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Foreword

The 1ole of the instrumentation and Contrals Dmison 1n the actmixes o the Laboraton 1s one of wide
drverufaaton and wadn mam techncal dsaplrs A maor funcon of the Dvision s 10 prowde
proteasngd e Lo the desagn. develupment. praxurement. fabneation. mstadauon, tesung. and repar
of many asxh of mastruments Another flort o the Dvison deals with instrumentation systems that
pi-tect o Control comnleny ploness, such gy Jhemica clants and nuddear reactors. thas requiies an
sndcnstanding o the hinctx behawior ot the processes duning oth normai and abrormal condations. Thus.
part o1 the werh o the Divonn s 3rected toward the amalvsis and svalastion of the dy namac bet avux of
Lirpe plants and taciines 1t s onh natural thar the Divisen s pasticipating @ the prepasation of standazds
and (ntery tot instromentation svsterne tor the control and protestion of nuclear seastors.

ur purpane 10 thes report s to dewnbe the wors we did  not how we did 1t Sance instrument services
atr praowvwicd tos almest all Labuoratady divisions, we describe the sope of the work and s range of
compleviy ttom very umplc comenients to complex. sophisticated systens. We hope that from thas
mnhormation «ur weenliln texders at (e Labotatury wall have 2 better understanding of the technolopcal
levei and carabdty ot th s avskon and perhaps waiBl obtain some e on how sane application descnbed
heezsn raght be benctivially appled 1o other experimental wuwrk. Another merpose of Uus report o to
nnout . new W amproved desapms of mtruments, new methods of measurement, acorssanes., 2., which
teptesent 3 fower cost of improved performamce over an cxisting unat or are noteworthy for some other
reaum, wch 23 extendmg the range of applxation.

Mant tops are teporied boefly i anly une or two paragraphs. 1 2 repurt or a purnal arincle has been
publrdxed o ssbmuticd for publnation or it 3 paper has been gve or proposed. the ab vract 15 iniuded
here We hope (hat miercested readers wha deure more information on any topw will call or wnte any of the
penms whose names ate fisted wath cach tops:.

NOTKCE

Mennion Gl companaes tha! wpphy produ. s of servces or ol brard names s made in thas zeport tor
mbmation putposs only and does not imply endorsement by Oak Ridge Nanonal Laboratony or the
tocrpy Resestoh and Development Admimistrarzon
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1. Pulse Counting and Analysis

1.1 APPLICATIONS OF POSITION-SENSITIVE PROPORTIONAL COUNTERS
TO NEUTRON AND X-RAY SCATTERING EXPERIMENTS'

C.J. Borkowski M. K.Kopp

The authors review the characteristics of position-sensitive proportional counters (PSPC) with RC line
signal encoder® and discuss some applications of cne- and two-dimensional PSPCs to neutron and x-ray
scaltering experiments.

Compzred to other methods. the RC line signal encoding methnd features relative simplicity in
vonstruction and operation and flexibility in design. Furthermore. these PSPCs show good spa‘ial and
energy resolutions. high datz acquisition rates. and gowd detectior. efficiency for low-energy (<150 keV)
gamma or x r.ys and thermal neutrons.

The spatial uncertainty with a 200-mm-ong. one-dimensional PSPC is 0.15 mm (fwhm) for 6-keV x
rays or 5-MeV alpha particies. For thermal neutrons. *he spatial uncertainty is 0.4 mm (fwhm) with a
500-mm-long. one-dimensional PSPC. A two-dimensional PSPC with a sensitive area 200 by 200 mm? has
40.000 resolution elements. each 1 by | mm? The energy resolution 1s 760 eV (fwhm) for 6-keV x rays.

In recent work the aithors have extended the data acquisition rate oy reducing the signal processing
rime to 0 S usec event while maintaining excellent spatial resolution.

I Abstract of invited paper presented at Third International Congress on X-Rayv and Neutron Small-Angle Scattenng.
Grenoble, France. Sept. 57,1973

2 C. ). Borkowskiand M. K Kopp. Rev. Sci. Instrum. 3910V 1515 (1968

1.2 RECENT DEVELOPMENTS AND NEW APPLICATIONS OF POSITION-SENSITIVE
PROPORTIONAL COUNTERS USING RC LINE SIGNAL ENCODING'

C.J. Borkowski M.K. Kopp

The authors review puositi >n-sensitive proportional counters (PSPCs) using RC line signal encoding® and
compare this method with other PSPC signal processing and construction methods.

In recent work the authors extended the practical limits on spatial uncertainty and count rate
capability For example. the signal processing time of one-dimensional PSPCs using RC line signai encoding
was reduced 10 0.5 psec’event while maintaining excellent spatial resolution

The advantages of RC line signal encoding were illustrated by applications of one- and two-dimensional
PSPCs 1n various scientifie fields.

| Abstract of invited paper presented at the JEEE Nuclear Science Symposium. Sen Francisco. Califorms Nov
14 161973

2. C. ). Borkows¥i and M. K. Kopp, Rev. Sci Insrrum. IN10). 1 18 (1968).
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1.3 SURGE CURRENT PROTECTION CIRCUIT FOR PROPORTIONAL COUNTERS
M_K. Kopp

A high-voltage filter for the anode bias in two-dimensional position-sensiiive proportiona! cour.ters with
RC line signal encoder’ was developed and tested. The filter provides the required low anode impedance
{~100 Q) for high-frequency signals and a high ancde impedance (5 M$2) for the bias supply voltage under
normal operating conditions.

Under anrode breakdown conditwons. tie diode (Fig. ’.3.1) disconnects the capacitor C;3 from the
anode. thus limiting the surge current in the anode circuit ard praventing destruction of the anode wires.

1. C.J. Borkowski and M. K. Kopp. JEEE Trans. Nucl Sci NS-19i3). 161 11972y,

ORNL-DWCE 75-13145

2.5 M0 2.5MQ 2.5M0 ANOCE BiIAS
- —_—0
'S
C, C»2 IN3246
100 pF 100 pF
8i£S vOLTAGE g g
SUPPL_Y c
3
1000 pF I 20 M0

Fig 1.3.1. Surge current protec tion circuit.

1.4 APPLICATION OF FLY'S EYE CAMERA TO DETERMINE THE EQUATION
OF STATE OF XENON NEAR THE CRITICAL POINT

J. B. Davidson
A L. Case S H Chen' T.A. Postal’

A new method proposed by Chen for determining the equation of state of xenon near the critical point
requ.res measurement of the density gradient vs temperature along a vertical cell containing xenon near the
cotikcal point. If this measurement could be made to 0.1% accuracy. the equation of state could be
determined with better accuracy than achieved with previously used thermodynamic methods.

Chen’s method requires measurement of the neutron transmission along the cell with a position
resolution of abeut 0.1 mm. A preliminary expenment was performed at the Oak Ridge Research Reactor
(ORR) 10 determine the feasibility of this new method. The experimental apparatus was the ORNL Fly’s
Eye neutron camera and a cell and temperature controller designed at MIT.

Although the daia oblained from this short expenment were rough. the hquid-gas interface was clearly
seen. with submnillimeter resolution. We concluded that the method 1s practicable and that a longer. more
carefully executed expenment could yield the deured data. Such an expenment is being pranned

! Nuclear Fapnecrmg Department Mastachusetts Insfitute of Techaology . Cambndge
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1.5 “EUTRON MICROSCOPY OF SPIN DENSITY WAVE DOMAINS IN CHROMIUM!'
J B Davdson  S.A.Wem~r®  A.S Arou’

The ORNL Fiy's Eye eutron camera* has a resolution for images on the detecior of about 150 ym
thonzontal; and 500 um (ve:tical). The system uses a scintillation screen of *LiF -ZnS. fiber optics. an
mage intensitier. 3 television camera. and a2 sigitai memory . In this study of the domain structure of two
chromium crvstals. the geometry of the incoming beam. crystal mosaic. and the required distance from
sample to detectur gave an overall resolution of 400 umi (honzontai) and 600 um (vertical). This resolution
prevides clear mmages of the comains of a given Q-vector which are comparable to the crystal size (Fig.
I3h

The polanzation axi» has been seen to vary continuously across the Q. domain. This result is consistent
with the neutron camer. results given by Ando and Hosoya® ard interpreted as large polarization domains.

1. Absiract of paper sccepted for prrsentation at the 19th Conference on Magne:isrr and Magnetic Materials. Boston.
Nov. 13 16,1973

1. Fotd Motor Co._. Deart. o, Michigan. and Univerdty of Michigan, Ann Arbor.

- = vinLversity, Bumaby . B.C.. Canada.
4. 1.B DJavidson, Acta Cryst. A25,S6611969). and to be published.
S. M Andoand S. Hosoya, Phys Rev Lerr. 29, 281¢1972).

Otm OwmG "3-87%C

Crystal
Surface

Fig 1.5.1. Domain structure of chromimm chrystal.

1.6 FLY'S EYE: A COUNTING CAMERA FOR THERMAL NEUTRONS'
J_B. Davidson

A twodimensional position-sensing detector for thermal neutrons was developed to improve data
collection 1n singlecrystal neutron diffraction experiments. small-angle diffraction patterns from fibers ard
membranes. inelasik wattenng measurements using the multiangle reflection crystal technique. nuclear and
magnetic diffraction 1opography. and diffraction and transmission reasurements on samples in which phase
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changes ar¢ occurning. The detector 1s 2 unique tool for rapid inspection ¢ crystal quabty . iso’ating grains.
and aiignnent of 3 numbe: of small crystals so that they reflect together fer intensity enhancanent. Sumpie
diffraction exneriments were made to illustrate the range of application.

The detector is a camera that compnises a neutron phosphor screen. image intensifier. television pick-up
tube. and digital storage. The detector is operated in a counting mode rathes than i, “e more sual
integrating mode: that is. the coordinates ci singiz events derived from the television scar address a
two-parameter pulse-height analyzer. and the events are summed in 3 digiial memory. The stored
information can be displayed in one- and two-dimensional formats and transferred to magnetic tape for
computer analysis.

The camera resolution is 0.13 num fwhm horizontal and 1.9 mm vertical. which will detect more than
80,000 detector elements over the useful area of the 150-mm-diam phospher screen. The inherent
capability is several times this number. The counting rate per detector element is 60 regularly occurring
events per second. The counting efriciency. which depends on the phosphor thickness. is ~15% for a
0.5-mun phosphor.

1. Abstract of paper submitted for publication in the Journc! of Applied Orystallography.
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2. Support for the Thermonuclear Division ORMAK Project

2.1 MICROWAVE REFLECTOMETER FOR ORMAK'
D. D. Bates

A microwave reflectometer was designed and fabricated by equipping it with 3 pulsed radar unit from a
previous experiment. Since abave 10'2/cm® density in the plasma the 40-GHz microwave signal is totaliy
reflected. it is a source of data that enables researchers to follow the h wizontal movement of the plasma.
The reflected signal is mixed with the attenuated forward signal in a hyt -id ring and then detected by 3
diode detector.

Although the prototype systern worked well in an experimental setup. where a modulated metal
speaker cone reflected the signal, there were not enough daia points from ihe pulsed radar signal to allow
researchers to follow the fast movements of the plasma during an ORMAK shot. Future experimer.ts are
planned for th2 reflectivity type measurements. using various frequencies and possibly swept frequencies of
the microwave source.

1. 6. G Kelley et al, “The ORMAK Progam.” p 18 in Thermonudlear Div. Anmu. Progr. Rep. Dec. 31. 1971,
ORNL - 4793

2.2 ZEBRA-STRIPE MICROWAVE INTERFEROMETER FOR ORMAK
D. D. Bates ) F. Clarke'

With the interferometer system reported previously.? unambiguous line density measurements of the
plasma v.zre obtained for all ORMAK experimental shots. The basic 140-GHz system was expanded so that
two measuiements could be made simultaneously through the plasma.

Four channels of microwave plumbing were completed to the new ORMAK liner. including four sets of
two horms that were electroformed and fabrizated by the ORNL Fabrication Department. By switching the
two available sets of electronics between the four sets of horns on two consecutive and identical shots. four
channels of information were obtained tc determine the density profile of the plasma. Also, data from the
four channels were interpreted as a function of 1ime to determine the horizontal movement of the plasma
duning a shot Casters were designed and installed on the electronic cabinets so that they could be quickly
switched to the desired channels between shots.

In the future. the interferometer system will be improved if it is possible 10 operate two seis of horns
from one klystron rather than by duplicating each channel. If this is not feasible. then an attempt will be
rnade to muluplex the channels by switching the output from the klystron among the sets of horns. As the
complexity of the interferometer increases. data handling of the zebra-stripe system will become more
cumbersome and better techniques for handling the data will be needed One possible solution will be to
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operate the kivstron at a fixed frequency tihe klystron 1s swepl 1 the zebrasinpe sysismr Jetermumng the
sine and cosine of the shifted signal and electronnally counting the number 5f Iz shifts o ihe pisma
increases or decreases.

1. Thermonudear Dnasion
2. D. D. Bates, “Zebra-Stnipe Microwase [nterferometer for ORMAK.” p 1312 Instrumenianon cnd Contmis D
Annu. Progr. Rep. Sept. 1. 1972 ORNL 4822

13 HIGHENERGY PULSER
D. D. Batss

A high-energy pulser was developed to operate a fast gas valve' to “putf” a @iven amount of gas into the
liner of ORMAK. The pulser receives a timing pulse from the ORMAK control room and. through triggering
circuiis. fires an ignitron to discharge a 2400-puF capacitor through the valve coil. With 400 V on the
capacitor. the valve operates in microseconds to allow a puft of gas to pass into the liner; the amount of gas
is determined by the pressure to the valve. The charging circuits recharge the capacitor to a selected voltage
between ORMAK shots.

1. Gas valve obtained from Lawrence Radiation Laboratory.

2.4 FASTION GAGE
D. D. Bates

A VZ=CO0 model RG-830 ionization gage contro! was purchased for the nude ionization gage in the
liner of ORMAK. The gage conirol was modified so that it would be compatible with existing control
circuits and respond to the fast pressure changes that occur during an experiment. The output was altered
to respond to I-msec changes that could be monitured with a commercial transient recorder.

2.5 SOLDERING UNIT CONTROLLER
D.D.Bates S.M.DeCamp'

In the past. when the copper liquid-N; cooling lines to ORMAK were soldered, the Kovar ceramic

insulators were a m:jor source of problems due to overheating (possibly cracking the ceramic insulator) or
underheating (resuiting in a poor solder joint). To achieve better control of the soldering temperature, ar.
automatic controller for a 1-kW soldering unit was designed and fabricated. In this unit a themopile
infrared detectos detects the temperature of t.e silver solder melt.

The detec:or is contained in stainless steel. thin-wall tubing and mounted in the soldering tongs in such
a position that it monitors the solder melt. The output from the detector is fed through a coaxial cable to a
battery-operated operational amplifier. one designed especially for this application. The output from the
amplifier is connected to a set point con’coller which stops the power input (o the soldering unit when the
melted solder reaches a predetermined temperature.

1. Thermonuclear D:vision.
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2.6 EQUIPMENT PROTECTION LOGIC SYSTEM

R.E. Winteaberg

A microwave equapment protection loge system was designed for the Thermonuclear Division ELMO
Bumpy Torus Expenment ' The s/stem. constricted largely of Mgital Equipment Corporat;on logw cards.
accepts tow-level ugnals (50-mV tnp levels) from 28 crystal detectors and dnves combinations of five
outputs. The outputs remove microwave drive power or cause crowbar action in the high-voltage power
suppiies. Bistable multvibrators with light-emitung diodes (LEDs) indicate which detector caused a
shutdown.

I. R. A Dandictal  The ELMO Bumpy Torus Experiment. ORNL-TM-3694 (November 1971).

2.7 FERRITE SWITCH-ATTENUATOR DRIVER
R. E. Wintenberg

A microwave ferrite switch-attenuator driver was designed for the Thermonuciear Division ELMO
Bumpy Torus Experiment. The driver is a high-gain_ dc-coupled power amplifier with current feedback. The
‘nput is 0 to 10 V. and the output is 0 to £2.5 A into a 20-mH. 1.3-Q winding. The low-level circuit cards
are packaged with six cards in four, three.unit-wide NIM modules. and the power stages are packaged with
twelve on each of two water<ooled copper plates.

2.8 FERRITE SWITCH-ATTENUATOR TESTER
R.E. Wintenberg  H. O. Eason’

A ferrite switch-attenuator tester, designed for the Thermonuclear Division ELMO Bumpy Torus
Experiment. measures the switching sneed and attenuation characteristics of a Raytheon SKuH8 ferrite
switch. The tester has two power supplies and a combined mercury relay and SCR to open the coil current
and to apply a large reverse potential. A crysta! detector and a scope are used to measure the microwave
time response.

1. Thermonuclear Division.
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3. Miscellaneous Electronics Development

3.1 HYBRID MICROCIRCUIT ACTIVITIES

J.T.De Lorenzo C. H. Tucker
J.M.Ruchelle  E_J Kennedy!
W.H. Houston H.N. Wilson

Further experience wax obtained with hybrid microcircuit fabrication. and some construciion practices
and techniques were established. High-purity \99.5%). 2-in.-sq. 10-mil-thick alumina substrate material was
purchased in a “Snapstrate” form cut to two different interior sizes. A 15.C00-A thin film of aluminum was
applied tu this material for conductor metallizat:on. Artwork and etch ng capabilities were developed to
achieve a line width resnl'ttion of S *+ | mil. The registration resolution precision is 2 mils across the 2-in.
dimension or i%> substrate. Single- and two-component, s:lver-filled epoxies and electrical irsulating epox:es
are used for die and substrate attachmen® and for hermetic sealing.

An eiecaometer amplifier was constructed with a hybrid microcircuit and partially tested. One
amplifier was installed in a ..w ORNL Cutie Pie instrument and is being fizld tested by the ORNL Hea!:}:
Physics Division. Another was installed in a CD V-715 survev meter for the Defense Civil Prenaredness
Agency. A modiued electrometer amplifier with a higher open-loop gain was constructed: it is buing tested
as a possible replacement for the vibrating capacitor amplifier in the ORNL monitron.

Three units of each 1ype were built to determine the relative cost and reli=hi!ir; of microcircuit
construct;on. All railures of these units in service were caused by defective transistor chips. Only one
defect, a damaged MOSFET. could be attributed to the assembly process. The cost (neglecting art and -
camera work) of constructing an amplifier with a microcircuit is comparable to that for construction from
discrete components. Initial test results from both designs show that for an amplifier constructed with a
microcircuit. (1) the offset current values are significaitly less than those for one constructed with discrete
components. (2) the peak-1o-peak noise referred to the input is <2 mV. (3) there is a good uniformity of
range of zero adjustment, (4) the short-term stability with a 10'2-82 inpu’ resistor and a unity gain
follower conrection was <10 mV. Long-term stability tests were started.

Artwhrk tor a four-transistor. wide-band pulse amplifier was completed for a thick-film circuit. The
circuit design is identical 1o one constructed earlier with a microcircuit comprising chip resistors and a
copper-iad. fiber-glass substrate. The pulse rise-times were <I nsec with a stage having a gain of 10. and
these values are anticipated after fabrication of prototypes intended for current pulse amplification of
fission :ounters. The thick-film circuits will be constructed as a cooperative effort with the University of
Tennessee, using equipinent recently purchased by the University.

Additional electronic circuits utilizing the Silicon General IC breadboard were prepared fer five
ultrasonic fish tags? fabricated for the ORNL Environmental Sciences Division.
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Experimental circuit: containing the high impendance portion of current integrators were constructed
and installed inside an ionization chumber for the Amuy Signal Corps.

1. Consultant. Department of Electrical Engineering, the University of Tennessee, Knoxville.
2. 1. M. Rechelle, Instrumentation and Controls Div. A-~nu Progr. Rep. Sept. 1, 1971, ORNL4734.

3.2 PCAP ADDITION TO ORNL 360 COMPUTER
J.T.De Lorenzo C.C.Webster'

The Princeton Circuit Ana'ysis Program was added to the public aisk of the ORNL 360 computer. The
advantages of this program ovi: the IBM Electronic Circuit Analysis Program? are that the PCAP has a
more versatilz cutput. including a prinicd graghic plot and an improved transient analysis algorithm that
reduces execution time by allowing a longer time -tep for the desired accuracy. Portions of the program
were tested, and the performance compares precisely with the ECAP performance.

1. Mathematics Division.
2. L. T. De Lorenzo, C. W. Nestor, and C. C. \Vebster. p. 43 in Instrumentation and Controls Div. Anmu Progr. Rep.
Sept. 1. 1972, ORNL4822.

33 GATED OSCILLATOR-AMPLIFIER FOR NEUTRON POLARIZATION
F. M.Glass J. L.Lovwom

A vanable-frequency (298 to 408 kHz) oscillator-araplifier that will deliver 1 A rms into a 370-uH
inductor was designed and fabricated for the Solid State Division for experiments requiring neutron
polarization. A medification of an earlier design.' this instrument has an automatic RF current control and
a dual-ange, linear, rf curreni cutput meter. An experimenter can set and maintain the output current
much more accurately than possible with the older model.

I. J. L. Lowormm. p. 26 in [nstrumentation and Controls Div. Annu. Progr. Rep. Sept. 1. 1967 ORNL4219.

3.4 ACOUSTIC TEMPERATURE TELEMETRY FROM SMALL AQUATIC ANIMALS'
J.M.Rochelle C.C.Coutant?

A small electronic transmitter that utilizes interval modulation of ultrasonic pulses was developed for
temperature telemetry from free-ranging aquatic animals. The temperaiure sersor is a thermistor in the tip
of a flexible apperdage. The entire unit. including the thermistor. can be completely implanted in the
animal’s body. or the flexible appendage can k. ieft outside the body cavity to enable internal or external
temperature m2:surenent respectively. The received signal is decoded using comme.cially available gear by
interfacing the output of an i!trasonic receiver with a digital time intervalometer. The data can be stored on
punched paper tape for later conve....on to temperature by a computer.

The usable range of the transmitter extends to 500 m. and its calibration accuracy is within +0.2°C over
a range from 5 to 35°C. This calibration is maintained throughout the life of the battery. The air weight
varies from 16.2 g for a transmitter with a life of 6 weeks 10 37.0 g for one with a life of 60 weeks. Use of a
breadboard integrated circuit enables production of a small number of units at a reasonable unit cost.

1. Abstract of papes submitted to JEEE Transactions on Biomedical Engineering.
2. Environmental Sciences Division.
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3.5 A SIMPLE DIFFERENTIAL DISCRIMINATOR'
J. M. Rochelle

A circuit was designed to detect anticoincidence for singlechannel analyzers thst have differential
compaidator inputs. This circuit. with one two-input gate and three ancillary transistors. is useful where size
ot cost must be minimized.

1. Abstract of paper acceptea 101 publication in Nuclear Instruments and Methods

3.6 MINIATURIZED LOGARITHMIC COUNT-RATE CIRCUIT!
J.M.Rochelle E.J. Kennedy?

A fourdecade. logarithmic count-rate circeit with a log transistor s the feedback element in an
electrometer amplifier was designed and constructed for mcasuring periodic or random inputs. This new
design enables a mu-h greater degree of miniaturization than possible with the conventional. parallel
diode-pump configuration. Pulses of constant charge are supplied to the log electrometer by a common-base
transistor current source that is driven by a stable univibrator. Frequency compensation of the electrometer
is not required because of the stabilizing influence of a 0.1 uF feedback capacitor that maintains the output
voltage ripple at <I mV peak-to-peak for periodic inputs. The eiectrometer output changes 1 V per decade
frum +4 to 0 V as the average input rate increases from 10 to 10° countsjsec. From O to 50°C the total
autput voltage zero drift is <+10 mV. and the | V per decade calibration changes <+15 ;:V. The maximum
error of the logarithmic conversion is <1% referred to the output voltage.

A figure of mierit for the output response to a step charge in input frequency is defined as the number
of pulses required for the output to reach 90% of the difference between the initial and fina. output
voltages. This response number is plotted as a function of the ratio of the initial and final input rates.

1. Abstract of paper submitted to Review of Scientific Instruments.
2. Consultant, Department of Electrical Engincering, University of Tennessee, Knoxville.

3.7 DESIGN OF GATEABLE TRANSMITTER FOR ACOUSTIC TELEMETERING TAGS'
J. M. Rochelle

A single-transistor class B oscillator was designed as a gateable transmitter stage for ultrasonic tags. The
transmitting efficiency was analyzed by grouping the various losses into two categories: collector circuit
losses to determine the (ollector efficiency. and load circuit losses to determine the load efficiency. The
collector efficiency. 58.5% for this design. is a function or the internal battery resistance. collector
saturation resistance. operating power level and battery voltage. The load efficiency. 37% for this design.
includes losses from the transformer. base circuit. and projector. The conditions for maximum puwer
transfer were delincated. and a simple procedure for obtaining zn approximate measure of projector
efficiency was prepared.

1. Abstract of paper accepted for publication in JEEE Transactions on Biomedical Engineering.
3.8 INSTRUMENY FABRICATION

E.E.Waugh J. R.Jones C.H Tucker

The Fabrication Shop fabricates electronic components. instruments, and assemblies. usually in smail
quantities. after such units are developed and a prototype is constructed by the Division Product Design
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Group. The small quantities to be constructed along with the rigid construction specification are such tha?
there is no outside commercial interest in building these units. The Fabrication Shop alse assists
development engineers in fabricating special new instruinents. The following examples illustrate a cross

section of instruments constructed:
I. Two orders were completed for construction of instrument assemblies for the Creep-Ruptur Facility

of the Metals and Ceramics Division. These assemblies consisted of NIM hardware modules and bins
coniaining strain gage amplifiers. differential transformer amplifiers. and power supplies. Commercial
manufacturers were unable to mee: delivery dates on these assemblies

[

. New safety flux-signal conditioner modules. servo flux-signal conditioner modules. ana wiring assemblies
were constructed for instailation at the High Flux Isotope Reactor.

3. A new ultrastable cyclic voltammeter (Q-5163) was constructed for the Analytical Chemistry Division.

4. Control amplifiers. signal conditioning units, power supplies. computer interfacing, sampling boxes.
modifications io commercial instruments. and cables were fabricated. and commercial instruments were
modified for a special expcriment performed at ANL by the Reactor Controls Department of this
Division.

5. Arntwork for integrated circuits and photography for conductor printing were done for the Hybrd

Integrated Circuit Facility of this Division. A prototype setup was assembled for cleaning. coating.

printing. and etching substrates.

The Faorication Shop also prepared master layouts and fabricated etched wiring boards, and printed
and fabrica:ed Metalphoto processed panels and identification tags. The layouts were made double scale.
and the red und blue tape method was used to achieve absolute registrations when doublesided. etched
wiring boards were prepared. Master negatives were made photographically by using colored filters and
reducing the scale to full scale.

3.9 IMPROVED THERMOCQUPLE VACUUM GAGES
E.E. Waugh G.A. 1ot J.W Johnson

The thermocouple (TC) vacuum gage (Q-2254B) and TC vacuum gage and pump protector (Q-21738)
were improved by changing the hardware design so that a single unit or a combination of two units can be
rack mounted by using NIM hardware. The TC vacuum gage and pump protector was also improved by
replacing the old relay wiih a mercury relay to give a higher load capacity and longer life and by including
thermal overload protection.

3.10 ALPHA OR BETA-GAMMA KADIATION MONITOR
E.E.Waugh C.C.Courtney G. A. Holt

An alpha or beta-gamma radiation monitcr (Q-2277A) was developed by repackaging several NIM
modules into a single. six-unit-wide, 5%-in.-high NIM hardware module to contain a detector, high-voltage
supply. count-rate meter. alarm circuit, 2udio circuit. and a self--ontained NIM power supply. This module
can be installed in a portable NIM catiinet »r a NIM hardwzre bin. The instrument operates on 115 V uc
power.

The instrument has six ranges that span 0 to 25.000 counts/min and three mtegrating times of 1. 11
and 21 sec. The new electronic circuit is not susceptible tc maintenance problems that were associated with
the optical meter relay used in the preceding model Q- 2277A instiiment. |
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3.11 AUDIOVISUAL PRESET COUNTDOWN TIMER
A.L.Case C.C Hall

A presettable. countdown timer was developed for use st meziings at ORNL ard offsite. Two displays.
one for the _eeting chairman and one for "¢ speaker’s podium. show the tme remaining. The time can be
preset from 1 to 99 riin; 2 min before the end of the allotted time. a visible signal 1s given. and when nv
time remains an au lible signal is sounded. The umer has TTL integrated circuits and incandescent.
seven-segment numerical displays. Time data te the remote display are transmitted serially. at 60 times per
second. on one wire insiead of the sixteen required for paralle! transmission of four BCD digits.

3.12 APPROVED WIRING DEVICES
G.A Holt H.N Wilson

The Division continued to assist the Laboratory program of upgrading wiring devices used 1n instrement
construction for building wiring. and for portable tools. A pictonal ORNL Stores catalog supplement was
issized in September 1972. This suppleme.t. entitled "Standard Plugs and Reveptacles for Use at Oak Ridge
National Laboratory,” lists approved product wiring devices thai were carefully selected for usefulness and
quality and that meet the ANSI-UAL and OSHA safety requirements.

This program is being, checl-ed regularly to ensure that only approved products are sto-ked in ORNL
stores.

ANSI-UAL approved grounding outlets are being installed to enable mobile instrument vans to obtan
electric pewer a: the rear of the instrnment Laboratory Building 3500.

3.13 IMPROVEMENT OF STABILITY OF CURRENT-REGULATED SUPPLIES AT ORIC
W_E. Lingar

A study was made to determine the causes of snstabili'y 1n several current-regulated supplies at the Ozk
Ridge Isochronous Cyclotron and to propose a program for .mproving their performance. These supplies
consst of 3 fieldcontrolled motor generator sets fone 500 kW and two 1750 kW) and 19
series-transistor-regulated current sources. The output from the transistor-regulated supplies ranges from ~&
to 34 kW.

Measurements indicated that the supplies had not performed as desired: in particular. the long-term
stability of the main field needed improvement mure than a factor of 10. These measurements revealed
other problems. such as electrical leakage paths to ground through the coolant hoses and vscillations in she
feedback circuit of some of “he regulators.

The supplies were analyzed to determine il the desired stability couid be atizined by using available
devices and components. During the analytical tests. measurements of the inductance and resistance of
many of the magnets (which are - + loads for the supplies) shuwed that most of the larger magnets cannot
be characterized by fixed vaiues of inductance and resistance because their inductance is a function of
excitatior current and frequency and their resistance is a function of frequency and temperature.

The conclusion was that the supplies couid be tmproved to achieve the desired stability. as follows: (1)
replace the resistive shunt in the main-field magnet supply with a transductor to sample the output curren:.
and (2) redesign the circuitry for the multiloop feedback systems. Stray magnetic fields in the probable
location of the transductor were measured to determine how much magnetic shielding was required for the
device. The other regulators. having less stringent stability requisements. can be impruved by redesign of
their circuits and by appropnate compensation of the feedback loops.
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Siwe the greatast nprovement of oy ition beam sability can be actucved by improming the man-Hiekd
uabiity . i h work was begun Devugn i ~90: (omplctc. and Hbrnatwna will be started when sufficrent
matenai n recaived Devgn and (3brw ation ©f the ocher regulaton will bepn v ime. abur. and matenab

permt

3.14 JON SOURCE MODIFICATIONS FOR THE TANDEM VAN e GRAAFF ACCELERATOR
I W Johmon (% Weild!
In tepome o an wntened demund for heavy om and a3 need fur unproved reliability and

masntasaability  the ron source of the EN Tandem Van de Graaff aucclerator wa madificd
A sermumaodule 1ype devugn (Fig 3 14 1) was winvied for the yavuun: pumping. wppott structure. and

-

Tt 184k )

Fig 3.14.1. jon sourxe moduie for tandem Van ds GonafY.
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won-source vacuum housing so that different types ot sources could be installed and maintained. Design
teatures deveioped over years of use of the gas charge. exchange-type. negative-ion source were
imorporated in a new lens<harge exchange structe -. Commercial negztive-ion sources of sputtering or
drscharge types were integrated wnte the system. A larger inflection magnet was designed and procured. The
design wll enable an increace of the injection energy to 100 to 125 kV for better transmission of the ton
beam through the accelerator.

! Phywos Division.

3.15 HEAVY1ON SOURCE FOR THE CN VAN de GRAAFF ACCELERATOR
J.W.Johnson J.P Judish® W.T. Newton®

To meet the needs of “he CTR program for radiation damage studies using accelerated charged particles
bombarding like target material. a heavy-ion source of the Nielsen® type was installed in the 5.5-MV CN
Van de Graaff accelerator.

To make space for the ion source and related equipment, the pressure tank and high-voltage terminal
were extended 6 ft. Thus, a crossed E-H fieid analyzer could be used to rapidly switch between two
different 1ons from the source. The analyzer magnet was replaced with an ME/q® = 36 magnet mounted on
a tracked carniage to allow room for the radiation damage target apparatus.

Radiation damage investigations using Al* ions and alpha particles on Al targets are in provess. Other
investigations using L;* beams were made

1. Phy acs Division.
2. Former member of the Instrumentation and Controls Division.
3. K. O. Niclsen, Nucl Instrum. Meth. 116), (1957).

3.16 REMOTE METERING ACROSS HIGH-VOLTAGE GAPS WITH LIGHTPIPES
R.P.Cumby W.T.Newron' G.F.Wells?

Voltages and currents several million volts above ground have been monitored many ways. i.e.. optically
with or without closed-circuit TV, rf. or radio link. Lightpipes ar¢ being used for such monitoring of the
5.5-MV Van de Graaff accelerator terminal and across a 100-kV gap in the Tandem Van de Graaff
accelerator ion-source injector.

Light pulses are generated at a frequency proportional to the voltage or current being measured. the
pulses are transmiiied across the high-voltage gap through a lightpipe, and then they are converted to direct
current which is read by a meter at ground. Linearities of the system are about +27%.

i. Former member of the Instrumentatior and Controls Division.
2. Physics Division.

3.17 IMPROVEMENTS TO TANDEM VAN de GRAAFF ACCELERATOR DRIVE MOTOR
J.W.Johnsorr  G.F.Wells'

The short service life of the bearings in the drive motor and pulley generator for the charging belt of the
EN Tandem Van de Graaff accelerator was analyzed. As a result. the design was changed to increase the life
a factor of § to 10, as follows: (1) the minimum pressure of tank gas and the maximum concentration of
SF, were preset: (2) the bearing type. seal, and lubrication were changed: (3) the fit of the bearing races in
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thewr housings was changed: and (4) the bearing loadrng was charged so that these would be a thrust loading
on alt heanng.
The beanngs now last more than 3000 hr. compared with the 200 1000 k1 previous hfe

1 PRy Dvson

3.18 BEAM DEGRADER DRIVE
G.W.Alin  B.C.Dugpns H.J Stnpling. Jr.

A filter indexing drive wzs designed for the beam degrader assembly on the Heavy-lon Bombardment
Facility at the ORNL High Voltage Laboratory.

The dnve has an eight-point Geneva indexing umi?. with 2.5:1 reduction between the unit and the filter
wheel so that there are 20 steps per revolution of the filter wheel. A synchronous motor dnives a
single-revolution. spring-wrapged clutch on the Geneva input shaft. which is set to declutch when the index
drive 1s in the approximate center of the Geneva dwell period. A single. momentary vontact. normally open
aushbutton switch is used to accuraiely step the filter wheel from one position to the next. A
synchro-torque transmitter and receiver drive a pointer at the remote control console for position
indication. This umit is operational and is performing satisfactorily .



4. Detectors of lonizing Particles and Rad:ation

4.1 MULTIWIRE PROPORTIONAL COUNTERS
H. R.Brashear G.W.Allin H. O Cohn'

Construction of [6 multiwice proportional counters.’ amplifier iecepiz:-le boards. and 4 courts:
enclosures was compieted for Physics Division participation in cxperiments at the 30-n. Sutll: chambe:
facility at the National Accelerator Laboratory. Design of the chamber enclosure mounting system was
completed, and the system was fabricated by the University of Indiana and «ne University of Tennessee.

Each proportional counter has a sensitive area of 1 ft® that contaius 15¢ anode wices spaced 0.0769 in.
apart. Each anode wire is connected from an amplifier receptacle board to an individual amplifier and
differential line driver. Signals from the amplifiers are stored .n shift registers for eight beam extractions.
and finally they are stored on magnetic tape.

The four enclcsures are positioned in the particle beam path downstrear: from the bubble chamber.
The first enclosure contains three proportional counters, the second and fourth enclosures contain four
each, and the third enclosure contains five. Each enclosure is 46 by 54 in. and 8 in. thick; its assembled
weight is 150 to 200 1b. Dowel pins in the enclosure mounting system allow removal and accurate
repostioning of the enclosures for maintenance and other downstream experiments.

1. Physics Division.
2. H. R. Brashear. G. W. Allin, and H. O. Cohn. "Msnluwire Proportional Counters.” p. 18 in /nstrumentanion and
Controls Div. Annu . Progr. Rep. Sept [. {972, ORNL4822.

4.2 POSITION-SENSITIVE PROPORTIONAL COUNTERS
FOR MAGNETIC SPECTROGRAPHS

R.E. Zedler

- Three ifferent Borkowski—Kopp types of position-sensitive proportional counters’ -2 were designed
and built (Tabi> 4.2.1) for the Physics Department for studies of ligh.- and heavy-ion coulomb and nuclear
excitation reacticns*® at the Tandem Van de Graaff accelerator and the Oak Ridge Isochronous Cyclotron.
ﬂn detectors are operated in the magnetic spectrograph vacuum chambers. Since the detectors are used in
the gas flow mode with a mixture of 90°% Ar and 10% CH,. the detector windows are thick enough to
wi:thstand the necessary differential pressure for particle cnergy absorption and proportional counting but
also thin enough to aliow particle entrance with minimuil energy loss. The window material is Mylar film.
For window widtts of 1.2 cm and window thickrzss of 0.00015 in. and 0.00025 in.. the pressure
maintained in the detector is 0.33 and 0.5 atm respectively. For a 5-cm-wade and 0.0005-in.-thick window.
the pressure is 0.33 atm. The Mylar windows can be changed to meet the needs of the experimenter or
replaced if damaged. The detector spatial resolutions are <1 mm as used in the experin.2nts.

16



http://minim.il

- e o AR S -~ . e TS 0 T SN TR | e e ST T WS\ R e Sty —

17

Comprehensive descriptions of the principles of vpcration. fabrication details, use, and expenimental
results concerning these detectors are given in the references.

1 C.1. Botkewskiand M. K. Kopp. Rex Sct Insmum. 30101, 1515 (1968).
2 C ). Borkowski and M. K. Kopp. JEEE Trams Muci Sct NS-17(3), 340 (1970).

. ) L.C Voed, Jr.. et al.  Nucl Instrum. Meth. 98, ;99 (1.12).

4. 3. L C. Ford. Jr.. et al.. “States wn 2*Mg Poputated by the '®B ('*0, d) and '3C ('*0. o) Reactions.” to be
submstted for publication in Muckesr Physics

5. J. Gomez del Caropo et al.. "Study of '°B (*0. a) ¥¥Na Reaction.” 1o be submitted for publication in The
Physccel Review.

6 J L C Ford Jr..et al. “Interference Between Coubomb and Nuckear Excitaion in the Inelastic Scattenng of ' ' B
fons from 29%Pb " 1o be whbmsited for publication m The Physxal Revacw

Table 4.2.1. Specifications of position-mautive
proportional cowRters

Proportional counter types

1 2 3
Effective kength. cm 20 60 60
Wdth_cm i1 1.2 5
Depth. cm 0.35 0.5 0.5
Anode dumeter.n®  (.001 0.003 0.003°

Window thuckness. i 0.00015 0.00015 0.008
Wmndow thickness, m. 0.00025 0.00025
Window thickness, m. 0.000$

*pyrolytic carbon coated quaruz.
ree are used.

4.3 GAS DISCHARGE RECYCLING IONIZATION CHAMBER
J. M. Rachelle

Research studies of a recycling icnization chamber. which uses 2 neon-argon glow discharge as its charge
dumping mechanism, were continued for the Defense Civil Preparedness Agency.!™ The effects of gas
mixture and pressure on the uniformity and magnitude of the caarge dumped per cycle were investigated
experimentally. The effects of external circuits, particularly the paraliel capacitance and power supply
ripple. were also studied.

1. J. M. Rochelle. “Evaluation of the Integzating Pulse Discharge lomzation Detector.” p. 20 m Intrumentation and
Controls Div Annu. Progr Rep Sept 1. 1969 ORNL4459.

2. J. M. Rochelle and C. C. Courtney. "Rugged Low-Cost, Portable Digtal Dommeter.” p. 19 n Instrumentition and
Controls Div. Annu Progr. Rep. Sepr |, 197/ . ORNL-4734.

3 1. T. De Lotenzo et al., Radiological Instrument Design Investigation for OCD. January 1970 to October 1970.
Annu. Rep . ORNL-TM-3370 (Mar. 31, 1971).

4. F M. Glass. J. M. Rochelle. and H. N. Wilson. Engineering Feasibility Study on Automated Artack-Effects
Informetion Svstems. Final Report. ORNL-TM4194 (lan. 22, 1973).
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4.4 SUPPORT FUR NEUTRON CROSS-SECTION MEASUREMENTS
F. E. Gillespie

A prototype fission chamber (Q-2851 mudel VIli) with 17 mg of ??°Pu was used to check we
efficiency and pulse hewght of the design before a 20-plate chamber was cunstructed for the Neutron
Physics Division. The prototype had two plates (each coated on one side) with 0.1 19 ragicm’® and 0.247
mg/cm® of 2?Pu as PuO,. Three blank plates were interspaced to make a five-plate chamber. The plate
spacing was ‘4 m.. and the filling gas was 10% CH, -90% Arat | atm. This combinatron was satistactory fos
the 20-plate chamber. used with hroadband current preamplifiers.

The 20 plutonium plates (82 mg) for the new chamber were prepared by vacuum evaporation.’ The
amount of ?2*Pu a cach plate was determined by low-geometry alpha counting. The chamber 1s being
asaembled.

1. K. Adax. Isotopes Dvison

4.5 HIGHPRESSURE DETECTOR CHAMBER
G. W._Allin

A high-pressure (450 psig) detector chamber was designed for a singie-wize proportional counter. The
chamber s aluminum with a Van Stone-tvpe ring flange of staniess steel and 2 Monel head A
nelium-leak-tight. metal-to-metal seal was used to permit bakeout at assembly. The application required a
compact design. thus excluding standard flanges. This chamber was fabricated. and 1t passed both
hydrostatic and helium leak tests.

4.6 CARRIERCONCENTRATION-DEPENDENT MOBILITY IN
n-TYPE HIGH-PURITY GERMANIUM'

J_ L. Blankenship

The Hall mobility of electrons in high-purity germanium was studied over a range from 7 t¢ 200°K in a
series of samples both before and after irradiation with “°Co gamma rays. In several unirradiated samples
the mobility was limited mainly by lattice scattering down to 7°K. The mobility at 35°K decreased with
radiation dose for all samples, but the magnitude of the decrease was greater i samples having lower carrier
concentrations (n,). This deciease was well correlated with n,. Measured mobilities a1 35°K were
significantly lower than values calculated from the Brooks Herr 1y impunty-scattering expression for n,<
102 em™3. Ata, = 10" cm™ the measured mobility was 0.0! times the calculated mobility. No
satistactory explanation has been found.

I Abstract of a disertaion submitted to the Unmersity of Tennescee. Knoxville, in pastial fulfiliment of the
requirements for the Ph.D.deygee in physics and published in Phys Rev. B 148). 3725 31 (Apni 15, 1973).

4.7 “AMMA-RAY DAMAGE AND ANNEALING IN ULTRA-HIGHPURITY GERMANIUM'
3. L. Blankenship, Jr.

Defects introduced by ®°Co gamma rays at 0°C in n-type and p-type germanium were studied using
Hall coefficient and electrical conductivity measurements. The material investigated had net impurity
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concentratons in tke range of 10" to 10'* cm > this allowed the detection of a lower range of radiation
defect conventeations than was previously feasible. The properties of defects stable at room temperature are
particulazly interesting, because semiconductor radiation detectors have been made by irradiating lightly
doped n-type germanium with ‘°Co gamma mrys. The lack of consistent results has prevented the
commercial applicatiun of this process.

Two problems hamper Hall coefficient measurements on such very high-purity germanium: (1) the
termanals of the specimen present a high source imedance at mont temperatures, and (1) no mformation
abuui the impuritics or doping concntritions is available from the supplies. The first probiem was solved
by incorpurating specially designed eicctrometer-type amplifiers in the measuring apparatus. The second
problem of material characterization was partially solved by measuring the temperature dependence of
camer concentration well into the freeze-out region. The degyee of compensation and tivation energy of
the dominant impunty dopant were determined from the “reeze-out data. Material characterization by this
method requires accurate temperature measurements and a stable temperature control system in the range
of 6 15°K. Carrier concentrations as low as 2 X 10* cm ™ were measured.

Raw data were collected on punched paper tape for later processing by computer. A hybrid computer
program was developed which first reduced the raw data and then calculated the carrier concentration as a
function of temperature from a theoretical model. The input parameters ¢! the theoretical model were
trder control of the program operator. so that the experimental data points could be fitted in detail to the
results of the model on a display oscilloscope. The input parameters were varied uyntil agreement between
theory and experiment was deemed adequate Ly the operator. and then the parameters were printed ont.

The defects introduced by *°Co irradiation exhibited three acceptor energy levels and caused an
apparent change in net impurity concentration. The accepor leve] observed at £, — 0.235 eV was produced
by the gamma rays with an efficiency of 8.58 X 1075 cm ™. This acceptor level annealed out readily at
100°C. An acceptor level at £, + 0.195 eV was observed in p-type materizl. Annezls at 30 to 60°C appeared
to convert this level to a level at £, + 0.09 eV, with an apparent change in net impurity concentration.

The most stable electrical property of the radiation defects was the change in net impurity
concentration, which was alwayy toward more p-type. The carrier removal efficiency in n-type material was
found 1o be 1.77 X 10™* cm™'. It appears possible to produce a stable change in net impurtiy
concentration ‘oward more p-type (or less n-type) without leaving an appreciable concentration of deep
acceptor levels by using a sequence of ®®Co gamma irradiation and annealing. This observation is of interest
to manufacturers of gamma-compensater ~ermanium radiation detectors.

The temperature dependence of Hall mobility (w; measured on germanium before irradiation agyeed
closely with theoretical mobility values limitzd on'y by lattice scattering. Reduction in wH produced by
irradiation appeared io be correlated with the resu ting carrier concentrations and not with the density of
charged scattering centers. The magnitude of this mobility depression and the functional dependence on
temperature were in disagreement with values calculated by assumirg st only binary encounters
contribute to the ionized-imputity scattering rate. Multiple encounter events were found to be predominant
in some temperature regions, but the theory of this scattering mode is not amenable to comparison with
experiment at thit time.

1. Abstract of a dissertation submitted to the Graduate Council of the University of Tennessee in partial fulfillment of
the requirements for the degree of Ductor of Philotophy, published as report ORNL-TM-3998 (Jamary 1973).
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5. Radiation Monitoring

5.1 SOLID-STATE CUTIE PIE
E.E.Waugh G.A.Holt E.J. Kennedy'

Tc meet a continuing request for « portable beta-gamma radiation survey instrument (Cutie Pie,
Q-2299), an improved unit (Fig. 5.1.1) was designed and constru :ted for evaluation. It is being field-tested
by the ORNL Health Physics Division. Preliminary reports are that the instrument shows much prormise.

In the new design the old zlectrometer tube and amplifier circuit were replaced with a new hybrid
integrated circuit amplifier developed and preduced in the Hybrid Integrated Circuit Facility of the
instrumentation and Controls Davision. The instrument is powered by a potted dc-to-dc converter module
and single D-cell battery. allowing >300 hr of operation.

The hybrid circuit amplifier. high-megohm resistors. and other circuit components are mounted on a
plug-in epoxy fiberglass, etched wiring board. This assembly. covered with Dow Coming silicone compound
340 to keep the high-impedance circuitry clean and dry. is contained in an ajuminum enclosure and
guard-ring assembly ccnnected electrically to the power supply common. The enciosure is packed full with
the silicone 340.

The effective volume of the new high-impedance circuit enclosure was reduced o about 155 of the
volume of the old design by reducing the physical volume of the aluminum enclosure and filling it with the
silicone 340. Th's reduction in effective volume reduces the cameral effect that is common with icnization
chamber instruments and that causes inaccurate meter readings.

The high-impedance circuit is switched by radially positioned reed switches in series with the
high-megohm resistors. The switched are actuated bv a small. permanent har magnet mounted on an arm
fixed to the bottom end of the shaft of the case-mounted rotary range switch that is placed cutside the
aluminum enclosure.

One of the problems with the old instrument was physical damage to the meter. The new uanit has a
flush-mounted meter face covered with a clear Mylar peel-off decal. The hand-fabricated instrument case of
the older model was replaced with 2 modified deep-drawn aluminum can. Although the new instrument is
only slightly smaller than the clder model. the weight was seduced 407 (from 3.5 to 2.28 Ih).

1. Consuttant, Department of Electrical Engineening, Univeraty of Tennessee, Knoxville.
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5.2 DIGITAL NUCLEAR RADIATION DOSIMETER FOR FIELD PERSONNEL
H. R. Brashear F.M.Glass

A laboratery model of a digital nuclear radiation dosimeter was designed and fabricated for the U. §.
Army Signal Corps. The dosimeter detector is a2 xenon-filled ionization chamber (17 cm? in volume).

A radiation ¢ = is measured by storing the collected ionization charge on a capacitor until an amount
of cqarge equivalent 1o S mR has been collected. The stored charge 1s removed from the capacitor through a
diode switch. Each time the diode switch 1s actuated. a pulse that represents a nuclear radiation dose of 5
mR is stored in a regster.

The high-impedance portion of the chaige collection and removal circuit is @ microcircuit mounted
inside the ionization chataber. Connectos terminals on the chamber are low-impedance points in the circuit.
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The pulse storage circuit comprises complementary metal-oxide silicon field-etfect transistor integrated
circuits that consume little power. The accumulated dose is digitally displayed by pushing a switch that
actuates a five-digit light-emitting diode array.

5.3 ENGINEERING ACTIVITIES CONCEPNING RADIATION MONITORING
C.C.Hall J. L. Loworr. P.Fr.Wiliams

Facility Radistion an? Contamu,nation Alarm Systems
Inteimediate and High-Level Waste Evaporator Building (Building 2531)

A beta-gamma constant air monitor was added to the radiation monitoring system in Building 2531.
The central alarm panel was rewired so that if a high-level or inoperative alarm is received at the central
parel from any one of three beta-gamma constant air monitors, the building containment system s put into
operation A control module was added to the central alann panel to onerate a steam condensate valve
when a high-level alarm is received at ihe panel from the steam condensate drain line monitor.

Metials and Ceramics Laboratory (Building 4508)

A remote alarm panel was installed at the south entrance of Building 4508. The remote panel provides
«isual alarms that duplicate any alarms received at the centra: alarm panel which cause building evacuation.
The remote panel is iocated so that personnel can see the panel from outside the south entrance and can
determine which instruments caused the evacuation a'arm to sound without entering the building.

Other Radiation Munitoring Systems
Health Physics Research Reactor

As-built, schematic drawings of the Health Physics Research Reactor monitciing system were prepared
and issued. A description of the facility radiation alarm system in the special materials machine shop.
roliing mill. and source and special materials vault at ORNL. was comgiled and issued.

Effluent Waste Monitoiing

A flow traverse of the Building 3039 off-gas stack was taken to determine the quantity ~f effluent
gases.

A sampler was designed and installed to t.ke small samples of water from the White Uak Creek flow:
this sampler is an addition to one already insialled.

Three Rustral: recorders and three range meters were added (o the instrument aei in the
Thorium-Uranium Recycle Facility (Building 7930) to show the local amount of radiation in the effluent
water and off-gas from the building.

More than 32 drawings were revised and updated to show as-built and minor design changes of the
monitoring systems.

Fallout Monitoring

A line noise rejection circuit was added to the No. 8 fallout monitoring transmission line ta the Central
Research and Adminstration Building 45008S.

R S DN i i s ¢ ome



[Re]
'~

S.4 DESCRIPTION OF FACILITY RADIAY.ON ALARM SYSTEM IN SPECIAL
MATERIALS MACHINE SHOP, ROLLING MILL, AND SOURCE
AND SPECIAL MATERIALS VAULT AT SRNL!

P. P. Williams

A facility radiation alarm system was mstalled in the special materials machine shop (Building 3044),
rolling mill (Building 3012). and source and special materials vault (Building 5027). Instruments
continuously monitor both gamma and neutron radistions (burst and dose) in the first two buildings but
only neutron radiavicn in th: vault. The instruments and associated system components pravide health
physics information. sound iocal alarmns when abnommal conditions occur. and indicate the abnormal
condition on a central punel in Building 3044 and the Laboratory Emergency Control Center (Building
2500). The monitoring ‘astruments also actuate buildin:, evacuation alarms in the raachine shop and rolling
mill when specific levzis of radiation are reached.

I. Abstract of ;rablished report ORNL-TM-4064 (March i975).

5.5 DESCRIPTION OF THE FACILITY RADIATION AND CONTAMINATION ALARM
SYSTEM INSTALLED IN THE HIGH RADIATION LEVEL EXAMINATION LABORATORY'

C.C.Hall ). L.Lovvorn

A facility radiation and contamination alarm system was installed in the High Radiation Level
Examination Laboratory, Building 3525, to continuously monitor beta and gamma radiation and airborae
beta-gamma contzmination. A monitor was installed in an exhaust duct to determine beta-gamma
contamination carried in the exhaust guct. The radiation moritoring instruments and associated system
components provide health physics information and sound local and remote alarms when abnormal
conditions occur.

Radiation monitoring instruments actuate the building evacuation system when specific ievels of
radiation or contamination are reached.

I. Abstract of published report ORNL-TM-1251. Revision | (August 1973}

5.6 DESCRIPTION OF FACILITY RADIATIOrN AND CONTAMINATION ALARM
SYSTEMS INSTALLED IN THE INTERMEDIATE AND HIGH-1 EVEL WASTE
EVAPORATOR BUILDING'

C. C_Hall

A facility 1adiation and contamination monitoring system was installed in the [ntermediate and
High-Level Waste Evaporator Building (2uilding 2531) to continuously monitor airborne beta-gamma
contamination, beta-gamma background radiation, and steam condensate beta-gamma and gamma radiation.
The monitoring instruments and their associated system components provide health physics information,
sound local alarms when abnormal cunditions occur. and indicate the abnormal ccndition on a central panel
in the operating area.

Beta-gamma ai' monitoring instruments actuate the building containment system when a predztermined
level of airhorne ¢ontamination is reached or when any one of the air monitors becomes inoperative.

1. Abstract o, report ORNL-TM-4317 (1o be published).
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5.7 AIR FLOW MEASUREMENT IN THE 3039 STACK

G. W. Allin
D.J. Knowles H.J.Metz H.]. Suripling, Jr.

A propeller-type anemometer' was assembled for determining the velocity profile in the main off-gas
stack.

A lightweight 9-in.-diam. two-bladed propeller made from expanded polystyrene beads drives 2
solid-state, incremental, low-torque shaft encoder. The encoder is mounted within a 3-in.-diam, thin wall,
bras: sphere and is bicirectional so that it will detect abnormal downdrafts as well as the normal updraft
flow. The size of the entire anemometer is small so that it can be inserted into the stack through 6-in.-diam
sleeve openings.

The :nanufacturer of the propeller claims that it will operate over a range from 0.5 to 90 mph when it is
suitably mounted on a low-torque device. The anemometer assembly was tested operationally, but it was
not calibrated or tested in the stack.

1. H.J. Metz et 2L, Instrumentation and Conmrols Div. Annu. Progr. Rep. Sept. 1, 1972, ORNL4827, p. 26.

5.8 ADVANCED AERIAL RADIAC STUDY
V. A McKay R. L Shipp

The study of possible techniques for high-speed, high-altitude measurement cf ground-level nuclear
radiation intensities associated with nuclear explosion fallout was continued.! The objective was to survey
all (or almost all ) of a fallout zone during a single pass with an aircraft flying at a ground speed of Mach 3
at 10,000 ft. Dose rates were to be measured at S00-rt-diam surface resoluticn: from 1 to 10,000 rads/hr.
This work was done for the U.S. Army Electronics Command.

Since geometric factors and air attenuation of gamma-ray radiation over a path of 10,000 ft or greater
in air prevent direct aeria! measurement of ground-level radiation distributions, most of the study was
devoted to detection of radiation :ffects on the environment. Environmental effects considered in most
detail were gamma-ray production in air of ozone, nitrous oxide, and fluorescence: and the effect of beta
and gamma-ray heating at the earth’s surface. Air fluorescence is the only one of these effects that has
sufficient yield for possible development into an aerial radiac system. An ultraviolet line scanner system
opeiating at 2 wavelength of 3371 A, the wavelength of the most intense air fluorescence band, will meet
the study requirements; however, survey operation is limited to clear nights when there is no irterference
from moonlight, aurora, or terrestrial light sources.

Interference from extraterrestrial light sources such as moonlight, aurora, airglow, and light fiou: the
sur: at low angles of elevation can be eliminated by operation at a wavelength of 2977 A where these light
sources are strongly attenuated by ozone in the atmosphere. However, since the intensity of the 2977 A
band is about 10% of the band intensity at 3371 A. the sysiem requirements must be relaxed to
compensate for this lower signal intensity. Since some of the data available for air fluorescence study is of
questionable accuracy, we recommend further study of the air fluorescence technique. Further, since
dosimetry by means of air fluorescence is limited to clear weather, additional development is recommended
for the previously studied low-altitude direct gagmma-ray measurement system.

I. R. L. Shipp and V. A. McKay. Instrumentation and Controls Div. Anru. Progr. Rep. Sepr. |, 1972, ORNL 4822 p.
25,
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5.9 LONG-TERM LUNAR MATERIAL STORAGE CONTAINERS
V. A McKay T.F. Sliski

The Planetary ans rarth Sciences Division of the Lyndon B. Johnson Space Center has selected certain
lunar samples for long-term storage of at least 0 years. These samples are to be doubly contained in
hermetically sealed stainlesssteel contamers. The inner containers will be 1200- and 5300-ml belted top
containers. which will be placed within a cubic storage container.

With reference to hermetic seals, the permeability and deformation characterisucs of elastomeric seals
make them useful only for short-term storage. Altiough metal seals are generally acceptable. indium and
lead are unacceptabie because of their high creep rates, and copper is marginally acceptable because it
requires a high force to close the seal. High-purity aluminum (Alcoa 1199.0) has been used for lunar
material containers for short-term storage.' since it has an acceptable creep rate and a satisfactory yield
point. and seals can be ffected with low seai loading in a circular lay.

The more stringent cleanliness needs for long storage periods require that the surfaces of all container
material be free of inorganic and organic soils. A total absence of lubricants on the seal surfaces creatzs
sufficient friction between the seal and flat sealing land that inhibits all seal surface flow. thus preventing 2
hermetic seal due to unfilled surface imperfections between the seal and tie sealing land, such as pits and
scratches.

A multiple groove sealing land was designed to segment the seal surface imperfections and induce seal
surface flow without tearing. None of these units have failed during testing: they have been fabricated in
sizes from 4 to 18 in. in diameter.

The design techniques learned while solving lunar material storage problems and the experience gained
from the use of Alcoa 1199.0 aluminum have been applied to a variety of other sealing problems.

1. V. A McKay and T. F. Sliski, /nserumentation and Controls Div. Annu. Progr Rep. Sepe. 1. 1971, ORNL 4734, pp.
88--39.



6. Support for the Oak Ridge Electron Linear A-celera or

6.1 ENGINEERING DEVELOPMENT SUPPORT
J.H. Todd

Generai engineering support was given to developing and testing improved subsystems on the
accelerator. Routine maintenance services were also furnished.

Design. construction. installation. and ckeck-out of 2 new logic and timing system to increase the
reliability and flexibility of operation of the accelerator were compieted.

6.2 INSTRUMENTATION FOR 7 EXPERIMENT
R.W. Ingle

Assembiy of a system (o7 the measurement of v (the average number of ncutrons per fission of fissile
isotopes) was started at the Oak Ridge Electron Linear Accelerator (ORELA) facility for the Neutron
Physics Division.

When completed. this instrumentation will detect and record fission events vs neutron energy that is
produced when neutrons :1om the accelerator strike fissile material in the center of a detector: the resulting
fission produces more neutrons.

The detector is a large spherical steel tank filled with 210 gal of Nuclear Enterpnse type NE-224 liquid
scintillator that contains dissulved gadolinium. Eight 5-in.-diam photomultiplier tubes scan the liquid. The
fission neutrons are captured by the gadolinium. and gamma rays are emitted. The gamma rays cause
scintillations in the fiquid. which are detected and analyzed by the photomultiplier tubes and electronic
mstrumentation.

The electronic system constsis of fast and slow channels for timing and energy analysis. The anode
signals from the photomultipiiers are summed together and fed to a fast discriminator for use as a timing
signal. The dynode signals are mixed through a slow linear amplifier system for accurate bias setting and
pulse height spectroscopy. The gains and timing signal must pe matched equally for all tubes. The
time-measuring device is an EG&G. model TDC-100 time-interval digitizer that receives parallel binary
output data from a high-speed scaler and presents the birary time-of-flight information and scaler counts to
the computer in dual parameter form. This scaler (ORTEC model 770) counts and records the number of
neutrons from a fission event.

: The electronic circuits and components have been acquired or fabricated. and the detector is being
assembled.
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6.3 NEL'TRON MONITOR
- H.Todd

A dualchannel neutron monitor with 2*U paraliel-plate fisvon chambers was designed and
constructed. A remwtely operated syster wll insert the chambers to a2 monitor position near the
accelerator target or retract them to a caibrate position. Cabibration 15 an automatic procedv.e that
started by the machine operator.

6.4 EXPERIMENTAL ELECTRO ¥IC ACTIVITIES
R.W.Ingle 1. H Todd

Continuing engineering assistance was given to the fissile isotope cross-section group of the Neutron
Physics Division. These programs include measuzement of the capture and fission cross sections of 274 L.
IJSL'. 239L" :J’h.l. ZCON.md :”A.mA

A1 additional neutron time-of-flight station with instrumentation 2t 85 m was completsd. With this
station. measurements zan be made at higher neutron energy rarges. We continued to devzicp and measure
the parameters of neutron detectors, fissior chambers. and photcmultphers with a goal of mproving the
detection efficiency. timing. and resolution of these devices.

instrumentation is now being set up for the measurement of ¥ at the 20-m station on flight path 4.

6.5 EIGHT-CHANNEL PRECISION PULSER
J.H. Todd

An eightchannel precision pulser was designed and constructed. Repetition rates are cwitch-selectable
at 1 pulse sec. 50 pulsessec. and a variable rate up to 50 pulses: sec for each channel. The pulse outputs of
the eight channels are equally spaced. and they occur sequentially. Timing pulses are available on each
channel with a shift of <10 nsec for output pulse amplitudes from 10 V to 50 mV.

6.6 MULTIPARAMETER INTERFACING SYSTEM

R. W.Ingle

To improve t"ie data acquisition and recording techniques of existing equipment. a2 multiparameter
interfacing system was fabricated and installed at the ORELA facility to enabie a Neuiron Physics Division
group to measure fission and capture cross sections as a function of neutror energy.

This interface simultaneously accepts paraliel digital information from an EG&G model TDC-100
tine-interval digitizer: a Nuclear Data 12.bit analog-todigital converter; and a 20-nsec 12-bit time-interval
counter. This instrument, built with TTL integrated circuits. simultaneously records time-of-flight of
ORELA beam neutrons vs pulse height of fission capture ggmma rays. and time -of-flight of beam neutrons vs
time-of-fl:ght of fission neutrons. This unit is the driving logic to the ORELA SEL cumputer system.

6.7 IMPROVEMENT PROGRAMS
T. A Lewis

The uri-20ing improvement programs continued to make significant progress in short-pulse acceleration
and reliability. Recently developed electron guns and nonlinear pulse-shaping networks for pulsing these
guns enabled achieveinent of higher peak current and greater reliability of ORELA performance.

Programs for further improvemen.. especially of short-pulse performance. wili be continued.



7. Automatic Control and Data Acquisition

7.1 HIGHSPEED READERPUNCLH INTERFACE FOR A PDP-8/E COMPUTEX

J. L. Redford

Ar interface was designed and fabricated with TTL logic so that a Digitronics high-speed paper-tape
reader and a BRPE (Teletype Corp.) high-speed paper-tape punch can be operated with a PDP-S/E digital
conmputer. The interface card plugs directly into the omnibus of the computer. with logic level input from
the reader and output to the punch. The interface will automatically tum on th2 high-speed punch and turn
it off. after -. delay. External drivers and power operate the punch cotls of the high-speed punch.

7.2 REDESIGN OF INTERFACES FOR PDP-8/E COMPUTER
A. F._Johnson.Jr. J. L. Redford

Storage Display Interface

Because the Digital Equipment Corp. modifieu the PDP-8/E computer packaging. several interfaces
previously used with a PDP-8/] computer had to be redesigned. The redesigned interfaces for the PDP-8'E
computer contain the newest digital and linear integrated circuit modules, and they either connect directly
to the computer mainframe (ommnibus) or plug into one of the manufacturer’s standard interface cards.

A new graphic display interface for a Tektronix 6il storage oscilloscope plots data with greater
precision and can be fabricated at a lower cost than the previous interface for the PDP-8/I computer. The
interface occupies a single mainframe (omnibus) slot, and its display resolution is 4096 by 4096 points. The
display unit can be operated in a storage mode. a nonstorage (refresh) mode. or in a write-through
(nonstored information displayed along with stored information) mode, and the screen can be erased by
program control. Characters are generated by software; however. the new interface can be equipped with a
hardware character generator.

The display unit and interface are being operated in two syste.ns. In one application, the oscilloscope
and a teletypewriter are Jocated in a control bay 50 ft from the computer.

Watchdog Timer Interface

Data acquisition and process control systems that operate 24 hr/day require that hardware or software
fatlures be detecied by a time-out circuit called a watchdog timer. Previous on-line systems at ORNL
consisted of relays. solid-state timers. and a makeshift bootstrap loader device. A bootstrap loawer interface
card was obtained from the Digital Equipment Corp.. and a watchdog timer circuit was fabricated which
plugs into the computer interface and coramunicates with the bootstrap loader card. The timer consists of a

clock {free-running multivibrator) and count-down circuit. which is resettable with a computer instruction.
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If the countdow= circuit is not resel prior to rundown. the computer halts and the bootstrap loader
sequence 15 imtiated for 1 svstem reload. With this interface one can intervene by operating a console
awcliary swatch.

Optical Isolator Buffer

By insialimg low-cost optical isolators (incorporating a light-emitting diode and a phototransistor m one
package) one caa proteci process computer systems fiom external noise sources and from wirng errors by
field techricians. Isolatior. of exiernal signal wiring from the computer circuits is essential to achieve
adequare reliability of an ondine system. An optically coupled buffer was descaned 1o provide such isolation
from the outfde environment when a I2<woniact input-vutpst interface (DRBEA) 5 used in 2 PDP
computer. The optical isolator circuits are interposed betwe=en the interface in the computer and a relay
circuit board (previously designed for the PDP-8 and PDP-8 1 computers) that contains terminal strnips for
all inpuis and for utilization of the output relav contacis.

7.3 DATA ACQUISITION SYSTEM FOR CREEP-RUPTURE LABORATORY
J.T.Hutton C.D Martin. Ji. R.W.Tucker

A modulanized nsirumentation system wa; designed to measure load and stress on metal specimens in
creep-rupture machines and provide electrical anaicg signals for data acquisition. The creep-rupture
laboraiory of the ORNL Metals and Ceranucs Division has about 150 creep-rupture machines that .ubject
metal spezimens to high stress loads at high temperatures for periods ranging from several days to several
veass. Load and strain data were previously acquired and recorded manually. The load was determined from
the amount of weight attached to the lever arm of the individual machine. and the stiain was read from
mechanical dial gages that measured th- physical displace.nent of the specimen. This information and
temperatuse data were keypunched on tabutating cards and then analvzed by a computer program. The new
system will ultimately acquire ali data astomatically and record them on magnetic tape for computer
analysis. thus re ducing human error and speeding up data acquisition and anaiysis.

The instrumentation system for a singl2 creep-rupture machine is comprised of a strain-gage exritation
supply and amplifier module for nse with a load cel! to measure the load applied to the specimen: 3 dual
desnodulator amplifier moiule 10 's» with averaging linear variable differential transformer (LVDT)
extensometers for measuring stram: and a dec power sunply - power oscillator module that powers the other
two modules and provides excitation for the LVDT extensometers. All modules are mounted in modified
nuclear instrument modu'e-type bins. To date. 44 creep-rupture machines have been equipped with the
syst-m. The data are rec..rded on analog strip-chart recorders. Performance of these svstems (accuracy. drft
vs temperature and time. mantainability. etc.) has been satisfactory.

A digital data acquisition system is being assembled to repiace the strip-chart recorders. The part of the
system thai processes the analog signals is a commercial digital recorder that has a 100-channel analog
multiplexer. analogto-digital converter. printer for local data logging, and isolated data outputs for
interfacing to external devices. The outputs from this instrument are dc voltage ranges of (D mVand 10 V
full scale and a linearized, Chromel-Alumei thermocouple range of -60 to +1370°C. The instrument will be
nte-facad to 3 PDP-8/E computer with a generalized binary coded decimal instrument hardware-software
packape:' up to seven of the recorders and a digital clock-calendar can he accommodated by the interface
package. The formatted data will be recorded on magnetic tape under computer control for further
reduction and analysis on a larger computer at the ORNL computing center. Should the computer system
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‘zl. the digital recorder printer will autvmatwally continue logng data. which can be key punched ater
and added to the data from the magnety tapes.

T J T Huttor and ! M Jmnwr. J: | Instrumcentgnsn amd (omrxs [ dnmy Progr Rer Serr ) 72
ORNLINIY p 33

7.4 STATUS OF US. ARMY COASTAL ENGINEERING RESEARCH
CENTER COMPUTER SYSTEM

J.M.Jansen Jr.
A F. Johrson.Jr.  R_L Sumpson  H. R. Brashear

As a part of ORNL participation in the radsosotope sand tracer study.’ design and fabricauion of 2
mnicomputer-based data acqustion system for the Coastal Engneenng Research Center of the US. Army
Corps of Engineers was completed. and the systemn was delivered to the US. Army at Ft. Belvour. Virgma.
The systzm 1s bemg utiized to study the movement of sand and other sediments aiong beachss ond 1n
harbors ot the United States.

Svster; software consists of the FOCAL’ imnterpreter. extended for storage and retrieval of FOCAL
programs on the magnetic tape transport. and assembly ianguage routines that wall read dara sioend on
dineal cassette tape by the auxihany rada®.on detection and data collection svsiem. ana will venty. Jvrmat.
and wnite the data on ASCH compatible mognetic tape.

1} M Janmn. Ji. et al _Inspramer. aton end Coxrods Dxs Anma Progr Rop Sepe 1. 1v"2_ ORNL<822.p 44

b]

2 FOCAL 1 a0 algebran mreracuve programming Languape developed by the Dyntal Equipment Corp We have
extensvely moditeed it 1o permut command of analog and digstal mput-out put devies and tc permit caiculations based on
aime of day

7.5 ANALOG INPUT SYSTEM FOR A PDP-8/E COMPUTER
A.F. Johnson.Jr. ). M._Jansen. Jr.

A gencral-purpose. fow-cosi. low-noise. [2-bit resolution analog input svstem was developed for the
PDP-8 E computer. The main unit in the system 15 2 commercial Xincom 3316 Computaverter module that
contains a2 !'6channel multplexer. a sample and hold amplifier, and a 12-bit successive approximation
analog-to-digital converter-all 1n 2 4.0- by 5.6- by 0.55-in. package. To minimize ground loops and their
resulting noise. the analog system is optically isolated from the digital interface. The analog input system is
controlied by 2 modified GeMSAEC interface’ that occupies a single omnibus slot and provides such
functions as channel selection. start conversion command. and converted data input. By using appropriate
buffer cards. the system can accept either 0 to +10 V or O to - 10 V input signals. Bipolar signals can also
be handled. The typical svsiem noise is =1 least significant bit. and the maximum speed is 25 kHz.

The system was successfully implemented in the body fluids analyses data processing system (Sect.
T3

1 ' 4 lanwen. 3t "Minuatuie Computer Sy stem for the GeMSAEC Fast Analyzer.” Instrumentation and Controls
Do Ann, Progr Rep Sepr | 197 ORNL-4822.p 31

7.6 TELETYPE INTERFACE FOR A BIOMATION TRANSIENT RECORDER
R. B. McFarland A.F. Johnson, Jr.

An interface was developed for the Biomation 802 transient recorder, which allows data stored in the
recorder’'s memory to be punched on paper tape by a standard ASR 33 Tciletype. The paper tape can be



ent to the ORNL compuining center for processmg or provessed jocalis by the researcher’s mmcomputer.
The wnterface tormats each of the irar went recorder’s 1024 3-bit words into a three-digit octal number m
ASCII representation. Each number 15 fellowed by 2 space. and each tenth number is followed by 2 carnage
retarn 2nd bne feed character pair.

The interfave 15 currentiy bemng used in thermovouple loop-current. step-response tasumg (Sect. 8.20).

=.7 COMPUTER-OPERATED DATA ACQUISZTION SYSTEM PHASE LI ADDITIONS
J.T Huiton  J.M.lansen. Jr.

Several vears 2go we instailed 2 computervperated data acquisttion st 0 the physical properties
laburatory of the Metds and Ceramucs Divigon ¥ % Use of this system has expanded to where 1t is now in
1o73lme conlrol of as many as six expenimental systems. When greater syster: capaci's was required. we
decided that it would be betier to insiall 2 new compurer sysiem rather than to add te the almost fully
expanded exist:ng computer.

The new computer wili be 2 PDP-3 E with 3K words of core memory. a cartridge disk mass memory
with 1.3M words o storage capaciy. a real-tuoe clock. a teletypewriter. a 12-bit analog-to-digtal convener
with 2 i6<hannel analog ssgnal multzplexer. and a contact input-output interiace. The new interfaces will
be controlied througn FOCAL functions.

Additions 10 the new compater system. such as additionai ore memory and process controi mterfaces.
will be called Phase IV, The system wall control as many as four sxpenmenis smultanecusly un an assigned
prierity basis by the new computer.

I R L Simpewrn. Insprumesziion and Controls My Anmu Progr Rep Sepr [ 1972 ORNL4822 p 36
2. M. Jansen. Jr.. and C . Mastin, b1 Insour.cniction end Controis Dy Arnu Progr Rep Sept i Q70
ORNE4734 39

7.8 AUTOMATED ELECTROCARDIOGRAM DATA ACQUISITIGN SYSTEM

R L Simpscn

Continued support was given to the automated electrocardiogram data acquisition system.' This past
vear 3080 eiectrovardiograms from toutine employee screening tests were processed Analyses of
electrocardiograms by a cardiologist were compared with analyses b the computer. and as a resuit. all
routine electrocardiogram screening is done by the automated system.

“his practice 1» much less expensive. since oniy abrormal electrovardiograms and every tenth normal
slectrc cardiogram are sent to the cardiologist for analysus In addition. electrovardiograms from all
emploj ees are now analyzed. whereas. previously. high costs limited routine analysis to employees more
than 40 vears of age.

The computer program was modified to reduce the processing time and computer costs. The total
computer cost for the 3080 electrocardiograms processed was $1668. or 54¢ each.

I R L Simpson_Inserumentaticn and Controls Div. 4nnu. Progs Rep. Sept 1. 1972, ORNL4822.p 36.

7.9 EXPANSION OF DATA ACQUISITION SYSTEM FOR TURF DEVELOPMENT LABORATORY
J M Jansen. Jr. 1. T Hutton

The computer system previously reported’ was expandec by the addition of 4K words of core memory.
a Sykes tape cassette unit. a 2400 Baud send-recewe asynchronou: senal line interface, and 4K words of
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dynami: MOS memory. The additional 4K words of core memory and the tape casselie unit are used for
program storage and interchange tbypasung the loading of programs with the Teletype faper-tape reader).
The tape cassette unit. the asy mhrotous senal line interface. and the MOS memory are used in conjunction
with 2 pube heght analyser system for hugh-speed measurement of the diameier of coated fuel parinles.
Cumulative statstical data on particle charactenstrs are mamtaned on the cassette for use m produciion
evaiuation and control testing on fuel paniwle output

i ] M Jansen }r_ et o Instrumentation amd Controis Dy Ammu Progr. Rep Sepr 7. 1972 ORNL48). pp
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7.10 COMPUTER AIDED TEMPERATURE SENSOR CALIBRATION PROGRAM
R. L. Simpson

The computer program previously reportad’ for calibrating thermocouples and resistance thermometers
was revised and exvanded to include optical pyrometers as test elements. as well as srandard rofereices.

The new program includes the rew IPTS68° reference funcuions® for thermovouples and the new
IPTS-68 functions for resistance thermometers and optwal pyromersis. Tabies for test «r reference
elements not in the above functions can be read from cards or magne:ic tape.

R L. Sumpson et al _ Insprumentation and Coatrols D, Anmu. Progr. Rep. Sept. | 1945 ORNL-3875 p_ 85,
. ~The Intermatronal Practical Temperature Scale of 1968.7 Metrologic 512). (Apri 1369).
R. L Powell ¢t al.. Thermocouple Referemce Data Based on the IPTS-48. National Bureau of Standards Monograph

et by -
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7.11 ENGINEERING TEST AND CONTROL COMPUTERS'
R K Adams M. B. Herskovitz

Two mimcomputer systems applied successively to a temperature sensor engineering test facility are
descnbed. The experience gained in 5 vears of use of the first sysiem for data acquisition and control was
direc ~d toward improvements in hardware and software design and application of the successor system.

1. Abstr. ct of paper preserted at Exghth Annual Conference on the Use of Diptal Computers m Process Conirol. the
Unrversity of Vennessee, Kaoxville. Apnil 16-18. 1973

7.12 EVALUATION OF A LABORATORY UNIVERSAL DATA ACQUISITION CONCEPT
F. Ficke' R. K. Adams

Experimental apparatis designed to acquire more than a few dozen data readings needs a data
acquisition system that will qutomatically record the information. Over the years we have tried a number of
approaches for solving this problem; however. several basic shortcomings in the components available which
have prevented our success are 2 'arge number of wires required to connect the laboratory instrument to the
data acquisition system. the high cost of the data acquisition system. and the inflexibility of the data
acquisition system to accommaodate va,:nus types of laboratory instruments. Since new equipment recently
announced by one mani acturer appears to <«oive several of these problems. we have renewed a study of
universal data acquisition from laboratory instrumentation.

In the present sysiem concept. either a Teletype unit or a computer could control data acquisition and
record the information from the laboratory instrument. The system appears to solve the shortcomings of
other systems, because only a relatively small number of wires is required to connect a laboratory
instrument to the serial transmitter and only a twisted pair of wires up to 10.000 ft long is needed to
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mterconnect the vanous interface modules and the control multiplexer. Versatility is ach: ~ed by dhenng
to a common da‘a language and by using ASCIl code for data transmission.

A protetypie system using the commercial modules was fabncated and successfully mirrfaced to several
laboratory instruments. Although the module. as supplied. accommodates eight characters of wformation
from an instrument. we expanded it to handle 12 characters of information with an option of recording
informatioa in ercher biniry coded decimal or 10-line decimal form to acccmmodate the instruments
commonly found in ORNL labsratones.

1. Summer undergraduzte student from the Oak Ridge Associated Universities.

7.13 BODY FLUIDS ANALYSES DATA ACQUISITION SYSTEMS
J. M. Janser.Jr.  A.F.Johnson D.D.Chilcote!

Tnree miniaturized ~omputer-based datz acquisition and analysis systems were developed ané installed
for on-line. rezl-time analysis of the chemical consituents of urine and cther body fluids > The computer
systems. which a-e identical. are equipped with 12K words of memory. a dualcassette tape transport. a
real-time clock. a aiga input-output inteface. an automatic program loader. and an analog input
subsystem. These mterfaces en-tle the computer to be connected simultaneously to two chromatougraphic
analyzers for dats collection a1d processing.

Programming for the system 1s in FOCAL. The language was expanded to include commands to specify
the data acquisition :ate. to initiate or terminate data collection from either analyzer. to access data
recorded for either analyzer. to write or read provessed results onto or from cassette tape. and to access the
real-time clock for program sequencing and timing.

Data from the liquid chromatographic columns are acquired by an automated foreground subprogram
that is scheduled to operate periodically by the real ame clock. The ingzt Jata (two analog signals from
photometers and associated digital control inputs) are double buffered into a block of the memory for each
active analyzer by the foreground subprogram at the specified data rate. As the inpt t data blocks are filled.
they are written into a ring buffer on the da.a storage cassette for processing by 2 FOCAL program.
FOCAL language programs written for an earlier computer systein®~  were modified to operate the new
syste.ns.

I. Chemical Technology Diwvision.

2. C. D. Scott. R. L. Jolley, W. W. Pitt. Jr.. aad W. F. Johnsor. “D;atotype Systems for the Automated.
High-Resolution Analysis of UV-Absorbing Constituents and Carbchydrates in Body Fiuds.” Amer J. Clin. Patho! 5).
FO1 11970).

3. R. F. Hyland and J. M. Jansen. Jr.. Instrumentation and Tonirols Div. Anvu. Progr. Rep. Sept. 1. 1969,
ORNL 4459, p. 41.

4. ). M. Jaasen, Jr.. Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1. 1970, GRNL4620. p. 54.

5. D. D. Chiicote and J. E. Mrockek, “Use of Automatic Digit~} Data Acquisition ard O-i-Line Computer Analysis in
High-R ~«wlution Lwquid Chromatography,” Clin. Chem. 17,751 (1971).

7.14 180° OAK RIDGT SECTOR ISOTOPE SEPARATOR COMPUTER SYSTEM

J.M.Jansen. Jr.  W_K.Dagenha;t'

The computer system? applied to the 180° Oak Ridge Sector Isotope Separator is heing expanded fon
the third time. Greater versatility 2nd faster processing speed will be aftained through tie n1se of areal-time,
muliprogramimed system in which both assembly lanmiage tasks or subprograms as well as FOCAL
language tasks will be supported.

Equipment was requisitioned to expand the memory to 32K words and the bulk nemory 1o 1.6M
words. A second teleprinter will be added io enable program development and changes in control programs
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in a2 background mode. with the console teleprinter to serve as a logging device for periodic reperting of
provess conditions. An 2iphanumericgraphics terminal will be installed at the operator console to quickly
furnish status and alarm conditiens and te plot ;rends of selected process parameters.

To ensure system operation during unmanne. periods. 2 watchdog timer-bootstrap loader will be
installed to enable automatic reload and restart of the system if either the power or soitware fails. The
crossbar scanner controller was eliminated, and 2 direct-dnve random access interface to the digital output
controller was installed. The integrating digital voltmeter interface was improved to enable speration at a
higher speed by eliminating a portion of the set-up time when program ranges are changed.

The real-ime multiprogrammed system software will include device-independent input-output
programming to the terminals and papei-tape equipment. sequential buffer data storage and input-output
control {pocling) of all nput-output devices. and actuation of tasks by clock interrup?. extenal ev~nt
interrupt. or another fask. A minimal linked file structure will be supported on a portion of the dulk
storage devices. with the remainder used for conventional (contiguous) block structure storage.

1. Isotopes Dvision.
2. 1. M. Jansen, Jr., and ¥.. K. Dagenhar., /mstrumentatior and Controls Div. Annu. Progr. Rep. Sepr. . 1972,
ORNL4822 p 36.

7.15 MINICOMPUTER SYSTEM FOR THE ORNL STANDARDS LABORATORY

R K. Adams
i.L.Horton M.H. Cooper R.F._Hyland

A minicomputer was adapted for the ORNL Standards Laboratory as a calculation:al tool. The FOCAL
programming language was modified to achieve a calculational accuracy of ten decimai gigits as well as to
enable installation o il.z computer at a distance from a scundproofed isletypewriter terminal in the
Standards Laboratory. Standards Laboratory personnel piepared s2veral FOCAL prcgrams to process
instrument readings and ancillary correction factors for temperature. pressure. resistance. and voltage

determinations.

7.16 FIBER-OPTIC FLOW FLUOROMETER
L. H. Thacker

A prototypic, bifurcated. fiber-optic flow fluorometer was developed for monitoring chromatograph
eiuents or for measuring the flucrescence of static -ofutions. Tests have shown that fluorescein is det :ctable
at about 107'° molar concentration (40 pgiml).

The instrument consists cf a bifurcated fiber optic lightpipe (of quartz, glass. or quartzglass
combination. depending on the excitation and emission waveiengths) with its distal end inserted into a flow
cell through which the material to be analyzed passes. A light source-filter combination on one proximal
brancn of the lightpipe determines the xcitation wavelength. and a filter-photomultiplier combination on
the other proximal br.nch determines the acceptable fluorescent emissirn spectrum. Light from the source
eniers the liquid in th. flow cell and excites the characteristic fluorescence of the sample material; this
fluorescent emission is ccllected with high efficiency by the fibers returning to the photomultiplier and
generates an appicpriate output signal.

The electronic system, housed in a small cabinet, includes an adjustable high voltage supply for the
photoinultiplier and amnplifiers for current-to-voitage conversion with zero and gain adjustmeat. The output
signal is recorded on a stripchart recorder.
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7.17 MINIATURE FLOW FLUOROMETER FOR LIQUID CHROMATOGRAPHY
L H Thack~r

Development of the mine are flow fluorometer previously reported® was continued. Two new
instruments were bullt. each of which incorporates 2 miniature dc-to-dc high voltage converter
photomultiplier power sepply in place of the separate external supply previously used. and each s adapted
for magnetic shielding of the photomultiplier tube One of th=se new instruments was modified for a larger
flow cell {possible because lazesr samples were available, 1o provide mcreased sensitivity to sampie
matenals Fabnzation of this instrument was completed and is currently being tested.

1 L. H. Thucker, instrumestiarion ar.d Controls Drs. Anmu. Prog~. Rep. Sepr. i 1972 ORNL 4822 p 60

7.18 MICRO-FAST ANALYZER SYSTEM
L. H. Thacker

Prelimmnary design of a micro-fast analyzer systsm similar in principie to to GeMSAEC' aralyzers was
complei=d and 2 unit is being fabricated. The new instrument will be approximately 4-% in. square and
5% in. in height. The analyzer will accommodate both transmittance and fluorescence measurerents from
samples in a 2-Y%-in.-diam rotor that contains up to 16 cuvets. The source of light is a carefully regulated
12-W quartz-iodine lamp. and iight s iransmitted to the cuvets and the photomultiplier tube by both quartz

and mirror optics. A dzsired wavelength can be selected by choosing an appropnate interference filter in
two Tilter shd-s.

1. W. F_Johnson. Instrumentcrion and Controls Div. Annu. Progr. xep. Sep:. 1. 1971 CRNL4734_p 13].

7 :9 PARTICLE ANALYZER
t..d. Thacker W.R.Miiler

An analyzer for counting and measurng the cross-sectional area of nuclear fuel microspiieres was
designed and fabricated. The new instrument uses a nuclear data analyzer (1024 channels) to analyze.
accumulate. anddisplay the number of pari.cles as a function oi particle cross section.

The particles are scparated and passed. one at a time, at ratss up to 10° per minute. between a light
source and 2 silicon photaveltaic cell. The pulses resulting from quantitative shadowing of the photovoitaic
cell are amplified. conditioned. and delivered to the input of the nuclear data analyzer.

A system prototype for recirculating a single particle at h'gh speed for calibration of the analyzer was
also developed and is heing tested. A firal nadel of the particle handiing system and the optical detector
head will be built when the tests are completed.

7.20 A RAPID SENSITIVE METHOD FOR THE DETERMINATION OF TKE
CHE.%:CAL GXYGEN DEMAND OF POLLUTED WATERS'

W.W Pitt. Jr.? S Katz'? L H Thacker

A rapid. sensitive cerate oxidative metinod for measuring the chemical oxyg2n demand of water: is
described. The pollutants are oxidized with perchlorato-ccrawz reagent and the resulting ceriumfill) is

determined flucrometrically. Analysis requires only a few minutes for determinations at levels as low as 100
pg oxygen demard per liter.
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Results of tests on solutions of known or:anic coiapounds, various industrial waste streams, and natural
waters show that the method compares favorably with the dichromate reflux procedur2 recommended by
APHA. However. the new method is considerably faster and 2zsier (0 use. and is a hundred times more
sensitive. An analyti~al system, suitable for use as either a continuous chemical oxygen demand monitor or

as ar: analyzer for multiple samples in series, is also Jescribed.

1. Abstract of paper in press, AICAE Sympositum Series, Water (1972) .
2. Chemical Technoiogy Division.

7.21 DYNAMIC MULTICUVETTE FLUOROMETER-SPECTROPHOTOMETER BASED
ON THE GeMSAEC FAST ANALYZER PRINCIFLE'

T. 0. Tiffany?
C.A.Burtis?>  J.C.Mailen® L. H. Thacker

A dynamic n:wulticuvette fluorometer-spectrophotometer based on the GeMSAEC Fast Aralyzer
principle has been developed. Inherent in the establishment of 2 design criterion for such an analyzer is a
consid-ratinn of the relationship between excitation intensity and point of ob:ervation of the emitted
fluorescence signal within the cuvette. A dis~ussion of the mner filter etfect using as parameters the molar
absorptivity of reduced nicz 1amide adenine dinucleotide and fluorescein is r.csented as a practical
demonsiration of the advantage of using a frontal fluorescence detection optical configuration. A brief
discussion of the instrument and a description of its current instrumental configuration are presented. The
current detection limit of the fluorescent Fast Analyzer with respect to fluorescein was 0.8 ng/ml. with a
useful analytical range above 10 ng/ml. A few examples of the many potential applicaitons o1 fluorescence
analysis to the Fast Analyzer are presented: these include calcium. cortisol. morphine. anc’ an enzymic

fixed-time analysis for glucose.

1. Abstract of journal article, Anel Che’ .45, 1716 (i1973).
2. Molecular Anatomy Program.
3. Chemical Technology Division.

.22 FLUOROMETRIC FAST ANALYZER: SOME APPLICATIONS TO FLUORESCENCE
MEASUREMENTS IN CLINICAL CHEMISTRY'

T. O. Tiffany?
M.B.Watsky?  C. A.Burtis>  '.H.Thacker

A fluorometric Fast Analyzer has been developed. based on the GeMSAEC Fast Analyzer principle.
Potential applications of a multiple-cuvet fluorometric analyzer are considered. A primary concem must be
referencing enzyme activity assays and enzymic substrate analyses. Once adequate referencing techniques

are developed. adaptation of analyses can proceed. The advantages of fluorescence procedures are
sensitivity, availability of a variety of fluorogenic substrates, and potential perturbation of the excited :iaie
for direct physical measurements of interacting species. ‘We describe the development of a direct kinetic
assay. with use of 4-methylumbelliferyl phosphate, for human prostatic acid phosphatase; discuss assay of
alkaline phosphatase activity with us: of the same substrate; and consider the sensitivity of the analyzer as
it relates to fiuorescence tracer technigues and measurement of fluorcscence pciarization with the Fast

Analyzer.

1. Abstract of parer nresented it “ifth Arnual Symposium in Advanced Analytical Concepts for the Clinical

Laboratory, Oak Ridge National Lal:uiatoiy, 1973; published in Clin. Chem. 19(8), 871 (1973).
2. Molecular Anatony Program.
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7.23 CONTINUING DEVELOPMENT OF THE MINIATURE
FAST AMALYZER SYSTEM

W. F. Johnson

Two complete miniature fast analyzer systems were construcied for NASA. One syste.n wzs delivered
to the Manned Spacecraft Center at Houston for evaluation. The second system. which incorporates several
improvements resulting from construction and operation of the first NASA systern. is being used -outinely
in the clinical laboratory of the ORNL Health Division.

Each system comgrises a miniature fast anzlyzer module. automatic sample-reagent loader. poriable
data processor (the basic principles of which were previously reported’ ). and a rotor cleaning station to
automatically wash and dry the rotors for reuse. A second light source can be added to the analyzer to
moritor the optical transmission of biochemical reactions at the 290-nm wave length. The second data
processor is housed it a single cabinet that incorporates an improved printer carriage drive mechanism. In
the latest model of the rotor loading station. a washing station has programmed internal and external
flushing of the sampie and reagent dispensing tips just before each sample pick-up to eliminate problems
due to a slight carry-over of sample material. Larger and fzster positioning motors were installed to drive
the rotor loading table through this additional loading step and still maintain a 4.25-min total loading time.

To meet the increasing requesis for information from commercial sources. sets of drawings of the
miniature fast analyzer ca1 be obtained.?

I. W._ F. Johnston et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1. 1972, ORNL4822. pp. 58-59.
2. Designated as CAPE 2320; sold by the National Technical Information Service, US. Dept. of Commerce. 5285 Port
Royal Road. Springfield, Virginiz 22151,

7.24 SMOKE AND GAS MONITORS
W.R. Milier, L.H. Thacker

Recently. a newly developed and marketed gas and smoke sensor has become available. These units sell
for about $2.25 each and are sensitive to smoke, natural gas. carbon monoxide. hydrogen. ammonia. and
most hydrocarbon compounds. such as alcohol. benzene, ethanol. and acetone. Qutput signals as large as
several volts are possible with smoke and gas concentrations of only 10 to 20 ppm.

Three instruments were developed at ORNL which utilize these sensors. The first (Fig. 7.24.1) is an
inexpensive (ies; than $100) smoke and gas monitor for general environmental use. It has an adjustable
alarm threshhold and audibie tone warning device.

The second device (Fig. 7.24.2) is a portablz gas and smoke monitor that operates by power from
rechargeable NiLd batteries and has a meter for quantitative readout. A sma.! motor-driven fan draws the
sample across the sensor. This unit is useful in testing for gas and hydrogen leaks from piping systems and
gas transport trailers.

The third instrument (Fig. 7.24.3) is a hydrogen monitoring system. It has a water scrubber that
absorbs raost organic and smoke constituents from the sample stiream and l2aves the system sensitive almost
exclusively to hydrogen The instrument output consists of an analog signal for continuous recording. an
adjustable alarm threshold. an audible tone alarm. and alarm contacts to actuate remote devices.
Sensitivities of 8 ppm of hydrogen in ambient air are regularly achieved with this instrument.
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Fig 7.24.1. Smoke and gas monitor.

e

Fig 7.24.2. Portable gas and mnoke monitor.
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Fig 7-24.3. Hydrogen monitoring system.

7.25 THERMOCOUPLE MATERIAL IDENTIFIER
W. R Miller

Acceptance inspection of a large number of thermocouple assemblies has revealed that some centained
the wrong connector alloy. Such an error is difficult to find by normal inspection methods and can cause
calibration errors. A device was designed and built for inspecting thermocouples to accuratejy detzrmine
whether the thermocouple connectors contain the correct alioy.

Two copper alloy electrodes. on= heated to 300°F and the othe. ai ambient teasperature, are pressed
against the material to be tested. The microvo:t signa. firom the electrodes s amplijed and fed to several
pairs cf comparators. Each pair of comparators forms a voltage “window™ that constitutes 2 go or no-go
gage for a particular material. If the material is acceptable. that is, if the voltage signal is within the window.
a pilot lamp is lit.

The device will test Chromel. Alumel, iron. and constantan connectors. Both electrodes are mounted in
a probe that p>mits one-hand operation. and the other hand is free to hold the connector being tested. The
unit is initially standardized (gain adjusted) by pressing the prooe against a piece of constantan of known
composition and adjusting for full-scale meter deflection.

7.26 INVESTIGATION OF A DIGITAL MICROPROCESSOR AS AN IDEALIZED BLACK BOX
R.K. Adams

The ad-2nt of electronic largescale integration, by which thousands of transistor circuiis can be placed
on a 0.1-in. square silicon chip, has brought instrumentation technology closer to realization of a perfect
black box as it might be implemented by a digital microprocessor.
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The kinds of tasks we believe could be done to significant advantage by a digital mr:roprocessor are
those involving high accuracy, extreme signal transducer nonlinearities. mathematical function solving fe g..
integration. multiphcation. division, and exponentiation). and control actiois involving set points or limils.
Preliminary surveys were made of available digital microprocessors. and one was purchased that has some
potential for approaching the idealized black box concept. We are now learning how such a microprocessor
could be used for one specific task at ORNL.

In becoming tamiliar with the digital microprocessor. we have learned that the instruction repertoire.
the software support. and t'«e input-o.,tput and interrupt hardware, by compatison with similar items for a
digital minicomputer. are g1ite limited. ‘these limitations restrict the application feasibility and the ease
with which any specific prob'em can be solved by a digital microprocessor. We have startzd to develop
support hardware and softwar~ with a goal of developing a microprocessor designed specifically for
environmental stream flow sampling of the White OQak Creek: this microprocessor would ensure that
radicactive contaminants released th-ough ORNL area water discharge do not exceed the limits set by the
Environmental Protection Agency.

The requirements for this system are as follows: accurate measurement of weir water level: solution of
the nonlinear level vs flow rate equation; precise integration of the flow rate vs time (to determine total
volume); and actuation of the sampling mechanism when the totz! v7lume of water held by the weir attains
a specific value. When one sample has been drawn. the integration and sampling cycle is repeated.

Conventional (analog) instrumentation cannot be made sufficiently accurate or stable to achieve the
desired overall accuracy. A special digital logic system could be designed to do the job. but cost of
fabrication alone makes that approach unattractive; and the cos: of a one-time custom digital design rules
out the idea altogether. However. the cost of hardware for a programmable digita’ logic system. such as a
digital microprocessor. appears to be competitive with a much less accurate conventional instrumentation
system.

Once this device for White Qak Creek is completed. a general program of microprocessor development
will be started to devise hardware and software needet :0 make an almost universal teachable process
instrument for signal conditioning and limited control.

7.27 DEVELOPMENT OF A MINIATURE FAST ANALYTICAL SYSTEM'

C. A. Burtis W.F Johnson J.C. Mailen
T.0. Tiffany  J. B. Overton C. D. Scott

The development of 2 miniature fast analvzer has been previously reported.? Based on an improved
version of this analyzer, a compact. potentially portable, analytical system has been developed. Thr system
includes 2n automated and versatile sample-reagent loader. a miniature fast analyzer. several plastic rotors
and their clzaning station, and a portable data system. The sample-reagent loader combines a urique
turntable assembly and two Micromedic pipettes to quickly (i.e.. 5 min per rotor), accurately. and precisely
obtain. transfer. and dispense small volumes of sample {samples of 1 to 10 ul. diluents of 40 to 49 ul)
and reagent (reagants of 20 ul, diluents of 50 ul) into their respective cavities in a 17.cuvet rotor. Vhe
loader utilizes separate sample and reagent carrousels. which allows one to operate the system in either the
single-sample/multiplechemistry, the multiple-sample/singlechemistry. or the multiple-sample/multiple-
chemistry analytical mode. The miniature fast analyzer rotates a loaded 17-cuvet rotor through a stationary
optical system at speeds up to 5000 rpm. The resulting centrifugal force is utilized to transfer and mix the
discrete aliquots of samplefs) and reagen.{s) into their respective cuvets. The ensuing reactions are
monitored photometrically. and the data are processed in real time by either a partable data processor® or

LYY
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an on-line comnputer. A major improvement tu the analyzer has been the addition of a temperature conirol
system that allows the temperature cf the spinning rotor to be monitored and controlled 1o within +0.2°C
during an analytical run. After compietion of an analytical run. the rotor is automatically washed and dried
in the rotor cleaning station. Many of the standard clinical anaiyses. including most of the NADH-linked
erzymatic analyses. have been adapted for use with the system. Special emphasis has been placed on
operating the system in either the single-sample/multiplechemistry or multiple-sample ‘maltiplechemistry
analytical mode. The mitial evaluation and preliminary results obtained with the system will be presented.

I. Abstract of paver presented at Fifth Annual Symposium on Advanced Analytical Conceprs for the Clinical
Laboratory, Oak Ridge National Laboratory, 1973; published in Clin. Chem. 19.895 (1973).

2. Clin. Chen. 18.752(1972).

3. Ref. 2,p.762

7.28 X-Y OSCILLOSCOPE INTERFACE FOR A PDP-8/E BASED RECTILINEAR SCANNER DISPLAY
R.T.Roseberry P R.Bell' W.J. McClain’

A display controller and computer interface was designed and built for the Molecular Anatomy Pregram
to improve the display speed of rectilinear scans. The single-card interface to the PDP-8/E contains 10-bit
digital-to-analog converters for both x and y axes and 2 5-bit digital-to-analog converter for the z axis.

With few exceptions, the controller is program compatible with the computer marufacturer’s x-y
display control. yet it has several additional modes of operation. Interpolation of the z-axis and au%omatic
incrementing or decrementing »f the x-axis enhance the displayed image and plot data points i:1 the exact
orcer that the rectiliner scanner received them. In the interpolation mode. each data poin’ is plotted as two
poir ts along the x axis. The first point is plotted with z equal to the average of the current data point and
the previous data point values; the second point is plotted with z equal to that of the current data point.
Th: x axis is automatically incremented or decremented by 1. 2. or 4 parts of 1024 for each point plotted.
Single instructions for increasing or decreasing the y-axis value by 1. 2, or 4 parts of 1024 are also utilized.

The z-axis (or intensity) averaging is accomplished by using the high order 5 bits of a 6bit
digital-to-analog converter for displaying each actual data point. The value of each interpoiated point is
obtained by logically adding the value of the current and previous data points and by shifting right to take
full advantage of the 6-bit accuracy of the digital-to-analog converter.

1. Molecular Anatomy Program.

7.29 PDP-9 COMPUTER - NEUTRON MULTIPLICITY COUNTER INTERFACE
E Madden F.W._Snodgrass

An interface was designed and built for the Physics and Chemistry Divisions. jointly. to accumulate data
from a neutron multiplicity counter' buffer memory and to process the data by a PDP-9 computer. This
electronic system will be used to study neutron emission in spontaneous fission of heavy elements. Under
interrupt control. 48-bit neutron multiplicity counter data words are transferred as four 12bit bytes.

System electronic debugging was completed. Installation in the experimental environment must await
completion of the system data acquisition. reduction, and display software.

1. R. T. Roseberry. J Halpenin, R. L. Macklin. and R. W. Stoughton. Instrumentarion and Controls Div. Annu. Progr.
Rep. Sept. 1. 1971, ORNL4734.p. 3.
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7.30 OAK RIDGE ELECTRON LINEAR ACCELERATOR
PHASE III' INSTALLATION AND ACCEPTANCE

J.W_Reynolds J G.Craven®* R.P.Rosenbaum

The third data acquistion ~omputer {DAC 3) for ORELA was recewved Apnil 6. 1973, Instailatton and
acceptance testing of the SEL 810B computer were completed May 7. 1973, Oak Ridge National
Laboratory modifications of the mainframe and ground isolation for the four<hanne! multiplexer and the
scaler interface were completed May 18, 1973, The DAC 3 began routine service on July 16, 1973, after
intermittent disk errors were traced to 1 heating problem in the 512-word buffer storage for the aztomatic
update feature of the 1.048.576-word semi-random access disk. The maximum data rate. which is limited
by centrzi processor unit time. is 8500 events;sec. with 30 bits of datz per event.

1. J. W. Reynoids and §. W. Woody, Jr., /nstrumentarion and Contrdls Dw. Anru. Progr. Rep. Sept. i. 1972,
ORNL4822.p.41.
2. Mathematics Division.

7.31 STATUS OF OAK RIDGE ELECTRON LINEAR ACCELERATOR DATA ACQUISITICN SYSTEM'
J.W._Reynolds J.G.Craven?

The ORELA data acquisition system continued to give reliable service while five or six expermenters
acquired data simultaneously on all three DACs. The number of channels required by each experiment
continued to increase. The addition of DAC 3 with 10® channels completes *he data acquisition system: the
iotal capacity of the syctemis 2.1 X 10® (0.35.0.75. and i.0 X 10°) channels distributed over threce DACs.
The maximum data rate of DAC 3. which is shared by a maximum of four experimenters is 8500 events/sec
with the automatic update feature on the DAC 3 disk.

A peripheral equipment controller. a SEL 810B computer. was installed in Noverber 1972 to shift the
support functions. that is, card reading. line pnnting. x-y plotting. magnetic tape handling. and
communications ‘transfer of data sets and programs;, from DAC 2. Figure 7.31.1 siows the
communications links between the computers at QRELA and the central computing facility. Communica-
tions programming is the responsibility of Mathematics Division personnel.

Ar engineering report of the ORELA data acquisition Lardware was prepared: its eight sections include
an Introduction. The Fourlhannel Priority Multiplexers, The Scaler Interfaces. The Device Controllers,
The SEL 810B/PDP-4/PDP-9 Intercomputer Link, Eight Stage Stacking Buffer Memory. Instructiyn Manual
for the Multiplexer Channel snd Scaler Interface Tester. and !nstruction Manual for the Ground Isoation
Driver and Receiver Cards on the Quiet Ground System at ORELA.

1. 1. W. Reynolds, Instrusment~+:on and Cor.trols Div. Annu. Progr. Rep. Sept. 1. 1972, ORNL-4822, p. 40.
2. Mathematics Division.
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7.32 ELECTRON SPECTROMETER'
E. Madden

A PDP-2 E computer was purchased for data acquisition and experiment control of positivi-sensitive

electron specirometer experiments by the Physics Division. A control intertace for a Fluke 3330B
programmable high voltage power supply and a muitiple-scaler data acquisition interface were designed.

1. E. Madden et al., Instrumentarion and Controls Dis. Anmu. Progr. Rep. Sept. I 1972 ORNL4482.p 4i.

7.33 LIQUID, X-RAY DIFFRACTOMETER CONTROL
F. W.Snodgrass  E. Madden

An x-ray diffractometer control interface (Q-5173) for a PDP-8'E computer was buiit and rnstailed. To
avoid ‘he expense of developnent of new software, this system is program compatible with a previous
neutron diffractometer system.! The interface has 2 12-bit data scaler. an 8-bit neutron monitor prescaler
with switch selectable scaling modulus. a 4-bit interrupt register. a 4-bit control register. a 300 pulse/sec
clock for motor basic stepping rate. a stepping motor driver, and limit-of-travel protection circuits.

1. F. W. Snodgrass et al.. [nstrumentarion and Controls Div. Annu. Progr. Rep. Sepr. I, 1972. ORNL 4822, pp.
42-43.

734 CASSETTE CONTROLLER'
E.Madden  F. W.Snodgrass

A cassette magnetic-tape controller (Q-5139) to be used with a portable gamma spectiometer for
Radioisotopic Sand Tracer studies by the Coastal Engineering Research Center. U. S. Corps of Engineers.
was constructed. An Ampex. model TMC digital cassette tape unit/PDP-8/E. computer system interface was
installed and checked out. Phase encode recording at 800 bits/in. and 6 in_/sec will be used.

1. F. W.Snodgrass et al.. /nstrumentarion and Controls Div. Annu Progr. Rep. Sept. 1. 1972, ORNL4822 p 45.

7.35 COMPUTER-BASED MULTICHANNEL PULSE-HEIGHT ANALYZER AND SAMPLE
CHANGER FOR HIGH TEMPERATURE GAS-COOLED REACTOR
BASE ANDSAFETY PROGRAM STUDIES

E.McDaniel R T_ PRoseberry J H. Hargs'

A custom programming system was prepared for 2 gagmma counting facility that is being used in the
High Temperature Gas-Cooled Reactor surveillance program and in expenments to determine the effect of
various parameters relative to fission-product release from coated particle fuels.

The fission product surveillance studies were condictee t the Peach Bottom Reactor.?

The number of samples being analy zed in the current work overloads the capacity of the analyser on an
8-hr-day operation. When e interface for an automatic sample changer® s completed. 24-hr operation wili
be available.

1 Consultant. Graduate Student. Univer<ity of Teanessee. Knoxvilie
2. Phradelphia Flectrnc Company
3 G.W Albn and R. T Roseberry Inscrumentation and Controls Dy Annu Progr Rep Sepr 7. 1972 ORNI 4822
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7.36 PROGRAM FOR COMPUTER-CONTROLLED SAMPLE CHANGER

E M.Dinie! R.T. Roseberry

The programming system for the comuuter-based multi~hannel pulse-height analvzer and sample
<hanger for ecological studies' was modified. This system. in operation with resuits since March 1972, was
changed as follows.

1. Information. such as intermediate calculational results. orginally considered unimportant by the
experimenter was made available to him.

2. A desk calculator subroutine was implemented. with additional functions of exponentiation. natural
log. and exponential.

3. Anomalous results wers obtained when an isotope that was expected tu he present :n an ecological
sample actually was not present. or whern the experimenter used a program to test for the presence of two
isotopes when only one isotope was possible. The modified program will recognize these anomalies and will
print zeros for the disintegrations per minute and for Student’s T test values to make either of these
unexpected results apparent to the experimenter.

1. E. McDaniel, L. R. Gitgood, and R. T. Roseberry. Insorumentation and Controls Div. Annu. Progr. Rep. Sept 1.
1972. ORNL4822 pp.45- 46.

7.37 STUDY OF MULTIPLEXING TECHNIQUE FOR ULTRASONIC FISH TAGS
J.M.Rochelle T.G. Huemiller®

A study was made for the Environmental Sciences Division to determine how to simultanecusly
monitor the temperatures from several fish swimming unrestrained in a single reservoir. In practice. an
electronic fish tag would be implanted in the body cavity of each fish. but in this study the data were
simulated. A pulse code was devised to permit all tags to transmit a common carrier frequency (ultrasonic)
so that only one receiving channel was required. The receiver output was a random mixture of the data
pulses from all tags being monitcred. and the output was stored on a singlechannel magnetic tape for later
analysis by a digital computer.

A computer program was prepared to reconstruct the pulse pattern of each tag in the mixture on the
tape. To test the decoding software. sample data tapes were prepared by progressively mixing up to 11
simulated fish rag signals by using stereo and cassette tape recorders. These tapes were prepared 1o have
appropriate detector dead times to reject echo pulses. which is required in low duty-cycle acoustical
telesnetry . Since each detected pulse is accompanied by a fixed dead time. a percentage of the total data is
lost in a way similar to coincidence losses in a Geiger-Mueller counter. For a given fish tag system, the
accuracy of the decoding software was satisfactory when the data losses due to dead time did not exceed
about 19%.

1. Student from Albion College. Albion. Michigan.

7.38 AUTOMATED ATTACK-EFFECTS INFORMATION SYSTEMS
F. M. Glass

The Automated Attack-Effects information Systems-1 proposed by Stanford Reseaich Institute in
April 1970 was studied to determine the practicability of s1.ch 1 system from an engineering viewpoint and
to prepare preliminary circuit designs of two sensor statioris. The sponsor is the Defense Civil Preparedness
Agency. This work is a continuation and expansion ¢f work previously reported.' The Defense Civil
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Preparcdness Agency has indicated a desire to have ORNL build a portable working model for test ard
evaluation. Some of the details for protection against electromagnetic pulses have not been worked out as
of this date.

Both ORNL preliminary circuit designs will operate as dial-up systems with existing telephone networks
and wili derive power for operation directly from the telephone iines. Two one telemetry will transmit
overpressure and radiation level information. which when decoded will be recognizable as basic - nerating
situations {BOS) that can be stored in a memory. recorded on tape, znd displayed on a 3 X 3 matrix as
single basic-operating-situation nurabers. Low power consumption, good noize immunity, and memorny
during power outages are essential features that were achieved in the ORNL design

t. F. M. Glass and C. C. Courtney . Insi=umentation and Controls Div. Annu. Progr. Rep. Sepi. 1. 1972 ORNL-4822,
p- 11

7.39 ENGINEFRING FEASIBILITY STUDY
ON AUTOMATED ATTACK-EFFECTS
INFORMATION SYSTEMS FINAL REPORT'

F.M.Glass J. M. Rochelle H.N.Wilson

The Automated-Effects Information Systems-1 propased by the Stanford Research Institute in April
1970 was studied to determine the practicability of such a system from an engineering viewpoint. At the
request of the Detense Civil Preparedness Agency. ORNL prepared a preliminary design of two different
mosdels that are based on the original basic operating situation concept proposed before any work had been
done on this system. Both ORNL designs will operate as dial-up systzms with existing telephone networks
and derive power necessary fot operation directly from telephone lirnes. However, vne is a digital system
and the other is an analog system. From this study, a pressure-opeiated switch was developed that is
automatically reset electrically and that requires only a few microcoulom.bs of stored energy to reset it after
an interrogation. A recommendation fzom this study is that a test mode: be constructed to provide a means
of checking for problems that could be encountered in a dial-up system wi.en long distance is invoived.

1. Abstract of published report ORNL-TM4194 (January 1973).

7.40 INSTRUMENTATION AND CONTROLS {IAV:SION ACTIVITY
WITH THE AEC REGION 11 MOBILE ASSAY VAN

V. A McKay
E.McDaniel R.T.Roseberry T.F. Sliski

The Division activity with the Region II mobile assay van was concerned with maintenance,
programming, anaiysis, and improvement.

The van was maintained by the Division’s computer and analyzer group. The van came to the Division
in a state of general disrepair due to overheating encountered in field and storage operations. The ~ause of
overheating was corrected. and the electronic systems were repaired.

An assembly language program prepared for the ND-812 computer automatically determines the * sy
content in safeguard samples by nondestructive gamria-ray spectrometry. The programs were integrated
into one package, all of which reside in the core memory. thereby eliminating the necessity and
inconveniencs of overlay programs.
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The goal of the analytical program was to determine the optimum field sample and standard
preparation parameters. For ease of preparation and minimum of measurement error under fizld conditions.
samples with sectional densities of' 1.0 g/cm® were determined as optimum.

The electronic circuit was updated by increasing the memory from 12 te 16K. by replacing the signal
amplilier. by increasing the transpert from two to three in (he cassette tape system. and by purchasing a
spere ASR 33 unit.

The assembly language program was eriarged by adding a real-time clock routine: an identification
display with spectral data of title. date. tine of day. and live time; a routine to read the data back into the
computer: and additicnal routines that allow data analysis in the field.

Sample preparation techniques and equip:nenit were demonstrated but not implemented. The detection
equipment was replaced with two 3- by 3-in. Nal(Tl) high-resolution sensors and a portahle 10-in.-OD
“*pickle barrel™ shield with a 3-in.-thick lead wall.

7.41 RADIOISOTOPIC SAND TRACER STUDY SUPPORT

H. R. Brashear
F.N_Case’ J MRochelle F.W.Snodgrass

Sand wracing equipment® used in a cooperative program of the U.S. Atomic Energy Commission,
Division of Isotope Development, and the U.S. Army Corps of Engineers, Coastal Engineering Research
Center. was transfered to the Corps of Engineers. ORNL personnel trained Coastal Engjineering Rese=.ch
Center personnel at ORNL to handle radioisotope-tagged sand and to operate and maintain the equipment.

Technical personnel of ORNL assisted the Corps of Engineers during their February 1973 test at the
Oceanside. California, harbor. Test results show that the radioisotopic sand tracer svstem is a capatle tool
1> collect sand movement data in che coastal zone, and the results are being used to significantly reduce tne
cost of harbor maintenance at Oceanside.

1. Lotopes Dvision.
2. H. R. Brashear, E. H. Acree. and F. N. Case, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. [, 1972,
ORNL-4822 pp. 43 -44.
7.42 AUTOMATIC SAMPLE CHANGER

G.W.Allin  R.T. Roseberry

Fabrication and installation of the hardwase and shielding for the aur omatic sariple changer previously
reported' were completed. The computer software and interface will be completed soon.

1. G. W Allin ¢t al.. Insorumentation and Controls Div. Annu Progr. Rep. Sept. 1. 1972, ORNL 4822, p. 46.

7.43 ON-LINE COMPUTER DATA SYSTEM FOR THE
ORANGE COUNTY WATER FACTORY zl

J. L. Rediord  S.J. Ball

A computerized Jata system was designed, assembled. and programmed for use at Water Factory 21, a
vertical tube evaporator/multistage flash plant in Orange County, California. The system consists of a
12K-word core. PDP-SE computer with a 32K-word disk, a dualcassette magnetic tape unit for pregram
and data storage. and a Vidar 521 integrating Jigital voltmeter with reed-relay scanning capabilities for 100
resistance and 70 dc vnltage inputs.
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The programs written for the computer system utilize an expanded version of the FOCAL language
which allows for data zcquistion. disk and tape ste.age. and contact cutput control. The experiment
pro .ms aid preoperaticn instrumeni calibrations. perrorm detailed analyses ot plant vperation. and assist
in running and analyzing several speciai experiments.

7.44 ON-LINE COMPUTER CONTROL OF BIAXIAL STRESS LOADING!:
FOR LMFBR YIELD StJRFACE STUDIES

S.J.Ball  K.C. L

Experimental studies <-ere made to determine the elastic-plastic behavior of type 304 stainless steel (a
prime candidate material for construction of LMFBR componeuis! under simultaneous tension-torsion
stress loading. To obtiin valid results. the stress load'ng i1 both directions had to be controlled precisely.
The tirst control device was a portable TR-10 analog ccmputer. The stress trajectories in the tension-torsion
coordinate system we-e controlled by integrator-generated ramp set-point +cliages. The direction of the
trajectory was controlled hy manually seiting the ramg rates. An on-line compi:tation, using the measured
strain signals. signaled when the elastic limit, or edge of the linear surface, was reached. At that point. the
ramps would be stonped aitomatically and the trajectory would be reset for the next probing of the yield
surface.

A better control scteme was devised which made the surface probing and many other tests fuily
autom.atic. A digital coraputer data-acquisition system. acqui-ed from the U.S. Department of the Interior,
was connected io the TR-10 computer and programmed by using an augmented version of the : OCAL
language. With =ev“oard-entered instructions. an experimenicr could request that a series of programs be
run sequentially: sush instructions could include. for example. ‘1) probe the yield surface from 16 equally
spaced prespeciiied tiajectories by beginning at the center of the surface and returning to the center point
after each probing. an¢ (2) aim at a target point in the stress space while varying the trajectory rate to keep
the measured strain rate: within the limits specified and checking to ensure that specified strain limits are
not exceeded.

The digital computer calculates the strain-rate information. performs control algorithms. prints run
status information, and punches data on paper tape for later processing.

1. Reactor Division.

7.45 CONTROLLED THERMONUCLEAR REACTOR
PROGRAM CONTROLS ANALYSIS

J. E. Swandey’
F.H.Clark R.S.Booth R.S.Stone

In anticipation of this Division’s increasing involvement in controlled thermonuclear reactor research
and development, the reseaich group listed above was organized 1o tecome fumiliar with current controlled
ihermonuclear reactor experiments and proposed reictor configurations {chiefly Tokamak), to identify the
types of activities that control-systems development will require, and to begin programs directed toward
analysis of plasma-device dynamics from the controi viewpoint. Thus far, the activities of the group have
mainly been discussions with members of the Thermonuclear Division.

1. Subcontract with the University of Tennessee, Knoxville {Deceased June 7. 1974.)

Aty
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7.46 DATA ACQUISITION SYSTEM FOR ECOLOGICAL FIELD STUDIES'
C.D.Martin  }.T.Hutton R. L. Simpson

A small computer-based data acquisition system wus designed to acquire data remotely fron rain gages
and stream runoff (stage height) recorders. Commercially available telemetering modules that employ
frequency-shift keying are used to transmit data and data acquisition commands over telephone lines. In
addition to controlling the acquisition 0. data. the system software also diagnoses malfuncuoning field

sensors and it prints alarms at the computer site.

i. Abstract of paper presented af Fighth Annuzl Conference on Digatal Cemputers i Process Contzol. tne University
of Tenncssee, Knoxville, Apred 16 -18. 1973,



8. Process Instrumentation and Control

8.1 GAMMA IRRADIATION CHAMBER PURGE CONTROL SYSTEM
W. R. Hamel B. C. Duggirs

Rock salt that surrounds a container of high-level wastes in the federal waste repository will be
e (posed to high ganima-rayv doses and ntensities. A gamma irradiation facility was constructed at
‘he High Flux {sotope Reactor (HF!R} to study the effects of radiation on rock salt. Specimens of
rock salt can be lowered through a pipe nto the center of spent HFIR fuel elements of various ages
to simulate repository conditions. The pipe is closed and watertyght. and .t extends from the poolside
to the spernt tuel rack.

Because the pipe s immersed in w-r2r_ there 15 @ possibility that water could enter the pipe in
semyg manner. It this should occur. some portion of the rock salt specimen would dissolve. including
a Br impurity. The Br in solution would inhibit recombmation of H: and O: produced from
racdioivsis of the entering water. With the recombinat’ »n inhibited. explosive mixturss ot these two
gases cou'd be formed.

To prevent an accumulation of an explosive muiiture, the prnoe is continuously purged with
helium at a low flow rate: a back-up purge system was also installed. A hygrometer in the purge
svstem determines whether weter is present in the pipe.

8.2 HYBRID COMPUTER SIMULATION OF THE
THERMAL HYDRAULIC TEST FACILITY HEAT REMOVAL SYSTEM

W. R. Hamel

Because of stringent control system performance requirements cn the complex heat removal
system of the Thermal Hs draulic Test Facility, a hybrid computer simulatios. is beiny developea to
evaluate the system's design concepts and provide startup assistance.

A theoretical model of the heat removal ~ystem. inciuding a model of a simplified rod-bundle
test section, was  developed. which comprises four lumped-parameter heat exchanger
approximations: a simplified test section flow model: pressurized water pump charactenistics: 13
contrel valves, including nonlincarities; and ten process controllers and associated process
measufoment devices.

We plan to tmplement the theoretical model on the Division’s AD<4 PDP-10 t ybrid computer:
the amount of algebia implemented digitatly wiil be maximized to conserve analcg equipment.
Prozess dvnamics, such as heat cxchanger response, will be programmed on the analog compater.
Siace the simulauon will operate .n real time, actual process controllers will be linked to the
compater for the study.

8.3 AQUATIC LABURATORY STATUS

B. C. Duggins

The aquat.c labor:tory” system was tested and is ~ow operationai with manual control of the
blending valves. Fundiny of computer control was delayed to the extent that it will not be ~vailable
until late FY 1974

The analog controllers on the supply loops performed as expected except for the hot water
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heazer. Due 10 tiie light startup load. the rangeability of the bvpass control on the steam-to-water
exchanger was inadequate. The bypass control was replaced by throuling the steam supply, a
method that gives greater rangeability but is somewhat less responsive.

Ome analog temperature program controlier was assembled from reused components so that
experiments that require programming could be conducted in one tank until the computer ts
received and instalied.

I B C Duggins et al. Instrumentanon and Controls D Annu. Progr. Rep. Sept 1. 1972 ORNL4822. p. 53

8.4 MEASUREMENT OF DYNAMIC STRAINS OF THE WELL-HEAD
ASSEMBLY AT HYDRAULIC FRACTURING WASTE DISPOSAL FACILITY

W_R. Hamei B. C. Duggins

During the injection of radioactive wastes into underground shale formation at the hydraulic
fracturing waste disposal facility, substantial vibrations of the we I-head assembly were chserved.
Since such vibrations could greatly reduce the fatigue life (hence. operational life) of the
components. we quantitatively evaluated the strain (or stress) amplitudes and frequercies at obvious
high stress locations on the plug-head section of the well-head assembly. Twelve strain gages were
mou itea on the plug head by the Experimental Mechanks Section of the Reactor Division, and
data were colected from these gages during two waste tnjections. Evaluation of these data indicated
that the stress levels associated with the vibration were so far below the endurance limit of the
plug-heaa matcrial that any fatigue analysis would predict infinite hife for the frequencies observed.

8.5 ADDITIONS AND MODIFICATIONS TO THE
ORNL STEAM PLANT CONTROL SYSTEMS

W. R. Hamel B. C. Duggins

Bumer Control ( Flame Safety) Systems

Boilers I. 2. 3. and 4 of the ORNL Steam Plant were evaluated to determine their conformance
with National Fire Protection Association Codes 85B and 85D. which define minimum requirements
for safc operation of natural-gas and oil-fired multiple-burner boiler furnaces. Our conclusion was
ttat the bumer control systems were deficient. Codes 85B and 85D were studied in detail. and a
suitable bumer contro! was developed. Functional logic diagrams for the desired system capability

vere prepared and were used to communicate with vendors in obtaining budget estimates fo; the
rejuired hardware.

Combustion Control Systems

Because of the energy shortage. there has been a continual reduction in natural gas allotments
for stcam gencration at ORNL. In the future, it will be nocessary to burn fuel o1l routinely to offset
the reduction of natural gas. To acnieve a safe znd reliable steam generation capability with greater
dependence on fuel oil, fuel oil burning in boilers 1, 2, 3, and 4 must be fully automated. In addition,
much of the combustion control hardware must be replaced. because it is outdated and spare parts
are scarce. To refurnish the combustion control system,, we wili replace outdated equipment and
install new fuel oil combustion automation equipment, fecdwater control equipment. and boiler
control panelboai ds.
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A cost estimate for all phases of upgrading the burncr controls and combustion controls was
prepared cooperatively by the General Engineening Division aiid this Division. Preparation of a
preliminary proposal to be sent to the AEC-ORO was started.

8.6 pH CONTROL OF STEAM PLANT EFFLUENTS TO WHITE OAK CREEK
W. R. Hamel

Possible mzthods of reducing the acisic eficcts of steam effluents on White OQak Creek were
evaluated. From a study of vanous <itfluent scarces. we concluded that the principal offender was
effluent produced during regener=.don of ihe boiler feedwater demineralization sysiem. With the
assistance uf the Analytical Chemistry Division, we observed the daily and seasonal characteristics
of these effluents and their effects on White Qak Creek. We found that if the effluents were
accumulated, well mixed, and discharged slowly. their influence on the pH of White Oak Creek
would be within acceptable limits even during periods of small rainfall. The result of this analysis of
the total system was a simple. vet adequate, solution that eliminates the need fc. an active
neutralization system.

8.7 PROTOTYPE GREENHOUSE FOR WASTE HEAT RESEARCH
B. Lieberman

Instrument engineering assistance was fumished to the Reactor Division of ORNL and the
Tennessee Valley Authority (TVA) for construction of an experimental grc=nhouse by TVA at
Muscle Shoals, Alabama. The purpose of this project is to determine the feasivility of the idea.
originated and developed by the Rcactor Division. that waste heat from power statiuns could be
utilized to provide year-round controlled growing conditions for greenhouses. This Division has
advised the Reactor Division and TVA whether the instrument components and systems proposed
by the gre.nhouse contractor and his instruinent subcontractor were suitable; prepared specifications
for TVA to purchase instruments and controls for a water heater system that will simulate the waste
heat source: and supplied test instruments to the Reactor Division personnel during their evaluation
of the operation of the experirontal greenhouse.

8.8 INSPECTION OF GLOVE BOX SYSTEMS
B. Lieberman B. C Duggins

The Instrumentation and Controls Division has continued to assist the Laboratory Safety and
Radiation Control Department in inspecting and testing glove box systems installed at ORNL.'
Each system is inspected, and the control and safety instruments are evaluated. If the
instrumentatica is judged inadequate for safe operation, the inspectors recommend improvemen-s.
Ten systems were inspected, and six required improvements. Finai testing for approval includes
simulation of component failures in the control system to Getermine that the resulting pressure
excursions will not exceed the safe limits for the glove box.

1. B. C. Duggins and B. Licherman. Imvi:umeniation and Controls Div. Annu. Progr. Rep. Sepr. 1, 1972, ORNIL-4R22,
p. 55.
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89 PRESSURIZED AQUEOUS COMBUSTION EXPERIMENT
B. Licberman A. H. Malone

Instrumen: systems were supplied to measur= the flow of oxygen and to control the temperature
and pressure in an autoclave for a laboratory w :le baich-type process developed by the Chermica!
Technology Division for burning solid wastes. Tne solid waste materials are shredded. rrxed with
water, and oxygenated :n an autoclave at 600 to S0C°F and 700 to 1200 psig.

An instrument flow sheet was prepared for a lares contiruously operating pilot plant.

8.10 INSTRUMENT DESIGN FOR A SEW HYDROFRACTURE FACILITY
R. E. Toucey

A conceptual design and a cost estimate were completed for a proposed new hydrofracture
facility that will be constr:cted near an exisiing hydrofracture facility and will be operated for
disposa! of radioactive liquid wastes.

Measurement. control. and ratioing of the flows of concrete and radioactive waste solutions will
be a major instrunient task. Instruments will also monitor levels of dry solids in storage bins and
levels of liquids in storage tanks. Liquid-level readings will be telemetered to the Waste Monitoring
Control Ciater (Building 3103) for transfer of liquid waste frem ORNL. Remotely operated valves
will be con'volled frim a g.aphic control panel. A standari fzcilitv radiation system panel with
alarms will be installed for protection of operating personnel,

8.11 HEAVY-ION BOMBARDMENT FACILITY
B.C. Duggins J. M. Googe’  A. H. Malone

A control and data collection system was fabricated for the new Heavy-lon Bombardment
Facility, which utilizes the 6-MeV Van de Graaff accelerator. The facility will be used to study
damage to metals expected in controlled thermonuclear reactors. The instrumentation system
comprises vacuum pumping control, ion beam sweep. temperature control of specimens. and
measurement of deposited power of the ion beam. The system is operational with good performance.

The mast challenging instrument problem was that of measuring the deposited power of the ion
beam. Alter assessing the features of various methods, we selected calorimetry and mechanically
desionied the specimen chamber (Fig. 8.11.1) to enhance the calorimetry and to overcome the
del'herately poor heat transfer from the specimen. As a result, the temperature rise of the specimen
rer wa't ~f depnsited power is high. A precision temperature control loop controls the specimen
hezters to set tie experiment temperature at a selected value from ambient to 1000°C. Another loop.
a precision temperature difference controller, controls the specimen auxiliary heater to set the
specimen temperature significantly higher than that of its environment.

The temperature difference loop is set with the ion beam turned off. A requirement for setting
this loop is that the power required by the specimen auxiliary heater must be greater than the power
to be deposited by the ion beam. The electric power delivered to the shyecimen auxiliary heater is
continucusly measure¢ and recorded. Then, when the ion beam is turned on. the
temperature difference cintrolier automatically reduces the electric power to the specimen auxiliary
heater by the amount ~f the power deposited in the specimen by the ion beam.

. Consultant. Department of Electrical Engincering. University of Tennessee. Knoxville,
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Fig 8.11.1. Heavy ijon bombardment facility specime i chamber.

8.12 TRANSURANIUM PROCESSING FACILITY STATUS
H. E. Cochran

The 1 ransuranium Processing Facility. which is completing its seventh year of operation, 1s ihe
only scirce of significant quantities oi berkelium, cahformnium. einsteinium, and fermium in the
United States. During FY 1973 434 mg of ~“"_f was recovered for research and the commercial sles
p ~.am.
No major changes were made in the plant or the instrumentation during the year. and onl;
routine instrument maintenance and rennerwent of the control systems were required. The
fast-neutron counting systems, previously reporced,'™ continue to reproduce assay values within 15

Manpower for instrumentation was reduced to a minimum--one technician full-time and one

engineer part-time during this past year.

E. Cochran et al.. Insirumeniation and Controls Div. Annu. Progr. Rep. Sepi. 1. 1972, ORNL 4822 pp. 51-52.

I H.
2 H. & Cochran et al.. Instrumentation and Controls Dn. Annu. Progr. Rep. Sepr_ 1. 1971. ORNL4733. pp. 4647

8.13 INSTRUMENT CABINET FABRiICATiON FOR THE
OAK RIDGE GASEOUS DIFFUSION PLANT

R. E. Touey

The instrument panel fabrication snop of this Division was utilized to support the ORGDP
cascade improvement program. Twen'y relay-rack-type catinet assemblies were fabricated to
ORGDP designs. which required 220 man-days of craft labor.
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8.14 FISSION GAS REMOVAL STUDIES
R. E. Toucey

Enginec ing services were furnished to design and fabricate an instrumentation system for an
absorp tondistillation svstem to study the removal <f rarc fission gases. pnmarily *Kr. from fuel
processing off-gas. The svstem wijl use carbon dioxide or Freon in both hiquid and gaseous states to
absorb the fission gases. The instrument complement will include six capacitance kevel sensors. one
turbine flowmeter. and sevn thermal-type mass flowmeters for gases as well as conventional devices.

8.15 HTGR FUEL REFABRICATION DEVELOPMENT PROGRAM
H. E. Cochran A.J. Millet

Highlights of thi. Division's participation in the program' this year include expanded use of the
fuel characterization data system (Sect. 7.3). development of a particie size sensor and purchase of
an analyzer (Sect. 7.19). implementation of a multispectra neutron irradiation techmique to
determine the amount of fissionable material in fuel sticks. and development of a sequence controller
for the fuel stick molding machine.

To assay fissionable matenal in the fuel sticks, fissior: is induced in the sticks and then the
delayed neutrons emitted by the fuel are counted. A machine was devised to sequentially step the
stick past a scanner-detector in lengthwise segments. to accumulate neutron data, and to log the
data. Figure 8.15.] shows the control panel and the machine with a stick being assayed.

AR PHOTO 1686 73
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The fuel stick molding machine has a 24-station circular index table that moves the mold
through the steps required to produce a stick. Operations occur simultancously at every station.
including cleaning the mold: inserting the bottom punch. fuel particles, matrix slug. and top punch:
heating: compressing; cooling: and ejecting. The seguence controller (Fig. 8.15.2) paces the machine
through the steps and verifies that the operation at each station is completed bzfore the table 15
indexed. This machine operates at a production rate of 200 sticks hr.

1. H. E. Cochran and B. Licberman. Instrumentation wnd Controls Do, dnnu. Progr. Rep. Sepi. i. 1972, ORNL <1822,
pp.52-53.

PHOTO 1685-73

Fig. 8.15.2. HTGR fuel stick moiding machine sequence co rolles.

8.16 ULTRASONIC THERMOMETERS FOR FUEL CEN7TER-LINE
TEMPERATURE MEASUREMENTS IN HFIR IRRADIATION CAPSULES

R. L. Shepard R. M. Carroll

Rhenium ultrasonic thermosmeters were used to measure fuel center-line temperatures up to
1100°C in two HFIR irradiation capsules. HRB-5 (Fig. 8.16.1) and HRB-6.

In the 2500-hr HRB 5 irradiatior. temperatures were continuously measured but were observed
1o drift with irradiation. A 77 shift in roowm temperatuie transit time was observed. At the :
completion of irradiation the thermometer was calibrated whole—capsule and in-pool in the HRB-X ;
furnace to 800°C. The calibration data and transit times obtained between reactor cycles during
isothermal shutdown conditions were used to correct for drift. These corrected temreratures agreed !
within 40°C of values obtained in a companion experiment using theimocouples. The drift was {
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attnbuted largely to transmutation. Postirradiation examination of the pure rhenium sensor whica
reccived a thermai-neutron fluence of | X 10™ nvr and 2 fast-neutron fluence of 3 X 10°° nvi. showed
the sensor material to have transmuted to 507 osmium-50¢; rhenium.

A duplicate ultrasonic thermometer in the HRB-6 capsule performed marginally dunng 3000 hr
of irradiation and showed loss of sensitivity due to mechanicai mitcrference between the Jltrason
lead line and its guide tube.

Both thermometers were installed in a2 new wav: the ultrasonx sensor. kad line. and
magnetostrictive driver were contained in a ~ ,-in. guide tebe. which was part of the fission gas
primary containment. and the ultrasonic driver coil was wound outside the containment tube so that
no hermetic clectrical seal was needed.
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Fig 8.16.1. Ultrason thermometer. model HRB-S.

8.17 LOOP RESISTANCE MONITORING OF TUNGSTEN-RHENIUM
THERMOCOUPLES IN HFIR FUEL IRRADIATION CAPSULES

R. L. Skepard

The calibration of tungsten-rhenium thermocouples used in measuring (el center-line
temperatures is known to change with irradiation. thereby causing temper>ure errors of hundreds of
degrees. Changes in the resistance of the thermocouple 1yop have bheen shown to accompany
calibration charges.’ Continuous monitoring of the loop resi: tance of WiRe W25Re thermocouples
during two fuel irradiations (HRB-3 and 4) at the HFIR has provided a way of correcting for
thenmnocouple calibration drift and of anticipating and diagnosing themocouple failu e.
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In the 6000-hr 1100°C HRB-X experiment. a calibration dnft of 300 C was accompanked by
an 117 incraase in loop resistance. In the HRB- (Fig. ¥.17.1) expeniment. the thermocoupic
cahibration dnfted *5°C m “000 hr at V100°C. accompanied by an 187 increase in loop resistance
measured over onl: 1he f-n. therrocoupie loop actualh within the tuel Thexe more sensine
measurements of loop sistance “nd thermal emf changes fumished a quantitative basis for
correcuon of the thermocuurk cuiibration dunng irradation. after which the corrected temperatures
agreed well with cakulations based on heat production and conduction and with other
determinations of thermocoupke dnift under similar reactor conditions.

in addition to enabling correction for calibration dnft, (e loop resisiance measurements abo
gave an carly wammng of impending thermocouplk failure. The process involved the rate of resistance
increase. which continued 10 accelerate for 40 hr before the thermexcoupie fatled because of an open
circuit. Had the thermocouple beer: 1n 3 cnucal senvice, the reactor couid have been shut down sately
before the thermocnuple had ta:led.

I. R L. Shepard et ai .“The: mocoupic Sunvailance of HRB4 Expenment.” /astrumeriacion and Controls Dn . Anmu.
Progr. Rep Sept. 1. 1972, ORNL4822 p. “G.
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Fig 8.17.1. Four-wite rungsten -thenium thermocouples, modet HRB4.

8.18 IN-POOL CALIBRATION FURNACE HRB-X
R. l.. Shepard W. A. Bird

A furnace facility (Fig. 8.18.1) was designed and constructe* to calibrate thermometers in
instrumented HRB fuel irradiation cartridges. The facility was used for wholecapsule in-situ
pestirradiation calibration and for “dterm calibration of the ultrasonic center-line thermometer in



59

the HRB-5 and HRB-6 cartridges. respectively. The latter cartndge was returmed to its core position
for further vradiation.

‘ihe entire irradia 1on capsule can be heated 10 8157 C 1n the furnace. HFIR pool water can be
admutted or expeiled for raduiation shielding and for ioading or unlcading the capsule
n-pocl during a reactor shutdown. Failure of the cartndge containment dunng heating can be
detected by obsernving the puige gas flow system. The normal gas-sweep fiow through the cartndge
and the internal temperature measunng system are contnued during furmace heaung. The
temperature of the furnace can be controlied by observing the temperatures indicated by cither the
four sets of furnace thermocouples or the intenal cartridge thermocouples. Four-zone heating.
spanning 24 in.. has controlled the axial temperature uniformity to =11° at 590°C in the furnace and
to =7°C in the capsule within the furnace.

I. L. P Pugh »f the Reactor Dnasion.
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8.19 IN-PLACE REWELDING OF FAILED SHEATHED THERMOCOUPLES

R. L. Shepard
W.A Bid F.R. Gibson

A voltagecontrolled. capacitor discharge welder was built which is similar to a device
described by Babbe for in-situ rewelding of open-ci~cuited thermocouples in reactor experiments. A
" .-in.-OV. sheathed. tvpe K thermocoupk in the HRB-S irradiation cartridge failed during
wradiation. opening nteneitiently on heatig and ciosing on cooling. The cartridge was transferred
to the in-pooi furnace HRB-X and heated to 425°C. that 15, a temperature just above that at which
the thermocouple opened. A breakdown test voltage was obtained {or the failed thermocouple by
usifig the Babbe device. The thermocouple was ihen rewelded by discharging a 40-mF capacitor
charged to 110 of the breakdown voltage. The welding method was demonstrated twice more when
the thermocouple failed during thermal cyciing in the pool-side furnace.

I. E. L. Babbe. Z4 PPER— 4 Dexice for Repairing Open-Circutted Thermocoupie -, Repert Al-AEC-TDR-12710. Atomis
International {June 3. 1968).

§.20 LOOP-CURRENT STEP RESPONSE METHOD FOR
MEASURING THERMOCOUPLE TIME CONSTANTS IN PLACE

R. M. Carroll R. L. Shepard

The time constant of a sheathed thermocouple in a nuclear reactor or in an industrial process is
a measure of the thermocouple ability to follow rapid temperature changes. The time response is
affected by the thermocouple’s surroundings and may change with agn  or irradiation. A method
was developed to measure th = time response of a thermocouple in place (Fig. 8.20.1). An electrica,
currenl 1> passed thiough the thermocouple loop, raising its temperature slightly. When the current
1s stopped abruptly. the thermocouple returns to ambient iemperature. The thermal time constant ¢
the thermocouple can be obtained by analysis of the output of the cooling thermocouple.

In the loop-current step response method. current is applied for a few seconds. tiien switched
ofi. and the thermocouple output is stored in digital form du:ing a few minutes of cooling. These
digital data are processed numerically, using a smooth’  and least-squares-fitting procedure. to
provide a time-dependent equation that contains one or more time constants. These time constants
can be obtained repeatedily for a given thermocouple vithin 367, and they agree within 127; of thz
values of time constants obtained by another method where the thermocouple i1s plunged inte a

water bath.
The loop-current, step response method was used to measure time constants of six

0.0615-in.diam, sheathed, type K insulated-junction thermocouples in the LMFBR Fuel Failure
Mockup that was operated from 320 to 356°C with a rod power of 4.78 kW and immersed in
flowing sodium. The measured time constants ranged from 102 to 287 msec and v.eie reproducible
to within 56. In other applications, .he method will detect improperly installed extension cables,
moisture in thermocouple insulation, or changes in flow velocity in the fluid surrounding the
thermocoupie. With the loop-heating current, additional information can be obtained about the
internal condition of the thermacouple by utilizino axial temperature gradients produced by the

Peltier effect.
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8.21 TRANSIENT ELECTRICAL RESPONSE OF SHUNTED
HIGH-TEMPERATURF THERMOCOUPLES

J. R. McDearman'
J. M. Googe®  R. L. Shepard

At high temperatures ahove 2000°C. thermocouples give false, steady-state temperatuie
indications due to insulator shunting. Shunting in the thermnocouple insulatar also affects the ability
of the thermocouple to transmit electrical signals caused by rapid temperature changes at the hot
end to external instruments at the cold end of the thermocouple. Quantitative limitations on the

trans.ant electrical response of a shunted thermocouple are needed to evaluate use of the

thezmocouple in safety circuits and in theymai noise analyses.

2

A v, A at Vo R
I DR N ) Vagra R
R

aaky Woe

TR X" T4 AT



[4,)
o

The equivalent circuit for a high temperature. metal-sheathsd thermocouple with unsulator
shunting developed in previous swsdies was expanded to include inductance and capacitance. The
equations that describe the model were solved to predict the electrical transient behavior of 4
surung thermocouple. The analvsis was applied to cases (1) where the hot junction experiences i
siep change In temperature and (2) where a voltage step 1s applied to the cold junction and the
flected pulse 1s observed. as in a ume domain reflectometer. The model predicts that the highly
dissipative shunting thermocouple does not propagate the signal satisfactorily in most cases but

shows a smeared-out delayed result at the cold end. The clectrical delay time is of the order of-

microseconds. which is three or four ordars of magnitude shorter thar the thermal time constants of
typical thermocouples.

1. Prolessor ot Electrical Engincenng. Tennessee Technological University . G ~keulle. Tennessee.
2. Protessor of Ekvirwal Exgintering. Tine sruine of Tennessee. Knoxville.
1. 3. K. McDearman. Instrumentation and Controls Dn. Annu. Progr. Rep Sep:. 1. 1972, ORNI 82 p 73

8.22 ANALYSIS OF THE TRANSIENT RESPONSE OF
MgO-INSULATED SHEATHED THERMOCOUPLES

J. E. Swander’
R.S.Booth N.E.Clapp F.H. Clark

The effects of “eat transfer phenomena on the transient response of insulated junction
thermocouples was investigated. Determination c. the response as a function or structural
parameters will he useful both in interpretis:g normai operating characteristics and in determining

orocedures” for detaction of LMFBR. thermocouple deterioration in situ.

An analysis to determine the effect of the MgO insulation indicated that the relatively high
thermal resistivity of this maierial cun account for experimentally observed lags in the response of
thermocouples to step changes in the external temperature. More detailed anzlytic modeling of the
thermocouple structure should permit quantitative correlation of experimentally measured time
constants with physical parameters. This type of modeling is applicable to transient responses of the
thermocouple to both external temperature changes and intcrnal electrical heating.

t. Subcontract with the U niversity of Tennessee, Knoxwille.
> R M Carroll, In.irumentanion and Controls Div. 4nanu. Progr. Rep. Sepr. 1. 1972 ORNL-4822 . p. ».

8.23 EVALUATION OF TUNGSTEN-RHENIUM ALLOYS
FOR HIGH TEMPERATURE THERMOMETRY

R. M. Carroll  J. K. East R. L. Shepard

Tungsten-rhenium wires are the most refluctory alloys known. These wires are used in
thermocouples. and they can be used in other high temperature thermometers if the physical and
electrical properties are kaown. Wires of variors compositions from 3 to 26¢; rhenwum were
obtained, and their chemical and metallurgical characterization was started. These wires will be used
to fabricate ultrasonic test iines .r determining the velocity of sound vs temperature and the
temperature depcndence of the attenuation coefficient. In a joint study, the Nationz) Bureau of
Standards (NBS) is examining the thermoelectric properties of wires from the.= same lots.
Additional alloy compositions are heing prepared, and further property measurements will be made
in this joint ORNL-NBS program.
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8.24 SHEATHED TUNGSTEN-RHENIUM THERMOCOUPLE SPECIFICATION
AND PROCUREMENT INSPECTION

R. L. Shepaid R. M. Carroll W. A, Bird

Stainless steel sheathed, magnssium oxide insulated. W-3Re vs W-2SRe thermocouple swrged
assemblies are used for measuring fuel! temperature in ORNL reactor exseniments. In 1 pical
desizns. a 10-{t-long sheathed portion cf the swaged assembly is brazed into the uradiation carinidge
tc contain fission gas and to be an integral extension cable for regions where the temperatures
remain ess than 1000° C. Then, about | ft of sheath and magnesia are removed from the hot end of
th: assembly and replaced with I ~d-fired beryllia mnsulation and rhemum foil to endure the high
temperatures in the fuel.

Material for such applications was ¢rdered to conform to a trial purchase specification based on
RDT Standard C7-6T. “Thermocouple Material and Thermocoupie Assembly. Chromel-P vs
Alum-!. Stainless Stecl Sheathed. Magnesium Oxide Insuiated.” which was modified to make it
appropriate for sheathed W-Re thermocouple material. Standard quality assurance procedurss werc
invoked which required documented manufacturing procedires. matenals certifications. and
inspection tests both by the manufacturer and the purchaser to qualify this material for reactor
experiment fabrication. New tests were devised. some based un testing’ of thermocouple assemblies
for earlier High Flux Isotope Reactor irradiations. These tests” included dimensions. calibration,
homogeneity, thermal cycling. sheath integrity, bending ductility. x-ray. and scanning electron
microscopic und metallographic examination.

A first batch of manufactured material was received and inspected. The material was rejucted.
because these tests showed that the W-3Re wires were necked down in random locations and were
excessively bnttle. A high degree of insulator compaction and other evidence indicated that the
diameter of the sheathed assembly had been reduced excessively during fabrication. A second batch
of manutactured material was inspected. Its quality was better with regard 1o the W-3Re wire and
the degrze of compaction, but defective W-25Re wire had been used. The assemblies orten failed
during thermal cycling tests. The mechanism of failure is being investigated.

An American Society for Testing Materials materials spectfication for W-Re therrocouple wire
is being prepared to assist the assembly manufacturer to obtain suitable thermocouple material from
the wire producer.

L. ROM. Carroll and R 1. Shepard. Insirumentanion end Conrels Do Annu. Progr Rep. Sep: 1. 1v72 GRNY 4822,
p. 7L

1. 1hese tests were developed with the assistance of 1. A Canonico. 8. C. Lesla, F_ 1. Long. and other members of the
Mctals and Ceramics Division.

8.25 HIGH-TEMPERATURE FURNACE FACILITY

H. J. Metr
W. A. Bird W. L. McCullough R. L. Shepard

A third, high-temperature furnace. capable of producing temperatures above 2400°C, was
installed in the High-Temperature Fumace Facility (HTTY) in Building 2500 at ORNL. Other
improvements made to the HTFF were (i) services to the facility were improved to accommodate
*he three furnaces; (2) additional transformer capacity was suppli@d to the facility: (3) an improved
power distribution system was buii: for the previnus two fumaces:’ (4) the cocling ‘vater distribution
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and Jow-nower interlock systems were improved and extended to supply the third furnace: (3)
an argua gas distribution system was buit 1o supply the three furnaces;” and (6) an oxygen monitor
capable of detecting as hittie as 1 ppm O: in Ar was installed for checking the fumace supply and
exhaust gas.

A traversing mechanism was designed and mounted on this third fumace so that a sample or
ser sor can be slowly inserted or retracted by a2 motor drive through the entire length of the furnace
for proliling and homogene:'v experiments. The unit can also be operated in a rapid. pneumatically
driven insertion and retraction mode for temperature cycling of s:nsors. The sample and its
conneciions are contained within the inert fumace atmosphere iarougiout the traverse. A
water-cooled receiver section above the furnace produces quick cox.ling of the sample during cvcling.
This apparatus 1s used for studes ~I W-Re thermocoupes and other high temperature

thermcmeters.

I. R.E. Toucey. B. C. Duggins. and J. M. Guooge. Instrumentation and Controls Div 4nmu. Progr. Rep. Sep:. 1. 1969,

ORNL-H29 pn 65-70.
2. H. ) Metz. Instrumentanon and C.ntrols Dnv. A . Progr. Rep. Sepr. i, 1972, ORNL$22 o S..

8.26 TEMPERATURE MEASUREMENTS OF DISPLACEMENT TI ANSDUCERS
IN MINT-1 REACTOR EXPERIMENT

R. L. Shepard B. Fleischer'

Temperatures inside the MINT-[ oxide fuel irradiation capsule were obtained by measurir.2 the
resistance of the center-tapped. transducer disrlacement-sensing coils. A three-wire method was used
for measuring the resistance of the ceramic<oated siiver wire coils to better than 0.1¢; at a distance of 60
ft, independent of the lead wire resistance. Tie resistance temperaturs characteristics of the cotls were
Getermined in bench tests tc 240° C ona spare transducer, and these data could be extrapolated to 350°C
since these characteristics for silver are known. Internal temperatures in the capsule obtained this way
were correlated with external thermocouple temperature indications as the power generation in the
capsule was varied.” Meas:red values of coil temperature were used to correct the displacemert
calibiation for effects of temperature ar.d temperature gradients.' Resistance changes were alsc used to
d.agnose changes in the condition of the transducer witn irradiation.

1. Metais and Ceramics Divisior.
2. R. B Fitts, B. Fleischer. and R. L. Senn, Fuel Cladding Meckanical Interaction and Gas Pressure sund-up in a

shortened FTR-Tvne Fuel Pin, ORNLARTS (June '971).
3. 1. M. Googe. 1 trumentation and Controls D, 4Annu. Progr. Rep. Sept. 1. 1972 ORNL K22 pp 49-51.

3.27 QUALITY ASSURANCE [N INSTRUMENTATION
C.S. Lisser H. I Metz

In continuing the program of uality assurunce for the Instru.mneriation and Controls Division
at Oak Ridge National Laberatory,’ assistance was rendered to man ORNL divisions throughout
the year. Within the Instrumentation and Contro's Division, the writing of quality assurance
prcced:izes and related work procedures was continued. About 85 noroceiures werc written,
revicwed, and adopted: of these, 27 a ¢ part of the quality assurance-numbx red series, and the others
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provide a working-level base of detailed instructions. The ORNL quality assurance director.
a management audit tcam, and the quality assurance coordinator for instrumentation and controls
all conducted audits of various operations within the division. Audit team comments and
recommendations showed an unsurprising numbe: cof suggestions for improvements.

One of the main qualit- assurance tasks this vear was the work with ORNL instrumentation
procurement for use by many USAEC installations. This included the large-scale procurement of
temperature sensors program and the pilot procurement of current preamplifiers. In the temperature
sensor program, two vendors contracted to manufacture thermocouples to the requirements of RDT
Standard C 7-6T. under the guidance of ORNL staff. Both vendors pinduced generally acceptable
thermocouples, although some deviations from good quality assurance practice occurred: five
nonconfo- mance reports were issued. The prototype preamplifiers. designed to RDT Standard C
15-3T. wei~ fabricated within allowable tolerance limits.

1. C. 8. Lisser et al.. mstrumentation and Controls D Annu. Progr. Rep. Sepr. 1. 1972, ORNL4R22 p 74

8.28 RDT STANDARDS FOR INSTRUMENTATION
C. S. Lisser H. J. Metz J. A. Russell

In the continuing work for the RDT Standards Program.’ instrumentation effor was expended
at a rate of approximately 2 man-vears during this report period. The production of new standards
slowed in respon-e to the AEC policy of having the first potenrtial user write whatever standard may
be needed. Howev:  wuch work was done to keep ORNL-produced instrumentation standards
updated through am. - ments, and to review standards produced at other installations.

Tis program also continues to render support to the standards efforts of national technical
societies (specifically. :he Instrument Society of America ard the Institute of Electrical and
Electronics Engineers) through the work of staff members with siandards committess.

Table 8.28.1 shows the present status of instrumen:ation :tandards written at Oak Ridge
National Laboratory.

I. C. S. Lisser and J. A. Russell, instrumeniation and Controls Div. Annu. Progr. Rep. Sept 1. 1972, ORNL 4822, pp.
73-74.

8.29 INSTRUMENTATION AND CONTROLS DIVISION MAINTENANCE
INFORMATION COMMITTEE

K. W. West (chairman)
P. W. Hill J. A. Keathley
D. J. Knowles (secretary) J.L. Lovvomn
R. L. Simpson R. E. Toucey

In May 1972, a committee consisting of W. P. Kinser (chairman), P. W. Fiii, D. J. Knowles, E.
McDaniel, R. L. Simpson, and K. W. West, was appointed to develop a divisinn-wide inventory and
maintenance information system. The main objectives of the program, which wis designed to meet
quality assurance, ORNL standard practices, and AEC directives were
1. automated storage and retrieval of instrument inventory informatior.,

2. improvement of recall systems for routine maintenance and calibration,

e

PR
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Tabie 8.28.1. Status of RDT Standards for process instrumentation

Number Tithe Satud’
C21T Determinatior of insulation Compaction in Ceramicdnsulated Conductors A
Amendment | S
C23T1 Time Response Test for Sheathed. Mineral Insulated Thermovouple A ssembly A
C41IT Orifice Plate for Orifice Flange Union C
C4-3 Orifice Flange Union Weld Neck, Stainbess Steel, for 300-Pound Service C
Ce-2 Differential Pressure Transmitter, Pneumatic Output Signal R
1T Thermocouple Material. Iron and Constantan, Solidd Conductor (Bare, Fiberglass Insulated. A
and Sheathed aver Fiberglass Insulation)
C1-2T Thermocoupie Material, Iron-Constantan, Mzgnesium-Oxide Insulated, Sheathed A
Amendment | A
C13T7 Thermocoupie Material, Copper and Cons:antan, Solid Conductor (Bare, Fiberglass Insulated, A
and Sheathed over Fiberglass [nsulation:
4T Thermocouple Material, Copper-Constantan, Magnesium-Oxide Insulated, Sheathed A
Amendment 1 A
15T Thermocouple Material, Chromel-P and Aturnel, Solid Conductor (Bare, Fiberglass Insulated, A
and Sheathed over Fiberglass Insulation)
C16T Thermocouple Material and Thermocouple Assembly, Chromel-P vs Afumel. Stainkess Steel A
Sheathed, Magnesium-Oxide {nsulated
Amendment 1
C17T Thermocouple Materials, Platinum and Platinum-10% Rhodium Wires, Noninsulated A
Reference and Siandard Grades
Amendment 1 P
C7-15T Thermocouple Connectors and Thermocouple Connector Panels A
Amendment 1 A
C7-16T Thermocouple Assemblies, Magnesium-Oxide Insulated. Stainless Stee! Sheathed A
c117T Platinum Resistance Thermometer A
-7 Single-Point Strip Char* Recording Potentiometer A
C9-2T Multipoint Strip Chart Recording Potentiorcier A
C11-2T Pyrometer, High Sensitivity. Indicating Cor*rolling A
Cl3-1 General Purpose. Stored Program, Digital Computer 4
Ci5-3T Current Puise Preamplifiers for Use with Fission Counters A
Amendment | A
Cl16-1T Supplementary Criteria and Requirements for RDT React s Plant A
F3NT Mass Spectrometer ilelium Leak Detection for Instruments and Small Components A
M3-20T Polyethyiene Instrument Tubing A

TStatus: A, aoproved for issue; C, cancelled; R, being rewritten: P, in process: S. wubmitted for approval.

3. accuiulation of maintenance and calibration histonies for each instrument.

Although these objectives were met to a great extent, there are scveral smaller blocks of
information applicabie to a section or group that are not applicable at a division-wide level. An
additional objective of the program is to retain the features of the vaicr programs which have proved

most useful.

The original committes designed a system and submirted drafts of two document.: a general
description and an instruction manual. These documents are being prepared for distribution to
division personnel in the near future.
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The program has a number of callable printout options su that all available information on an
estimated 20,000 items is not distribuied routinely. Instead, the printout and recall information
returned to the file points (which are usually the foremen of field shops) is limited to information of
interest to that particular file point.

In May 1973, the committee was made permanent with the personnel listed above to implement
the proz-am, and the system is now in usc on a trial basis. The committee serves as the central officc
to administer and modify the program as necessary. At least 3 man-days' moxth per member have
been devoted to this effort since it started.



9. Reactor instiumentatisi and Controls

9.1 NUCLEAR DESALINATION PLANT CONTROL STUDIES'
S.J.Ball N.E. Clapp.Jr. J. G. Dekne’

The objective of the continuing studies of dual-purpose plant control is to ensure that
satisfactory control and coupling schemes will be available for the prototype plants under
development. While most of the past work has concentrated on multistage flash (MSF) plant
technology. recent efforts have been aimed au substituting the more advanced combined vertical-tube
evaporator (VTE) MSF plant technology. A digital simulator was developed to study the dynamics
of = Vater Factory 21.” an experimental VTE MSF plant under construction in Orange Couidty.
California. This simulator is beingz used 10 plan experiments on the plant, which is due to begin
operation in the fall of 1973. Data obtained from dynamics tests on the plant will be used to verify
the models used ir, the simulation.

The full-scale dual-purpose plant simulator which was developed includes a pressunzed-water
reactor (PWR), a drum-type steam generator. and a large turbine generator plant coupled to the
MSF evaporator. Extensive studies of parameter sensitivity. component failures, and alternative
control schemes were made with the full back-pressure turbine plant (sn which all exhaust siecam
drives the evaporators) and with the demonstration plant concept (in which only a small fraction of
the total steam is utilized by the back-pressure turbine and evaporator).

Experimental work included sc¢veral series of dynamics tests and parameter tretd tests on an
MSF plant at Wrightsville Beach. N.C. These tests were aided by an on-line computer data system
that was engincered and programmed by ORNL (Sect. 7.43). A computer program was developed
which generates pseudorandom binary sequence contact output signals for frequency response tests
and also performs the required Fourier transforms on-line. Pseudorandom binary sequence tests
were run on the evaporator over a full range oi sperating conditions. A dynamics test series was also
run on an operating PWR, the H. B. Robinson Nuclear Power Plant (Carolina Power and Light
Company). Results of these tests, made in joint effort with the University of Tennessee, led to
improvements in the PWR part of the dual-purpose plant simulator.

. Summary of paper presented at 4tk Int. Symp. Frezhwater Sea. Heidelberg. West Germany. Sept. 9-14, 1973,
2. Reactor Division.
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9.2 HYBRID COMPUTER SIMULATICN OF THE
GAS-COOLED FAST BREEDER REACTOR
STEAM GENERATOR

O. W. Burke

The hvbnd computer simulation modei of the Molten Salt Breeder Reactor (MSBR)
supercritical once-through steam gencrator’ previously reported was converted to a model of the
subcnitical, once-through stcam generator for the gas-cooled fast breeder reactor (GCFBR. the
proposed fast breed=r reactor of Guif General Atomic) by converting the MSBR steam generator
model as required.

The most significant difference in the two steam generators, from a modeling standpoint. is that
the GCFBR steam generator has three distnct regions. namely. the subcooled. boiling. and
superheated regions, whereas the MSBR has only the supercritical region.

The simulation model is operable. and transient studies will be started in the near future.

1. O. W. Burke, J. L. Anderson, and S. J. Ditto. Instrumenianon and Control Dr. Annu. ®rogr. Rep. Sepi. 1. 1972,
ORNL4822. p. 76.

9.3 TRANSPORT REACTOR KINETICS INVESTIGATIONS
J.E. Swander’ R.S. Booth

Exploratory studies were performed in the area of reactor kinetics methods, including the need
for development of efficient multidimensional transport methods as an alterna.ve to
finite-ume-difference discrete ordinates or finite clements techniques: the suitability of various
algorithms was considered for this purpose. Two techniques appeared to be attractive. Roth make
use f solutions to auxiliary static spatial problems. from which the time-uependent flux is
calculated. In both cases. this approach should result in substantial savings in computation time.
particularly for multidimensional transport calculations. with some corresponding limitation of the
range of gencral applicability of each method.

The first technique, the quasistatic method.” has been apphed considerabiy to fast reactor
dynamics and safety work by using diffusion theory space algorithms. No difficulties in principle
are foreseen in extending the method to transport theory by incorporating an existing static
transport code. The quasistatic algorithm is 2npropniate primarly for reactor transient problems,
but. in this context it is quite general; feedback effects and even fuel motion have been taken into
account in existing quasistatic codes.’

The second algorithm. essentially a time moments flux reconstruction.’ is much more restricted
in scope and has received little attention. However, i. may be attractive for transport problems
where applicable because of its extreme economy in computation effort: it constructs the solution of
an iniual value problem at arbitrary times from the solutior:s of about 10 to 20 static problems. This
method is under investigation to determine under what conditions it might be sufficiently accurate.
Preliminaiy results indicate that this method might be useful for problems that require transport
analysis. yet in which the shape of initial and asymptotic fluxes are not too different.

Other neutron transport kinetics projects also received attention. Work was performed on a
multigroup, one-dimension transport kinetics code. 2'WAT," to make it operational. A method was
conceived to facilitate the Fourier inversion of frequer.cy-domain transport calculations into the time
domain. Finally. considerition was given to expe iments in which neutron pulse propagation in
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various fast reactor materials would be used 10 test cross-sectional data. Work is being continued in
these areas.

|. Subcontract with the University of Tennessee. Knoxville.

2 K. O Ouand . A Mencley. “Accuracy of the Quasistatic Treatment of Spatial Reactor Kinetws.” Nucl. Sci. Eng.
36(3). 402-11 (1voy)

3. A T. Daly. D. R. Ferguson. and E. L. Fuiler. “improvemen: of and Cakulauons with the Two-Dimensional
Space-Time Kinetscs Code FX2.” Proc. Amer. Nucl. Soc. Top. Mzet. Math. Models Comput. Tech. Anal. Nucl. Sys.. April
1973 (1o be published).

4. J Devooght and C. Machgee!s, “A New Synthesis Mcthod for Pulsed-Neutron Experiments.” Nucl. Sci. Eng. 32(1).
82-92 (1968).

5. J. H. Swanks. “Approximate Numerical Solutions to the Time-Dependent Neutron Traasport Equations.” Ph.D.
dissertation. University of Tennessee. 1969.

94 ANALOG COMTUTER MODEL FOR ONE-DIMENSIONAL
REACTOR DYNAMICS

J. E. Swander'
R.S. Stone R. S. Booth O. W. Burke

A two-group, one-space-dimension reactor dynamics program was implemented on the
Controls Departmer.: analog computer. General interest in this area of cuinputation was evidenced
by a request for solutions to a one-dimensional benchmark prcblem involving a gas-cooled reactor
as a program of the European-American Committee on Reactor Fiiysics. Since this is an application
wherein the analog machine has significant advantages, an analog solution for the benchmark
problem was prepared.

The program nrovides for temperature feedback, with coolant flow m the axial direction: the
reactor is currently descrit23d a: being divided inio core and reflector regions. Six delayed-neutron
groups and two energy groups are used, and the control rod can be positioned.

The appreach taken in the simulation was continuous time and discrete space. The customary
firsi-order difference diffusion treatment is currendy programmed. although higher order
differencing could easily be substituted. Fourteen spatial nodes are provided: ten core nodes and two
nodes for each of the reflectors.

In its present configuration the program occupies three interconnected analog computer
consoles. Core neutronics are situated on the largest computer, while heat-transfers and reflector
neutronics equations are programmed on the two smaller units. Delayed neutrons are simulated by a
hard-wired network for each node of the core.

The program is now available for adapiion to specific studies of reactor dynamics.

|. Subcontract with the Universsty of Tennessee. Knoxville.

9.5 ENERGY-DEPENDENT TRANSPORT ANALYSIS OF
FAST NEUTRON PULSE PROPAGATION

J. E. Swander'

Fast neutron pulse propagation experiments were shown to be sensitive lo the energy
dependence of the cross sections of the experimental medium,” so that these experiments are a
potentially useful o< for evaluation of compiled cross-section sets for fast breeder reactor calculation.
Numerical multigroup calculations performed in the frequency domain by using the code TASK' were
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used sucorssfully to correlate expenimental results with cross-section data. However. the analhvtical
study of propagation experiments is useful in furnishing a phenomenslogxcal bases for such numenca!
comparisons.

Neutron wave and pulse propagation in fast media was investigated by usng a gencral form of
the energy-dependent. Founer time-transformed Boltzmann equation m slab geometry. The
caectrum and forward and adjont eigenfunctions of the wave Boltzmann operator were obtained in
both multiplving and nonmultiplying cases. These results should prove helpful in mte.preting fas:
neutron pulse propagation experiments and in descnibing other space-dependent kinetic phenomena.

1. Subcoatract with thz Universty of Tennessee. Knoxvilie.

2. R S Booth. R B. Perez. A. R. Buhl. J. C Robmson. and E. Camroll. "Interpretation of 2.0-2.57 MeV Neuiroa Pule
Propagation in lron.” Trans 4mer. Nucl Soc 1341). 530 -31 ¢June 1972)

3 A R Buhi R A Lilbe. H. L Dodds. Jr.. O W. Hermann, J. C. Robmson_and R. J Hmton. 4 User’s Mamac! for
TASK. A Generalized One-Dmmensional Transport and Diffusion Kinerics Code. ORNL-TM-3811 (December 1972).

9.6 MODEL FOR TWO-PHASE FLOW IN WATER'
F. H. Clark

A medel for two-phase flow was developed to provide detailed dynamics of water flow in the
core of a light-water reactor dunng blowdown. Further model development has been necessary to
meet the enlarged probkm scope resulting when ncnequilibnum conditions are ~llowed between the
two phases. Moreover, because of apparent disagreement in the textbecok methods of representing
some effects. a return to prior principles seems mandatory.

iine thermodynamic regions are defined according to whether there are one or two phases
present and alsc to the relation that the enthalpy of each phase bears to its equilibrium value. Three
of these regions are discarded. because they have no bearing on problems of interest.

A complete set of equations appropnate to each region is developed different. in general. for
each region. Appropriate region boundary conditions are devised (although ther= still remains a
question aboet the correct enthalpy conditions at a boundary between a two-phase and 2 ene-phase
region).

Two kinds of interphase mass exchange are considered: that which is driven by heat or work
input or pressure change, and that which arises from crossings of a phase boundary due to a
statistical resolution of differences on the two sides. These are quite different effects. requiring
different kinds cf coefficients for their description.

The formal structure of the model is one dimensional. Transverse flows and interphase transfers
are handled through the corventional strategy of nonhomogeneous terms. There is a wide difference
of opinion in the literature concering the treatment of pressure derivatives, the space derivative in
the momentum equation, and the temporal derivative which appears when the energy equatior: is
written in terms of enthalpy. One can find the temporal derivative This study indicates that in the
formulation chosen. the derivative should be partial.

In the separate phase formulation. a factor a or (1 ~ a) appei.rs in each pressure derivative term.
a heing the local volume fraction of gas phase. This investigation indicates that the a and (1 - a)
terms should fall within the differential operator. aithough a number of workers treat it as a
coefficient 10 the operator.

I Abstract »f published repert ORNL-TM4123 (dune [973)
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9.7 LOCA MODELING ON THE HYBRID COMPUTER’
R.S. Store

The iivbnd compuier 1s a working. symbiotic combinatica of an aralog and a digital computer.
The combination offers unique advantages in speed and stability when used for analysis of iarge
space-time dependent systems. Application to the class of fuel-pin heatup problems addressed by the
digital code THETA provides a fast running, flexible alternative for examination of LOCA-related
problems.

. Abstract of paper presented at the Top. Meer Water React. Saf. Salt Lake City. Utah, March 26-27. 1973

9.8 MODERNIZATION OF PORTIONS OF THE HIGH FLUX
ISOTOPE REACTOR PROTECTION AND CONTROL SYSTEMS

J. L. Anderson
C. C. Courtney 0. C. Cole S. J. Ditto

Changes 10 modemize portions of the High Flux Isotope Reactor (HFIR) protection and
control systems.’ have now been completed. The objectives of the changes were to replace
components that exhibited high trouble rates by noise or drift, to replace obsolete compor n-. that
are no longer manufactured, and to enable later additions of functions to the plant protection
system. Items involved in the change were as follows:

1. Operational amplifiers (Q-2605). which have mechanical choppers and which occasionally
exhibited noise, oscillation. or erratic operation due to wear, were replaced with modern
integrated-circuit amplifiers.

2. The flux reset module (Q-2603). with a motor-dnven potentiometer that causes automatic gain
change in the power measuring circuitry, was replaced with an all-electronic circuit that uses
integrated—circuit multipliers. Worn contacts of the driving potentiometers were a {requent source
of system noise, which sometimes caused false scrams.

3. Electrometer type amplifiers used for the flux amplifier (Q-2602) and the faulty fuel-element
amplifier (Q-2637) were equipped with obsolete transistors that failed frequently or developed
noise. These amplifiers werc replaced with field-effect input, integrated<iicuit, operational
amplifiers that gave better performance and were more reliabie.

4. Buffered inputs to the protection system were installed to make easier the measurement of safety
rod release and travel time characteristics by using interchangeably either the on-line computer or
other equipment.

5. Power supplies for a number of modules in the system were ccmbined and rearranged. thereby
eliminating some power modules.

6. Several signal-conditioning circuits, while retaining their original functions, were combined into a
new module with the electronic flux reset function described above.

These rearrangements have freed considerabie module space in the instrument bins to permit
later additions if the need arises.

1. 3. L. Anderson and C C Courtney. Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1. 1972,
ORNIL 4822, 0. 95
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9.9 POWER BURST FACILITY CONTROL AND SAFETY INSTRUMENTATION
J. L. Anderson  S. J. Ditto

rabrication of additional instruments for the controi and protection systems of the Power Burst
Facility at the aticnal Reactor Tesung Sta*ion was compleied. and the instruments were shipped to
the sitc.' The changes and additions to the protection system were made necessary by programmatic
changes in the experiments planned for the facility, which required steady-state cperation at higher
powers than onginally planned, as well as by modified burst operation.

A draft design-basis document for the complets modified protection system was prepared. and
the system was reviewed for conformance with RDT Standard C 16-1T. These documents were
completed and formalized by Acrojet Nuclear Company and submitted to the AEC.

Ozk Ridge National Laboratory technical support for the Power Burst Facility is continuing as
needed when requested by the Aerojet Nuclear Company.

1. J. L. And>r~on et al., Insirumentation and Cortrols Div. Annu. Progr. Rep. Sept. 1. 1972, ORNL-4822.p. 94.

9.10 REVIEW OF DESIGN DOCUMENTS FOR THE ENGINEERING
TEST REACTOR

J. L. Anderson S. 1. Dito

Our support of the staff of the Division of Reactor Research and Development (RRD) of AEC
was expanded to include review of system design descriptions of the Engineering Test Reactor at the
National Reactor Testing Station.

The plant protection system of the ETR is being modified to bring it into compliance with
recent standards.

We review=d the first half dozen of a series of preliminary documents that describe about 15
subsystems. Fina! system design descriptions will also be reviewed io make a total of about 30
separate documents ready for review. The objective of our review is to determine the degree of
conformance of the documents to the format established in KDT standards. the extent to which the
proposed changes will correct specific defictencies in the existing plant protection system. and tne
compliance of the proposed system with ETR techrical specifications.

Reports of our reviews are being sent to RRD in Washington, D.C.. and to the ldaho
Operations Office of the AEC. Following the completion of this group of reviews, we expect to
perform similar reviews of modificatiuns of the Advanced Test Reactor.

9.11 PROPOSED REVISION OF RDT STANDARD C 16-1T
J. L. Anderson S. J. Ditto

At the request of the Division of Reactor Research and Development (formerly Divisior of
Reactor Devclopment Technology). the experience with the use of RDT Standard C 16-1T,
“Supplementary Criteria and Requirements for RDT Reactor Plant.” was reviewed for guidance in
revising that document, A draft copy of a proposed revision of Standard C 16-' was prepared and
distributed as directed to RRD sites and selected system vendors for commen.. Subsequent to
distribution of the draft, RRD decided that a revision was not needed at this time. and support for

such revision was terminated. Future changes to the standard will be made through amendments
rather than by ievision.

ST T S
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9.12 REVIEW OF STATE-OF-THE-ART OF FAST SHUTDOWN SYSTEMS
E. P. Epler’ J. L. Anderscn S. J. Dito

The review of the state-of-the-art of fast shutdown systems™ was continued. A second draft
report was prepared and was bong scheduled for internal review when higher priority tasks were
assigned by the RRD. leaving neither manpower nor support for this work. There is ne plan in the
foresceable future for the continuation of this program.

1. Consuitant to the Controls Department.
2. E. P. tpler ¢t al.. Instrumentation and Conirols D Annu. Progr. Rep. Sepr. 1. 1972, ORNL 4222 . 96.

9.13 HYBRID COMPUTATION OF FUEL PIN HEATUP IN A PWR
LOSS-OF-COOLANT ACCIDENT

R.S. Stone F. H. Clark

The hybiid computer version of the THETA heatup code is now an avatlable tooi. During the
past year several features were added to the model. including provision for metal-water rezction and
the addition of thermal radiation and convection as heat transfer mechanisms between the fuel and
the cladding. This latter extersion of the program was 2dded primarily to make possible the
examination of hecat transfer under swollen clad conditions. wherein radiation and convection
become the dominant mechanisms for bridging the gas gap. An optional subroutine for such clad
swelling was added, whereby one axial node can abruptly sweil when specified conditions of clad
temperature and differential pressure are achieved.

The model wili be used as required for analysis of results from the experimental blowdown
program.

9.14 NUCLEAR SAFETY INFORMATION CENTER
E. W. Hagen

The responsibility of collecting, evaluating, indexing. and disserminating information that
pertains to instrumentaticn, controls, and electric power systems was continued for the Nuclear
Safety Information Center (NSIC).' The NSIC at ORNL is in its tenth year as a national center for
collecting, storing, evaluating. and disseminating nuciear safety information generated throughout
the world.

The documents handled related to all phases of design and application for reactor
instrumentation (component. modular, and sysiem) and for the plant electrical system (supply.
generation, and distribution). Approximately 1350 documents were reviewed and abstracted for the
computerized retrieval system, and 35 direct requests for special information were processed for the
national and international nuclear community during this year.

1. £ W Hagen, Instrumentation and Controls Dy Annu. Progr. Rep. Sepi. 1. 1972, ORNL. 4822, p 90.

9.15 NUCLEAR SAFETY JOURNAL

E. W. Hagen

Publication of Nuclear Safety under the auspices of the Nuclear Safety Information Center was
continued.’ Nuclear Safety is now 1n its fourteenth y2ur of publishi~z topical reviews and new



information that has a particular safety significance to meinbers of che technical nuclear community.
This publication places primary emphasis cn safety in reactor design, construction. and operation.
The preparation and editing of material relating to reactor controls and instrumentation was
continued.” Seven members of the instrumentation and Controls Division a:thored three” of the
seven articles that appeared during the past year in the “Control and Instrumentaiion” section of
Nuclear Saferv.

i. £ W, Hagen. Inscrumentation and Controls Div. Annu. Progr. Rep. Sepr. 1. 1972 ORNL 4822, p. 90
2 E. W, Hagen ted.). Nucl Saf 135). I66-72 iSepiember—October 19723 14(2). 95-104 i March-April 1973): 14(5).
206-19 (Mav-June 1973).

9.16 INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS:
THE 26th ISA CONFERENCE AND EXHIBIT'

C. S. Lisser
B. G. Eads B. C. Duggins E. W. Hagen

The 26th Instrument Society of America Conference and Exhibn presented a review of the state
of the technology of the industry and a suggestion of things to come A broad range of topics
concerr ~g instrumentation theory and application was considcred in the 92 technical sessions
comprising the confirence program: an innovation this year was a series of distinguished lectures on
special areas of instrumentation. Corcern about international standards highlighted the economic
aspect. and more research and development were acknowledged to be needed in the environmental
ficld. Some new work was reported on the study of vibration and its effccts in and on nuclear plants.
Sclected papers of particular safety significance are reviewed.

I Abstract f prbished article. Vucl Saf. 1}5). i66-72 (S2ptzmues -October 1972).

9.17 OBSTACLES TO COMPLETE AUTOMATION
OF REACTOR CONTROL'

E. P. Epler L. C. Oakes

Aomalous reactivity changes resulting from conditions other than anticipated control-rod
motion occurred in eariy experimenta! reactors and ied to local mejting. Doubt has been expressed.
howevet, that such changes could occur in commercial power reactors. Defenses against the
reactivity anomaly have since been developed for test and production reactors which have permitted
an increased degree of automation to be safely applied. Tie principles so developed, which rely on
digital techniques. are equally applicable to power reactors. Accepted criteria for the application of
digital techniques to control and protection systems have not yet been developed: however. an
extension of existing practices and precedents should be adequate until such criteria are available.

1. Abstract of published article. Nucl Saf. 14(2). 95-104 (March-Apnl 1971).

9.18 S TANDBY EMERGENCY POWER SYSTEMS'
E. W. Hagen

Availability of reliable standby or emergency power systems has always been a prime
consideration in station design, beginning with the early nuclear reactor power plants. The
documented operating experiences were reviewed for the station off-site and onssite standby,
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emergency ac power sources and battery systems. Part | discusses these systems for the generating
reactors commuissioned circa 1959-1%67. The ability of these systems to perform satisfactorily when
needed nas been very good tor the carly plants, but the ability te periorm satisfactorily at any given
time was something less. However, with the advancement of regulatory design gusdes and industry
standards. the reliability is expectec to continue to be good and the availability 12 he improved. In
the iater plants, to be discussed in Part 2, with standardized and modularizec designs, these efforts
and effects will become apparent through better use, testing, and documentation.

L. Abstract of published arucle. “Past I. The Eariy Planus,” Vuc! Saf 14(3). 205 - 19 My ~June 1973).

9.19 REACTOR PROTECTION SYST1EM: PHILOSP AIES
AND INSTRUMENTATION'

E. W. Hagen

Prominent aspects of the design philosophies for the reactor protection sysiem are summarized.
This review develops a rationale of the doctrines and philosophies governing the design of the
reactor trip sysiems. 't is a composite of the ideas previously expressed by many authors and of
those promulgated by the industry standards. These separate views and pruoposed tencts are set into
a single composition which has attempted to collate the significant concepts. The articie 15 an
overview. It proposes to show that there are many routes to a protection system design. and tnat it is
not necessary that all designs be identical to periorm their missions satisfactorily. The report consists
of a subject introduction, 26 reprinted articles from Nuclear Safety, and a 9-ssction appendix
containing | federal regulation. 2 AEC safety guides. 5 industrv standards, and 3 abstracted

references to AEC standard and NSIC reports.

L. Abstract of published report. ORNL-NSIC-111 (June 1973).

9.20 ISA POWER SUPPLY STANDARDS
E. W. Pagen

The iSA Standards Committee SP54, “Emergency Power Supplies.” completed the following

seven proposed standards:

1. S54.1 Emergency Power Supplies,

2. S54.2 Emergency Electrical Power Suppiy Engine-Generatcr Units,

3. S54.3 Lead-Acid and Pocket Nickel Cadmium Storage Batteries for Stationary Services.,
4 S54.4 Battery Chargers,

5. S54.5 Fixed Frequency. Self-Commutated Scmiconductor Invessers,

6. S754.6 Electromagnetic Auternatic Transfer Switches.

7. $54.7 Static Automatic Transfer Switches.

These standards were reviewed for comment and balloting.

9.21 RELIABILITY AND SAFETY ANALYSES OF HIGH-TEMPERATURE
GAS-COOLED REACTOR SYSTEM

Paul Rubel

Participation in the High-Temperature Gas-Cooled Reactor (HTGR) Safety Program at ORNL
was continue< ' mainly in inatters of system reliability and accident rick analysis. The imimediate
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purpose of sucli analysis ts to assess objectively the vanious means for preveating accidents or
mitigating their consequences. In view of the program's expanding concem with the suppon safety
techiology for commercial plants. the perspective conferred by analvsis should be of value n
identifying progr2m iechnical Gbjectives and in allocating resources.

A central role for analysis is proposed in the national HTGR Safety Program plar. draft that is
curreatly being reviewed oy the AEC. In essence, the plan cal’s for continual evaluation of plant
safety prospects with regard to current suppont technology. The evaluations are to consist of
individual system fault tree and plant transient studies, organized about logical models of the
potentia! acodent sequences. interpretation of such anaivsis sets should then vield tae following
kinds of information needed for methodical plznning of the basic program activities: (1) svstem or
component limitations thai most strongly affect potential accident courses. (2) situation outcomes
that hiave the more serious consequences. (3) opportunitises for blocking urJesirable evert sequetces.
{4} conditions under which likelthood of accident sequences cannot be assessed adequately dite to
uncertaiities in plant or component response or in operation of damage mechynisms. and (5) plaut
parameter value ranges associated with accirient conditions.

The basic program activity proposals vcre organized in the plan. first, by task areas that
correspond to the principai technologies involved. such as the prestressed concrete reactor vessel and
fission product chemistry and transpoit. Within areas. tasks were arranged by groups according to
broad technical objectives and ordered in a ratural progiessicn from limited 10 broad objectives.
Beginning each sequence are the source tzsks. which include laboratory or fundamental research.
Trese are followed by synthesis tasks. which typicaily invelve application of fundamentals from
several sources ‘0 develop a practical component specification or analysis procedure. Validation
tasks conclude each sequence with proof of adequacy of a meihod or compcnent, either by planned
observation or test in reactor service, or by large-scale tests outside a reactor.

Further development and organization of anaiysis methods suitable for program applization
procesded through case studies of the coolant flow interruption accident. We are attempting io
summarize the principal event and condition sequences of this entire class of accidents on a single
decision tree logic diagrain, which depends on separate subsidiary analyses 1o develop thz detailed
considerations that enter each decision. Some modifications of the classical decision tree format are
necessary. therefore, to permit representation of loosely defined event groups rather than very
specific (and often trivial) individual events. Other modifications are being devised to
compress the logic and to convey pertinent information, such as degree of damage sustained during
a sequence.

In support of the above trial 2ccident analysis, elementary heat transfer and heat balance studies
were performed to examine core heatup effects on the coolant temperatures that ensue from delayed
start of auxiliary circulators. Core exit gas temperature is a major factor in the prospects for
continuation of emervency cooling after delay=d initiation, since high temperatures could either
damage the auxiliary loop heat exchanger or cause duct wall failures that would iinpede subsequent
flow. More extensive investigations of coolant interruption effects were reviewed by Gulf General
Atomic.

. P. Rubel, Instrumentation and Controls Div. Annu. Progr. Rep. S'p1. 1. 1972, ORNL4822, p. 92.

9.22 RELIABILITY DATA PROGRAM
Paul Rubel

The AEC Of'ice of Operations Analysis (OOA) developed and proposed for trial use a program
to gather. comrile, storc, and retiieve Gata concerning deficiencies of nuclear power plant safeguard
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systems and their comporents. At the request of the OQA staff. this program. designated Reactor
Expenence Information System (REXIS). was rmviewed with regard to scope. content. and
operational aspects. The resulting principal recommendations to the OOA were (1) to emphasize. via
reporting detail. components of design or subject to service conditions peculiar to their reactor plant
applicaticas; (2) to identify and respond 10 system user needs. for example. those of the accident risk
analy;is groups; (3} to monitor equipment reliability trends and signal approprate actions; and (4) to
compare the denved informaton with statistics available from the United Kingdom Authonty for
corresponding equipmeat in England. The REXIS pogram was later abandoned in favor of
participation by the AEC in the simiiar industry-supported program managed by the Edison Electric
Institute. Most of the recommerdations for enhancing REXIS appiy also to the Edison Electric Instizute
program.
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10. Instrumentation for Reactor Division
Experiments and Test Loops

10.1 THERMAL HYDRAULIC TEST FACILITY

R. L. Moore
BR. G. Eads D. G. Davis
A. H. Malone C.D. Martin_Jr.

Design of instrumentation and controls for the Therma: Hydraulic Test Facility (THTF)' was
coirtinued. When completed, this facility wiii be used to study the blowdown heat transfer effects on
elecirically heated. 49-roa arravs ihat wiil simulate fuel rods in a section of a pressurized water
reactor (PWR) core. Information from titese tests wi'l be appraised to evaluaie the effects on the fuel
cladding of a los:-cfcoolant depressunzation accident in a PWR. systera.

The design basis nf the THTF was changed from the original plan of enlarging and modifying
the existing Rod Burnout Test Facility (RBTF). The new plan is to construct a new system separate
from the RBTF, leaving ihe RBTF intact, and to use indirectly instead of directly heated rods dusing
initial tests. while deferring tests with directly heated rods until later. Altkough thesc cianges offer
sigrii:cant advantage in cost and scheduling of the overall project, they also make redecign of some
completed portions of the instrumentation and controls necessary or desirable.

The basic design of instrumentation and controls for the system with indirectly heated rods is
nearly complete. and the detailed design is under way in some are2s. The instrument applicatior.s
diagrams and tabulations are essentially complete. Design of control cir:uits and layout of contral
panels i under way. Requirements for control valves were determinzd, valve specifications were
prepared. and procurement of the valves was started. Except for som: minor details. tk~
requirements for data acquisition and most of the process instrumentation components were
determined. Procurement of these items will be started when the necessary funding approvals are
obtained.

The authors assisted in the projeci with preparation of schedu'es, cest estimates, and planning
documents such as the svstems design description and the measurements requirements document.
They also helped to determine the quality levels and procedures needed to satisfy the requirements of
the project and of the ORNL and AEC quality assurance programs.

One of the most challenging instrument problems is the measurement of two-phase
(steam-water) flow duving ike short (about 30 sec) blowdown interval. Various methods of making
1his measurement were studied, and a method was selected for initial t2st. Mass flux (pv) will be
computed from data supplied by 1 combination of gamma d=asitometers (p) and either drag disks
{pv) of trbine meters (v). Two-phase fow inscrumentation being installed in the forced convection
test facili‘gy will provide advanced experience with teciiniques and equipment (Sect. 10.3).
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In FY 1973 the instrumentation and Controls Division supplied about 2.5 man-vean of
engineenng and drafting manpower: it is expected to supply about 6 man-vears in FY [974. The
total cost for design. procurement. and installation of u:strumentation. including the datua
acyuisition systems. is estimated to he $750.000. The schedule cails for complktion of construction
ar.! start of an operational shakedown of the process portion of the facthis in the last quarter of FY
1974. and vompletion of the test section and related instrumentation during the first quarter ot FY
1975.

1. R. L. Moore ct al.. Instrumentanon and Conirols Dn Annu Progr. Rep Sep: 1. 7977 ORNL 422 p 9

10.2 INSTR.UMENTATION FOR CAPSULES {:i THE HIGH TEMPERATURE
GAS-COOLED REACTOR FUEL DEVELOPMENT PROGRAM

J. W_ Cunningham

Instrument drawings were prepared for four capsules to be irradiated v the Oak Riudge
Research Reactor (ORR) and three in the HFIR. Design of 2 second expenimental facihty for
irradiating capsules in the HFIR, which was started a year ago. was completed. This work and
procurement of instrument equipment and checkout of the field installation required about 1S
man-years.

From a safety analysis standpoint. the portions of each capsuike which contan fuel are similar
regardless of the reactor in which they will be irradiated. A primary containmen* halds the fuel and
a secondary containment encloses the prniciary. There is gas in the space between the two
containment shells whose pressure is higher than the gas pressuie in the pnimany containment or the
reactor water pressure that surrounds the capsule. A leak in either cortainment would causc a drop
in the gas pressure between the twe containments. Therefore, this pressure is monttored as a safety
parameter. The temperature of the fuel is sometimes monitored as a safety parameter as well.

For a typical experiment. two new drawings and four to six revised facihty drawings ar
required. The facility drawings are the gas supply systems instrument application diagrams, wiring
tablks for the detailed wiring of the instrument cahinets. and a schematic drawing. These clectrical
drawings describe the safety circuits as well as miscellaneous power circuits needed for an experiment.
The two new drawings, an instrument application diagram and a signal cable drawing, are related more
directly to each zxperiment.

The signzl cable drawing shows all thermocoupk lead-wire connections and how each
thermocouple is connected to a recorder and to the Dextir data collection system. The number of
thermocoupier per capsule varies from 10 to 35. Chromel-Alumel thermocouples are used cxcept
where temperatures at the measuring junction exceed 1000°C. Then .7- 3¢ Re W 247 Re arc used.

Cables used on the pressire measuring parameters and on radiation measurements are shown on
the sigi.a! drawing also.

13.3 FORCED CONVECTION TEST FACILITY

C. Brashear J. W.Krewson
B. G. Eads R.!l.. Moore

Modifications of the Forced Convection Test Facility (FCTF)' for use in blowdown
(depressurization) testing of single rods were completed. In these tests. loss-0“coolant and pressure
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accudents will be simulated tor ight-water reactors with vanous kengths of fucl rods 1o obtain data
for reacior safehy anahws 2ad (0 determine the umilarn, betwern clectrcat rods that expenence
bicwdown transxnis and nuclear iuel rads under similar ens rcamental conditons

Tests were petinrmed carh m the year on two 5 .-ft heater rods by utidung the Zircalon
cladding failure test facility’ that had been reactivated and modified for parformmg the blowdown
test. Major modifications were later made to the faciiny znd 1ts instrumentation and control systems
for testng 12-12 rods.

A new. saturable reactorcontrolled power supph capable of deinermg 100°; power (150
kW-800 A to the 12-fi heaier rods was imstalled IThe characuentxy of the ground lauh
dete -ion in the rod and decay heat clectricai power circuts nere studwed. and the Getecton werc
modificd so that their seasitivriaes can be «t from about 1| mA 1o hundreds of millamperes for
protection of the indnidual rods dunng tests.

The tests to be performed in the FCTE will complement the blowdown tests of multirod arravs
to be performed in the Thermal Hyvdraul Test Facility «THTF) 1Sect 101) Density (gamma
denstometer) and jlow (drag disks; instrumentation 10 measure two-phasw {sicam-nater) flow
duning depressurvation s being instalied to obtain mass flux data dunng tix blowdown exoeniments
at tne FCTF and 10 become familar with making measurements for the design of the THTF (The
two-phase flon measurement 1s reported i detail i Sect. 101 ) A new mstrument panel for the
two-phase flow nstruments vas completed and instalied at the FCTF  The pancl includes
mstrumentation for the densitometer. drag disks. {ast transsent response pressur: ‘ransducers. and
controis tor the densitometer gamma source posItioncet.

New pressure aps deugned by the Aeropet Nuckear Compam were instailed n the loop 10
compare pressufe measurements made with them to measurements made with Lps dovgned
ORNL. Also. exgoted junction thermocoupies of the type used by Acsopet Nuclear were instalied for
comparson with lemperature measuements made by using ribbon-type cxposed junction
thermocouples.

During initial operations with the 12-ft heater rod. 60-Hz series-mode nome on the signai mputs
from the 20 fast-respoasc. hester-rod thermocoupies and from several loop thermocouples 10 the
high-speed data acquisison system caused the qualry of the daw 10 be unaccepable. Simple and
mexpensine RC filters instalied on each of the thermocoupies decreased the norse 1o a ncgligibie kel
without unduly affecting the rt#ponx time.

Routine assistance was also suppied i1n response to continuing requests for advwe and
assistaroe with instrumentation problems. such as evaluaton and improvement of equipment
performance; assiscance with operations during the tests: anahsis of data; and selection. locatiun,
and procurement of instruments and equipment

I R1 Maorcand §} W Krewion. Msirummiaism ond Comirods Dn Anme Progy Rep Sepi | 1972 ORNL 4822
p (00 ‘

2R 1 Moorcand | W Cate. Msirumenigisn arud Comirols I dmmee Progr Rep Sept [ 1971 ORN 4™ W p
16

104 GAS SYSTEMS TECHUNOLOGY FACILITY
P. . Hemmdon

The Gas Sysierms Technolog% Facility. a fscility for circulating about 1000 gpm of moken salt at
temperatures from 1030 to 1300° F. was onginally constructed 10 develop a way 10 remote gaseous
fissicn-produce poisons from molten-salt reactars. The circulating stream was to be utilved to
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cvaluate gas syvatem components and gas renvcie tcchinnjues As the malailaton of the facithty neaicd
compietion. the Molien-Salt Reactor Program was termmated and 2l work was stopped I
facility was placed n 3 standdy condstron. and all components were catalogued and sinred for ux on
furure progects.

103 INSTRUMENTATION FOR MSBR COOLANT-SALT TECHNOLOGY FACILITY
C Brashear Rt Duralt A H Andernon

Termunation of the MSR Program thrs year resulied m a stoppage of all work oa the Coolant-Satt
Technology Faciity. The desgn. installatios. and checkout of mstrumentation atd controbs were
compicted. and the facility was opcrational before the program was canceied . All mstrumentation and
control systems performed siniacionly during startup and at desgn coaditions.

Termmatwn of the vpcraton required an orderh shutdown and he dpablag o all chevirkal
»nilems after the molien salt was dramed and frozen o the dram ek All other svalerm, sach an
cooling water, sall pump lubc =i, off-gas. and cover gas, were dnabied and placed 1n 2 wate tate Al
mslrumentaton systems were shut down

B et i i e e —_— - C e e eme o e
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10.6 POTASSIUM-STEAM BINARY VAPOR CYCLE TEST FACILITY
P ( Hermiin

The (ak Rdge Natwnal Labosatonn has propowed to the Nabonal Soencr b oundation thst 3
potasuum-sapor. Rankine topping ovcle be eseioped as 3 means of raning the peak iemperature of
siecam power plants to 1600° |, theeehy increasing theu thwtmadvanme cfixeny The ek woukd
be supenmposcd on a conrentional slcrm <xclke with a turbine nict e mpcrature of 1000 e 10507 §
Ihe overall thermal cffcxency would bc famed from about P 10 grear than S0F;. theren
Jecreasing the waste heat repction 10 almost half and the fuei coasumption te 75% of that for a
coavenhiona: supercritacal pressure steam plant.

Ihe smaal task s 1o deugn, contruxt. and operate a test facihity that contans 4 (ull-wak
potarsium boiker tube bundic and burner moduic with 3 dovgn output of 20,000,000 Biu hr About
100 of thexe modules would constitule e boilker-lurnace for a fuli-wcalke powcr plant of 400 MV. (¢}
The test facility would have two mapo: parts the polassium circulating svsicm, which include: the
boiler tube bundie. vapor coadenser, dramn tank . and cover gas sysiem; and the fumace, which wncludes
the aatural gas burner with fuel and air supply systems.

Pieh~inan deugn studws of the instrumentation and controb regquirements have been under
way unce March 1971, and the process Now dagrams that define the sysiem and reveal the «cope of
thewe fegquirement- were comelcted The deugn of the nstrumentation and contfols syslem was
starnted

Pnman cicments for measuning potasuum lemperatores, pressuces. flows, and lkevels at gh
tempzratures (1340 F) are required and custing devces. such 33 the clctromagnec flowmeter,
resistance-type. iquid-level probey, and hgh<uabty, stambess stec! sheathed. magnexum oxde
insulated thermocoupic asemblies  all developed for use on previous facilities that make use of bosling
potassium and hquid metals are available for these apphcations.™
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About 00 thermocoupie auembics will be requied 0a e potassum ciculatmg sysiem. O1
these. 50 will be attached to the piping outsade the tumace. but 40 (15 to 40 f1 long) will be sitached
to the outsxde wall ol the bosler tubes sude the combustron chamber whete “acy will bz eaposed 10
high emperature (120 10 2700 F) combustion gases A purchase order lor these e rmocoupie
avsembies has been plced 1n accordance with the royuirements of the RRD  Large-Saalke
Procurement of lemperature Sensor Program. wrth madifications adored to the reg:.r>ments of
this lacihits

Ihe tumnace o 2 natura! gas-fired ungie bumer thai 1 enclosed m 2 supercharped combustion
chamtcr dos:gned o operate at prassures ©é atm Combustion ar flow requirements for anezation
at - € atm range from Y0 to 1300 scfm. and the fuel flos requirements are about 105 of these vaiues.
Sandard proccss-ivpe mdusinal instrument component. are surtabk for the combustion cotrol
nuem. but the mecasurement and control of fucl and «ir flow raws mto a vanabkc pressure
combustion chamber over such 2 wide range (66 1) o more ddficult than cxperenced with
comventwonal botlker fumaces instrumertaton s also required 10 anahre the flue gases and 10
measure the combustion chambet pressures s1.1 the gas pressare drop across the bumer.

In additron 10 the operating controle just desc -bed. 2 scpan < svsiem: of safcty controbs that
will protect agamsi fucl explosion hacards must be provided as required tn the Natonal Fire
Protection Asocation standard 868, 1973

inital operations wili be at low finng rales with atmosphernc pressure in the furnace.

I Potavuum-Sicam Beaans bVapit e T rtwarck propowi submdted o the Natona! wence Fouadston. Rewcarch
Appiad e Natnons Mevdy (B AN (i Rajge Natoaa! §aburaton . NS -AG-WD Jassan 1975

DA P bran Prriowensrs Suwsomwn: of & Pojavnen-Sirgm-{ogi-b apner (o de for Briver Fuael | omcm: omd Redncd
Shoromgs Polbeinw ORND NN -EP4 tAugaa 1871
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10.7 SUPPORT FOR THE SOLID MECHANICS DEPARTMENT OF THE
EXPERIMENTAL MECHANICS SECTION

R I Moore
W A Bnd T M Cate
R ! Dunall W A Johaston. Jr

The Instrumentation and Controls Dnasson furnshed adout 1 5 man-vears of labor for design,
rpphcation, and mawntenance of nstruments and nstrument systems for a vanety of expenmental
programs of the Solxd Mechancs epariment. Thas support was shared by four major programs:
heavy section sicel lechnology. Iiqud-metal fast breeder reactor (1 MFBR) structural design
methods, ORNL pwping. and prestressed concrete reactor vessel.

tor the mtermedmic vessel test senes under the heavy section steel technology program.
Dnwmion personnel checked. calibrated. and operated all remote viewing systems, data acquisition
systems. and \nstrument sysiems m preparation for and duning tests of thres test specimens, IVT-2,
IVT-Y, and IVT 4.

Construction and ch.ckout of the circular plate test facihity fcr the structural design rethods
program was compicied. Assistance was provided to set up, calibrate, and operate this facility duning
three tests lasting from 300 to 1000 hr. Operation of an clevated temperature beam test was
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continusd and Dnmion personne! asssted mn the operation of this facthiy duning three beam it
whih operatcd from 306G to {000 kr cach. Design of 2 new instrument system was staried inr the
cicrated temperature beam test.

Dnvision person.xei also conunued 1o assmst stnuctures tests bemg performed under the ORNL
pipmng program.

A thermal cyvimder test under the prestressed concrete reactor vessel poogram was sucvrsstulhy
completed. and this test fac:hty was dismantied.

108 CATA ACQUISITION AND ANALYSIS FOR THE FORCED
CONVECT.ON DEPRESSURIZATION LOOP EXPERIMENTS

N.E. Clapp. J1.

As parn of the blowdown heat transfer program. the Zircaloy cladding failure test loop was us~d
to rwestigate the f.eai transfer during blowdown (depressurization) of a loop contaiming a singk
heater rod. Data (miLnolis on magnetic tape) were recorded by an Anscan data acquisition system.
Computer (oaes w27e wnitten o consert the millnoit signals to engineening units and to ploi time
response cunes of 1 AMous sqgnals.
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11. Maintenance and Service

11.1 ENGIMEERING ACTIVITIES OF THE SPECIAL ELECTRONIC SERVICES GROUP

J. L. Lowom
D.D. Bates A L. Case
C. C. Hall J. A. Russell, Jr.

Engineering assistance was provided on a wice variety of projects as requested or required by
ORNL operations.

For the Thermonuciear Division. the group assisted in the design, fabrication. nstatlation, and
operation of the microwase diagnostics system for plasma research.

A complete TV svnc generator. with EIA standards, was built using a single commercialintegrated
circuit chip.

A commercial, I-m. videotape recorder was modified for use as a wide-band instrument
recorder. A useful frequency range of 30 Hz 1o over 3.0 MHz was demonstrated after the
modification.

Consulting assistance was furnished to an ORNL project for the Defense Civil Preparedness
Agency with the goal of developirg a concept that would help to prowect two-way radio
commueications receivers from damage as a result of electromagnetic pulses.

An cstimate of instrument needs for a proposed environmental sciences laboratory was
prepared.

A review of ali x-ray machine instaliauons at ORNL was started to determine if the safety
interiock and »arming systemns are adequate. A lamp failure alarm was designed. and an alarm unit
will be instailed at most x-ray diffracticn machine instaliations where wammng hights are now
installed.

Four cameias with remote monitors were specified. procured. and mstalied for survallance at
the Radio Chemical Processing Pilot Plant (Building 3019).

Finally, 0.5 man-year was spent in preparing RDT Standards for mstrumectation and ‘or
assistance mn the evaluation of other specifications and standards.

:12 ORNL RADIO COMMUNICATIONS SYSTEM

J. A Ruseell Jr.

Minor changes were made 10 the ORNL radio communicstions systems. One mobiie unit was
instalied for the Enviroamental Sciences Division. Two mobile units and one portable unit were
purchased and placed m service for the clectricai line maintenance crew. An auxiliary main-base
repeater station was instalied for the Plant and Equipment Division radio network.
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From ar audit of ral system maintenance in June 1972, the auditors recommended that
studies be made to detzrmie whether new tield test equipment should be purchased and whether
older radio units should be replaced. Subsequent recommendations were made, but because
sufficient funds were not available. no purchases were made.

A S-year comununications plan which covers long-range additions and improvements to the
ORNL nadio sysiem to keep it in a rufficient state of readiness and to continue i piovioe essential
communications. was submitted to the AEC, along with similar plans from th- other Cak Ridge
facilities. Again, there were not cnough funds to implement the ORNL plan.

A continuing search is under way for a suitable low-cost method of recorc ing communications on
the Plant and Equipment net.

11.3 ACTIVITIES OF THE COMPUTER AND ANALYZER GROUP
J. A. Keathley E. McDaniel

With the increased use of visual terminals and other high-speed computer communication
systems. the activities of this group were expanded to maintain these devices.

New computers and multichannel analyzers were acquired by the Laboratory while all the older
units were continued in service. The number o Teletypes was increased by 3 to a total of 190 units.
The number of acoustic couplers to connect these and other inpui-output devices by telephone lines
to the computcrs was also mncreased.

Two factory schools on computers were attended by group perionnel to expand the
maintenance capabilities of ty group. In-house training programs were also taught a portion of the
year and will be expanded as the work load permits.

Maintenance assistance was furnished away from ORNML, including Californa. North Carolina,
and Virginia.

The older analog computer in the Controls Departmet ! of this Drvision was replaced with a
larger unit acquired from the US. Air Force. The older unit was insalled in Building 2001 for use
by the Euvironmental Scxences Division. Both units are operational.

114 ACTIVITIES OF THE RADIATION MONITORING SYSTEMS MAINTENANCE
GROUP

J. D. Banton J. L. Lovwvom P. P Willams

The maintenance organization of (* moritoring system section consists of niae nstrument
technicizns and one foremaa. Activities of thiz group remamed approxinatcly as previously
reported.

A towai or 1154 stationary health-physcs .strument systems aic wotulled throughout the
Laboratory. Four techn:ans performed 1523 services on .hese mstruments in inis reporting penod
These technicians performed nmenthly pesformance checks of fixed instruren~ts instalied in 13
facility radation and cocntamination alarm systems in thiee facility alarm aad coniainment systems.
and 12 five remote radiation 2farm systems These systems were in 21 baildings and consisted of 295
radiation monitonng stations Twenty-two lnca' air monitor and fallout mcmtor stations were
checked semumonthly for proper operation. and their condif:on was loggd and corrected as
required.
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Trree technicans mamtained and calibrated 1289 portable health physics nstruments at the
heaith physics calibration mboratory. These same three technicians serviced 4280 po:table
mstruments.

Two technicrans assigned to the Operacons Division serviced and mamtained approximately 30
gas and 31 bquid-waste efflucnt monitors that telemeter alarms and other nformation to the waste
disposal contro! cenier (Building 3105). The condiions were logged, and malfunctions were
corrected. Thrae water-quality monitoring stations (located aloag ihe streams w’o which olant waste
water flows) and the instruments m the control center were serviced and maintamed by these two
techmcians. These sysiems were cheched biweekly for performance.

Of the 397 personal radmtion monitors n service. akout 150 units were serviced by a technican.

115 MAINTENANCE ACTIVITIES OF THE SPECIAL ELECTRONIC SERVICES SHOPS
J.L Lowomm  R.L. Mckmoey

The maintenance sextion of the Specal Electronic Services Group consisied of one foreman and
four techaxcians, with shops in the Instrument Laboratory (Building 3500) and in Buildings 4500
and 4500S.

The shop mn Building 3500 mam'ined all oscilloscopes m the Laboratory. the electronic
instrumentatson for thus Division. and servived mstruments for the Isotopes Division and that part
of the Analvtical Chemistry Division located in the west end of the Laboratory. This shop also
repaired digital voltmeters, pulse amplifiers, auclear icalers, eirctrometers, power supphes. and
similar equipment for ali divisions on a2 call-r basis.

The shop in Room E-1. Building 450N, maintaired many types of clectronic mstruments,
incieding all Laboratory spectrophotometers, for the Chemsstry. Analvtical Chemustry. Chemacal
Technology. and Fr.ysics Divisions and for the Research Group of the Health Physics Division.

The shop in Building 4500S maintaned mstruments cnly for the nondestructive testing group of
the Metals and Ceramics Division.

11.6 MAINTENANCE ACTIVITIES FOR ENVIRONMENTAL SCIENCES,
SOLID STATE, AND INSPECTION ENGINEERING DIV ISIONS

J. L. Lovvorr W. Ragan

The gooup that fumishes nstrument service for Envirormental Sciences. Sobd Suate. and
Inspection Engineering Divisions 1s staffed with a foreman and Jour technxcians. Two repair shops are
maintai d, one in the Graphite R eactor Builsing 3001 and the other in the Sclid State Laboratory
Annex Buiding 2000. The services of this group include routine maintenance. fabrication. modification,
troubleshooting and repair of complex clectronic systemns. The members of this gioup serve 25 a liaison
between the experimenter and the vanous engmeering groups of this Division tu soive special design
problems.

Most of the work for the Solid State Division was routine maintenance and repairs. No major jobs
were initiated.

Other than rouine mainterance and repair, the major jobs accomplished by the group were as
follows.

I. Instalied oxygen analyzers. Brown recorders, thermocouples. and associated wiring at the Walker
watershed site for sediment stu-hies.
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2. lnstalled new equipment and modified a pH svitem for alkaline and caustic studies in the
Environmental Scxences Division Building 2001 .

3. Installed instrumentation and wiring in a traler and assoviated field equipment for study of forest
amimals.

4. Completed overhaul and modification of instruments and assocuated equipment in a trailer forac oil
disposal experiment.

In addition 10 maintenance and repair for the Inspection Engineening Department. the scheduled
checkout and cabibration of mmerscopes and reflectoscopes were completed.

11.7 ACTIVITIES OF THE RADIO, TELEVISION, PAGING, AND INTERCOM
MAINTENANCE GROUP

J. D. Blan'on J. L. Lovwom

There were 299 paeces of two-way radio equipment in service at the Laboratory. An instrument
techucian was assigned full time to service and maintain this equipment. The compuwerized nrogram:
continued to perform semmannually power. frequency. deviation. and sensunvity performance checks
on two-way radio units. Approximately 624 \wo-way radio units were serviced durmg this penoc.

One technician serviced and mzintained closed circuit television. a microwave TV system. video
recorders, audiopagmg. and intercom systems at the Laboratory.

There were 269 radwopaging receivers in service. About 102 recenvers were serviced and
maintained by an mstrument technician working part-ime during this period.

118 ACTIVITIES OF THE AUDIOVISUAL SERVICE GROUP
C.C. Hall J L. Lovwom J. Miniard

Public address sy:tems. visual-ard projection. and audio and videotape recerd ng were fumished
for 396 in-Laboratory merctings and 14 offsite meetings (eleven 1n Oak Ridge and three in
Gatlmburg). Three technicians and a foreman worked full time 2t these meetings. Uther personnei
assisted during peak joads and at offsite meetings. The group also maintained avdiovisual equipmeni
of this Division and sumilar equipment for other grnups.

Both audio and videotapes were duplicated cn request. Audiovisual equipment was inventoned.
and inventory records were updated.

Assistance was provided to the ORNL Motion Picture Group and the Personnel Development
and Systems Depaitment m making films and videotape productior.

119 ACTIVITIES OF THE OAK RIDGE ISOCHRONOUS CYCLOTRON
INSTRUMENT MAINTENANCE GROUP

J. L. Lovwom E. W. Sparks

Electronic components. power supplies. and control circuits at the Oak Ridge [sochronous
Cyclotron were maintained most of the year during I 1 shifts per week and for one month »f the vear
during 16 shifts per week Ly one foreman and four technicians.

Fabncation and modification services were provided for interfacing the ORIC and the modular
svstems computer. Another project of the group was 1o assist with design charnges 10 replace the



89

RCA6949 inode power amphfier with an RCA 4648 tetrode power amplifier. since the latter tube is
more readil: available and its cost s about one third that of the first tube.

in other activities. this group assisted 1n troudleshooting and modifving an X-Y machine table.
controlied by a Hughes NC200 machine controller. which was started for use as a probe positioner
for a 0 15 scaiec magnetic model of the Natonal Heavy lox Laberateny Cyclotron. A power puiser
capable of 6 kV at B A aas constructed for h=avy-ion beam switching. It nas a 4CX25000A power
tubc. and its pulse width can be vared from a few mxroseconds to several millseconds.

11.10 MAINTENANCE ACTIVITIES OF THE OPERATING REACTORS GROUP
K. W West

Some major changes in the organization and respons.adilities of this group were made in the past
year to unify sirmilar senvices to all reactors. The mstrument technxans (27 men) assigned to the
Neutron Physss Dnason reacters, the Health Phyvsics Research Reactor (HPRR). and the Tower
Shiclding Faaiits (TS¥) now 1eport to the Orerating Reactors Group ratier than to the Services for
Neutron Physics Dvisson Group. The groug of four technicians a: signed to the Cperations Division
reactors (HFIR, CRR. Bulk Shielding Facil.hy, and o0l Cnitical Assembt. ). was reduced to three
beczuse of tunding The Oak Rudge Kesearch Reactor {ORR) expenmenial staff was reduced to one
techniciin because of a reduction 1n the number of expenments. These technicians report to a single
foreman

To suppicment the knowledge and cxpenence of the instrument technicians whe mainain the
reactor control systems. a training program was started which covers instrumentation and controls of
the operat:ng reactors i kree technicians who are aot assgned to the Operating Reastors Group also
attend the traming sex<wns to assist the group if reguired

A foreman was assygned to implement the inventon and mamntenance contsol program (Sect.
8 29) tor all reactors and expenment mstruments. and to prepare and update existing reactor
controls and wnstrument test and calibration procedures.

Another foreman was designated firld engineer for the ORR and Bulk Shxelding Facility (BSF).
in addition 10 mainainmg kis staff responsioility for the HPRR and TSF nuclear electron:<s.

Reactor controls change memoranda remain a responsibibty of the groun. and zdditional
formal documents for design request. design crange description. ind design review are being
prepared in accerdance with quahity assurance document QA-IC-!1. An engincer. with assistance
from the Deld engincers and the Reactor Projects Group. 1« responsible for the change memoranda
and associated design.

1! 11 MAINTENANCE OF THF HEALTH PHYSICS RESEARCH REACTOR
J. B Pubie D D Waiker K. W, West

Duning the iast 12 months the Health Physis Research Reactor (HPRR) had only cne
unscheduled shutdown due to instrumentation. caused by noise from a faulty chamber 1n the iog N
channei The chamber was replaced with 4 spare chamber.

(xxasional intermittent maifunction of the No | couning channel was attributed to a loose
vonnection within the fission chamoer: this chamber was replaced with a spare unit.

Reactor control circunt chanyzes included (1) removal of the motor drive and wiring of the No |
fission counting channel to make 1t a fixed positon channel similar 10 the No. 2 channel. and ()
replacement of vacuum tute rectifrers in safen power supphies with sold-state plug-in components

LRSI I
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ORNL-HPFR 7:-2 ipeident repor described a malfunction of the reactor pickup mechanism
and interference vith the storag. pit door. which disiodged the reactor frem the support mechanism.
This Divisicn sepplied suppoit persornel to analvze the malfunction and restore the reactor to
normai operation. Ore of the two thermocouples that measure the reactor core temperature had
ocer, damaged. and a replaccment was fabricated and installed. Both thermocouples were zompared
with a standard to determine their accuracy. The reactor was returned to its normal opsiating
schedule.

11.12 MAINTENANCE OF NEUTRON PHYSICS REACTORS
J. B. Ruble D. D. Walker K. W. West

The reacter controls and instrumentation systems of the TSR-11reactor at the Tower Shielding
Facility {TSF) cnerated satisfactor:ly. Minor changes were made to the controls system to improve
operation of the reactor. We are continuing to improve the regulating plate operation at low power
levels.

Contiol of access to the area by reactor operators was improved by installing a unit at the
contro! console that indicates the status of the main access gate.

Foliowing mechanical failure of the control bail of TSR-II in May 1972, personnel from this
Division assisted in installing the spare control ball and restoring reactor operation.

The TSF SNAP-IC reactrr was removed from service during May and June 1973. The control
svstem and its components were removed in such a way as to permit future use of :his ~2actor, if
desirable.

Technicai assistance and service weoz farsisnad for the instrumentation in the experimental data
collecting systems at the TSE. After adiustmen( and calibration. new transistorized preamplifiers for
the hydrogen counters were placed in service.

11.13 MLINTENANCE OF THE OAX RIDGE RESEARCH REACTOR
J. M. Farmer J. B. Ruble K. W. West

There were eight unscheduled shutdowns at the ORR during the last 12 months which were
caused by contrcl power wiring, instrumentaticn. and relay failure. Four shutdowns occurred durirg
a three-day period. but each was definitely of a momentaiv nature. Troubleshooting revealed two
loose connections in the neutral wiring loop in the control power circuitry. The troubleshooting
technique was to use a 1-kW dummy load and observe the voltage drcp throughout the
many terminal points in the neutral leg of the contro! power wiring.

Two instruments lailed: a recorder in the north gamma channel. and «-. clectrometer in the **N
channel which caused the recorder to drive upscale.

One experiment (GBiY)) was shut down when a faulty potentiometer wiper in a strain gage power
supply was jarred by the closing of an adjacent recorder door.

The relay faiiure occurred when a reguiating-rod control relay became stuck in the witadraw
mode, caus.ng a power excursior to the reverse point (i20%). The defective relay was replaced.

T'he following changes werr. made to the reactor control circuit:

. A rclay was added in pH ecorder contacts to interlock and limn the dead band for pH conirol.
2. A5 7 10' i) resistor was added to the log-N amplifier input circuit to supply a small positive
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curreat and thus eltminate a false overcompensated output signal from the ionizat:on chamber
dunng a reactor sartup.
3. A capacitor in the preamplifier of the £ssicn counting channel was changed to stabilize its gain.

11.14 MAINTENANCE OF THE BULK SHIELDING REACTOR AND
POOL CRITICAL ASSEMBLY

1 M. Famer J. B. Ruble K. W. West

The Bulk Shieiding Reactor (BSR) underwent an unscieduled shut down only once dunng the
last 12 months owing to an instrument failure. The cause of this shutdown was a momentary tai'ure
of a manual slow-scram (dsop out scram) relay. As a corrective step, the rzlay contacts were clcared
and adjusted.

The BSR control circuit was changed to eliminate duplication cf the slow-scram functions by
remov'ng raiseclutch switch and key swich contacts from the slow-scram relay circuits. An
interlock was installed in the pnmary coolant circulating pump to prevent the pump from bemng
started when the flapper vaive s fully open and mode | operation is selected.

A new bunt-in test faciiity for the At channel was installed for use during auziierly instrument
chekout periods.

One dnal PCP 11l ionization chamber was replaced. because an annua! reutine check of its
saturation characteristics revealed it to be unacceptable.

The Pool Cnitical Assembly was continued as an exper:mental facility fo- intermittent use by the
Universities of Tennessee. Kentucky. Oklahoma. and Mississippi State for studer: *raining and by the
Tennessee aliey Authority icr operator *raining. With minor maiatenance and quarte:ly checkout. it
has performed satisfactorily.

11.15 MAINTENANCE OF THE HIGH FLUX ISOTOPE REACTCR
D. S. Asquith C. T. Camey K. W. West

Experience continued at about the same level as that of the previous year. Most routine
maintenance was performed on-line with the reactor in operation. Through proper scheduling. less
than 10% of the programmed maintenance required that the reactor be shi't down.

Various maintenance programs were reviewed and updated. New procedures were prepared
when additional information was necded by the technicizis. *When this review is completed, a

single HFIR Maintenance Manual will be prepared, which wili comprise 2il individual matntenance
programs and rocedures into a single volume.

All HFIR reactor instruments were included in ihe Instrument Inventory and Ma:ntenance
Control Progiam. Assignment of inventory numbers and a catalog of the approximate 1000
instruments assigned to this reactor were started.

A newly designed operational amplfier was accented for the HFIR to replace older
chopper-st2hilized types that were approaching the end of their design life. The new amplifiers
performed satisfactorily, with no failures attributed to them.

‘The flu measuring circuits were redesigned. The flux amplifier. the mechanically driven flux
reset module, and several operational amplifiers we-e incorporated into a single flux~onditioner
module, which is all solid state and has an clectronic flux reset circuit. Because of circuit differences.
separate versions of this module were required for the safety and serve channiels. All channels were
converted to this nevs system.

e
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During this report period. an unscheduled shutdown (trip) occucred eight tuitres dunng routine
testing of the safety channels when the second of three channels in the two-ot-three coincidence
systern was tripped. These shutdowns accounted for 0.968 hr of a total 59.983 ar of unscheduled
reactor downtime. All of these trips occurred after the installation of the aew safety flux conditioner
medules and were a resuit of the susceptibility of these n-odules to =lectrical noise. After the circuit
was modified shightlv. no further maltunctions were recorded.

As reported previoush © the priiary responsibilitv for rod time-of-flight measurements was
assigned to the HFIR computer. To provide some degree of buffering beiaeen the measurement
system and the protective svstem. the OR gate modules were modified. and tle start time-of-flight
signal 1s now coup'ed to the OR gate modules through opto-isolators. This panel will accept four
individual experiment alarm inputs. and only minor wiring need be installed from the experiment to
a centrally located panel in the experiment room to complete the monitoring connection.

I DS Asquuth. C. T, Carney. and K. W West. fnstrumentaiion and Controls Dix . Annu. Progr Rep. Sepr 1. 1972
ORNL W22 p 112

11.16 COMPUTER PROGRAM FOR INSTRUMENT INVENTORY AND
PROGRAMMED MAINTENANCE

R. L. Simpson

A manageable instrument inventory and maintenance record system is essential to the overall
design of the record formai. data storage. and file system to take advantage of computer processing
and storage mecthods. A system was devised and computer programs were written to match the
compurer processing to the record processing needs. The system procedure is as follows.

Iiiventory cards are filled out for each instrumeni. and the informatior is read into the
computer. These data are stured on disk in records identified by instrument id:r-ification number.

Woen an instrument is maintained. a maintenance card is filled out. which reccords the time
spent or the instrument. The card hists nine activities for which work can be categorized along with
the date the work was done. The information orn these cardi i. °~d into the computer and stored
with the instrument inventory data. The result is a recorded description of each instrument. along
with pertinent calibration and maintenance information.

Each month when the program is run. the compnter prints a card that gives notice that
programmed maintenance or calibration (or both} is due. if a schedule for these services was
indicated on the inventory card. A list of all maintenance and calibration cards 1> printed for use by
Division supervisors. If the instrument is not maintained or catihrated during the month when notice
is given, ar overdue notice is printed the foliowing month and each succeeding month until the
scheduled service is completed.

The listings given on request are (1) complete irventory. (2} inventory by file point. and (3)
inventory of property items in numerica, order of property number.

11.17 MAINTENANCE ACTIVITIES OF VAN DE GRAAFF ACCELERATOR GROUP
R. P. Cumby J. W. Johnson

The service group from this Division assigned to the Van de Graaff Accelerator Laboratory
maintained and modified instruments used by the Physics Division for their nuclear and atomic

e it ¢ 21 R
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~hvsics programs. There were three Van de Graaff accelerators in Building 5500, the fargest of which
v.as a HVEU. EN Tandem. All electronic power supplies for these accelerators were maintained by
this group. Otner instrumenis ma:ntainzd were eight highlv regulated magnet supplies: 264 NIM
modtles and 29 NIM bin-power supplies: 88 vacuum measuring instruments. including four mass
spectremeter heliun: leak detectors: and (wo area radiation monitoring svstems.

Ly



12. Ecological Science Studies

12.1 METHODS OF ESTIMATING DOSE TO MAN
FROM REGIONAL GROWTH OF NUCLEAR POWER'

R.S. Booth B.R Fi
W._S. Snvder’ W. H. Wilkie'

A joint study of the potential radiological impact of an expanding nuciear power economy on
the Tennessee Valiey resion was st_rted by ORNL. the Tennessee Valley Authonity. the tmospheric
Turbulence and Diffusion Laboratory—National Oceanic and Atmospheric Administratien. ang the
Hanford Enginezring Develepment Laboratory (tHEDL) in cooperation with USAEC.

The Tennessez Vallev region study invoives an appraisal of the generation. managemen:. anc
control of radioactive effluents from nuclear facilities in the region through the year 2000. It
considers nuclear power requiremeats to the year 2000. siting for nuclear facilities. radionuchde
release and transport in air and water. radionuclide concentration in terrestriai and aquatic systems.
and estimation and inierpretation of the potential dose to man.

This is the second such regional study initiated by the USAEC in the continental United States:
the {:st consiuered the region defined 2s the Upper Mississippi River Basin. A computer model.
HERMES (Hanford Engineering Regional Mode for Environmental Studies). was devcloped by
HEDL and applied in the Upper Mississippi River Basin study. The model permits estimates, on a
regional basis. of the potential radiation dose that might be received by individuals and population
groups as a result of radioaciive materials cstimeted to be released from reactors and fuel
reprocessing plants.

Modifications in HERMES are discussed within the context of the uniqueness of the Tennessee
Valley region, and additicns or improvements are based on the initial application of HERMES. This
paper, one of thre companion reports, includes information on the data requirements and the

ccmponents of HERMES concerned with the estimation of dose to man from internal and external
modes of exposure.

. For prewxntation at TAEA Symposium on Envirormental Behavior of Radionuclides Reieased 1n the Nuclear
Industry. Aix-en-Provence, France. May 14-18. 1973,

2. Special Assistant to J. R Totter.

3. Health Physics Division.

4. Tennessee Valley Authority, Chattanooga. Tennessee.
5. Tennessce Valley Authority. Muscle Shoals, Alahama
6. Environmental Sciences Division,
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122 A COMPENDIUM Or RADIONUCLIDES FOUNE IN LIQUID
FFFLUENTS OF NUCLEAR POWER STATIONS'

R S Booth

?sdionuchdes released in Iquid eftluents from power icactors In quanitxs high enough to
require an environmental impact assessment were tabulated and ther cxpected annual rei-ases were
determined from published measurements and operating experence with 24 'ight-wate,
reactors. Th.s standard list of 63 radionuchdes was the on: used for preparazion of envircamental
impact statemcnts for nuckear power stations. Use of this list helped ensure comrcteness m
estunating the consequences of rdwnuchde releases from each reactor without having to consider
repeaiediyv the several hundred radionuchdes that could be released. The expected rekeases and their
vanations tabulated here were used to verify theoretxal releases included in the unpact slatements
for specific reactors.

Operzting experience shows that the guanuties of radionuchdes released from sumilar reactors
during any vear and from the same reactor for subsequent years can differ by orders of magnitude.
However. analyvsis of measured reicases indicates that the probabiny of a given reicase decreases
inversely with the magnitude of that release.

The average amount of "H released per vear was ~-900 (i for pressurized water reactors (PWR)
and ~2> C1 for boilirg water reactors {BWR) The average amount of gross teta and gamma
releases {in addition to H) was ~5 C: vear for PWRs and ~:i0 C: vear from BWRs. Average
releases of indin idual radionuchdces consdered heie sared from - 16 % 1o -2 Ci vear

~ina 2t of repert ORNE-TM-3301 10 be publstied:

12.3 IMPLEMENTATION OF A PREDATOR-PREY BIOMASS
MODEL FOR FISHES'

1. Kiichell’ J. b Koonce” R vV ONaill
H H Shugart. Jr. 3 J Magnuson® R S Boun

A predator-prey biomass model 1s developed for fishes based on a senes of eyuations that
descnibe the processes of feeding. growth. cgestion. respirauon, excreninn. gameic production. and
predatory and nonpredatory mortalities. Terms are presented o account for rale dependences on
thermal conditions. size structure of the population, and density dependent nteractions. All terms of
the modei were implementcd empirically. based on previous work at Lake Wingra and those data
available from literature sources.

Simulations were performed to assess the response pattern and relatr.c stability of the model
and to compare predicted results with those derived from independent observations under both
laboratory anc fxld conditions

I Abstract of Intecnational Bologxal Prugram Fasern I xvaduous Forest Bume Mcemo Report “2.0 0k
2 lestute of Ensonmentsl Studes. L novcruty of Waconuwa, Madnes

V Eavoamental Scxcrces i mon

4 Department of Zoology. U anenny of W monsn. Madnoa
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12.4 DEVELOPMENT OF A ZOOPLANKTON-PHYTOPLANKTON MODEL

O. L. Smuh R. V. OONeill
H H Shugart’ R.S Buoth

In 1972 the central modeiing group of the Intermaional Biological Program imitiated
development of a general model for mass or carbon transfer 1n an aquatic ecosystem. Dunng this
report peniod. a2 submodel that descnbes planktonic behavior was completed. The submodel
equations were derived from basic first principles with precise definitions of species parameters.
From the equations, ecologial prninciples were analytically deduced which described in general terms
the behavior of a community of several zocoplankton specwes competing for phyvtoplankton. A
commonly used definition was proposed. In addition o the analytical studses that used somewhat
simpitfied systems equations. a computer program was developed to handle the most complex forms
of the model equations. A report of the work was prepared and submitted for publication in the
open literature.

1. Eavironmental Soences Dn oon

125 PRODUCTION MODEL FOR Myriophyllum spicatum L.’

J. E. Titus
M. S. Adams’ P. R. Weiter’ R. V. O'Neill*
H. H. Shugan’ R. S. Booth R. A Goldstein®

The growth of Myriophyilum spicarum. a submergent macrophyte species. was mathematically
described. considering photosynthesis. respiration. acclimation. excretion. sioughing of leaves. shoot
mortality, and growth form. Vanauon in these growth-related processes and associated
environmentai parameters with water depth was included.

Comparison of model predictions with field observations verified that many of the features of
M. spicatum growth were successfully formulated. However. hmitations of the model are sull
evident. The model is currently used in guiding experimental work with M. spicatum. and we hope
that it will be of general application to other submergent macrophytes in the biome.

I Abstract of International Biological Program Eastern Forest Biome Memo Report 72-10%.
2. Department of Botany. Umiversity of Wisconsin, Madison.

1 Institute for Environmentai Studies. University of Wiscons , Madison.

4. Environmental Sciences Drvision.

126 A MODEL FOR AQUATIC MICROBIAL DECOMPOSITION'

L. S Clesceri’
J. A. Bloomfield® R. V. ONeill'
H. H. Shugart’ R.S. Booth

A 22compartment decomposition process model was developed to represent the carbon
transfcrs that result from heterotrophic miciobiological activity in freshwater ecosystems. The model
accommodates anaerobic and aerobic interactions for u.~ water column and surface sediments and
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only anacrobic interactions in the deep sediments. Thermal stratification s accounted for by
Jdsunguishing betweea transfers that occur vnly 16 the epiimmion. in the kyvpolmnion. or toth.

Atract ot International Bwiogxa! Program Fastern [ecduocs Forest B:ome Meme Repors “2-40
Remaclacr Pohtechnx Imistute. Trov . New Yonh
Fovironmental Soxenoes Dnosson
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12.7 HERMES DOSE FACTORS
R.S. Booth

Dose commitments as cakulated from the HERMES cexpression were compared with dose
commitments as calculated from the ORNL expression.” assuming that wdentical parameters were
used in the two expressions. The intake of radioactivity by man was assumed to follow the equation

kny=loe™. 0<r<n,

where A7) is the intake rate that occurs during the time range from r =0 toc 1 = n vears. lo 1s a
constant. and A is a parameter that can have any value At 7 = 0. the concentration of
radioactivity in the organ of mterest was assumed to be zero. The two dose commiments were
caiculated for the time range from ¢ = 0 to r = r vears. where - 2 n.

The two expressions were determined to be identical if the intake rate is an inpulse. However.
ihe HERMES dose commitment exceeds the ORNL dose commitment for any other intake
function. This conseivatism results completely from the form of the HERMES cxpression and 1s.
therefore. artificiai. The HERMES annual dose commitment (7 = | and - = [ was too high by
about a factor of 2 for radonuclides wheze half-lives exceed 1 year.

These corclusions were incorporated into an overall cnitique of the HERMES document.

I J F Fletcher and W 1 Dowson tcompuersy. HERMES 4 Dusai Computer (ode for Esimaioe Reyponsi
Radioicgical Effecss from the Muciear Power Indusir. HEDU-TME-"1-168 (December 1971y, Eq 441 p 199

2 P S Rohwer. K E Cowser. W S Snyder. and E (¢ Strunness. “An Approach for Assessing Potenua! Popuiation
Fxposures.” Heaith Phisics Socienn Svmposmnt on Envoonmenia Sur ciiiance 1 the Vicouny of Nwcleor Facthines. Willam
C Remig (ed . Charles C Thomas rpublisheri. 197

12.8 CRITIQUE OF THE FOOD PATHWAYS MODEL IN THE HERMES
COMPUTER CODE

O. L. Smith R. S. Booth

The HERMES food pathways model developed for the Year 2000 Study by the Hanford
Engineering Development Labora*~ry (HEDL)' was evaluated by comparing it with a revised model
devised by the authors who started from basically the same farm management scheme as that used
by HEDL.. In this revised model. several approximations used by HEDL. were removed and only one
new constant was added. A computer code was developed to compare the models quantitatively. The
results show that some HEDL assumptions and mathema: :al approximations can cause significant
conservatism (answers that are too large) in the concentration of radionuclides in farm animal
products caiculated by their model. In addition, nonconservatism can be introduced into the HEDL
model for radionuchides with short half-lives compared to HEDL's time-mesh ¢! one point per
month. The HEDL model calculational error ranged from —100 to +14007% (relative to the revised

LAt A
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mode!). depeading on the radioactive and biologaai 2u-Inves of the partcular radionuclide being
considered. However. for radionuctides with radioactive half-lives greater than =8 davs and
biolcgicai half-lives betweer =1 day and =30 yvrass. ditlerences were 40 to ~190; for milk and —15
to —200% for beef.

I JF Exwherad W I Dotsoaicompriers:. HERMES-4 Dgz. - Computer Code Tor Esioma:ire Rexsonai Raduriogca:
Efecis oo e Suciear Poaer Indgirs . HEDL-TME-"1-168 (Deceme=r 1971,

129 LINEAR ECOLOGICAL MODEI "NVESTIGATION
F.H.Cark H.A Vanderploegr  R.S. Booth

To make meanmgful selections of the type of ecological model to be apphed to a given physical
svstem. an uaderstanding of the options s required. To furrish such understandir.z. linear ecologica!
svstems were mvestigated. This work will be reported later.

In this Investigatinn. the relai-ve ments of describing an ecological system in terms of a linear
reactvity model and a lincar specific activity rodel were evaluated. The relationship between the
two modeis and the principal fea.ures and advantages of each model were determined. An
mnvestigation was also made o1 which paiameters of one environment may be generaized and
cataloged for use in cther environments. The uses of bounding solutions and of aimos: equivalent
systems tc reduce data requirenser =, were assessed.

1 Eavironmenta: Scwaes Drision

12.10 USER'S MANUAL FOR MODS(CV, A TERMINAL-OPERATED PROGRAM
FOR SOLVING THE LINEAR MATRIX EQUATION x =.ix+ &'

F.H.Clark R.S.Booth H.A. Vanderploeg

To meet day-to-day calculation requirements of ecological systems, the linc ar matrix equation x
= Ax ~ k was programmed for terminal operation. The existing program MATEXP, which deals
with this problem class. was adapied to the task. A simple convers:s ..onal structure was created to
enable use of the program with only a few minutes of training,. The user can designate a specific
activity or a radioactivity model, thereby causing the program to undertake some of the cofficient
processung from minimal input. Or, he may choose to solve a more general problem and supply all
coefficients explicitly.

A unique feature of the program is an option ¢hat permius the user to suppress short-time
characteristics after they have no more appreciable effect on the solutions. This option -nables
avoidance of the most often encountered form of mathematical instability for this class of problems.

1 Abstract of report ORNL-TM 4404 (10 be padhsred).
1 Ensironmenta! Scences vison
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12.11 INTERNATIONAL BIOLOGICAL PROGRAM WOODLANDS WORKSHOP
R. S. Booth

The Eastern Deciduous Forzst Biome of e International Biological Program (IBP) hosted a
modeiing workshop. August 14-26. 1973, at ORNL. Scienusts from {BP sites represeruing 14
counties brought data sets from their respective sites. They worked with environmental modeiers
(eleven from ORNL and six from four U.S. universities) to develop hnear biomass aad nutrent
madels of their forest systern. and time-varyving scasonal models for fcur different forest types. The
modeis developed. with intercompansons. and a senes of contributed papers will be printed as a
prog:ess repot. of the conference.
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Professional Awards, Achievements, Offices,
and Memberships in Professional Groups
Held by Instrumentation and Controls Division Personnel

AMERICAN INSTITUTE OF CHEMIC 4L ENGINEERS

d. 3. Mets: Mambe-

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

W. W Johnston. Jr.. Member of Committee C96. Thermocouples

D. J. Knowles: Ailternate Member with F W. Mannimg of Committee N-42. Nuclkar
Instrumentzticn

J. W. Krewson: Member of Subcommrittee. Fiqurd Lev el under Committee B8&. Cabbratron of
Instruments

F. W. Marnning: Member of Commuittee N-12. Nuclear Instrumentaticn

H. A Todd and F. W. Manning: Who's Who in the South 2nd Southwest

F. W. Manning: Who's Who in Finance and Commerce

AMERICAN NUCLEAR SOCIETY {ANS)

J. L. Anderson: Member of Subcommittee ANS4. Reactor Dynamics and Control. Standards
Committee

C. J Borkowski: Fellow

E. P. Epler: Fellow

J. B. Bullock: Chairman of Digital Computer Control Planning Group. Subcommittee ANS4
F. W. Manning: Member of Committee ANS-16. Nuclear Instrument Standards

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

W. W. Johnston, Jr.. Member of Committee E-20. Temperature Measurement; Chairman of
Subcommittee. Resistance Thermometers. Member of other Subcommittess and Sections under
Committee £20.04. Thermocouples

R. L. Shepard: Chairman of Subcommittee. Acoustical Thermometry, under Committee E-20),
Temperature Measurement. Member of other Subcommittees and Sections under Committee
F20.04, Thermocouples

THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

S J. Ditto: Member of Subcommittee SC-6. Nuclear Power Engincering Committee. of the Power
Engineering Society
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J H. Hoiladay: Chairman_ Oak Radge Section

C ! Holloway: Member of Subcommuttiee SC4. Auxzinn Power Svstems. unde: Joznt Commattee

or Nskiear Power Simandargs of MNucikear Science Group and Power Greup. Chamrmarn of

Feilowsnip and Attendans: Commitice. Jak Rudge Secuc
P. Rubei: Director and Chawrman of the Fubixcin Commiutice. Oah Rudge Secton

INSTRUMENT SOCIETY OF AMERIC,. (ISA)

R_K. Adams: Fellow

A H. Anderson: Business Manager (Resordert. Oai Rxdge Secton

C S. Losser Mcember of U.S. Technxal Advisonn Group

J. A Russeil: Cha:rman. Awards Committee. Oak Ruge Section

R. L. Shepard: Fdior. “Omnibus Thermometry. * Temp. Meas. Control Sc1. Ind &1 1972y

INSTRUMENTATION AND CONTROLS DIVISION COMMITTEES

J. A Russell: Design and Dra2iung. Standards Commurzee

1. L. Losvom: Dvision Mamtenance . {nformauor Committee: Semxonductor. ORNL Stores Stock
Advisors Commuittee: Operationai Amphfier. BRNL Swores Stock Acvisors Commitiee

C. C. Hall: Vacuun: Tubes. ORNL Stores Stock Advisorny Commuttee
J. A. Russell: Batterses. ORNL Stores Stock Advisors Committee

INTERNATIONAL ELECTROTECHNICAL COMMISSION TECHNICAL COMMITTEE 65
C. S. Lisser: Member of LS. Technical Advisons Group

NATIONAL COUNCIL ON RADIATION PROTECTION AND UNITS
F. H. Clark: Consuitant

ORNL REVIEW COMMITTEES

J. L. Anderson: Nzutron Physics Division Safety Review Committee
B. G. Eads: 2 ~celerator and Source Safety

B. C. Duggins: Reactor Operations

B. Licherman Radicactive Operations

L. C. Oakes: Reactor Review

J A Russeil: Accelerator and Source Safety

SCIENTIFIC RESFARCH SOCIETY OF AMERICA
1. B. Davidson: Secretary, Oak Rudge Branch

SOCIETY FOR NUCLEAR MEDICINE

t. H. Clark: Chairman, Computer Standards Committee
J. W. Woody: Member, Computer Standards Comraittee
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TENNESSEE SOCIETY OF PROFESSIONAL ENGINECRS

Tom M. Gay e Professicnai Engineer
H. J. Mew: P ofessional Engireer
J A Russeis Proies wonai Engineer and Member of Y nganeer of the Yaa: Commitiee

US. ATOMIC ENERGY COMMISSION NIM-CAM AT COMMITTEE

N W Hii: Member. Subcommutiee or Amiog Sigmals
5. A Hoit: Member. Executive Commuitiee
J. W. Woody: Member. NIM Comrrittae

US.NAVY

H. E. Cochran. Commander: £ xecutive Offwer of Research Company 0-3 of the U.S. Nas2i Roerie

Lo i AN ot e < A%



Patlications

Some of e pubixavons ted beion were prepared onth werth members of other divisions
and with consaltanis and other nonempiovees. Ther affiimions are iootnoted.

Ailen. § W . j C Robnson. and N J. Ackermar.i.. Jr._ Starisiace! Ervors in Subcritical Reac:riuy
Inrerred from [Izverse Kinetis Rod-Drop Measurements Usmg the Three-Poont Method.
ORNL-TM<210! ¢Juis 19°3).

Auerbach. S i SV Kave' D J Nebsen” DO E. Rt P B Duaway.” and R. S. Booth.
“Undersianding the Dnmamic Behavior ¢f Radwnucivies Reieased 1o the Environment and
Implications.” pp. $73-89 in Proc. 4th Int. Conf. Peccefui Lzes Ai. Energy. Geneva. Switzeriand.
Seprember 616, 1971

Bail. $ J. N. E. Clapp. Jr.and J. G Dekene.” “Nuckar Desaimanion Plant Control Studies.” pp.
429-3% in Proc. $ih Int. Sxmp_ Fresh Water Sea. Heideiberg. West Germany. Sept. 9-14. 1973.

Biankenship. 2. l.. ~“Carner-Concentration-Dependent Muobilitv m  N-Type High Punty
Germanium.” Phvs. Rev. B. 7(8). 372531 cApnl 15, 1973,

Buhi. A. R.* H. L. Dobbs. Jr.. J.C.Robinson. R. A Liike. O. W_Hermann. and R_J. Hintua.
A User's Manual for TASK. A Generalized One Dimensional Transport and Diffusion Km=acs
Code. ORNL-TM-3811 (December 1972).

Buhi. A. R.' and R. L. Childs." An Evaluation of the “"Cf Method for Sorrce Leve! Flux
Monutoring in the FTR. ORNL-TM-3883 (August 1972).

Buhl. A. R.. N. J Ackermann. Jr.. R. C. Krvter. and J C. Robinson.’ Subcriticali:y Monitoring
Sviaem Evaluation in SEFOR. ORNL-TM-3716 (February 1973).

Buhl. A. R.. N. J. Ackermanu. Jr.. and J. C Robinson.’ “The Status of Subcritical Reactivity
Deterrunation for LMFBRs.™ Trans. Amer. Nucl. Soc. 16, 28960 (Junc 1014, 1973).

Bullock. J. B.. and H. P. Danforth. Reactor On-Line Computer Control Development at the HFIR.
bol I: Objeciives. Svstem Design, Operating Experience. and Safety Considerations,
ORNL.-TM-3679 (October 1972).

Carr. K. R., “Resistance Thermometry Program.” Qak Ridge Recorder (December 1972).

Carr, K. R., “Testing of Ceramic Insulator Compaction and Thermoelectric Inhomogeneity in
Sheathed Thermocouples.” pp. 1855-66 in Temperature: Its Measurement and Control in Science
and Industry, collective vol. 43). ed. bv D. 1. Finch. G. W. Burns. R. L. Berger.and T. L. Van
Zandt, Instrumen: Sor .ety of America. Pittsburgh, Pa., 1972.

Chiles, M. M., “Low-Level Detector for Alpha Contamination Monitor in Continuously Flowing
Process Waste Water.,” Nucl. Instrum. Methods 109(3), 541-46 (June 15, 1973).

Clark. F. H., Model for Two-Phase Flow in Water. ORNL-TM-4123 (April 1973).

Clesceri. L. S." J. A. Bloomfield." R. V. O'Neil,’ H. H. Shugart.’ and R. S. Booth. 4 Model for
Aquartic Microhial Decomposition, {BP Eastern Deciduous Forest Biome Report 7240 (June
1972).
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Clay. W. T.. Development of a Gamma Ionization Chamber for the Office of Civil Defense,
ORNL-TM-2474 (January 1972;.

Cowser. K. E.,‘:R. S. Booth. B. R. Fish, G. R. Siegel.” W. S_ Snyder. W. H. Wilkie." and J. P.
Witherspoon,” “Methods of Estimating Dose to Man from Regional Growth of Nuciear Power.”

14EA Svmp. Environ. Behav. Radionuclides Releas. Nicl Ind.. Aix-en-Provence. France, Ma:
14-18. 1973.

Delene, J. 4:..° S, J. Bal'. and N. E. C lapp. Jc.. Blowthrough Fxperimenis on the OSW Wrighisville
Beach 3-Stage Flash Evaporaror. August 1970, ORNL-TM-3429 (October 1972).

De Lorenzo. J.1.. W. T. Clay. and G. C. Guerrant, Common-Mode and Integral Bias Tests with
Differential Current-Pulse Preamplifi. rs, ORNL-TM-4316 (August 1973).

Eads. B. G.. and B. C. Dugg’ns. “Experience with Direct Digital Control of Several Temperature
Proce: ses.” pp. 1435-44 ir Temperature: Its Measurement in Science and Indusiry. collective vol.
4(2), ed. by L. G. Rubin. A. <. Anderson. J. E. Janssen. and R. D. Cutkowsky. Instrument
Society of America. Pittsburgh, Pa.. 1972.

Glass. F. M.. J. M. Rochelle, and . N. Wilson, Engineering Feasibilitv Studv on Automated
Attack-Ejfects Informaticn Systems, Final Report fo: Defense Civil Preparedness Agency.
ORNL-TM-419%4 (January 1973).

Hagen. E. W. (ed.). “Control and Instrumentation.”™ Vucl. Saf. 13(5). 366—72 (September—October
1972): 13(6) (November-December 1972): 14(1). 21-26 (Jaauary-February 1973y 143), 95-110
(March-April 1973). 14(3) (M-y-June [973); 14(4) (Julv-August 1973).

Hagen. E. W, “Standby Er.iergency Power Systems. Part 1. The Early Plants.” Nucl. Saf. 143).
(May-Tune 1973).

Hagen. E. V.. Reactor Protection Svstern: Philosophies end Instrumentation. ORNL-NSIC-111
(June 1973},

Hall. C. C.. and J. L. Lovvomn. Descript:on of the Facility Radiation and Coniamination Alarm
Svstem Installed in the Hign Radiation Level Fxzwiination Laboratorv, Bldg. 3525.
GRNL-TM-1251. Rev. | {August 1973).

Herskovitz, M. B.. Quality Assurance Plan jor the Large-Scale Procuremen: of Temperature
Sensors, ORNL-TM-3740. Rev. | (August 1973).

Johnston. W. W., Jr.. and M. H. Coorer. Jr.. “Traceability, What and How. Relaung Temperature
Measurement at ORNL.” pp. 1393—1402 in Temperature: Its Measurement ond Control in S-ience
and Indus:ry, collective vol. 4(2). ed. by L. G. Rubin, A. C. Apderson. J. E. Janssen, and R. D.
Cutkosky. Instrument Saociety of America. Pittsburgh. Pa.. 1972,

Kaye.S. V.. R. S. Booth, P. S. Rohwer. and E. G. Struxness.” “A Cumulative Index (CUEX) for
Assessing Environmental Releases of Radioactivity.” pp 90921 in Proc. int. Symp. Radioecol.
Appl. Prot. Mari His Environ., Rome. Italy. Sept. 7-10. 1§71, Report EVJR-4800.

Kerlin. T. W._ and D. N. Fry, "D namic Fxperiments for Heat Transfer and Mixing Studies in
[.MFBR Fuel Assemblies.” Trans. Amer. Nucl. Soc. 15(2). 358-70 (Novemper i972).

K=rlin, T. W_. S_J. Bali. E. M. Katz. and M. R_ AL “At-Power Dyvnamizs Tests in a Pressurized
Water Reactor.” Trans. A-ner. Nucl Soc. 16, 301-302 (June 1973),

Kitchell. J. F..” J. F. Koonce.” R. V. O'Neill.” H. H. Shugart, Jr..” J. T. Mangnuson.” and R. S.
Hooth, Implementation of a Predaior-Prev Biomass Mode! for Fishes, 1BP Eastern Deciduous
Forest Biome Report 72-108 (November 1972).

Koliie. 1. u.."” . L. McEircy.” R. K. Adams. and J. M. Jansen. “Measurement Accuracy of a
Cuimputer Operated Data Acquisition System ™ pp. 1457-66 in Tempercoture: Its Measuremeni
una Control ;m Science and Industry, collective vol. 4(2), ed. by 1.. G. Rubin, A. C. Andcrson,
J. E. Jaassen. and R. {). Cutkosky, Instrument Society of America. Pittshurgh, Pa., 1972

R
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Lilie, R. A.' Incorporation of OQuter Iieration Techniques into the TASK Algorithm.
ORNL-TM-3958 (Ncvember 1972).

Lisser. C. S.. B. G. Eads, B. C. Duggins, and E. W. Hagen. “Instrumentation and Atomic Control
System: The 26th ISA Conference and Exhibit.” MNucl. Saf. 13(5). 36672 (September—October
1972).

Martin, C. D.. and C. H. Gabbard,” “Experience with Type K Thermocouples in an Experimental
Nuclea - Reactor,” pp. 1869-74 in Temperature: lis leasurement and Control in Science and
Industr,, collective vol. 43). ed. by D. . Finch, G. W. Burns. R. L. Berger.and T. E. Van Zand:.
Instrument Society of America. Pittsbureh. Pa.. 1972.

McDearman, J. R..' J. M. Googe.' and R. L. Shcpard. “A Method to Calculute the True
Temperature Profile U :ing Data from a Thermocouple with High-Temperature Shunting Errors.”
IEEE Trans. IE and (1, IECI-19(4), 101-107 (November 1972).

Moore, R. L.. and P. G. Herndon. MSRE Design and Operations Report. Part [iB: Nuclear and
Process Instrumeniazion. ORNL-TM-792 (September 1972).

Nelson. D. J.7 S. V. Kaye. and R.S. Booth. “Radionuctides in River Systems.” pp. 367-82 in River
Ecology and Man. Academic Press. Inc.. New York, 1972,

Penland. J. R..' Space and Energy Dependence of Reactor Fluctuation Spe-tra, ORNL-TM-1372
{November 1972).

Reichle. D. E..” R. V. O'Neill” S. V. Kave.” R. Sollins.'” and R. $. Booth. “Systems Anzivsis as
Applied to Modeling Ecological Processes.” OJKOS, 24, 33743 (1973).

Rhower. P. S.° M. J. Keliy."” and R. S. Booth, “Guidance for Limiting Environmertal Relkases of
Trtium,” pp. 422-2. i» Proc. Tritium Symp.. Las Vegas, Nev., Aug. 3-Sept. 2, 197].

Roux. D. P. A R. Buhl. W. T. Clay. F. J. Davis. J. T. De Lorenzo. G. C. Guerrant. D. W.

Gidlev. " and . L. Robinson.’ Neutron Senso, Development for Extreme Environments, Progress
Repeorr for the Pervic d January [, 197!, 10 June 30. 1972, ORNL-TM-3959 (November 1972).

Rubel. P.. Reliahility Evaluation of the Fort St. Vrain Emergency Engine-Generator System,
ORNL-TM-2935 (December 1972).

Sanathanan. C. K.."* A. A Sandberg.” F. H. Clark. O. W. Burk=. and R. S. Stone. "Dvnamic
Modeling of a Large Once-Through Steam Generator.” Nucl. Fng. Design 23, 321-30 (December
1972).

Shepard. R. L.. R. F. tiviand. J. M. Googe.' and J. R. McDearman.’ “Equivalent Circuit Modeling
of Insulator Shuating Errors in High Temperature Sheathed Thermccouples.” pp. 1844-54 in
Temperature: lts Measurement and Contrnl in Science and Industry. collective vol. 4(3). ed. by
D. 1. Finch. G. W. Burns. R. [.. Berger. and 1. E. Van Zandt. Instrument Socicty of America.
Pittsburgh, Pa.. 1972

Shepard. R. L.. R. B. Fitts.” H. E. Robertson. and R. °. Hyland. “Thermoelectric. Resistance. and
Ultrasonic Thermiometry for a (U. Pu)O: Fuel Pin" Trans. Amer. Nucl. Soc. 15 (2). 76667
{(Novzmber 1972).

Separd, R L. (ed). “Ginnibus Thermometry.” Temp. Meas. Control Sci. ind. 4(1); 689-763 (1972).

Smith, O. 1., Preparation ,f 123-Group Master Cross-Section Librar: for MS R Calculations, ORN! -
I™M-3066 {March 1074,

Thacker. 1. H.. “A Min1ture Flow IFluorometer for Liquid Chromatography.”™ /. Chromatog. 73,

117-23 ¢1972).

Tiffanvy. T. 0. C. A Burtis.,"" §. C. Mailen,”” and 1. H. Thacker. “Dynanic Mullicuveite
Fluorometer-Spectrozhotometer 2sed on the GeMSAEC Fast Analvser Principle.™ Anal. Chem.
45, 1716--23 {August 1973).
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Titfany, T. O.."" M. B. Watsky.” C. A. Burtis. and L. H. Thacker. “Fluorometric Fast Analvzer:
Some Applications to Fluorescence Measurements in Clinica! Chemusuyv.” Clin. Chem. 19, 87182
(1972).

Titus, J. E..“ M. S. Adams.” P. R. Weiter.” R. V. O'Neil.” H. H. Shugart.” R. S. Booth. and R. A.
Goldstein.” Production Model for Myriophyllum spicatum L.. IBP Eastern Deciduous For-st
Biome Report 72-108 (November 1972).

Witlams. P. P.. Description of Facility Radiation Alorm Systemi in Special Muaterials Machine
Shop. Rolling Mill. Building 3612, and Scurce and Speciul Materizls Vauli. Building 3027.
ORNL-TM-064 ; March {973).

Lrnersity of Teneo . ... Knoxvilie
Environmental Sciences Division.
Reactor Disien

Neutron Phvsics Pivision
Mathemates Division.

Rensselaer Polytecnmic Institute. Frox, Nev. York.
Health Physics Division,

¥. Tennessee Vallev Authority.

9 Uanersity of Wisconsm., Mad.son.
i9. Metals and Ceramices Diviswon.

1 Uanersity of Washington, Seattle
i2. Reactor Ciemistry Division.

13 Ajbion College. Aibon. Michigan.
13 Uni ersuty of Phinows. Chicage.

15 Chemical Technotogs Dnvision.

IR Y S

Papers Presented at Frofessionai Meetings

Somc of the papers listed below were prepared jointly with members of other divisions and aith

consultants and «ther nonemplovees. Fhetr affiliations are footnoted.

1972 Annual Meeting American Nuclear Societv, ¥ashington, D.C., November [2~17. 1972

Anderson. ). L. “Fmerging Needs for Mobile Nuclear Power Plants.™

Becker. M. C. “Eftficient Generation of High-Order Anisotropic Elastic Matrices.”

Bavter. N. C.. Jr.. H. W. Kympton HE' L. W. Warren.” W. Ivanjack.” T. Keriin," and R. F.
Saxe.” “The Study of Nuclear Power Plant Dyvnamics by Fluctvation Analysis and Pscudorandom
Input Analysis.”

Kerlin. T. W and D. N. Frv. “Dynainic Fxperiments for Heat Transfer and Mixing Studies in
I MFBR Fuel Assembhies.”

Minalczo, 1. T asd D0 R Ward * “Self-Regulated Damped Power Oscillations of the Health
Physics Research Reactor.”

Mihalcszo, J. T.. “Neutron Importance and Fission Density in Spherical Uranium  Metal
Assemblies ”

Shepard. R L. R, B. Fitts.” H. E. Robertson.” and R. F. Hyiand. “Thermoclectric. Resistance.
and Ultrasonwe Centerline Thermometry for a (U-Pu)O: Fuel Pin.”

1973 Scientific Apparatus Metals Yasocanon. Charlesion, Sout’t Caroling. Apry, 1973

C. S, Tasser. "Reguirermnents of RDT Instrunientation Standards.”™
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1973 Eighth Annual Conference on the Use of Digital Computers in Crocess Control, Knoxville,
Tennessee. April 14618, 1973

Adams. R. K.. and M. B. Herskovitz. “Engineering Test and Control Computers.™

Maran, C. D30 F Hutton. and R. L. Simpson. “A Data Acyguisition System for Ecological Field
Studies.”

Seminar presentcd to ihe Nuclear Engineering Depariment. Massachusetts Institute of Technalogy.
Cambridge. Mossachusens, April 25, 1973

Davidson. J. B.. “The Fiy’s Eve: A Iwo-Dimensional Position Sensing Detector for Thermal
Neutrons ™

International Atomic Energy Agency Svmposiun: on Environmental Behavior of Radionuclides
Reiewsed in ihe Nuclear indusiry, Aix-en-Provence, France. May 14-18. 1973

Cowser. K. E.. R.S. Booth. B. R. Fish." G. R. Sicgel.” W. S. Snyder.” W. H. Wilkie." and J. P.
Witherspoon. “Methods of Estimating Dose to Man from Regional Growth of Nuclear Power.™

1973 Atomic Energy Commission Sur.:mer Institute on Neutron and X-Ray Diffraction and Related
Techniques in Chemical and Biological Problems, Massachuseus Institute of Technology,
Cambridge, Massachusetrs, August 610, 1972

Davidson. J. B.. “The Fly's Eve.”

1973 Fourth International Symposium, Fresh Water from the Sea. Heidelherg. West Germany.
Sepiember 914, 1973

Ball. S. J.. N. E. Clapp. Jr.. and J. G. Delene.” “Nuclear Desalinativn Plant Contro! Studies.”

1973 Annual Meeting American Nuclear Society, Chicago. Hiinois, June 10~14, 1973

Becker. M. C.. "Analysis and Interpretation of Anisotropic Spectrum Measurements In Depleted
Uranium.”

Buhl. A. R.. N J. Ackermann. Jr.. and J. C. Robinson.' “The Status of Subcritical Reactivity
Determination for LMEBRs.”

Childs. R. 1.7 J. C. Robinson.” W. W_ Engle. and F. R. Mynatt.* “Perturbation Method for
Shicld Weight Optimization.”

Cooper. M H.. “Cesium Removal from Sodium by Charcoal in a Thermal Convection Capsuic.”

Kerlin, T. W0 S, J. Ball. £ M. Katz." and M. R. Ali." "At-Power Dynamics Tests In a
Pressurized Water Reactor.™

Mihalczo. 1o L. “Comparison of Seurce-Sample Fission Coincidence Method with the Random
Driver Mcthod.™

Mihalczo. J. T.. “Neutron Importance in Spherical Plutonium Metal Assembiies.”

Westan, [ W " and I H. Todd. “Fission-Neutron Multiplicity and Total Prompt Gamma-Ray
Encrgy Foilowing Fission in = 'Pu.”

North Casolina State Unnveraty
S Army

nnersity of Tennessee, Rnovalle
Neutron Phvsacs [haason

Metals and Coeane o~ Divicion
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. Reactor Division.

- Emvironmental Scences Divwon.
Heaith Physuy Dnaswon
Tennessce Vaik, Authornty
Compuier Sonnces [nsion.
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Theses Completed

For the Ph.D. degree by the University of Teanessee

J. R. i"enland. “Space and Encrgy Dependence of Reactor Fluctuation Spectra.™ Ao nsued as
ORNi.-TM-3372 (November 1972)

For the M.S. degree by the University of Tennessee

R. A Lithe. “Incorporation of Ouier Interation Fechnques into the TASK Algorithm.”™ Abo tssucd
as ORNL-TM-3958 (November 1972).

Patents

Borkowski. C. J.. and J. M. rochelle, “Dhignal Radiaion Dosimeter with Improsed Integraune
Pulse lonization Chamber.” U.S. Pat. 3.712.983 (January 23. 1973).

Borkowshi. C. J.. and J. M. Rochelle. “Alarm Radiation Dosimeter with Improved Integrating
Pulse lonization Chamber and High Voltage Supphy.” U S. Pat. 2,711,705 (January 16. 1973).

Davidson. J. B._and .\, L. Case. “Ikvice and Mcthod tor Improving the Vertwal Resolution ot a

Two-Dimensional Television-Based Radiation Detection System ™ U.S. Fat. 3,729,585 (Apnl 24,
1973).

Glass. F. M., “Small Current Integrator.” U.S. Pat. 3,727,077 (April 10, i973).

Johnson. W. F.. and W. R. Milier. “Reaction End-point Recorder for Use with a Rotany Analytical
Fluorometer.” U.S. Pat. 3.740.760 (Junc 19, 1973).

Shepard. R. L.. and A. H. Malone. “Attenuation Co:npensation for Uhmsont. Thermometers.”
U.S. Pat. 3.738.171 (June 12, 1973).

Smith, O. .. E. S. Bettis, H. G. MacPherwon.' and A. M. Perry.” “Single Fluid Molien Salt
Nuclear Breeder Reactor.”™ U.S. Pat. 3.743.577 (July 3. 1973).

} Reactor Division
2. Engincering Divivion
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