from a

c
Gefiger-Muller (GM) tunbe that monitors gamma emis-
siens and from a scale that monitors the total




weight cf the container and contents. A network
of the microcomputer shelf wonitors reports the
acquired data to a minicomputer for analysis,
alarm if necessary, and storage. The objective
of this research program has been to develop a
reliable, inexpensive monitor network and associ-
ated data processino equipment capable of real-
time monitoring.

2. Reactor Power Monﬂ:ov"E

The reactor power monitor is a portable,
low-power data co?lection instrument built for
the International Atomic Energy Agency (IAEA).
It is being used to measure and record the hourly
integrated operating thermal power level »f a
nuclear reactor in order to detect uninnounced
plutonium production.

The m-nitor consists of a e proportiona?
neutron detcctor (iwc tubes, 1-in. diam by 17-1in.
length, 4 atm), cor’rol electronics basad on two
. Intel 8748 micropricessors and a write-only cas-

-sette tape drive. Tho detector 1is shielded by
cadmium and 1-1/4 in. of polyethylene to provide
sensitivity only in the direction of the reactor.
The {instrument 1is packaged in a zero aluminum
suitcase that is bolted to the biolocicai shield
so that nothing can be placed between 1t and the
reactor.

The unit 1s powered from 120-Vac, €60-Hz line
current provided by the plant operator. It also
contains about 8 h of battery back-up to cover
power interruptions. All of the contral electron-~
ics, with the exception of the two processors,
are implemented in CMOS to obtain Tow power con-
sumption. The CMOS version of the 3748 (B87(48)
will be used when it becomes available, reducing
power consumption even more.

A major goal in the design of th®s instrument
was simplicity of installation and operation.
A 10-s neutron counter and di.play are included
to aid in initial placement. Using this, tho
1AEA inspector chooses an area along the biologi-
cal shield and then bolts the case in place.
After connecting power, he 1inserts a blank cas-
sette and sets in the date, time, and operating
level. The case 1s then locked ard requires no
further attention. After 3 months the inspecte*
returns to retrieve the cassette. At this point
he has t*the option o° performing a terminal or
strip-chart dump, resetting the time, recalibrat-
ing the instrument. or Jjust replazing the tape
without disturbing Lhe operation.

3. Microcomputer-Based Portable kadiation
Instrur ntTo"

None of the commercially available survey
instruments can correctly measure the pulsed neu-
tron dose rate in cases where the detector resolv-
ing time would result in significant count losses.
In the early 1970s Fermi National Accelerator Lab-
oratory developed a portable instrument, the Alba-
tross III, that uses silver activation to inte-

te tron, f1 information.. T
§Tfver "Béta%ecays at’ & rate Slow gﬁou; A

counted by a GM tube detector, yet fast enough
to follow changes in the neutron flux within sev-
eral minutes.

Pulsed neutron dose equivalent rate instru-
ments are needed at LASL, and although the detec-
tor configuration and operational features o1
Albatross [I1 seemed appropriate, the complexity
and lengtiy calibration procedure of 1ts anaiog
circuitry were urattractive. Albatross IV is
an updated version of Albatross II1 with complete-
ly redesigned electronics and added operational
features that make it more versatile and easier
to calibrate.

In t.is application, a single-component mi-
crocomputer replaces the analog weighting and
averaging circuitry. The result is a simpler,
more versatile, and less expensive 1Instrument
that is essier to czlibrate and that can measure
neut~nn ZJuse equivalent rates of 1 to 300 mrem/h
from neutron puises of any duration.

Nine Albatross IVs are currently being used
to monitor neutron-dose equivalent rates in vari-
ous experimental areas at the LASL Weapons Neutron
Research Facility. The facility uses an B800-MeV
proton beam of 1 to 120 pulses/s with pulse widths
of 1 to 500,000 ns. Intormation obtained from
these units is sent to the central console, where
the proton beam is prevented from entering the
facility if the radiation levels exc~ . 10 mrem/h.
Two additional Albatross IVs are used as pertable
units to perform radiation surveys at the facii-
ity.

The digital electronics and microcomputer
of the Altatress IV provide ease and reliability
of calibratiun as well as versatility in determin-
ing radiation dose equivalent rates from pulsed
neutrons. The opportunity to use the 15-s averag-
ing time, which permits observation of the radia-
tion variation in real time during bcam tuning,
and then to switch to a 4-min averaging time to
obtain a more precise reading, is most useful.

4. Exhaust-Stack Environmental Measurements]7

The exhaust-stack particulate sampler micro-
computer-controlled data acquisition, calculation,
and display system has been developed to provide
the operator with continuous sampiing information
as particulate samples arz taken. Data inputs
to the microcomputer system are provided by sen-
sors measurirg temperatures, pressures, humidity,
and velocity f a stack flow ctream. The micro-
computer System incorporates a single-component
microcomputer, a number-oriented microprocessor,
a single-chip 16~-channel A/D converter, a program-
mable keyboard/display interface, and iigquid crys-
tal displays. The scientific calculation capabil-
ity and associated display have been incorporated
to perform and display the results of 28 complex
equations. These results allow the operator to
maintain fproper sampler probe temperatures, to
maintain proper flow through the sampler probe,
and to make sampler probe positional changes when
necessary.



The data-acquisition system consists of three
equipment packages that cperate on 115-Vac, 60-Hz
power. The microcomputer electronics, keyboard,
displays, and signal-conditionin electronics
are oackaged in an aluminum carrying case. The
probe and probe temperature control electronics
sre packaged in a second aluminum carrying case.
The third module consists of a vacuum pump and
2ssociatec cabling.

The scientific calculating capability 1s
estaklished with & numher-oriented microprocessor
sequenced by a single-component microcomputer.
A MOS/LSI numrer-oriented microprocessor provides
the scientific calculating capability with reverse
Polish notation data format. Input data sequenc-
ing, computaiion processing, intermediate result
storage, and display of the results are controlled
hy a sinale-component microcomputer. The analog
input sigrals are processed by a2 complete data-
arquisition system on a complementary metal-oxide
semiconductor chip.

This microcomputer application has Leen mutu-
ally ceveloped by LASL Health Research Division
(Incustrial Hygiene Group--Aerosol Studies Sec-
tion' 2nc the Electronics Division Microcomputer/
Mini-omputer £ stems Group). The system applica-
tion is relsted to an Environmental Protection
Agency tast to “evaluate and improve the present
method-5 emission-contrc1 standards.”

5. Intelligent Data-Acquisition Instrumentation
“Tor Special Nuclear haferial AssaylB,T9

Thre Detection, Surveillance, Verification,
anc Reccvery Group of the LASL Energy Divisien/
Nuclea- Safeguards Program. is now utilizing in-
teliigent data-acquisition 1instrumentation tor
assey rata e2nalysis o special nuclear material.
The microcomputer-ba.ed 1instrumentation module
bhas (irmware for 25 .ary as 12 user-selected func-
tic..

The data acquisition and analysis are er-tled
by the ircorporation of a number-oriented (number-
crunching® microprocessor sequenced by a single-
component microcomputer.

The mi~roprocessor calculations are performed
employine scientific notation with reverse Polish
rriation for cata and key-level language instruc-
tion input.

The: hardware/sof tware implementation of the
microcomputer ana microprocessor was performed
by the Electronics Division Mini/Microprocessor
Systems Group. The scajar hardware was designed
by the Energy Division.

Microcomputer firmware establishes the capa-
hi11ty for the user to select the display of sca-
lar data or the computation of several selected
funct1_ons. The microcomputer obtains the sclected
.unction from the input thumbwheel switch located
on the mocule front panel. The switch also allows
the user to self-test the display and to cause

the microcomputer to execute instrumentation seit-
diagnostics.

Summary
Microprocessors in the nuclear 1ndustry,

particularly at LASL, have been and are being
utilized in a wide variety of applications varying
from data acquisition and control tor basic phys-
ics research to monitoring special nuclear mate-
rial in long-term storage. Microprncessor systems
huve been developed to support weapons diagnostics
measurements during underground weapons testing
at NTS. Phultiple single-component microcomputers
are now controiling the measurement and recording
of nuclear reactor operaiing power levels. The
CMOS microprocessor data-acquisition :nstrumenta-
tion has operated on balloon flights to monitor
power plant emissions. Target chamber mirror
positioning equipment for laser fusion facilities
employs microprocessors.

The Electronics Division 1s an engineering
sclence resource for all divisions of LASL. This
capacity allows the Electronics Uivision Miniy
Microcomputer Systems Group to participate in
the wide range of microprocessar applications.

The hardware/software/firmware 1s cuevelopec
in a microprocessor development 1lah consisting
of microprocessor development systems with in-
circuit emulators, loaic aualyzers, and conven-
tional test equipment. Future appiications appear
to be in-line with the previously discussea sys-
tems. The sophistication ot the single-component
microcomputers continues to enable new appiica-
tions of adding intelligence to and increasing
the accuracy of nuclear ir.strumentation.
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