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Foreword

The role of the Instrumentation and Controls Division in the activities of the Laboratory is one of wide
diversification and covers many technical disciplines. A major effort of the Division is to provide
professional service for the design, development, procurement, fabrication, installation, testing, and repair
of many kinds of instruments. Another effort of the Division deals with instrumentation systems that
protect or control complex processes such as chemical plants and nuclear reactors, which requires an
understanding of the kinetic behavior of the processes during both normal and abnormal conditions. Thus,
part of the work of the Division is directed toward the analysis and evaluation of the dynamic behavior of
large plants and facilities. It is only natural that the Division is participating in the preparation of standards
and criteria for instrumentation systems for the control and protection of nuclear reactors.

The Division, which employed about 280 persons in fiscal year 1972, comprises two departments and a
small group: the Instrument Department, the Reactor Controls Department, and the Basic Instrumentation
Group. This document is a report of the accomplishments and activities ot these three groups.

It is our purpose in this report to tell what work we did — not how we did it. Since instrument services
are provided for almost all Laboratory divisions, we describe the scope of the work and its range of
complexity from very simple components to complex, sophisticated systems. We hope that from this
information our scientific readers at the Laboratory will have a better understanding of the technological
level and capability of this Division and perhaps will obtain some ideas on how some application described
herein might be beneficially applied to other experimental work. Another purpose -of this report is to
announce new or improved designs of instruments, new methods of measurement, accessories, etc., which
represent a lower cost or improved performance over an existing unit or are noteworthy for some other
reason, such as extending the range of application.

Most topics are reported briefly, only one or two paragraphs. If a report or a journal article has been
published or submitted for publication or if a paper has been given or proposed, the abstract is included
here. We hope that interested readers desiring more information on any topic will call or write any of the
persons whose names are listed with each topic.

NOTICE

Mention of companies that supply products or services or of brand nares is made in this report for
information purposes only and does not imply endorsement by Oak Ridge National Laboratory or the U.S,
Atomic Energy Commission. '
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1. Pulse Counting and Analysis

1.1 PROPORTIONAL COUNTER PHOTON CAMERA'
C.J. Borkowski M. K. Kopp

A gas-filled proportional counter camera that images photon emitting sources was built and tested. This
camera measures and displays the impact location of individual photons in an energy range between | and
150 keV and permits pulse shape and energy discrimination for background reduction. Possible fields of
applications for this camera include nuclear medicine, nuclear physics, x-ray diffraction, and related areas.
The signal processing of the camera is based on further improvements and simplifications of the risetime
method as applied to multiwire position-sensitive counters. Materials inside the counter were selected so
that the camera can be used over [ong periods of time without puidfication of the counter gas.

The sensitive area of the carnera is 200 X 200 mm?, and the size of each picture element is 1 X 1 mm?;
thus 40,000 picture elements are resolved. Counting rates of up to 20,000 photons/sec do not appreciably
affect the spatial resolution. The camera has been tested only with low energy photons (<30 keV) to
determine the properties and applicability of the camera; however, by use of high pressure (>>10 atm) Xe
counter gas, a useful detection efficiency (>>30%) and good spatial resolution are expyected for 150-keV
photons.

1. Abstract of published paper: JEEE Trans. Nucl. Sci. NS§-19 (3), 161--68 (1972).

1.2 SOME APPLICATIONS OF FLY’S EYE: AN IMAGING
COUNTER FOR THERMAL NEUTRONS

J. B. Davidson A. L. Case

The position-sensing counter developed for thermal neutrons and reported in previous annual reports
was tested as a low-level, digital radiographic camera. Tests were made using a stundard image quality
indicator and familiar objects, e.g., the ORNL film badge. Cadmium holes 0.5 mm in diameter and
separated 0.25 mm were clearly seen. Color radiographs in which neutron transmission was translated to
color were taken directly from the analyzer display screen. These included sterevscopic pairs. Using a
promethium-147 source and the same lithium fluoride-zinc sulfide screen as for neutrons, x-radiographs
were also taken.

Through: the cooperation of the statf of the ORAU cancer hospital, a section of hone known to contain
a tumor was Obtained to explore an application 1o cancer detection as described by Whittemore and
Boyne,! among others. Figure 1.2.1 shows an ordinary x-ray photograph above and the neutron radiograph
below. ' '

Tissue from the small end of the bone section was examined and found cancerous, although the x-ray

and visual inspections were inconclusive. The large dark area on the left was previously known to be



cancerous. The exposure to the bone was approximately 1 mR. Further tests with other specimens and with
confirmatory histology are planned.

The detector was applied to nondestructive examination of ferrite crystals which had been grown in
platinum crucibles. Bragg reflections from the crystals were displayed on the monitor and recorded in the
analyzer before the crucibles were opened. When the crystals were poorly formed, the material was melted
and regrown at a considerable saving. Previous inspection techniques using Laue patterns recorded on film
had been difficult to interpret and had required several hours instead of several minutes required with Fly’s

PHOTO 3347 - 72

Fig. 1.2.1. Comparison of an ordinary x-ray and a neutron radiograph of a diseased bone take with Fly’s Eye. (z) X-ray
and (b) neutron radiograph.



Eye. The reflecting power of the various planes was clearly seen and suggested an important application in
neutron diffraction topography.*

A promising area of application appears to be the study of oriented fibers by neutron diffraction. A
diffraction pattem from a small sample of Teflon (3 X 4 mm) clearly showed order in the structure. The
arcs of the pattern were just visible on the live TV monitor. A run of 30 min gave a well-defined pattern on
the displays of the 20K channel (200 X 100) analyzer.

Work to improve the spatial resolution of the system is being continued. The horizontal resolution, with
a 0.5 mm phosphor thickness, is 0.12 mm fwhm. The vertical resolution is 1 mm fwhm.

A patent application was filed by the U.S. Atomic Energy Commission for this method of improving
the vertical resolution of a TV based position-sensing detector. We have not been able to incorporate this
method into the system because of lack of funding.

1. P. 1. Boyne and W. L. Whittemore, Nature 30, 461-2 (April 16, 1971).
2. K. Doi et al., J. Applied Cryst. 4,528 (1971).

1.3 A BROADBAND CURRENT PREAMPLIFIER CONFIGURATION FOR OBTAINING
HIGH RESOLUTION ENERGY AND TIME INFORMATION FROM NUCLEAR
RADIATION DETECTORS'

J.K.Millard>  T.V.Blalock® N.W_Hill

A broadband current preamplifier was developed to complement nuclear spectroscopy systems
requiring linear gating. The preamplifier stage configuration consists of an FET input, a broadband
interstage current gain section, and a high-impedance feedback network. The preamplifier produces a noise
line width comparable to charge-sensitive designs having similar parameters. Because of large bandwidths
and low-noise performance, the preamplifier, connected directly to a fast leading-edge discriminator,
generates very accurate timing data.

A preamplifier consisting of three gain stages was built and subsequently tested with Ge(Li) detectors.
This preamplifier had a current gain of 10,000, a rise time of 8 nsec with a 10-pF detector capacitance, and
a O-pF noise line width, using an RC-RC ungated filter, of 1.4 keV (fwhm Ge). With the preamplifier
operating from a 10 cc Ge(Li) coaxial detector, timing experiments utilizing the *®Co gamma cascade
indicated resolutions as low as 1.15 nsec fwhm.

1. Abstract of paper published in IEEE Trans. Nucl. Sci. NS-19(1), 388—95 (February 1972).
2. Present address: Hewlett-Packard Co., Colorado Springs, Colo.
3. Consultant from the University of Tennessee, Knoxville, Electrical Engineering Department.

1.4 FAST TIMING FROM A FISSION IONIZATION CHAMBER!
H. Rosler?  J.K.Millard>* N.W. Hill

The timing resolution of a 232Cf.loaded fission ionization chamber connected to a new current
preamplifier has been tested by looking at coincident fission fragment pulses and pulses from fission y-rays
which are detected in a plastic scintillator. A time resolution of I nsec fwhm could be achieved.

1. Abstract of paper published in Nucl. Instr. Methods 99(3), 477—86 (March 15, 1972).
2. Visiting scientist from Reaktorstation Garching, Munchen, Germany.
3. Present address: Hewlett-Packard Company, Colorado Springs, Colo.



1.5 LOW INPUT IMPEDANCE , FAST CURRENT AMPLIFIER
FOR MEASURING o; FOR 2#°Cf

C. E. Bemis, Jr.!
J. W. T. Dabbs? A. N. Ellis 3
N. W. Hill M. S. Moore!

To determine fission cross sections from time-of-flight measurements for short-lived, transuranic
elements such as 2*°Cf, the alpha particle pile-up count rate must be reduced to a small percentage of the
neutron-beam-induced fission rate. This requires small samples, intense neutron beams, and fast current
collection times for the alpha events.

A technique that meets these requirements was developed. A large-area, 5-mil-thick, diffused-junction
detector which is connected directly to a low input impedance, fast current amplifier is placed directly in
the neutron beam from the ORELA. The low input impedance (<3£2) and direct connection are necessary
because an ~500 pF detector capacity and a conventional cable impedance would determine a pulse
duration of a ~40 nsec.

With a rise time of <l nsec and a gain of ~70, this amplifier-detector combination produced a pulse
duration of <15 nsec and enabled a time-of-flight measurement of o, for a 128-ug sample of 2*°Cf with
respect to 235U over an energy range from 0.32 eV to 1.5 MeV (~107 alphas/sec). Radiation damage
required replacement of the diffused-junction detectors after 10-15 hr usage. Measurements were made at
9.73 min flight path 2 at the ORELA at an average power of 25 kW.

A prominent feature of these results is that a very large resonance at 0.71 eV accounts for ~60% of all
249 Cf fissions observed in the experiment. These data overlap and extend to lower energies the unpublished
results of Silbert measured on the Physics-8 underground explosion.

1. Chemistry Division.
2. Physics Division.
3. Los Alamos Scientific Laboratory.

1.6 THIN ®Li(n,c)T TRANSMISSION FLUX MONITOR!
R. L. Macklin?  B.J. Allen> N.W. Hill

A thin glass scintillator system has been developed for fast time-of-flight neutron monitoring at the
ORELA electron linear accelerator. Beam backgrounds under 1% from 6-100 keV, negligible environmental
background, beam flash recovery in 1.25 usec and time resolution of less than 2 nsec have been achieved
on a 40 m flight path. The monitor can be used in transmission, on line introducing additional dips of less
than 4% in the transmitted neutron spectrum at 55, 200, 240, 440 keV and higher from the constituents of
the glass scintillator.

1. Abstract of article published in Nucl. Instr. Methods 96(4), 509—13 (November 1, 1971).
2. Physics Division.
3. ORNL and Australian Atomic Energy Commission, Lucas Heights, N.S.W. Australia.



1.7 A HIGH RESOLUTION SPECTROMETER SYSTEM WITH PARTICLE IDENTIFICATION
FOR 1- THROUGH 60-MeV HYDROGEN AND HELIUM PARTICLES!

F.E. Bertrand®>  W. R. Burrus®
N. W. Hill T. A. Love*
R. W. Peelle?

A coincidence semiconductor spectrometer system based on a Ge(Li) total absorption detector has been
applied to the simultaneous spectroscopy of all charge-1 and -2 particles from targets bombarded with
protons with energy up to 62 MeV. Qutput spectra cover the range from the full energy down to a 1- to
5-MeV threshold, which depends on the particle type. The method for choosing the thicknesses for the two
AE detectors is discussed and unusual features of the system are described.

Particles too slow to penetrate the first AE counter were sorted according to mass, using the flight-time
vs E discrimination, while the wmore energetic particles were separated using two sets of AE X E
discrimination. Germanium detectors thick enough to stop 60-MeV protons were used with particles
entering perpendicular or parallel to the field lines, and, in cither case, the only significant inactive region in
the path of the detected particles was the protective foil over the Ge(Li) detector. The typical pulse-beight
resolution of the system was about 200 keV for 60-MeV protons, although a Ge detector used alone gave
55-keV resolution at this energy.

Analysis was perfornmed after the experiments using magnetic tapes written by an on-line computer;
corrections to the pulse-height spectra for reaction and collimator tails are discussed. The electronic logic

3

system is described, including portions for event characterization, for use on an “active” detector

collimator, and for pile-up puise rejection based on timing information.

. Abstract of paper submitted for publication in Nuclear Instruments and Methods.
Physics Division.

Present address: Tennecomp, Inc., Oak Ridge, Tennessee.

Neutron Physics Division.

B

1.8 GATING UNIT FOR NEUTRON MULTIPLICITY COUNTER

F. M. Glass J. Halpetin®
R. L. Macklin? R. T. Roseberry
H. W. Schmitt! R. W. Stoughton'

The continued search for superheavy elements in natural samples and accelerator targets through the
use of a neutron multiplicity counter led to the development of a new gating circuit which is currently in
use with the neutron multiplicity counter previously described.® ~® This new gating circuit (Q-5138), which
replaces the coincidence-anticoincidence unit previously described,® was designed to cover the total range
of experimenter interest and to simplify acquisition and evaluation of data.

In addition to the features of the old unit, the range of the new unit was extended to recognize
multiplicities up to 12. When more than one neutron is detected within the preset gating time, a pulse is
gencrated and addressed to the scaler that counts that particular multiplicity (i.c., doublets, triplets, ctc.).
This gating unit also counts the total neutrons, total gates, and total number of overflows. The lengths of
the coincidence and the inhibit {or anticoincidence) gates are controlled by a 1-MHz crystal-controlled
clock and are variable to 999 and 900 usec, respectively.

1. Chemistry Division.
2. Physics Division,



3. R. L. Macklin et al.,, “Neutron Multiplicity Counter,” Chemistry Div. Annu. Progr. Rep. May 20, 1971,
ORNL-4706, pp. 87--89.

4. R. T. Roseberry et al., “Neutron Multiplicity Counter Buffer Memory and Printer Control Logic,” Instrumentation
and Controls Diy. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 3.

5. R. L. Macklin et al., ““Neutron Multiplicity Counter,” Nucl. Instr. Methods 102(1), 18187 (July 1, 1972).

6. F. M. Glass, “Coincidence-Anticoincidence Unit,” Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1,
1971, ORNL-4734, p. 8.

1.9 MULTIPARAMETER DATA ACQUISITION SYSTEM
R.W.Ingle J. W.Reynolds

A system was designed and fabricated for use by the Neutron Physics Division for multiparameter
experiments using time-of-flight information and pulse height analysis. This system consists of a time
digitizer, a dual analog-to-digital converter (ADC) system consisting of two 100-MHz ADC’s with a data
digiplexer, and a multiparameter interface module that was designed and fabricated at ORNL. The ADC
system was modified to permit an entire read out of one ADC first when both ADC’s have data
simultaneously. Also, a second word of buffer storage was added to the digiplex unit to permit data
handling at a more rapid rate. The system is undergoing final phases of testing.

The interface module, incorporating TTL integrated circuitry, accepts binary information from the time
digitizer and pulse height digiplexer and transmiits it to the ORELA data acquisition computer through the
isolator system. A matrix type patch panel selects any combination of 30 bits to be handled by this
module. Three modes of operation are selectable by selecting the appropriate ready signal: time digitizer,
ADC, or dual. In the latter mode a ready flag from both ADC’s is required before a system ready flag is
presented to the computer. Two pulse-height signals can be handled with a single time-of-flight event by
reading into the computer the information from the first ADC with the time-of-flight value followed by
reading in information from the second ADC with the same time-of-flight value. The time digitizer is then
cleared and becomes ready for additional information.

1.10 CLOCK AND READOQUT CONTROL FOR FiSH TAG EXPERIMENTS
F. W. Snodgrass

Recording the temperature of a fish or of the surrounding water as a fish moves about in lakes and
streams is a project of the Environmental Sciences Division. An ultrasonic temperature-sensitive
transmitter' placed inside a fish transmits its temperature to a receiver and analog-to-digital converter in a
boat. An instrument (Q-5153) was designed and built to punch this digitized temperature data and time of
day on paper tape in ASCII format. The electronic time clock can be preset and the data displayed by a
solid-state readout device. Readout rates are selectable from once per second to once per hour.

1. J. M. Rochelle, Instrumentation and Controls Div. Annu, Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 10.

1.11 RIST TECHNICAL SERVICE UNIT NUCLEAR ELECTRONICS
J. M. Rochelle

The RIST Technical Service Unit Nuclear Electronics (Q-5114) is a complete two-channel energy
analysis system which includes four photomultiplier tube (PMT) high-voltage supplies, a precision mercury
pulser, a main pulse amplifier, and two differential discriminators, each followed by a logarithmic
count-rate meter. These circuits were developed as part of a compact, rugged, battery-operated radiation



detection and data acquisition system for the US. Army Corps of Engineers in making routine
radioisotopic sand tracer studies. A primary objective in development of this unit was that all required
electronic functions would be in a single package and would use less than one-fourth the volume and power
required by the individual NIM standard modules used for the original RIST feasibility experiments.

The four, -1200 V, individually packaged PMT bias supplies can be independently energized from the
-12 V bus to enable operation of any combination of the four PMT’s. (The scintillators, PMT’s and
charge-sensitive preamplifier are contained in a special detector assembly which is towed along the ocean
tfloor by a surface vehicle which also houses the Q-5114 technical service unit and accompanying digital
equipment.) A potentiometer in series with the output of each supply enables small adjustments in the
operating voltage for each PMT. The -1200 V circuit is an adaption of a dc-to-dc converter (Q-2291). This
class of converters exhibits good efficiency and excellent output voltage regulation over a wide range of
input voltages.

The precision mercury pulser has classical circuitry to obtain a fast-rising positive pulse with a 50-usec
exponential tail at a 90-Hz rate and a 50-0 output impedance. The pulse height, derived from a stable
Zener reference, is continuously variable from 0 to 300 mV by a front-panel pot. Either the pulser output
or the preamplifier output can be routed to the main amplifier input by a front-panel switch.

The pulse gain of the main amplifier is variable from X4 to X320 using X2 coarse steps (constant
impedance attenuators) and a 2.5:1 fine control. This gain is derived by cascading four operational
amplifiers using monolithic integrated circuits for the first three stages and a high slew rate modular unit for
the 10-V output stage required to drive an external pulse height analyzer. A separate, unity gaia FET input
amplifier provides the proper input for cach differential discriminator. The overall gain stability is > +200
ppm/°C.

Excellent amplifier pulse shaping and noise rejection are obtained by a passive, terminated L-C filter.
The resulting unipolar output pulse reaches a peak value at ~5 usec and is almost symmetrical. No
undesirable undershoot or ringing was observed, although the filter was fabricated using low-cost, +10%
miniature inductors. Pole-zero cancellation and long coupling-time-constants aid in overload recovery and
prevent excessive base-line shift at high count rates.

Each of the two differential discriminators has a simple circuit with monolithic integiated circuit
comparators but without the usual flip-flops or delay networks. The result i3 a fast discriminator with no
dead-time beyond the width on an input pulse and with a temperature stability of > +100 uV/°C for the
fully adjustable upper and lower discrimination levels.

The 100-nsec-wide discriminator output puise, which occurs when the input pulse retums below the
lower discrimination level, triggers a l-usec one-shot for driving external counters and a logarithmic
count-rate meter.

The four-decade (10 to 100,000 counts/sec) logarithmic count-rate meter has a novel circuit design that
does not require independent decade calibrations or excessively large integrating capacitors. The unit is
more compact, requires less critical components, and is theoretically more accurate than the commonly
used parallel-pump circuit configuration. Calibration requires use of two different count rates: one is
obtained from a built-in 10-Hz unijunction oscillator (which also serves to keep the logarithmic meter on
scale in the absence of data input), and the other is the sum of the 10-Hz oscillator and the 90-Hz mercury
pulser.

All of the Q-5114 functions make maxirnum use of off-the-shelf integrated circuits, and any one could
be packaged in a single-width NIM module. In particular, both the differential discriminator and logarithmic
count-rate meter could be mounted in one single-width module to create an instrument not presently

available from commercial sources.



2. Miscellaneous Electronics Development

2.1 HYBRID MICROCIRCUIT ACTIVITIES

J. T. De Lorenzo
E.J.Kennedy!  J.M. Rochelle  C. H. Tucker

A hybrid integrated circuit (IC) faciiity was installed in the Instrumentation and Controls Division so
that ORNL would have a modest “inhouse” capability for fabrication of IC’s for small projects and Division
engineers would gain an understanding of the fabrication process and its problems. This knowledge will be
particularly helpful when large quantitics of IC’s are purchased from industrial manufacturers.
Small-volume orders from industry cannot be justified economically. The facility has a thermocompression
and an ultrasonic wire bonder for making interconnections on monolithic breadboard chips or for
connecting low-cost transistor, resistor, and capacitor chips obtained from industry. The facility is used to
make IC’s for projects rather than just research and development devices because projects require
engineering capability and pay for this service.

One of the first benefits of this facility was the production of IC’s for the successful development of
electronic fish tags.? Following this, an all-solid-state electrometer circuit that had been developed
previously with discrete components was selected for reduction to a hybrid IC with three chips foruse in a
portable beta-gamma survey instrument (Cutie Pie). Studies are being continued to make more improved
and sophisticated fish tags. Another application is an evaluation of photographic and etching resolution by
making thin-film resistor and conductor networks on commercially available metallized substrates. Many
other circuits used at ORNL that possibly could be improved by hybrid packaging will be investigated as
IesouIces permit.

1. Consultant from ihe Electrical Engincering Department, the University of Tennessee, Knoxville.
2. J. M. Rochelle, “Ultrasonic Temperature Telemetry System for Tagging Fish,” Instrumentation and Controls Div.
Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 10.

2.2 NIM SYSTEM POWER SUPPLY

E.E. Waugh G. A. Holt
C.C.Courtney  W. E. Lingar

A new NIM power supply (Q-3003B) with 96 W output was developed. The supply will fit either the
5%,- or the 8%-in. NIM bin.



Typical power supply specifications are

Input voltage: 103--129 V ac, 60 Hz, 1 phase.

Output voltages: +12Vat0-2 A, and 24 V at 01 A, simultancously.

Line regulation: 0.01% for +14-V line change from nominal 117 V ac.

Load rcgulation: 0.01% for a load change of 0 to 1 A.

Temperature coefficient: 0.001%/°C over an ambient temperature range from 0 to 55°C.

Noise and ripple: <1 mV peak-to-pcak, observed on a 50-MHz bandwidth oscilloscope.

Short-circuit protection: Each output voltage is independently current limited at ~1.2 A for 24 V, and
2.2Afor£12 V.

Thermal protection: A front-panel light is actuated when the ambient temperature exceeds 55°C; the

supply is thermostatically turned off, and a front-panel light is actuated when
the heat sink temperature exceeds 95°C.
The advantage of this power supply over an earlier model is that the output power was increased from
72 to 96 W without increasing the volume of the supply.
An initial lot of 10 units is being built by the Fabrication Shop of this Division for testing purposes.

2.3 IMPROVED NIM LAMINATED BUS
E.E.Waugh  G. A. Holt

An improved laminated wiring bus (Q-2800-25D) was developed for the NIM system. This bus will
eliminate much of the damage to the contacts that occurred to the old bus before being installed in a NIM
bin. The feeder hook-up wises, soldered to the strip on the old bus, were replaced by copper strips that are
an integral past of the new bus strip. The new bus is simpler and less expensive and requires less space for
installation in the NIM bin. A commercial supplier will fabricate 100 units for stores stock.

2.4 ELECTROCHEMICAL AMBIENT AIR MONITOR
C.C. Courtney  T.R.Mueller!

An electrochemical ambient-air monitor was developed under contract with the Air Programs Office of
the Environmental Protection Agency.

The monitor was designed to be an easily modified electrochemical monitor that can be adapted to
determine several different chemical species or to use different electrochemical techniques for a single
element. It is being used as a chlovine-chloride monitor, with a range from 0 to 100 ppm and a resolution of
£10 ppb.

The control unit for the air monitor has a plug-in etched wiring board which can be modified easily for
different adaptions of the instrument. The control unit is packaged in NIM hardware and mounted in an
instrument cabinet containing the air monitoring system.

1. Analytical Chemistry Division.

2.5 EMISSION-ABSORPTION PHOTOMETER
C.C. Courtney  T.R.Mueller!

A prototypic Emission-Absorption Photometer (Q-5134) was designed and fabricated for use with
atomic absorption or flame emission photometric analysis. The instcument will be used initially for
determination of mercury in food and ecological samples by flameless atomic absorption photometry. The
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photometer is packaged in a standard 8%-in.-high by 19-in.-wide relay rack panel and has plug-in etched
wiring boards to facilitate fabrication and maintenance. Operation is controlled by pushbutton switches
located on the front panel or remotely by DTL-TTL levels.

The instrument is equipped for two-channel operation; the second channel signal is (1) derived
internally as a fixed reference, (2) acquired through the channel 1 amplifier, or (3) acquired through the
channel 2 amplifier or from a controlled external source.

Mode 1 provides a simple logarithmic readout of the photocurrent.

Mode 2 determines the intensity of the photocurrent with no sample present and holds it as reference
signal. Subsequently, in the presence of an absorbing substance, the photocurrent is decreased. The
concentration of the absorbing substance is determined in atomic absorption photometry (AA) from the
Beer-Lambert relation: 1 = I,e ¥}, where I is the intensity of the light after passing through 1 cm of an
absorbing medium containing ¢ moles/cm® of the absorber with an absorption coefficient k, and I is the
intensity of the incident light.

Mode 3 furnishes a reference signal that can be programmed to simulate nonideal absorption cell
behavior or can be used to provide a chopper channel for flame-excited atomic absorption analysis (to
correct for flame emission).

A digital panel meter from which a BCD coded output can be obtained is a convenient display of the
log-ratio signal for flameless AA.

1. Analytical Chemistry Division.

2.6 IONIZATION CHAMBER CURRENT QUANTIZER FOR RADIOLOGICAL
ENVIRONMENTAL MONITORING SYSTEM!

F. M. Glass

A current-to-frequency converter, having a total leakage current <10™'* A was developed as an
lonization Chamber Current Quantizer. This instrument measures currents from 0.5 X 107! 009X 107
A without range-switching, which corresponds to a radiation range from 0.5 to 10,000 R/hr when used with
a 1000-cc standard air equivalent chamber. The output of the converier is positive pulses having a
frequency directly proportional to the ionization current. The calibration is adjustable within a range from
24X 107! to 9 X 107! coulomb/pulse. Built-in current sources enable a check of the calibration. The
instrument has a high tolerance for gamma radiation, humidity, and ambient temperature.

1. Abstract of published report ORNL-TM-3906 (August 1972).

2.7 CRYSTAL CONTROLLED PULSE GENERATOR
F.M. Glass C. C. Courtney

A pulse generator (Q-2167) with a precise repetition rate was redesigned for use in calibrating
count-rate meters because the decade dividers used in the Q-2167 unit are no longer commercially available.
The new gencrator (Q-2167A) is half the size of the older one, covers a wider range of frequencies, and can
be built for about 30% of the cost of the older unit.

The basic frequency is determined by a 1-MHz, crystal-controlled clock. The outputs from the
generator are nominal 5-V-negative and -positive rectangular pulses having nominal widths of 600 nsec and
attenuated negative pulses with exponential RC decays. The amplitude and decay time-constant can be
varied by selector switches. Any one of 63 fixed frequencies from 0.1111 Hz to 1 MHz is selectable.
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2.8 COMPACT CHARGE-SENSITIVE PREAMPLIFIER FOR ®He COUNTER
J.T.De Lorenzo  C.C. Courtney  D.D. Walker

Space limitations in a shield and breeder blanket to be tested at the Tower Shielding Facility for the
Liquid-Metal Fast Breeder Reactor program required a charge-scositive preamplifier with physical
dimensions smaller than could be purchased commercially. A circuit design based on that of Hill and
Albritton' was modified and packaged in an enclosure approximately 2 in. in diameter and 4 in. long to
satisfy the unique requirement.

1. N. W. Hill and W. P. Albrition, “An Input-Capacity-Insensitive, Charge-Sensitive Preamplifier for Simultaneous Use
in Vacunm with Fast Amplifiers for Charged-Particle Studics with Semiconductor Detectors,” Nucl Instr. Methods 75(1),
18-28 (1969).

2.9 EVALUATION OF THE CD V-715-1 SURVEY METER AS AN EDUCATIONAL TOOL
F. M. Glass

The CD V-715-1 ionization chamber survey instrument was evaluated for use as a science classroom
instrument. Detailed instructions were prepared for converting the instrument into an clectrometer suitable
for science classes. The conversion requires only materials that are commonly available to science class
rooms and cost less than $1.00. Comprehensive operating instructions were prepared for using the
electrometer to measure small currents. Procedures for conducting many classtoom experiments were also
prepared. These experiments require only common and inexpensive materials that arc available to most
students without cost.

This work was performed under OCD contract DAHC 20-72-C-0011.

2.10 ULTRASONIC FISH TAG IMPROVEMENTS
J. M. Rochelle

An improved circuit was designed for the Ultrasonic Fish Tag (Q-5099)' developed for the
Environmental Sciences Division, allowing physically smaller tags with a longer battery life. New tags only 1
in. long function for nearly a year, and up to two years of useful life can be obtained with tags 1% in. long.
Temperatures measured by these tags are accurate to within +0.2°C.

This work will be continued to further reduce the tag size and to develop a depth measuring tag.

1. J. M. Rochelle, “Ultrasonic Temperature Telemetry System for Tagging Fish,” Iustrumentation and Controls Div.
Annu. Progr. Rep. Sept. 1, 1971, ORNI(-4734 (July 1972), p. 10.

2.11 RADIATION DETECTOR CIRCUIT FOR AUTOMATED
ATTACK-EFFECTS INFORMATION SYSTEMS-1

F.M. Glass  C. C. Courtney

An engineering study was made to determine the most acceptable radiation detector and electronic
circuit for the Automated Attack-Effects Information Systems-1 within the following guidelines.! The
detector and electronics must be compatible with the concepts set forth in the Stanford Research Institute
report. Cost and power consumption are major considerations because a’large number of instruments will
be required for a nationwide systern, and the instruments should continue to operate for several weeks after
a major power failure. Other essential characteristics are extremely wide range (four decades), good
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radiation immunity [including electromagnetic pulse (EMP)], acceptable energy response, and ability to
perform for many years in hostile environments.

Our approach to radiation immunity is to design a compact circuit that can be shiclded easily. Two
detector systerns were designed, with integrating pulse discharge ionization chambers as the detector, and
we believe that these detectors will meet all the requirements except cost. Both circuits have COS/MOS?
integrated circuit logic. One of these units should also meet the cost requirement when built in quantity.
This circuit is currently being built for test and evalnation, including radiation damage testing.

This work was performed under OCD Contract DAHC 20-69-C-0132.

1. R. W. Strunk and M, S. Colah, Automated Attack-Effects Information Systems-1, Stanford Research Institute, OCD
Contract DAHC-20-67-C-0136.
2. Manufacturer’s designation for complementary symmetry metal oxide semiconductor IC’s.

2.12 ENGINEERING STUDY OF A MODIFIED E-H ELECTROMETER MODEL 202
F. M. Glass W. E. Lingar

An engineering study was made to determine the cause and correction of a constant drift and high
incidence of failures in CK5889 electrometer tubes in the input of Q-2338-5 R electrometers, which are
E-H model 202 electrometers modified for use in the High Voltage Laboratory Radiation Monitoring
System.! Small changes in the transconductance of twelve CK5889 tubes were observed for four months at
given heater voltages and cathode currents. A conclusion from this study was that four minor circuit
changes would virtually eliminate these tube problems, so current sources were installed in seven
electrometers as a convenient calibration check.

1. W. E. Lingar, “High Voltage Laboratory Radiation Monitoring System,” Instrumentation and Controls Div. Annu.
Progr. Rep. Sept. 1, 1962, ORNL-3378, p. 26.

2.13 INVESTIGATION OF UNRELIABILITY OF MAGNET CURRENT SOURCE
W. E. Lingar

An investigation was made to determine the cause of unreliable operation of a 25 kW currént-regulated
magnet supply that is used for research with the Tandem Van de Graaff machine in the High Voitage
Laboratory.

We concluded that a rapid change in the current through the magnet induced a high voltage across the
transistor bank which exceeded the voltage rating of the transistors and caused them to fail. Also, the
power rating of each emitter resistor was less than the rating of the emitter fuse. Thus, when a transistor
failed, the emitter resistor was destroyed instead of the fuse element. Means of correcting these design
deficiencies are being considered.

2.14 GROUND ISOLATION' CARD TESTER
J. W. Reynolds

A tester was designed with DEC R Series flip-chip modules and constructed in a two-unit-wide NIM
chassis to allow off-line testing of eight types of ground isolation circuit cards used by the ORELA data
handling system. The ground isolation of 10'® § per digital circuit is provided by a signal-powered
oscillator-transformer-transistor combination of components.

The off-line testing of suspected failures allows a minimum downtime (to change a card) of the data
acquisition system which operates around the clock. The tester also supplies a fixed-frequency,
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variable-width pulse in place of the random data bits. The tester has been used to pretest the isolator cards
DAC-1, DAC-2, and the Phase III computer ground isolation.

There was one circuit failure of 521 installed since completion of the installation in February 1972.

An operators instruction manual was prepared.

1. J. W. Reynolds and R. P. Rosenbaum, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, p. 27.

2.15 DATA ACQUISITION TESTER FOR THE ORELA
J. W. Reynolds

A tester was designed with DEC M series logic modules and constructed in a four-unit-wide NIM module
to allow on-line checking of 2 multiplexer channel or a scaler interface with a known data pattern so that an
intermitient hardware error could be located anywhere in the data acquisition hardware. The detected
crrors, bit pick-ups and dropouts, are displayed on a CRT with the display software used by the
experimenters at the ORELA. The data acquisition hardware from the experimenter to the computer
input-output bus are a stacking buffer memory,' a patch panel, ground isolation for a multiplexer channel,
and channel gating for the multiplexer interface to the SEL 810B input-output bus. In addition, the tester
will be used by Systems Engineering Laboratories in the fourth quarter of 1972 to perform in-plant testing
of the multiplexer and scaler interfaces on DAC-3.

1. R. E. Wintenberg, J. W. Reynolds, and A. R. Smith, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1,
1971, ORNL-4734, p. 34.

2.16 ZEBRA-STRIPE MICROWAVE INTERFEROMETER FOR ORMAK
D. D. Bates

To measure the plasma density in the ORMAK, a microwave interferometer (Fig. 2.16.1) of the
zebra-stripe type was developed.

Power from the swept klystron is divided into two paths. The reference path is short so that phase shifts
are negligible. The plasma path, however, is long so that, as the frequency of the klystron is swept, the
phase relationship of the two paths changes. The mixer supplies an output signal to the Z axis of the
oscilloscope to enhance the trace when the signals are in phase. For ORMAK, the plasma path was made
long enough that the signals would be in phase at least three times during the sweep of the klystron to
furnish three unblanking pulses to the scope. With the horizontal sweep of the scope set at a low value
compared with the klystron sweep, the fringe patterns of the three interferences are portrayed.

The operation described above is the steady-state condition without a plasma. As the plasma builds up
between the horns, the effective dielectric constant changes by an amount determined by the plasma
density between the homs. The effective path length of the plasma is thus changed, resulting in a phase
change of the signal in the plasma path and a shift in the location on the scope at which the unblanking
occurs. The density of the plasma can thus be determined by measuring the number of fringe shifts on the
scope.

Components were ordered to build a second interferometer system, and, if the power from the klystron
can be divided to drive two plasma paths, the two systems will be combined to provide four channels of
information on the ORMAK plasma density profile.
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Fig. 2.16.1. Diagram of microwave interferometer.

2.17 MICROWAVE PREIONIZATION GENERATOR FOR ORMAK
D. D. Bates

An 8-mm microwave generator was designed to supply microwave energy to preionize the plasma in
ORMAK. A surplus radar transmitter was modified and used as the output stage of the generator to
generate the 40-GHz, 40-kW pulses.

The control unit for the generator contains the oscillator and control logic to operate the generator
only during an ORMAK shot. The unit preheats the magnetron filament and turns on the high voltage 30
sec prior to the shot, and then provides 4- or 8-kHz trigger pulses to the microwave generator during the
shot. Thus, the life of the magnetron is greatly enhanced, since it operates only for about 0.5 sec during
each experiment.

2.18 FAST IONIZATION GAGE FOR ORMAK
D. D. Bates

During the 100-msec experiment run time of ORMAK, the pressure in the liner changes two to three
orders of magnitude. The feedback system of a standard VEECO model RG-31X ionization gage was
modified to allow the gage to respond in about 1 msec to the fast changes in pressure. The pressure (torrs)
is displayed on the vertical axis of an oscilloscope vs elapsed time of the experiment on the horizontal axis.

2.19 FAST ION GAGE REGULATOR

R. E. Wintenberg

An updated, repackaged version of the Thermonuclear Division Fast Ton Gage Regulator, Mark I, was
designed for the ELMQ Bumpy Torus Experiment.! This version has four ion gage control units per chassis,
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one electrometer, and a switched front-panel readout having both analog and digital panel meters. Separate
commercial power supplies enable a more compact arrangement,

1. R. A. Dandl et al., The ELMO Bumpy Torus £xperiment, ORNL-TM-3694 (November 1971).

220 MINIATURIZED SELF-CONTAINED AMPLIFIER
R. E. Wintenberg

A miniature, battery operated, general purpose, amplifier was designed for the Thermonuclear Division
ELMO Bumpy Torus Experiment.! The amplifier has a gain of 100, from dc to 10 kHz (—3 dB). It is
packaged in a 2.2 in.> box having a male and a female BNC connector on opposite ends. The major
components are a pA-776 operational amplifier, four type-675 mercury cells, an on-off switch, and a
balance pot. The input resistance is 100 kS2, the output swing is +2 V into 5 k&2, the output noise is £2 mV
peak, and the no-load battery drain is 100 pA.

1. R. A. Dandl et al., The £LMO Bumpy Torus Experiinent, ORNL-TM-3694 (November 1971).

2.21 GROUND FAULT DETECTOR

R. E. Wintenberg

A ground fault detector was designed for the Thermonuclear Division ELMO Bumpy Torus
Experiment.’ The detector measures the ohmic resistance to ground of a floating 2.5-MW dc generator and
its connected load. The detector will operate in 10 V of 60 cycle ripple and commutator noise on a bus
having as much as 0.5 uF capacity to ground.

The detector operates as follows: a 93-Hz current is ac coupled into the generator bus which forms part
of a bridge circuit; a synchronous FET switch samples the bus voltage and drives an integrator. Changes in
phase cause the integrator-meter amplifier to produce an output; 60 Hz and other frequencies average out.
DC on the bus is blocked by the bus coupling capacitor, and transients are clamped with Zener diodes. An
alarm circuit drives an annunciator. The unit is packaged in a two-unit-wide NIM module,

1. R. A. Dandl et al., The ELMO Bumnpy Torus Experiment, ORNL-TM-3694 (November 1971).

2.22 MEASUREMENTS OF THE SHIELDING EFFECTIVENESS OF
COAXIAL AND TWO-CONDUCTOR CABLES!

J. T. De Lorenzo

A technique to measure the effectiveness of shields on coaxial and two-conductor cables was developed
and applied to several different types. Such measurements require considerable skill, and the published
literature does not describe methods adequately to make reliable measurements without extensive
experimentation and, very likely, misleading results. This paper describes this measurement technique and
gives results on several cables. The reliability of the measurement was verified by comparing calculated and
measured results for a solid copper-sheathed coaxial cable.

1. Abstract of published article: Rev. Sci. Instr. 43(1), 16164 (January 1972).
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2.23 MEASUREMENT OF SHIELDING EFFECTIVENESS
OF HIGH TEMPERATURE COAXIAL CABLES

J. T. De Lorenzo
W.T.Clay W.H.Houston D.P.Roux

The shielding effectiveness' of SODERN high temperature coaxial cables was measured over a range of
frequencies from 20 kHz to 10 MIz. These cables, constructed with a composite jacket (stainless
steel-copper-stainless steel) and designed for operation at 600°C, are intended for use in the low-level
neutron flux monitoring channels in the LMFBR program.

The measured data are very close to theoretical predictions. At 5 MHz, a value of 2 X 107% 2/m was
measured for a 4-mm-diam cable. This can be compared with ~2 X 107 Q/m for RG 233/U (a
double-braided, 50-§2 cable) and for a 4-ram cable with an all-stainless-steel jacket. At 2 MHz, these values
are ~107%,2X 1073, and 2 X 1072 Q/m, respectively, for these three cables.

The excellent performance of the 4-mm cable was a factor in its selection for use in the ORNL
high-temperature fission counter development program (Sect. 8.16).

1. J. T. De Lorenzo, “Measurements of the Shielding Effectiveness of Coaxial and Two-Conductor Cables,” Rev. Sci.
Instr, 43(1), 161--64 (January 1972).

224 BATTERY OPERATION OF INSTRUMENTS FOR FIELD EXPERIMENTS
J. M. Rochelle

The majority of modern scientific instruments (including NIM bin power supplies) are operated from a
standard 115-V ac power source. When these instruments are to be operated in undeveloped or inaccessible
locations, the supply of electrical power to the instruments becomes a major engineering consideration. For
larger, relatively fixed installations requiring more than about 100 W, the power is usually supplied by some
type of fuel-consuming plant such as a gasoline motor-alternator.

In many envirorunental studies, however, the instruments must be portable. Many could easily be
powered from a standard 12-V automobile battery by using an interfacing device to convert the battery
voltage to the required instrument voltages, which in many cases are <50 V dc.

If the instruments used accept only 115 V ac (i.e., if a stepdown transformer and voltage regulators are
built in) and if weight is not a major factor, then the logical choice for battery interfacing would be a high
quality dc-to-ac inverter. There is, however, a large class of instruments that do not have internal power
supplies and must be supplied directly with regulated dc voltages. Included in this class are many
commercial subsystems such as tape recorders, data converters, minicomputers, digital panel meters, and
many of the NIM packaged instruments, including those designed at ORNL.

For supplying battery power to this class of instruments, a transformerless de-to-dc converter (Q-5113)
was developed. A shunt-type switching circuit permits any one or more regulated voltages between +2 and
+50 V to be produced from a single 12-V battery. Units with output voltages of +5, +12, and +24 V were
developed, and they are being used with the RIST Technical Service Unit (Sect. 1.11). Negative voltages
and other positive voltage values could be obtained with minor modifications.

The Q-5113 converter output voltage regulation is better than +0.5% over an input voltage range from
10 to 14 V and about 1% from no load to full load of 25 W. Regulation over a temperature range from 0 to
50°C is better than *0.1%, and the output noise and ripple is <10 mV peak-to-peak. The operating
efficiency is ~75%.
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These versatile units, two of which can be packaged in a standard, double-width NIM module, should be
useful for many field experiments requiring battery powered nuclear instrumentation, particutarty when
weight limitations prohibit the use of the standard NIM power supply driven by an inverter.

2.25 INSTRUMENT FABRICATION
C.C. Courtney  C.H. Tucker C.E.Ryan

Newly developed prototypes of electronic instruments that required skilled and special fabrication
techniques or the quantity required was too small to be of commercial interest were constructed by the
Fabrication Shop of the Instrumentation and Controls Division. The following instruments are examples of
the service performed by the Fabrication Shop.

A stack monitoring system designed by ORNL to monitor flue gases for alpha or beta-gamma radiation
was constructed for the New Brunswick Laboratory of the U.S. Atomic Energy Commission. The system
cousists of an alpha monitor (Q-2362-3), a beta-gamma monitor (Q-2362-2), a commercial anemometer
with a count-rate meter (Q-2714), and a crystal-controlled pulse generator (Q-2167A) to check and
calibrate the system.

An improved model of the Cyclic Voltammeter' (Q-2943A) was constructed for the Analytical
Chemistry Division. The new model will give more stable operation with different cells and a grounded
working clectrode. A first-derivative and integrator module (module E) was also added to the instrument.

Log electrometer instruments (Q-2957B) and G-M tube background-monitoring instruments (Q-5027)
were fabricated for the Defense Civil Preparedness Agency for a radiological environmental monitoring
system.

In addition to fabrication of all etched wiring boards for construction of electronic instruments, the
etched-wiring-board facility was used for development of techniques to fabricate hybrid integrated circuits.

Almost all of the non-NIM system electronic instruments constructed in the Fabrication Shop are
equipped with NIM system hardware. The NIM systemn hardware has been used at ORNL since 1964, and its
continued use is due primarily to its versatility and low cost. The prefabricated parts are easily assembled,
and they can be arranged or modified to fit most packaging needs.

1970, ORNL-4620,p.9.
2.26 APPROVED WIRING DEVICES
G. A.Holt H.N. Wilson

The Division provided continuing support to the Laboratory program of upgrading the wiring devices
uscd in instrument construction and building wiring and on portable tools. Almost all “Crowfoot”
polarized wiring devices used throughout the Laboratory for building wiring were eliminated and replaced
with single-voltage-rated, two-pole, three-wire grounding devices that are approved by Underwriters’
Laboratories and will enable safer operation of instrumentation, apparatus, and portable tools.

The wiring devices used with the 120-208 V, three-phasz, wye-connected electrical service in common
use throughout the Laboratory were studied. A choice of four-pole, five-wire grounding devices for this
service was suggested to the Laboratory Safety Committee.

Wiring devices were procured, tested, evaluated, and selected for general Laboratory use. The devices
selected are safe and meet or exceed quality and performance requirements of the American National
Standards Institute, the Underwriters’ Laboratories, and the Occupational Health and Safety Act of 1970.
A comprehensive line of the selected wiring devices is being procured, and the nnits will be stocked in both
the General and the Electronic Stores at ORNL. These devices should meet the anticipated needs of the
Laboratory for the next several years.



3. Detectors of lonizing Particles and Radiation

3.1 MULTIWIRE PROPORTIONAL COUNTERS
H. R. Brashear G. W. Allin H. O. Cohn!

Coastruction of 20 multiwire proportional counters was started in support of the Physics Division
participation in experiments at the 30-in. bubble chamber facility at the National Accelerator Laboratory.
Charged particles with energies from 30 to 500 GeV will traverse the bubble chamber. To calculate the
momentum of the particles, the downstream trajectordes of the particles will be determined with these
proportional counters.

The particle trajectories will be defined by groups of counters at four locations along the beam line. At
each location, at least three counters will be mounted with the anode planes parallel to each other and
perpendicular to the beam line; the direction of the anode planes will be 120° with respect to each other.
Any one counter at a location will yield a one-dimensional coordinate to +£0.0393 in. of the traversing
particles. Two anode planes at right angles will yield two-dimensional coordinates of the particles, but these
could be ambigious owing to the simultaneous arrival of several particles. Three anodes will also give
two-dimensional coordinates and reduce the chance of ambiguity significantly. At some locations,
additional counters will be mounted to simulate a counter with 26 wires/in. to improve the resolution of
the coordinate measurement of the particles.

Each counter has a sensitive area of 1 ft?. Stainless steel, 0.0008-in.-diam anode wires are spaced 13
wires/in. (156 wires/counter). High voltage-to-anode spacing is 0.218 in. A separate amplifier and lower
level discriminator are provided for each anode wire. Signals from the amplifiers are driven differentially to
a central location and stored on magnetic tape for processing at a later time.

1. Physics Division.

3.2 SUPPORT FOR NEUTRON CROSS-SECTION MEASUREMENTS
F. E. Gillespie

Construction of additional fission chambers was started for use in neutron cross-section measureinents
by the Neutron Physics Division. These chambers contain 235U and 23°Py foils that were analyzed for
uniformity and absolute amount of material. The backing material is 0.5-mil-thick Al cemented to
5-mil-thick Al rings with a super-refractory cement, C-10. The latest fission chamber (Q-2851 model VIII)
was designed for ease of changing foils and uses a Y 4-in. cross-section Quad ring. This chamber has
2-mil-thick Al end windows and requires a special fixture for pumping and filling.

A '®B-coated plate was used in a neutron beam monitor. This design (Q-5087) is a symmetrical Frisch
grid chamber, Both 7Li peaks (0.48 and 0.56 MeV) and both alpha particle peaks (1.53 and 1.86 McV) can
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be resolved. The center plate is coated on both sides with ~10 ug/em? of !B on aluminized Mylar. The
grid plates are 5-mil-diam Al wires spaced 0.050 in. apart. The collector plates, also aluminized Mylar, are
used for the slow signals where pulse height information is obtained. The center boron-coated plate is used
for the fast timing pulse.

3.3 EXPERIMENTAL ELECTRONIC ACTIVITIES
J.H.Todd R.W.Ingle

Continuing assistance was given to a program in the Neutron Physics Division for measurement of both
capture and fission cross sections of fissile isotopes 223U, 235y, 238y, 239Py, 24Py, and 2*! Am.

Development of neutron flux measurement devices was continued, including gas-filled fission counters,
parallel-plate BF3; counters, and lithium-loaded glass scintillation detectors. Each of these devices has
limitations, such as signal to noise and uniformity of response. Studies of organic scintillators were started.

Instrumentation consisting mostly of the system previously in use at the 40-m flight station was
completed for a new 150-m flight station to be used to extend the high-energy region of cross-section
measurements. Work was also started on a new 95-m flight station.

3.4 X-RAY DIFFRACTOMETER BEAM MONITOR IONIZATION CHAMBER!
R. E. Zedler

A small ionization chamber was designed and built for the Metals and Ceramics Division to monitor the
incident beam between the entrance slit and the bridge of a Kratky small-angle x-ray diffractometer. The
beam is ~32 mm long and 1 mm wide. The outer dimensions of the chamber are %, by %, by 3-% in. long.
Beryllium windows are used over the 1-¥;-in.-long, ¥, ¢-in.-wide entrance and exit slits. The sensitive volume
of the chamber is 2.5 cm®. The chamber is filled with argon-10% methane to 76 cm pressure.

With the chamber monitoring the incident beam produced by a molybdenum target operated at 50 kV
and 18 mA, a chamber current of 1.65 X 107 A is produced. The measured transmission iloss of the
chamber is 8%.

1. Abstract of part of a paper to be published by R. Hendricks, F. M. Glass, J. T. De Lorenzo, and R. E, Zedler,

3.5 VARIABLE ELECTRODE SPACING 232Cf FISSION CHAMBER
M. M. Chiles

A fission chamber (Fig. 3.5.1) was designed for investigating electron collection time as a function of
electrode spacing, gas pressure, and electrode voltage. The electrode spacing can be varied from 0.5 t0 5.0
mimn by an external swivel point micrometer adjustment. This range of adjustment changes the gas pressure
only 5%. The chamber can be filled to a maximum pressure of 3 atm abs.

This chamber can be used to experimentally determine the optimum parameters to achieve minimum
electron collection time for resolving each fission pulse. From this timing information the maximum
amount of 252Cf usable in a chamber for a randomly pulsed neutron source! can be determined.
Requirements for the electronic equipment can also be obtained.

1. M. M. Chiles, “Double Containment 2520f Fission Charnber,” Instrumentation and Controls Div. Annu. Progr. Rep.
Sept. 1, 1971, ORNL-4734, pp. 15-16.
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3.6 METHOD FOR REMOVAL OF WATER VAPOR AND OXYGEN
FROM PROPORTIONAL COUNTER GAS

R. E. Zedler

The ultimate energy resolution of a proportional counter is frequently limited by electron-attaching
impurities in the gas mixture. Water vapor and oxygen are two such impurities. They are usually present in
excess of 3 ppm in most gases. They may also be evolved from internal counter surfaces and components,
thus causing additional gas contamination.

In recent years Ridox! has been used to reduce the oxygen content of inert and certain other gases to
<1 ppm and molecular sieves? to reduce the water content also to <1 ppm. The effectiveness of these
materials for purifying certain proportional counter gas mixtures was tested. Several grams of Ridox and
5-A molecular sieve pellets were put in a thin-wall stainless steel tube which was then sealed to the counter.
The counter had a 3-%, -in.-diam cathode, a 0.002-in.-diam wire, and a volume of 1 liter.

After the Ridox was chemically activated and the 5-A molecular sieve and Ridox were outgassed, the
counter was filled with 83 cm of xenon and 1 c¢m of cyclopropane, and 850 ppm of oxygen was added. The
initial resolution for '°°Cd 22.16-keV x rays was 11.5% fwhm. Then, 18 hr later the resolution had
improved to 7.8%, and after two days it was 7.6%. Equally successful results were achieved with 1300 ppm
of water vapor added to the gas mixture.

The same counter was refilled with a high-purity mixture of 78 ¢cm of xenon and 8 c¢in of methane. The
initial resolution was 9.1%, and after two days it was 8.2%. After five months the resolution was 8.0%, even
though the counter components were sealed with four Viton O-rings.

Traces of oxygen and water vapor have a much more detrimental effect at high gas pressure.

A smaller (1-'5-in.-diam) high-pressure detector with Ridox and 5-A molecular sieve traps was filled
with supposedly high-purity gases - 10 atm of xenon and 14 cm of methane. Initially, the 59.7-keV gamma
ray of 2*' Am was not resolvable. After 16 hr of heating the Ridox to 110°C to accelerate gas diffusion and
the reaction rate, the 59.7-keV gamma ray was resolvable and was 17.3% fwhm. Continual periodic heating
for several weeks improved the resolution to 12.1%, at which point the resolution was limited by other
factors.

1. Ridox, by Fisher Scientific Supply Co.
2. Linde molecular sieves, by Union Carbide Corp.

3.7 LOW-LEVEL DETECTCOR FOR ALPHA CONTAMINATION MONITOR
IN CONTINUOUSLY FLOWING PROCESS WASTE WATER!

M. M. Chiles

A low-level alpha detector was designed and developed for monitoring waste water continuously
flowing from radiochemical processing plants and other facilities to determine whether these discharges
contain alpha contamination. This detector enables constant and automatic monitoring, with actuation of
an alarm signal immediately on detection of alpha coutamination. The alpha particles are detected by a
6-in.-diam zinc sulfide scintillator, and the light flashes from the scintillator are detected by a 2-in.-diam
photomultiplier tube. The alpha sensitivity of the detector is ~1 X 1072 curie/ml of 2*8U. Ten units have
been fabricated and placed in service at Oak Ridge National Laboratory.

1. Abstract of article to be submitted for publication.
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3.8 STATUS OF APOLLO SPACE PROGRAM SUPPORT

V. A. McKay
R. T.'Roseberry  T.F.Sliski R. E. Wintenberg

In June 1966, this Division was requested to help assemble a logic unit and detectors for a prototypic
gamuna-ray spectrometer to be fabricated at ORNL. The primary purpose of this work was to validate a
design for a spectrometer to be constructed at the Lunar Receiving Laboratory (LLRL) at the Manned
Spacecraft Center in Houston, Texas. The LRL system was scheduled for construction in 1967 and mission
simulation in October-November 1968. Prior to involvement by this Division, two sodium iodide detectors
and PDP-9 computer had been ordered, and preliminary design concepts had been established.

Each specialty required for design and fabiication of the ORNL prototype - electronics design,
computer technology, mechanics of operation and construction, detector design and construction, and
coordination — fell within the talents of this Division. In the above order, R. E. Wintenberg, R. T.
Roseberry, T. F. Sliski, and V. A. McKay of this Division were assigned responsibility for producing the
prototypic system.!

The knowledge obtained from construction of the prototype, ie., mechanics, low-radioactivity
materials search,? electronic modifications (logic, interfaces, analog-to-digital converter), shield material
characteristics [Chemtree (a commercial lead cement) and lead aggregate], and computer program
coordination permitted LRL system construction to begin at Houston in July 1967.3 The LRL system was
in operation within the year and mission ready for the first and subsequent simulations preceding Apollo 11
in July 1969,

Two technicians from NASA were assigned to the ORNL group for training, but one was replaced late
in the program and there was a last minute staff change at NASA. As a result, the NASA operating staff was
not ready at mission time. The group of four engineers from this Division that designed and installed the
systein was sent to the LRI to assist in operating the spectrometer for Apollo flights 11 and 124

Just prior to Apollo 11, the lunar sample containers (designed elsewhere) for use in the gamma-ray
spectrometer proved defective and could not be used. This prevented mission-ready certification. McKay
and Sliski modified the existing storage hardware such that mission-ready certification was obtained.
Subscquently, they worked behind the biological barrier at LRL, preparing lunar samples. From this
experience, they leamed the unique procedures and engineering requirements for handling and storage of ‘
lunar materials.

During these missions this Division established a continuing relationship with the LRL. As a result, the
Division fulfilled several NASA contracts and currently has three contracts for spectrometer update,
auxiliary system design and fabrication,® unique sample containers,® specialized tool production, and
storage-transfer lunar material containers.”-8

In direct support of Apollo flights 15, 16, and 17, 680 lunar material containers were delivered to the
LRL. These containers will be used for short-term storage and shipping and long-term storage of lunar
material.

The gamma-ray spectrometer shield was repaired in January 1972 because long-term foundation
degradation caused extensive damage to the shield. A design was submitted to NASA LRL for foundation
reinforcement.

A core-tube extraction tool was designed and built for the removal of a lunar core sample from its
vacuum tube container. Heretofore, core-tube extraction was difficult and in some cases the samples were
damaged.
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Subsequent to the 1969 pre-Apollo 11 mission, this Division has maintained a more than 2-man-year
assistance to NASA.

1. V. A. McKay et al., “Prototype Low-Level Gamma-Ray Spectrometer for the Lunar Receiving Laboratory,”
Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1967, ORNL-4219, pp. 49-52.

2. V. A. McKay, “Low-Radivactivity Cans for Nal(Tl) Detectors,” Instrumentation and Controls Div. Anau. Progr.
Rep. Sept. 1, 1968, ORNL-4335, p. 23.

3. R, E. Wintenberg et al., ““Low-Level Gamma-Ray Spectrometer for the Lunar Receiving Laboratory,” Ibid., p. 9.

4. R. E. Wintenberg et al., “Low-Level Gamma-Ray Spectrometer for the Lunar Receiving Laboratory,”
Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1969, ORNL-4459, p. 5.

5. V. A. McKay and T. I. Sliski, “Lead Shicld for LRL Spectrometer,” Instrumentation and Conirols Div. Annu.
Progr. Rep. Sept. 1, 1970, ORNL-4620, p. 17.

6. V. A. McKay, T, I, Sliski, and H. J. Stripling, “Containcrs and Tools for In-Vacuo Processing of Lunar Material,”

1bid., pp. 17--21.
7. V. A. McKay and T. F. Sliski, “Containers for Lunar Materials,” Instrumentation and Controls Div. Annu. Progr.

_Rep. Sept. 1, 1971, ORNL-4734, pp. 88-89.

8. R. E. Wintenberg and R. T. Roscberry, “Enginecring Support for LRL Radiation Counting Facility,” Ibid., p. 3.



4. Radiation Monitoring

4.1 RADIATION MONITORING SYSTEMS DEVELOPMENT
C.C.Hall J.L.Lovvorn P.P. Williams

Facility Radiation and Contamination {FRC) Alarm Systems

An FRC system was designed for the 33U Storage Facility (Building 3100). The system consists of
two Q-4008 Criticality Monitois and one Q-4303 Constant Alpha Air Monitor, a central alarm panel, and an
evacuation horn. A visible and audible alarm will operate when the building containment system fails.
Remote alarms from this system will be transmitted to the Radiochemical Processing Pilot Plant (Building
3019) and the ORNL Guard Headquarters (Building 2500). An intrusion alarm system that will indicate an
unauthorized entrance will be installed in the storage facility after construction of the facility is completed.

Design of a remote alarm panel for the FRC system in the Metals and Ceramics Laboratory (Building
4508) was started. The panel will be installed at the south entrance to the building and will display visible
alarm signals received from an existing central alarm panel.

The FRC system in the Solid-State Laboratory (Building 3025) was modified by adding a module that
operates the building containment system when the evacuation alarm is sounded.

The updated FRC system! in the High-Radiation-Level Examination Labotatory (Building 3525) was
completed and placed in operation.

A 24.V batiery charger (Q-3140-1) was designed and built for the neutron-monitor, emergency standby
batteries in the Metals and Ceramics Laboratory.

A mock-up to determine the most efficient frequency and noise level for FRC emergency evacuation
signals is being tested at the MSRE facility (Building 7503).

Local Air Monitoring System and Fallout Monitoring System

A graphic panel was designed for each system. The panel is a Metal-photo map with three miniature
incandescent lamps at each monitor location. The lamps will glow brightly when radiation levels at the
monitor station exceed preset values.

Effluent Waste Monitoring

Engineering support was continued for the effluent waste monitoring operations of the Operations
Division: equipment checks were scheduled, reports were reviewed, and the engineering drawings were
corrected. A flow traverse was started on the 3039 gaseous effluent stack to redetermine the true effluent
flow rate.

1. A. L. Case et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 79.
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4.2 LOGARITHBMIC COUNT-RATE METER
F.M.Glass E.E.Waugh H.N. Wilson

A solid-state version of the Cooke-Yarborough logarithunic count-rate meter was designed to conform to
the nuclear instrument module (NIM) system. This new instrument (Q-3123) was designed for the TVA
Browns Ferry power plant. These instruments are companion modules to the Q-3020A linear count-rate
module and extend the range of the monitoring system to record transient excursions well above the range
of the Q-3020A module.

The Q-3123 module covers a range from 10 to 10° counts/min in four decades, has good long-term
stability, a low incidence of failure, and negligible calibration shift as a function of temperature over a range
from O to 140°F. The calibration procedure for this instrument is quite simple since no individual decade
putnp adjustients are necessary.

A count-rate test module (Q-3123-11) that generates three precision test frequencies at decade intervals
was designed specifically for checking the calibration and logarithmic response of the Q-3123 count-rate
module.

Four count-rate modules and one test module were fabricated and delivered to TVA.

4.3 DIRECTIONAL GAMMA PROBE
J. M. Rochelle

A directional gamma-radiation detector was developed and fabricated for evaluation by the Lefense
Civil Preparedness Agency in an application such as a suivey of a fallout shelter to determine the direction
of incoming radiation. The detector assembly was designed so that it could be substituted directly for the
standard CD V-700 probe assenibly, thus requiring no modification of the instrument.

Directional gamma response is obtained by placing a small G-M counter (Amperex 18529) in the center
of a lead sphere that is machined in scctions to cbtain interchangeable apertures of 30, 60, and 180°. The
front-to-back shielding ratio obtained with a 3-in.-diam sphere is about 7.3 (¢°Co). The total weight (1b) of
each sphere asseimbly is

Aperture Total Weight
(deg) (o)
30 6.8
90 6.2
180 44

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

A study of possible techniques for high speed, high altitude measurement of ground level
nuclear-radiation intensities associated with fallout was started. The objective is to measure a dose rate
range from 0.1 to 10,000 2/hr with a 500-ft-diain resolution from an airciaft at an altitude from 10,600 to
50,000 ft and at a speed of Mach 2. This work is being done for the U.S. Army Signal Corps.

Since geometric factors, air attenuation, and scattering of gamma radiation over a path of 10,000 ft or
greater in air prevent direct acria! measurement of ground-level radiation intensity paticrns, a more
immediate objective is to develop (1) a way to detect radiation effects on the environment aid {2) dose-rate
measuring devices which could be dispersed over a fallout zone and read from an aircraft.
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4.5 ENGINEERING ANALYSIS OF THE CD V-711 SHELTER MONITOR
F. M. Glass

The CD V-711 radiation monitor for fallout shelters was studied to determine the seriousness of some
of the complaints on the performance of this instrument and to recommend changes to improve its
operating characteristics. We found several weaknesses in the basic circuit design that caused poor
performance. The calibration changed drastically with changes in battery voltage. This reduced the useful
life of the battery as well as the zero and calibration stability to the extent that the instrument was
unacceptable. The built-in circuit check did not include the high-impedance circuit and was therefore
inadequate,

We recommend a minimoum number of circuit changes in the monitor that would extend the battery life
to 320 hr of continuous operation with a shift in calibration of only 3%. We also offered an alternative
proposal that included substitution of a solid-state circuit in the instcuments on hand.

4.6 AIR FLOWMEASUREMENT IN THE 2039 STACK

1. J. Metz
G. W. Allin D. J. Knowles P.P. Williams

A new determination of the velocity profile at the 50-ft level in the 3039 stack was requested by the
Operations Division. Last done in 1961, such a profile is necessary for verification of both the accuracy of
the total flow, as indicated by the permaveuntly installed velocity sensor, and the soundness of the design
and placement of the stack effluent samplers. Samples are withdrawn from the stack for continuous
monitoring, and samples are also taken from the stack stream for later laboratory analysis.

To make this profile measurement, additional flanged openings were constructed in the stack at the
50-ft level, and three wire-rope cables were stretched across the stack diameter at equal angular intervals,
vertically spaced 1 ft apart. The gas velocity sensor will be suspended from the cables so that profile
traveises can be made routinely.

The flow velocity in the stack is 5-10 ft/sec, a difficult to measure region. A fluid jet type flow sensor
was ordered and sent to the National Bureau of Standards (NBS) for verification of the calibration curve.
The device was eliminated for this use when the NBS was unable to duplicate the vendor’s calibration
curves, A hot-wire anemometer was tried, but, because of the extreme turbulence at this level in the stack,
analysis of the data obtained with this sensor has proved difficult. A propellor-type anemometer is being
considered as a sensor to complete these measusements.

4.7 IODINE MONITOR IMPROVEMENTS
G. W. Allin

At the ORNL central radioactive gas disposal facilitics, an iodine monitor that is equipped to enable
changing the charcoal filter material remotely! frequently” failed to operate because of blockages in the
charcoal feed tube due to moisture from condensation and bridging characteristics of the material. An
insulated enclosure, a small electromagnetic vibrator, and a small thermostatically controlled space heater
were added to reduce the likelilicod of such blockages. The system has operated for about a year without
further blockage.

1. G, W. Allin, “lodine Monitor,” Instruinentation and Controls Div. Annu. Progr, Rep. Sept. 1, 1968, ORNL-4335, p.
31.



5. Support for the Oak Ridge Electron Lincar
Accelerator Development

5.1 IMPROVEMENT PROGRAMS
T. A. Lewis

The continuing program of improvement! of the ORELA progressed favorably. Improvement of the
injection systemn electronics was completed, and this unit has performed in a highly successful manner;
combined with the higli voltage modulator improvements, a new record in high-power reliability was
established for ORELA at a beam level of 50 kW.

Studies to impiove the electron gun performance and the peak current accelerated in a 3-nsec burst by

prebunching schermes have progressed favorably and are continuing.

1. T. A. Lewis, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 24,

§.2 ELECTRON INJECTION SYSTEM IMPROVEMENTS

J. H Holladay G.W. Allin C. C. Courtney
W. E. Lingar E.E. Waugh  H.N. Wilson

An improved electron injection system was installed.! The system is operating satisfactorily. Downtime
for the accelerator was reduced considerably because of increased reliability of the system. Also, conversion
to a modular system enables substitution of reliable spare modules while defective modules are repaired. A
test stand simulator was fabricated so that all spare electronic modules can be repairzd and checked under
conditions similar to thosc in the opejating sysiem except that the test stand is not under pressurs,

The new 54-in.-diam pressure vessel meets all requirements of Sect. VIll of the ASME Boiler and
Pressure Vessel Code. The ORNL designed, quick-opening closure claip ring with two screws at each joint

-can be removed easily using integral devices to gain access to the internal electronics hardware.

Occasionally, solid-state componenis had been damaged by voltage transients due to arcing in the
secondary of the isolation power transformer that feeds power to the injection system. To reduce the
effects of voltage transicnts, glow discharge devices in connection with inductors, ferming a pi network,
were inserted into the incoming power lines.

Recently developed power transistors that can switch high encrgy levels were insialled in the switching
regulator of the power supplies. The inverter that drives the output transformer of each power supply was
designed as a two-transformer type. A large power transforiner changes voliage and current levels linearly,
and a smaller saturating transformer controls the inverter switching frequency. The saturating transformer
windings are on a tape-wound toroid, and the tutas ratios can be easily modified to change the inverter

switching frequency.

1. J. H. Holladay et al., Instrumentation and Conirols Div, Anim, Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 24.

27



28

5.3 ORELA ENGINEERING DEVELOPMENT SUPPORT
J.H. Todd

General engineering support was given to development and tests of improved subsystems on the
accelerator, along with routine maintenance support.

Test instruments were designed and built for repair of the accelerator focusing supplies. These units
supply power and switched input signals to the varions modules and subsystems, enabling rapid location
and repair of faults. Most of these modules and subsystems are used in feedback control systems where
troubleshooting is difficult.

Assistance was given to testing a new gun tank that is mounted and in use on the accelerator.

Design of a new logic and timing system to increase the reliability and flexibility of operation of the
accelerator was completed, and its construction was started.

5.4 ELECTRONIC SERVICES FOR ORELA
H. A Todd

Changes were made to the ORELA when operating experience showed some trouble points of
questionable reliability. High voltage feedthroughs were installed to feed high-voltage pulses from the
modulators into the klystron oil tanks, and the cables carrying these pulses were rerouted and shortened.
Additional cooling was added to all modulators. Sola transformers were installed to regulate the voltage to
all thyratron filaments and reservoirs in the modulators.

The ORNL-designed injector tank was installed on the accelerator, and the old injector tank was set up
outside the accelerator for testing and processing new electron guns. This arrangement eliminates the
previous necessily to stop accelerator operation for several days while a new gun was being processed
(raised to high voltage operation) in the accelerator.

5.5 NEUTRON FILTER ASSEMBLY SYSTEM
R. W. Ingle

During the past year two additional neutron beam tubes were placed in operation by the Neutron
Physics Division. These beam tubes in flight paths four and eight required vacuum control and neutson
filter assemblies similar to those reported.!?

Each system consists of a vacuum-protection valve, beam stopper, and ten separate neutron filter
mechanisms, all mounted within the beam tube which is under vacuum during operation. Each device is
pneumatically operated by an electric solenoid valve controlled from an experimental laboratory. The
solenoid for control of the vacuum valve is operated by 115 V ac and is electrically in series with a vacuum
differential sensor that prevents the valve from being opened until the pressures on both sides of the valve
are equalized. This interlock is a safety protection device for both personnel and equipment.

The neutron filter units were ruounted such that each or any combination can be inserted or withdrawn
from the neutron beam. These valves and the valve in the beam stopper are operated by 24 V dc.

The control unit consists of a 28-V, 19-A power supply, an indicating and control panel, and printed
circuit cards containing control and solenoid drive circuits. The control panel has indicators that show the
position of each unit and toggle switches that control the position. The beam-stop and filter solenocids are
driven from a two-transistor driver circuit that supplies the 24-V, 800 miA power for operation of a
solenoid. Eleven identical circuits are contained on one printed circuit card. The input to ihe driver is either
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+5 V or giound, depending on the position desired. This input may be either from the manual-control
toggle switch or from a TTL storage register, which is to be operated by pulses from a digital computer. The
present mode of control is manual operation.

1. R.W. Ingle et al., Iustrumentation and Conirols Div. Annu. Progr. Rep. Sept. 1, 1969, ORNL-4459, pp. 36-37.
2. R.W.Ingle, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 27--28.



6. Automatic Control and Data Acquisition

6.1 DATA ACQUISITION SYSTEM FOR THE FFTF TEMPERATURE
SENSCR EVALUATION FACILITY

R. F. Hyland K. R. Carr J.T. Hutton
J.M. Jansen, Jr.  C.D. Martin, Jr.  J. L. Redford

Installation of a new data acquisition and control system for the Fast Flux Test Facility was started to
allow a more comprchensive testing program to be carried out. The system will consist of a PDP-8/E
computer with a 12K core, 32K disk, programmable real-time clock, power-failure protection, bootstrap
loader, 12-channel buffered digital input-output extended arithmetic unit, and high-speed papei-tape reader
and punch. '

Capabilities of the system will include automatic programmed calibration of a variety of temperature
sensors, computer control of up to 12 furnaces, transient response studies, loop resistance measurements,
programmable amplifier gain, prograrnmable suppression, and integrating or successive approximation,
analog-to-digital conversion.

The software system will be based on the real-time executive program' which is being modified
extensively to accommodate tasks written in the FOCAL language as well as tasks written in assembly
language. This will enable project engineers to develop special test programs on-line in a short time, a
capability which should greatly enhance the effectiveness of the data acquisition system.

1. C. D. Martin, Jr.,I};;v-t)umentatfon and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 42.

6.2 DATA ACQUISITION SYSTEM FOR THE FAILED-FUEL MOCKUP TEST FACILITY
C. D. Martin, Jr.  J.M. Jansen, Jr.  G. B. Raine!

Transient experiments in the FFM test facility will require a digital data acquisiit,ion system capable of
scanning, digitizing, and recording test parameters on magnetic tape at the rate of 10,000 readings/sec for
periods of several minutes. A system was designed to fulfill these requirements, comprising a small digital
computer (PDP-8/E), solid-state multiplexer, programmable gain amplifier, analog-to-digital converter, and
industry compatible magnetic tape.

System programming will make available to the experimenters the FOCAL language, a high-level
interactive language, which will permit instant, on-site program changes by project engineers to tailor the
data acquisition task to the needs of the particular experiment. The system will be capable of preliminary
data reduction on-site after an experiment and display of data for irmnediate determination of experimental
results. Such immediate analysis will be required for adequate direction of the experimental program
because of the expense and time required to set up and run an experiment. The ORNL Computing Center
will perform a detailed analysis of selected experimental data.

1. Mathematics Division.
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6.3 DATA ACQUISITION SYSTEM FOR HIGH TEMPFERATURE
THERMOMETRY LABORATORY

R.F. Hyland J. L. Redford

A system is being installed to acquire steady-state and transient data from a high-temperature
thermometry test facility consisting of furnaces with power and control equipment. This facility will be
used for the development and calibration of high-temperature sensors and for studying the transient
characteristics and long-term drift of the sensors.

The data system consists of a PDP-8/E computer with 8K of core memory, power failure detection,
teletypewriter, high-speed multiplexer for low-level analog signals, data amplifier, analog-to-digital
converter, digital-to-analog converter, multiple contact inputs and outpiuts, and a 10-Hz real-time clock.
Most of the peripheral devices will be obtained from the FFTF Temperature Test Facility! when a new
data acquisition and control system is installed in that facility.

1. R. F. Hyland and B. G. Eads, Instrimentation and Contvols Div. Annu, Progr. Rep. Sept. 1, 1970, ORNL-4620, pp.
41-42.

6.4 MINIATURE COMPUTER SYSTEM FOR THE GeMSAEC FAST ANALYZER
J. M. Jansen, Jr.

A portable, computer-based data acquisition and analysis system was designed and supplied for the
GeMSAEC clinical analyzer. This system is a miniaturized, inexpensive version of the system previously
described.!>? The equipment consists of a PDP-8/E computer with 8192 words of core memory, a 120-Hz
line-frequency-based clock, a model ASR-33 teleprinter-keyboard, and analog and digital interfaces® for
coupling the GeMSAEC analyzer to the computer hardware.

The system was designed to acquire data from GeMSAEC analyzers with rotors containing 1 to 43
cuvets operating at speeds from 100 to 2000 rp. Analog input voltages are converted to digital values by a
successive-approximation, analog-to-digital converter with an accuracy of £0.5% of full scale (-10 V).

The high-level language FOCAL was modified and extended with appropriate software to accept data
under real-time control of the line-frequency clock. Modified subprograms were added to enable program
and datastorage on and retrieval from a digital cassette tape unit. Direct-access features of the tape transport
enable storage of data from many analyses for later correlation and study, as well as reprocessing of the
original data with new data processing techniques.

1. J. M. Jansen, Jr., and R. K. Adams, Instrumentation and Controls Div. Annu. Frogr. Rep. Sept. 1, 1969,
ORNI.-4459, p. 49.

2. J. M. Jansen, Jr., and 1. L. Redford, Instrumentation and Controls Div. Aunu. Progr. Rep. Sept. 1, 1970,
ORML-4620, p. 54.

3. James M. Jansen, Jr., “A Computer Interface,” U.S. Pat. 3,565,116 (April 11, 1972).

6.5 DATA ACQUISITION SYSTEM FOR TURF DEVELOPMENT LABORATORY

J. M. Jansen, Jr.
J.T. Hutton  C.D. Martin, Jr.  H. E. Cochran

A small, digital computer system consisting of a FDP-8/E computer with 8K words of core memory and
an ASR-33 teleprinter-keyboard was instalied in the Thorium-Uranium Recycle Facility. The computer is
interfaced to a digital voltmeter and a microscope eye-piece counter through a universal BCD instrument
interface (Sect. 6.8). The system is operated in the high-level language FOCAL, which was modified to



32

control the BCD instrument interface for manipulation and readout of the digital voltmeter and for readout
of the counter. Additional FOCAL software was prepared for operation and readout of input-output
receivers and transmitters.

Application software packages were prepared to measure particle diameters and the coating thicknesses
of coated microspheres from radiomicrographs of the coated particles. The computer prints the mean,
standard deviation, and 95% confidence limits of the measured parameters. Software programs were also
developed to measure the crushing resistance of the coated particles.

All operator and computer software communication is performed through several switches and
indicators connected to the input-output interfaces.

6.6 EXPERIENCE WITH DEXTIR DATA ACQUISITION SYSTEMS

R.F. Hyland R.M.Bumett J.W. Cunningham
R. L. Durall C.D. Martin 0. W. Russ!

This system at the Oak Ridge Research Reactor completed another year of continuous operation,
gathering data from uranium nitride capsule experiments UN-4, -5, and -6 and from fuel-cladding
mechanical interaction experiment MINT-1. Processing of data for the UN capsules is essentially unchanged
from that previously reported.? The MINT-1 capsule instrumentation measures fuel dimension, pressure,
and temperature. The data reduction equipment calculates and plots the cladding temperature, fuel
elongation, cladding expansion, and capsule pressure on a common time base.

At the High Flux Isotope Reactor, fueled capsule experiment HRB-3 was installed in facility HB-5, and
the DEXTIR system gathered data coniinuously from this experiinent. At the end of each reactor cycle, a
plot produced at the central computer from DEXTIR data correlates reactor power capsule position,
temperatures, pressures, and flow rates for that cycle.

W-3Re vs W-25Re thermocouples were used to measure the centerline fuel temperature in the capsule.
The performance of these thermocouples was determined by loop-resistance measurements? which utilize
the multiplexing speed of the data system to avoid Peltier heating of ihe thermocouple junction.

The system in the Reactor Design and Engineeriog Development [ Building 9201-3 continued to acquire
data from Reactor Division experiments. The Failed Fuel Mockup input was expanded 75 channels, and the
compufer program was modified to list the additional channels with unique headings on a second teleprinter
at the test locations.

New experiments connected to the system were a thermal transient (Hot TEE Section) test, a heat
block test, and a weldment creep rupture test facility.

Acquisition of data was continued from the (orced-convection corrosion loops and organic-fluid
decomposition tests.

1. ORNL Mathematics Division.
2. R. F.Hyland et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 37-38.

6.7 FOCAL COMPUTER FROGRAM FOR WIRE LIST GENERATION
AND MAINTENANCE

J. T. Hutton  J. M. Jansen, Jr.

Keeping a correct and complete wire list for an interface under developinent is troublesome, and
sometimes the lists prepared are unieliable. A FOCAL computer program was preparcd that makes the
maintenance of correct wire lists relatively easy and also allows access to the wire list at a high enough level
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to be of use in development and troubleshooting. The program implements the following operations on a
wire list: addition of wires: deletion of wires; listing of all wires connected to a point or range of points;
tree format listing of all points with continuity to a given point; and listing an entirc wire list and punching
the wire list on eight-level paper tape. The FOCAL program will handle wire lists of up to 1368 wires and
utilizes 4096 words of disk storage.

6.8 GENERALIZED HARDWARE-SOFTWARE INTERFACE PACKAGE
FOR INSTRUMENTS WITH BCD OUTPUTS

J.T. Hutton  J. M. Jansen, Ji.

Most instruments, such as voltmeters, frequency counters, and analog-to-digital converters, to be
interfaced to general-purpose computers have basically similar BCD outputs. The voltage and impedance
levels vary, but the format is essentially the same from instrument to instrument. A generalized interface
package for use with PDP-8/E computers was designed to take advantage of this commonality and thus save
a large part of the expense in design and development of scparate interfaces for each type of instrument.

The interface is driven through a special FBCD function in the FOCCAL language which allows function,
ranige, and (where applicable) integrate period to be specified for up to eight different instruments. The
FBCD function returns the instrument readings in standard floating-point format or indicates that the
function, range, or integrate period specified for a paiticular instrument was invalid.

The hardware of the package comprises a master board which plugs into the omnibus of the computer,
up to eight communicator boards, and associated level converter boards. The master board interfaces to the
computer input-output and data bus systeur and services the communicator board inputs on a user-assignad
priority basis. The communicator boards are basically parallel to serial converters that transmit the BCD
digits back to the master board on demand. The level converter boards take care of data inputs to the
comnmunicator boards that are not at standard TTL levels and also check that the requested ranges,
functions, and integrate periods are correct for each particular instrument. The communicator and level
converter boards arc mounted in a modified NIM type bin to allow straight-forward expansion of the
package as additional instruments are added to the system.

6.2 CONSOLIDATED 'DP-8/E INTERFACE FOR CONTROL CF SEVERAL
HIGH-PRECISION ANALOG INPUT SYSTEM CONPONENTS

J. T. Hutton K. R. Carr
R. F.Hyland  J. M. Jansen, Ir.

Since the combination of crosshar scanner, voltage suppression supply, programmable-gain instru-
mentation amplifier, and analog-to-digital converter is part of one data acquisition system after another, a
PDP-8/E interface was designed that will accommodate any or all of these components.

The interface enables random access to 1024 crossbar scanner channels, insertion of positive or negative
suppression to 10 V in 0.01-V inciements or to 100 mV in 100-4V increments, selection of any of ten
amplifier gains, and digitizing of signal with either a fast 12-bit successive approximation type
anaiog-to-digital converter or a slower 14-bit integrating type analog-to-digital converter. On completion of
reading the signal at a selected channel (with required delays for settling of amplifier, eic., automatically
inserted), the interface returns the result as a 24-bit two’s complement number.

To epsure short-term system accuracy, both the 16-bit digital-to-analog converter used in the
suppression unit and the 14-bit analog-to-digital converter are mounted in temperature controlled modules.
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Long-term accuracy will be maintained by periodic calibration of the amplifier, digital-to-analog converter,
and analog-to-digital converter.

6.10 PAPER-TAPE PUNCH CONTROLLER FOR DIGITAL STRAIN
INDICATOR SYSTEM

J. T. Hutton

Several digital strain indicator systems comprising strain-gage channel selector units, a null balance-
readout unit, and a digital printer are used by the Reactor Division. A paper-tape punch controller was
designed for a demand punch so that data from the null balance-readout unit could be punched serially on
paper tape (for subsequent computer processing) without interfering with data output on the digital
printer. Since data and control lines from the digital strain indicator were at several different voltage
evels (+10 V, 43V, +150 V, etc.) and carried high-frequency transients from relays and solenoids, we
buffered all lines into the logic circuits of the punch controller through low-pass comparators. The
comparator circuits have inexpensive uA747 operational amplifiers, and the logic circuits have SN7400
series TTL integrated circuits. The punch controller proved reliable in regular use for more than six months.

6.11 40-.CHANNEL DATA LOGGER FOR THERMOCOUPLE CALIBRATION
J. T. Hutton  R. B. McFarland

A data logger for calibration of ORNL Stores Stock thermocouples was designed and fabricated, largely
from instruments and parts of two retired data systems. The logger consists of a crossbhar scanner, 11-bit
analog-to-digital converter, paper-tape punch, and control logic. The logger will be used instead of the
present manually operated potentiometer-galvanometer system and will result in faster and more reliable
accumulation of the temperature data.

6.12 USAGE OF SMALL-COMPUTER APPLICATION DEVELOPMENT FACILITY

J. L.. Redford

Short-terra studies of the behavior of thermocouples and resistance thermometers (RTD) under
transient conditions were made with a PDP-8/I computer in the Smalt-Computer Application Development
Facility® of this Division.

One study was to determine the effect of insulation quality (compaction, composition, etc). of
Y-in.-OD, stainless steel sheathed, MgQO filled, Chromel-Alume! thermocouples from various manufac-
turers. The sheath of a short specimen of a thermocouple was heated at varying rates (2 to 200°C/sec) by
passing current through the sheath and observing the temperature of the thermocouple wire (as inferred
from change in resistance). The use of FOCAL language and a storage oscilloscope plotter in the facility
allowed the experiment to be set up and conducted with ease.

In another study two RTD’s were assembled in a single %-in.-OD sheath, the dual unit was heated in a
test furnace, and the resistances of the two elements were compared at fixed time intervals as the furnace
was heated to ~1600°F and then cooled. After an apparent annealing on the first heatup, the elements
were within manufacturers’ specifications on all subsequent tests. The data were plotted on the storage
ascilloscopes and recorded on tape cassettes. To improve the accuracy of the analog-to-digital converter in
the systern, suppression (supplied by the digital-to-analog converter) was utilized.

1. R. K. Adams et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1970, ORNL-4620, pp. 51 -52.
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6.13 DEVICE HANDLER FOR MAGNETIC TAPE

J.M. Jansen, Jr.  G. B. Raine'

A device handler program that occupies only a single page (128 woids) of memory and allows use of an
IBM-conipatible magnetic tape in a manner similar to DECtape was prepared for use with DEC PS/8 and
0S/8 programming systems for the PDP-8/E computer. All PS/8 and OS/8 functions are possible, and the
device handler was edited into the October 28, 1970, version of CONFIG, the P5/8 system configurator.
The subroutine handles up to four magnetic-tape transports, addressable as devices MTAO, MTAL, MTA2,
and MTA3. The magnetic-tape device handler replaces the DECtape handler which addresses devices DTA4,
DTAS, DTAG6, and DTA7.

The handler provides parity, length, and timing error checking on each block of 256 words and on
block number records. In case of error, the read-write operation is reattempied a maximum of two
additional times before the fatal error exit is taken.

A tape formatting program, permitting 512 blocks of 256 words, was prepared to correctly format the
magnetic tape for use with the MTA addressable handlers. Thus, the advantages of the preaddressed,
blocked DECtape data format are combined with the compatibility of IBM data recording,

The subroutine was designed for use with a PERTEC Model 6840 tape transport interfaced to a
PDP-8/E with a DATUM Model 5091-P8/e controller. The DATUM controller is very similar to the DEC
Madel TC58 controller, making necessary only minor changes in the device handler software as written for
use with the DEC TC58 controller.

1. Mathematics Division.

6.14 STATUS OF WALKER BRANCH WATERSHED DATA ACQUISITION SYSTEM

J.T. Hutton R, L.Simpson  C.D. Martin, Jr.

Design and fabrication of the computer-based data acquisition system® was completed, and the systern
is currently being installed. The system will initially acquire data from nine instruments, five precipitation
gages, and four stage-height recorders to coirelate rainfall and runoff by time and geographic location in the
watershed. The computer, mnning under the disk-based, real-time executive program,? will periodically
interrogate each of the instruments to obtain current data. Data requests will be sent from the computer to
a central field station at the watershed over a pair of telephone lines by frequency-shift telemetry. The
central field station will decode the number of the gage being interrogated and relay the request for data to
the particular gage over data lines to that gage. The gage will send the required data back to the computer
over a second pair of telephone lines that will serve as a party line to all gages. All telephone and data lines
will be connected to the system through optical isolators to give protection against high-voltage transients
caused by lightning. Some preliminary processing will be done on data before they are recorded on
magnetic tape for further processing at the ORNL computing center.

1. C. D. Martin, Jr., and R. K. Adams, Instrumentation and Controls Div. Anmu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, pp. 126-27.
2. C. D. Martin, Jx., Tbid., p. 42.
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6.15 180° ORSIS COMFUTER SYSTEM
J.M. Jansen, Jr.  W. K. Dagenhart?

The system, previousty described,”> was expanded to provide additional flexibility in more sophisticated
control applications with the 180° Oak Ridge Sector Isotope Separator. The computer system was
implemented by adding a second, 32K-disk-memory storage device and a universal digital input-output
controller for operation of relays and relay drivers and readout of contact and switch closures. Software
was added to the FOCAL system to enable use of both disks for program and data storage. The original
contact input-output software was modified to operate all of the digital input-output drivers and receivers.
The error handling procedures for failures in conversion of the analog signals to digital format were refined
to increase the overall effectiveness of the system in real-time, continuous control of the separator.
Preparation of estimates for expansion of the system to control an additional separator was started.

R. K. Adams and J. M. Jansen, Jr., participated in a committee study of computer control of Calutron
separators for the Electromagnetic Separations Department of the Isotopes Division. The Committee
concluded that computer control of the separators was feasible, but detailed studies of the separation
process would be required to develop a suitable computer control system.

1. Isotopes Division.
2. A.H. Voelker, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1970, ORNL-4620, p. 45.

6.16 AUTOMATED ELECTROCARDIOGRAM DATA ACQUISITION SYSTEM

R. L. Simpson

Continued support was given the Automated Electrocardiogram Data Acquisition System.’ At the end
of each working day, the analog tapes were rerecorded and digitized on IBM-compatible maguetic tapes
which were delivered to the ORNL Computing Center for analysis using the Mayo Clinic program. This past
year, more than 3000 EGG’s fiom routine ORNL employee screening tests were digitized and analyzed.
The equipment was maintained by personnel from this Division.

1. A. H. Voelker, A. S. Garrett, Jr., M.D., and R. L. Siinpson, Instrumentation and Controls Div. Annu. Progr. Rep.
Sept. 1, 1971, ORNL-4734, pp. 132-33.

6.17 CODAS SYSTEM PROGRAMMING

R. L. Simpson

Continuing use of the Metals and Ceramics Division CODAS system' required three program
modifications as follows:

1. The program for writing magnetic tape in the system was modified to accommodate logic changes made
in the controller for the magnetic-tape transport.

2. The function for calculating temperature using a Pt vs Pt-10% Rh thermocouple was changed from the
IPTS-1948 to IPTS-1968.

3. A new command was added to change from using a Pt vs Pt-10% Rh thermocouple function for
calculating temperature to a Chromel-constantan thermocouple function where applicahle.

1. J. M. Jansen, Jr., and C. D. Martin, Ir., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, p. 39.



37

6.18 FROGRAMMING FOR STRESS LABORATORY DATA ACQUISITION SYSTEM

R. L. Simpson

An additional magnetic-tape unit was installed on the high-speed, strain-gage-criented, computer-based
data acquisition system used in the ORML Stress Laboratory.! With this unit, the system can be
reprogrammed to record processed data on magnetic tape. Previously only raw data were recorded on
magnetic tape; processed data were punched on paper tape by the console teletypewriter. The modified
system can convert raw data to engineering units and record them approximately 100 times faster than
previously. The magnetic tape produced can be read on the IBM 360 computer for further data reduction
or for listing on a line printer, or the taped data can be read back by the data acquisition system and listed
on the teletypewriter.

1. R. L. Moore, T. M. Cate, and C. D. Martin, Instrumentation and Conirols Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNI.-4734, p. 36.

6.19 MULTISTAGE PROCESS COMPUTER CONTROL STUDIES SYSTEM PROGRAMMING
C. D. Martin, Jr,

The PDP:S/ [ computer in the multistage process computer control studies system' was replaced with a
PDP-8/E computer with auxiliary disk memory. This change enabled application of the disk version of the
real-time executive® to increase the system capability. System tasks programs were modified to utilize the
disk for data and control parameter storage, and the direct digital control algorithin® was rewritten to take
advantage of the double precision operations available in the extended arithmertic element of the PDP-8/E.

»
L. C. D. Maxtin,Jr., et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1970, ORNL-4620, pp. 45--46.
2. C. D. Martin, Iz, Instrumentation and Controls Div. Anmu. Frogr. Rep. Sept. 1, 1971, ORNI.-4734, p. 42,
3. R. K. Adams and C. L. Partain, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1968, ORNL-4335,
Pp. 4445,

6.20 PORTABLE, STRAIN-GAGE-ORIENTED DATA ACQUISITION SYSTEM

C. D. Martin, Jr.

A small, portable, strain-gage-oriented, computer-based data acquisition system was acquired by the
Reactor Division for use on several projects. The system consists of a Data General Nova 1200 computer
with a 4K core memory and 10K drum memory, 120-channel solid-state multiplexer, strain-gage signal
conditioning, programmable gain amplifier, 16-bit integrating analog-to-digital converter, teletypewriter,
and digital display. The integrated system incinded SYSTEM 70 software by DATUM, Inc.

Assistance was provided in checking out the system and applying it to the Intermediate Vessel Test
series in the Heavy Section Steel Technology program.

6.21 MISCELLANEOQUS ECOLOGICAL FIELD STUDIES
J. L. Redford  C.D. Martin, Jr.

An additional 40 thermistor temperature probes were installed in the ORNL Liriodendron Forest,! and
assistance was provided in troubleshooting squipment failures in the data acquisition system. Since the data
acquisition requirements exceed the capability of the present systein, a small 200-channel computer-based
data acquisition system with magnetic tape output was purchased and is being installed.



38

The 10-channel, high-speed data acquisition system® in the Instrument Laboratory (Building 3500) was
used to digitize and record (via telephone lines) turbulent wind velocities measured by a sonic anemometer
located in one of the ecology field, study areas.

1. J. L. Redford, Instrumentaiion and ControIsVDiv. Am;;z. Progr. Rep. Sept. I, 1971, ORNL-4734, p. 124.
2. R. F. Hyland, . D. Burke, and R. K. Adams, Instrumentation and Conirols Div. Anmi. Progr. Rep. Sept. 1, 1867,
ORNL-4219,p.58.

6.22 INTERACTIVE GRAFHICS PROGRAM ¥OR THE PDP 10-AD4 HYBRID COMPUTER

S. M. Idell? R.S. Booth
O.W.Burke C. K. Johnson?

Crystal structure drawings by computers are used routinely for illustrating crystallographic articles in
scientific journals. Computer programs such as ORTEP? for this purpose generally operate in a batch-job
compuiing environment and require several sequential runs on the computer with small changes between
jobs to produce an acceptable drawing. A conventional interactive graphics terminal such as the PDF 10 —
PDP 15 — GRAPHICS 15 systemn in the ORNL computing center has turn-around time limitations that
prevent a successful implementation of ORTEP as an interactive program; however, implementation on the
PDP 10 — AD4 hybrid computer does seem feasible if a storage oscilloscope is used. The analog portion of
the proposed interactive ORTEP program is working and contains an ellipse generator, a line generator, and
three circuits for overlap correction (i.e., hidden line elimination). The overlap correction is used to blank
out the portions of atoms or interatomic bonds (represented by ellipses or lines) which are hidden behind
up to threc other clliptical atoms or bonds.

1. Summer participant (1972) from the City College of New York.

2. Chemistry Division.

3. C. K. Johnson, ORTEP: A Foritun Thermal - Ellipsoid Plot Progruin for Crystal Structure Illlystrations,
ORNL-3794, Rev. 2 (June 1965).

6.23 APPLICATION OF ON-LINE COMPUTER DATA SYSTEMS
TO EXPERIMENTAL DESALINATION PLANT ANALYSIS

S.J. Ball
J.1.Redford N.E. Clapp,Jr. J.G.Delene!?

Computerized data systems were designed for two experimental desalting plants: a three-stage flash
evaporator at the Office of Saline Water (OSW) Wrightsville Beach (N.C.) Test Facility (WBTF), and a new
hybrid evaporator plant to be built in Orange County, California. The purpose of these data systems is to
facilitate the operation, testing, data collection, and analysis of plant behavior which will lead to a better
understanding of the processes and improved future designs. The WBTF system was installed in February
1972 and immediately operated to calibrate plant instrumentation, analyze plant performance, run a
variety of experiments, and print summary reports. The Orange County data system was designed and
ordered.

Most of the programming for these systemns utilizes an expanded version of FOCAL, which is an
algebraic interpretive language. Since the programs do not need to be compiled or assembled, the execution
of a program can immediately follow a program modification. This language has proved ideal for routine
data acquisition and analysis which does not require excessive processing speeds.

A program for evaporator frequency response testing (which does require processing at a higher speed)
was developed for the on-line computer, using a combination of FORTRAN and assembly-language
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programs. The system is used to generate pseudorandom binary sequence input signals, perform on-line
Fourier transform calculations on the recorded signals, and print out magnitude and phase information at
the conclusion of each test. Up to cight signals can be processed at a rate of up to three sets of data per
second. An integrating digital voltmeter limits the maximum sampling rate somewhat, but provides
excellent noise rejection and small-signal resolution.

The use of minicomputers with data systems has greatly enhanced the quality and quantity of data
obtained from experimental desalting plants. Possible future applications would make use of the computer
for direct control of experiments.

1. Reactor Division.

6.24 NUCLEAR DESALINATION PLANT CONTROL STUDIES
S.J.Ball N.E.Clapp,Jr.  J.G. Delene!

The dynamic characteristics and controllability of large nuclcar desaliing plants are being studied to
ensure satisfactory operation of the prototype plants now being developed. Previous work included
development of digital simulators for multistage flash (MSF) evaporator plant dynamics and dynamics tests
on experimental evaporators to obtain data for use in the simnulators. Present work includes extending the
MSF simulator to incorporate a large power reactor (PWR) and a turbine-generator plant, developing
simulators for advanced evaporator designs such as the vertical tube evaporator — MSF hybrid plant, and
coniinuing evaporator experimentation.

While previous MSF plant simulations showed that the predicted dynamic stability characteristics are
dependent on certain hydraulic design features, recent studies also showed that stability is quite dependent
on the means of coupling to the energy source. In fact, the closer the coupling scheme approaches the
economically ideal, full dual-purpose plant design (i.e., using back-pressure turbine exhaust steam to drive
the evaporators), the greater the tendency for instabilities to occur.

Recent experimental work included application of on-line minicompnters to assist in acquiring and
analyzing data. Reuse of such a system on a MSF experiment greatly enhanced the quality and quantity of
data obtained.

1. Reactor Division.

6.25 DATA ANALYSIS CRT DISPLAY COMMUNICATIONS
J.W. Reynolds N.A.Betz!  R.E. Sellers?

Operating experience with the CRT display units that support ORELA data analysis on the Immediate
Analysis and Coordinating Computer (IACC) indicated a desirability of increasing the operating speed of
the data links from 2400 bits/sec to a higher data rate. As a result of a survey of available
modulator-demodulators (“modems”) with a maximum operating speed of 9600 bits/sec, a General
Electric, TDM-330 mode!l was selected to replace existing rented data sets. Before the order for ten units
was placed, two were tested ou a remote batch terminal connected to an IBM 360/91 via an IBM 2701 data
adapter.

The faster modems were selected because (1) an increase in transmission speed was desired to reduce
the service request response time for ORELA; (2) the cost of a one-year lease for the old modem equaled
the purchase cost of the new modem; (3) a unit was desired for the dedicated-line short-term requirements,
thercby reducing cornplexity and cost; {4) factory repair and return maintenance within five working days
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as a backup to local maintenance was available; and (5) the model selected was the lowest cost unit
available that met the requirements.

The units were installed by DEC? in the C15 communication processor of the IACC and the V15 CRT
display units, and were tested by the Mathematics Division.

1. Mathematics Division.
2. Digital Equipment Corporation.

6.26 STATUS OF ORELA DATA HANDLING SYSTEM

J. W. Reynolds

The ORELA data acquisition system® continued to perform exceedingly well, and usuaily five or six
experimenters obtained data or performed preliminaty experiments simultaneously. The maximum
obtainable data rate for each computer was increased to ~5000 events/sec. New options were added to the
display routines, new CRUNCH programs were written, and new routines were prepared to monitor the
data collected by each experimenter. Interfaces were built for computer control of samples and filters
during experiments and for monitoring scalers that record neutron intensity, number of accelerator bursts,
etc., for each phase of an experiment. To prevent electrical ground loops, clectrical isolation was installed
on both the multiplexer and the scaler connections between experimenters and the computers.

The immediate analysis computer, a PDP-10 computer, arrived in April 1971. The ORELA has three
interactive displays, each containing a PDP-15 computer, and three remote Teletypes with hard-wired
computer links for program debugging. The extended acceptance tests on all aspects of the system was
started in December 1971 and completed on January 19, 1972.

Preliminary programs for processing ORELA data were prepared, have undergone some testing, and
have been used by ORELA physicists. A link was installed and tested between the data acquisition
computers and the PDP-10 for rapid transmission of data from the ORELA to the ORNL Computing
Center and return of computed results to the line printer and plotter at ORELA. During 1972,
experimenters will be able to do some of the processing and analysis of their data with this systein.

1. J. W. Reynolds et al., Instrumentation and Contirols Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 32-33.

6.27 ORELA ISOLATED PULSE GENERATOR

J. W. Reynolds

A two-unit-wide NIM module was designed and constructed to allow exclusive use of twelve
program-generated ground-isolated pulses by an experimenter as required for experiment control and
monitoring. Four of the pulses have a standard use for most experimenters, such as Program Start (PX003),
Program Stop (PX004), Program Clear (PX005), and Scaler Reset (PX006). The eight remaining pulses can
be used as required by the experimenter. A pulse is generated in the scaler interface by two programs steps:
(1) address selection, consisting of a channel number X and an octal subaddress (0-7), and (2) a pulse
number (01-12) in any combination. If more than one pulse is selected, they are output in parallel. The
device controllers! also use the scaler interface pulse generation feature.

I. R. E. Wintenberg and J. W. Reynolds, fustrumentation and Controls Div. Anwmu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, pp. 26-27.
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6.28 EIGHT-STAGE STACKING BUFFER MEMORY

R. E. Wintenberg  J. W. Reynolds

A final design of the eight-stage stacking buffer memory was constructed and installed iu February
1972. The memory! contains 30 data bits and one control bit per stage. It is a first-in, first-out storage
module that derandomizes the input events. The 30-bit events are transferred into the buffer memory in 1.4
psec. The average transfer to the SEL 8108 computer is completed in 20 usec.

Therc have been no known errors with nearly continuous operation at an average rate of 10 events/hr
(30 events/sec).

1. R. E. Wintenberg, J. W. Reynolds, and A. R. Smith, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1,
1971, ORNL-4734, p. 34.

6.29 SPECIFICATIOMS FOR ORELA PHASE HI'

J.W.Reynolds  J. W.Woody, Jr.

Specification CSP-500-24, dated Nov. 5, 1971, was prepared for purchase of a third data acquisition
computer (DAC-3). The computer consists of a general purpose computer (SEL 810B), a scaler interface for
experiment monitoring and control, a four-channel priority multiplexer with a maximum data input of
25,000 events sec” ' channel ™! (hardware limitation), an on-line CRT display of the collected data, and a
fixed-head disk with a storage capacity of 10° words. The scaler interface and the multiplexer were
specified as electrical and mechanical duplicates of the existing system. The original disk specifications for a
semirandom access disk were modified by the addition of an internal adder to allow an increase in the data
rate from a maximum of 4900 events/sec into 7.5 X 10® channels to 6000 evants/sec into 10°% channels.
Installation is scheduled for December 19772.

1. J. W. Revnolds et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1967, ORNL-4219, p. 47.

6.30 ELECYTRON SPECTROMETER
E. Madden

A proposal and estimate for data accumulation and control electronics for a 64-channel, position-
sensitive electron spectrometer for the Physics Division was compleied. Funds were approved and a
specification was prepared and released for bid. Design of ihe system interface will be started as soon as the
hardware is fixed.

6.31 MODIFICATION OF VARIAN STATGS-III RECORDER
E. Maddf;n

A Statos-III electrostatic, eight-channel recorder used with the double-arm sweep gage! inspection
machine was modified for the Fabrication Systems Development Department of Y-12 to furnish more
informative strip-chart information and to make operation easier.

The time code generator was modified to print full-scale timing lines across the chart paper at fixed
spacings of 1, 5, and 10 lines/in. rather than at fixed time intervals of 0.1, 1.0, and 10 sec/line.

The analog-BCL input control switches were changed to remote computer control.
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The stepping motor translator was modified to change the chart speed from 1,2,and 4 to 0.02, 0.1, and
0.5 in./sec. Both switch control and external computer control of all three chart speeds, as well as computer
control of a remote asynchronous paper-chart step signal, were provided.

Freamplifiers were designed and fabricated to convert the single-width digital recording channels with
100-increment resolution to double-width channels with 200-increment full-scale resolution.

1. E. Madden, R. E. Wintenberg, and R. Marcum, Justrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1871,
ORNL-4734, p. 32.

6.32 MODIFICATION OF A BENDIX SWEEP GAGE
E. Madden

The following devices were fabricated for the Fabrication Systems Development Department of Y-12.

A printed circuit board was designed and fabricated to supply two 12-bit digital-to-analog converter
channels. This printed circuit board was used to obtain increased resolution frora two probe-amplifier
channels on a Bendix supplied sweep-gage parts inspection machine.

Single-channel-width to double-channel-width preamplifiers were fabricated to replace standard
preamplifiers supplied on a Varian StatosIll electrostatic recorder delivered with a Bendix sweep-gage
inspection machine.

6.33 MODIFIED DEGREE MARKER
G.W.Allin  E.Madden

A degree-marker design was modified to reduce the fabrication cost of units required for a new
diffractometer installation. Each axis drive motor of this computer controlled system has a degree marker
that checks the angular position. A light-emitting diode and detector subassembly mounted on a lightweight
cantilevered beam, adjusted by controlling the beam deflection, replaces a more complex slide rmount
arrangement.

6.34 HB-3 DIFFRACTOMETER CONTROL SYSTEM
E. Madden

A long-wavelength diffractometer! for beam hole HB-3 at the ORR was completed, checked, and
installed, and is being used in experiments. An additional 4K of memory was ordered to increase the
memory size of the PDP-8/E to 8K. A second ASR-33 teleprinter and control, to be time shared, was
ordered for this machine.

1. E. Madden and W. C. Koehler, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p.
31.

6.35 NEUTRON DIFFRACTOMETER CONTROL

F. W. Snodgrass

A diffractometer control interface (Q-5124) for use with a PDP-8/E computer was built and installed to
replace a PDP-8/S system.! To avoid the expense of development of new software, this system is program
compatible with the PDP-8/S system. The interface provides a 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
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300-puise/sec clock for motor basic stepping rate, a stepping motor driver, and limit of travel protection
circuits. Preamplifiers, amplifiers, discriminators, and high voltage supplies were also furnished with the
system.

1. R. T. Roseberry and A. H. Narten, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1969,
ORNL-4459, p. 41.

6.36 HP-4 TRIPLE-AXIS NEUTRON SPECTROMETER CONTROL SYSTEM
E. Madden

A triple-axis spectrometer,' using a PDP-8/E computer with an 8K memory, was completed, checked,
and installed, and is being operated at the HB-4 beam hole at the High Flux Isotope Reactor (HFIR). A
second ASR-33 teleprinter was delivered with the spectrometer to allow time-shared, on-line calculation
and program generation for upcoming experiments.

1. E. Madden and H. G. Smith, Instrumentation and Controls Div. Annu. Progr. Rep. Sepi. 1, 1971, ORNL.-4734, p.
31.

6.37 INCIDENT BEAM MONITOR AND CONTROL
FOR A SMALL-ANGLE X-RAY DIFFRACTOMETER

J.T.De Lorenzo  R. W. Hendricks! .M. Glass H.N. Wilson R. E. Zedler

The small angle x-ray diffractometer of the Metals and Ceramics Division was modified to incorporate
an incident beam monitor and control system.

The monitor consists of a special, low-absorption ionization chamber,? a current integrator (Q-5010),
and a timer operated in its external clock mode. The incident beam current is quantized by the integrator
and counted to generate a control output signal at some preset count. This additional control function
effectively normalizes the data collection to reduce the effect of incident beam instabilities.

1. Metals and Ceramics Division.
2. R. E. Zedler, unpublished work.

6.38 ELECTRONIC CIRCUIT ANALYSIS PROGRAM (ECAP)
WITH PLOTTING ROUTINE AND REVISED PRINTER CUTPUT FORMAT

J.T.De Lorenzo  C.W.Nestor!  C.C. Webster!

The IBM Electronic Circuit Analysis Prograra was adapted to the ORNIL 360 computer. This program
can produce dc, ac, and transient analysis of electrical networks from a description of the network (circuit
topology), circuit element values, and circuit excitation.

The transient analysis section of the program was modified to give a plotted output and to revise the
format of the printer output. The program was applied successfully to several network problems. The three
types of analysis were utilized, and the agreement between calculated and measured data was excellent.

1. Mathemaiics Division.
6.39 RADIOISOTOPIC SAND TRACER (RIST) STUDY FINAL REPORT
H. R. Brashear  E. H. Acreel F. N. Casel

The Radioisotopic Sand Tracer (RIST) study2—? was completed at the close of its sixth year as a
cooperative program of the U.S. Atomic Energy Commission, Division of Isotopes Development, and the
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U.S. Anny Corps of Engineers. The objective was to develop methods and equipment for the study of the
movement of littoral sediments along the coast lines of the United States. This objective has been met, and
one set of equipment is to be transferred to the Coastal Engineering Research Center of the U.S. Army
Corps of Engineers to be utilized in on-going programs of coastal maintenance.

1. Isotopes Division.

2. H. R. Brashear, E. H. Acree, and F. N. Case, “Scintillation Gamma-Ray Detector for Littoral Transport Studies,”
Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1967, ORNL-4219, p. 42.

3. H. R. Brashear, E. H. Acree, and F. N. Case, “Data Collection System for Littoral Transport Studies,”
Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1968, ORNL-4335, p. 42.

4. H. R. Brashear et al, “Computer Plotting of Data from the Mobile Amphibious Detection System Used in
Radioactive Isotope Sand Tracer Studies,” /bid., p. 42.

5. H. R. Brashear et al., “‘Radioisotopic Sand Tracer Study (RIST) Status Report for May 1966 --April 1968,
Instruinentation and Conirols Div. Annu. Progr. Rep. Sept. 1, 1969, ORNL-4459, p. 43.

6. H. R. Brashear, E. H. Acree, and F. N. Case, “Radicisotopic Sand Tracer Study (RIST) Radiation Data Obtained
from 198192 Ay Tagging in the October 1968 Field Test at Surf, California,” Ibid., p. 43.

7. H. R. Brashear et al., “Processing and Analysis of Radioisotopic Sand Tracer (RIST) Study Data,” Instrumentation
and Controls Div. Annu. Progr. Rep. Sept. 1, 1970, ORNL-4620, p. 63.

8. H. R. Brashear ct al., “Radioisotopic Sand Tracer Study,” Instrunentation and Controls Div. Annu. Progr. Rep.
Sept. 1, 1971, ORNL-4734, pp. 43 -44.

9. R. L. Simpson and J. M. Jansen, Jr., “Radioisotopic Sand Tracer (RIST) StudiesComputer System,” Ibid., pp.
44--45.

640 COMPUTER SYSTEM FOR THE US. ARMY COASTAL ENGINEERING RESEARCH CENTER

J.M.Jansen,Jr. R.L.Simpson H.R.Brashear F.W.Snodgrass

As a result of participation of this Division in the Radioisotopic Sand Tracer Study (RIST), a
cooperative program of the AEC and the US. Ammy Corps of Engineers, development was started on a
small computer-based data acquisition system for the Coastal Engineering Research Center (CERC). This
systern will acquire, analyze, and display graphical data to study the movement of littoral sediments along
the coastlines of the United States.

The system, similar to that previously described,! will comprise a PDP-8/E computer with an 8K word
memoty, a storage oscilloscope display, an incremental magnetic-tape transport, a keyboard-teleprinter, and
an interface to a portable radiation detection and data collection system. The computer will be equipped
with a cassette tape transport for processing data stored on cassette when disconnected from the computer
system.

Programs developed for the RIST study will be used for operation of the data system. Several
modifications will be implemented to rapidly store and retricve programs for analysis from the magnetic
tape transport.

1. H. R. Brashear et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 43—-44.

6.41 CONTROL UNIT FOR A PORTABLE GAMMA SPECTROMETER

F. W.Snodgrass

A control unit was built to serve as an integral part of a gamma spectrometer for acquiring and
recording data in radioisotopic sand tracer! tests by the Coastal Engineering Research Center, U.S. Corps of
Engineers, for study of the movement of sand and silt in harbor and coastal waters. Some of the design
objectives were: portability, low power consumption, power from ordinary storage batteries, reliability in
severc environments, minimum interequipment cabling, and simplicity of operation by nontechnical
personnel.
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Low-power T'TL integrated circuits were used extensively throughout the instrument. A solid-state
readout assembly displays the clock tirae. The instrument has a self-contained digital magnetic-tape cassette
recorder for data storage. Data can also be recorded on paper tape or transferred directly to an on-board
computer. Data consists of time, two channels of gamma counts, two range (position) parameters, and
water depth. The instrument cabinet accommodates a plug-in Technical Service Unit (Sect. 1.11) which
contains the detector amplifiers, discriminators, and high voltage supplies.

1. H. R. Brashear et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL 4734, pp. 43 --44.

6.42 CASSETTE CONTROLLER
F. W. Snodgrass

A controller to enable computer control of a digital, magnetic-tape cassette transport was designed.
Data will be recorded and played back in a bit-serial mode and transferred to and from the computer as
parallel 8-bit characters. The recording technique used is phase encoding with a packing density of 800
bits/in. (1600 flux transitions per inch) and tape speed of 6 in./sec. A dual-gap head permits error checking
at the time of recording. Construction of the controller for use with a PDP-8/E computer is near
completion. This system will be used for reading tapes recorded on a portable gamma spectrometer and for
general purpose programming and data storage.

6.43 MOBILE FUEL-ASSAY VAN
E.McDaniel V.A.McKay R.T.Roseberry

Activity was started to assist in equipping a mobile fuel-assay van for the US. Atomic Energy
Commission. The purpose of this mobile unit is to inventory 235U content of fuel at fabrication sites. The
van is equipped with a sodium iodide spectrometer detector connected to a computer-based multichaunel
analyzer. The equipment is mounted in a shock-mounted frame and is cooled by air ducted from an
overhead air conditioner mounted on the cab of the specially prepared %, ton van.

This Division started preparation of instructions for the measurement techniques, including data
acquisition, calibration, and analysis. Also, modification of equipment and preparation of a specialized
computer program were started.

A new 3- by 3-in. sodium iodide detector and shield are being installed, calibration sources are being
prepared, and 235U, 238U, and 235U-238 U response functions are being determined, as well as appropriate
geometries for the variety of samples to be measured -~ powder, pellets, and microspheres.

644 COMPUTER-BASED MULTICHANNEL PULSE-HEIGHT ANALYZER
AND SAMPLE CHANGER FOR ECOLOGICAL STUDIES '

£. McDanjel 1. R.Gitgosod R.T.Roseberry

A gamma counting facility for ecological studies was designed and constructed for use in the Aquatic,
Terrestiial, and Heavy Metal Tracer Programm by the Environmental Sciences Division. A computer-based
pulse-height analyzer was interfaced to an existing auto-gamma sample changer and a manually loaded
liquid scintillation counter. A customn programming system was prepared to enable a system capability of
automatic quantitative measurements of one or two isotopes in up to 43 samples.
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The program interacts through a teleprinter in a conversational mode with the operator during setup of
an experiment. Once calibrated, the system will operate unattended until the prescribed number of samples
has been analyzed. Since the program requires minimal training of the operator, the system is an ideal
research tool for summer participants.

Through its intecface, this computer controls all functions of the SO-sample carrousel during an
experiment. A complete set of manual controls is available, however, that can be used at any time to load
or unload a sample, move to a new sample position, or find the reference position. A switch allows the
operator to disable the computer control of the sample changer and enable the logic circuits on the
manually loaded counter. Other switches on the counter simulate the action of the switches in the sample
changer so that loading and unloading samples manually appears to the computer to be the same as the
automatic operation. The single programming system works equally well with either counting system.

6.45 AUTOMATIC SAMPLE CHANGER
G.W_Allin R.T. Roseberry

Fabrication of an automatic sample changer was started. This unit will handle samples in a radiation
counting facility. The samples, maximum of 20, will be placed in 8-oz polypropylene jars before being
loaded into the changer. The changer will automatically position the samples in one of four counting
positions according to the intensity of the sample activity. The changer will be controlled by a computer;
the main function of the computer will be data acquisition.

6.46 MASTER CLOCK-COMPUTER MARKER GENERATOR FOR ORMAK

D. D. Bates

A master clock to provide precise timing pulses for the ORMAK machine of the Thermonuclear
Division was designed and fabricated. The clock, designed in a single-width NIM module utilizing TTL logic,
contains a 500-kHz crystal oscillator that is scaled down to provide precise 10-usec-wide pulses at 100-usec
intervals. The module has two outputs: a local to drive the waveform synthesizer inside the control roorn,
and a remote to supply timing pulses external to the control room.

The clock is further scaled to provide timing markers to the LINC-8 computer. The output from this
section is switch seclectable to obtain either 1-, 10-, or 100-msec square-wave timing pulses. A control
decade scaler inhibits the marker timing pulses to the computer except the 100-msec experiment run time.



7. Process Instrumentation and Control
SYSTEMS ENGINEERING

7.1 UPGRADING OF STEAM FLOWMETERS
R. F. Hyland

Upgrading of the sieam orifice meter installations on the main 50-psig headers in the Central Research
and Administration Building 4500N and 45008 and the Metals and Ceramics Laboratory Building 4508 and
on the 225-psi header in the High-Voltage Accelerator Laboratory Building 5500 was completed. The
instrumentation associated with these steam systems had not been calibrated since the buildings became
operational, and this work consisted of recalculation of all flows, replacing orifice plates where necessary,
and cleaning and recalibration of the remainder of the instruments. The objective of the work was to ensure
accurate flow data for utility billing purposes.

Computer programs in the BASIC language for calculating steam, vapor, and liquid flows were improved
and rewritten in ADVANCED BASIC; the latter programs were then used for the precise calculation of flow
vs instrument readings for all of the flowmeters.

7.2 ELK RIVER DISMANTLING PROJECT
W. R. Miller  B. Lieberman

Contractual commitments of the AEC require that the power reactor at Elk River, Minnesota, be
dismantled and disposed of at the end of its useful life. Design and construction of a control system
package to remotely position and control a plasma-arc cutting torch for this purpose were assigned to this
Division.

A thermal liner, 81 in. in diameter, 18 ft long, and constructed of 1-in.-thick stainless steel, must be cut
under water because of the high level of radioactivity. The reactor vesse] of 3-in.-thick carbon steel will be
cut in air.

The torch current will he 1000 A at 180 V dec. The gas flow will be 5060 scth to achieve cutting speeds
of 50 in./min.

The control system will enable automatic sequencing, gas flow and pressure interlocking, current-soucce
and arc-starting equipment control, as well as sensing and indication of all parameters.

A remote positioning and indicating system for the torch will be an integral part of the package. The
position accuracies will be 0.1 in. in 20 ft in the vertical plane and 0.1° in 395° of rotation in the horizontal
plane. The system will be equipped for making settings at reference locations so that the speed of torch
travel will automatically increase and decrease as cuts are begun and ended. SCR motor deives under contrel
of the positioning system will maintain speed control within 0.1%.

There will be five modes of starting to cope with conditions that will prevail as dismantling progresses.
Each [unction can be pretested prior to running an automatic cycle.

Figure 7.2.1 shows the control panel which houses most of the auxiliary control equipment, thereby
making a complete package that will be shipped and set up in a minimum of tirhe at the reactor site after

47
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PHOTO 3346-72

Fig. 7.2.1. Control system for plasma-arc cutting torch. (z) Front panel and (b) rear panel.
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mock-up tests at ORNL are completed. Figure 7.2.2 shows the general layout of the hardware and a block
diagram of the system.

7.3 THERMAL TESTS ON A FOAMGLAS SHIPPING CONTAINER
H.E. Cochran C. A. Mossman

The thermal test made on a Foamglas shipping container! (23 in. OD, 35 in. long) verified that it would
meet the thermal requirements set fourth in the U.S. AEC manual,? i.e., there was no damage to the inner
container that would result in loss of radioactivity.

The container was exposed to a temperature environment of 1475°F for 30 min. Eight Chromel-
Alumel, shielded, insulated-junction thermocouples were connected to a multipoint null-balance chart
recorder to indicate and record the temperature during the test.

In a previous thermal test, flammable gases were evolved, causing erratic behavior of the furnace
controls, and large electrical-field fluctuations occurred as the power was switched on and off.
Consequently, the temperatures obtained were unreliable. For a successful test, the materials used in the
container were modified to minimize gas evolution. The effects of stray electrical currents induced by the
pulsed-furnace heater power were eliminated and good data were obtained by using thermocouples with
insulated junctions and by installing intact thermocouple assemblies of thermocouple wires, insulation, and
sheath from the point of measurement in the furnace to a disconnect box outside the furnace. The
thermocouple lead wires from the junction box to a null-balance chart recorder were enclosed in conduit.

1. B. B. Klima et al., Drop, Puncture, and Thermal Tests Performed on the Foamglas Shipping Container, Dot Special
Permit No. 5795, ORNL-TM-3713 (April 1972).
2. Ibid.

7.4 ANALYSIS OF ERRORS IN LINEAR VARIABLE RELUCTANCE TRANSDUCER
J. M. Googe!

Commercial linear variable reluctance transducers (LVRT) are used with linear voltage differential
transducer (LVDT) data modules made by another manufacturer to measure linear motion in the Mint 1
experiment at the Oak Ridge Research Reactor (ORR). The use of these transducers to measure
fuel-cladding mechanical interactions was hampered by a series of instrumentation malfunctions, and, on
occasions when no obvious malfunctions were detected, the data produced by the transducer system were
unrealistic.

This investigation revealed thermal effects to be a major source of both calibration changes and device
damage. The specified LVRT had a certified linearity of better than 4% of output over a displacement
range of £0.250 in. As received, it was calibrated for temperatures from 50 to 450°F, but the calibration
certificate showed the gain, or sensitivity, to change about 2.4% over this temperature range under
laboratory conditions. Since the temperature environment for the LVRT at the reactor was at least this
severe and the required displacement resolution was about 1%, the displacement data were seriously
degraded by temperature effects.

Analytical models were used to demonstrate a principal source of the temperature error and to suggest
corrections for improving the quality of the data obtained.

Figure 7.4.1 shows the major components of the displacement instrumentation and is useful in
discussing the errors in the system. The basic sensing is performed by an impedance bridge composed of R1,
R2, and the two coils in the LVRT, X1 and X2. The bridge power is supplied by a 3-kHz constant-voltage
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Fig. 7.4.1. Diagram of LVRT system.

source that has an automatic voltage-control loop to keep the voltage across points S1 and S2 constant at
about 3 V rms.

The LVRT specified by the manufacturer in his test report (or calibration certificate) was operated at 5
kHz with 10 V rms. This higher frequency, compared with the 3 kHz, caused the transducer coil reactance
to be proportionally higher and made the temperature effects less important. The null voltage also
improved when the transducer was operated at design frequency.

Figure 7.4.2 is an approximate equivalent circuit of the LVRT and bridge as used in the Mint 1
experiment. We assume that X = Xy when the core of the LVRT is centered (x = 0) and that the change in
reactance of the upper and lower coils is linear with core position, x.

Then using voltage division, we write

Eoue R2 RL3 + 1 +jXp
E;, R2+RI1 RLI+RL3+r; +1g+i(Xg + Xp)
~ S

set to zero by zero adjustment in the LVDT

N jaAX
RLI+RL3+r1p+r1p +j(Xg + X))~
%f__—/
useful output

This equation was used to calculate a decrease in gain caused by the added line resistance of about 5%.
The calibration factor obtained from bench calibration without the 6.3-2 line resistance must be multiplied

by 1.05. The equation also reveals several other important features of the LVRT:

1. The gain or calibration constant is a nonlinear function of the lead and coil resistance.

2. The effect of coil and lead resistance is reduced as the coil reactance is increased. For this reason, one
component of the temperature dependence is reduced when the bridge supply frequency is increased.

3. An unbalanced change in lead or coil resistance will produce a zero shift and a gain change in the
instrument channel. Thus, thermal gradients cause zero shift and gain changes.
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Fig. 7.4.2. Approximate equivalent circuit of LVRT and bridge in MINT I experiment.

In summary, the effects of elevated and nonuniform temperatures on the zero and span of an LVRT
can be predicted using an equivalent circuit model of the device. These predictions rednced the error from
uncorrected data to about one-half in a bench calibration with controlled temperature conditions,

The resulis of this work are valuable both for reducing the error in the data from the Mint [ experimeitt
and for establishing bounds on temperature ercors in this class of transducer to be used for guidance in
future systems.

1. Consultant from the Electrical Engineering Department, the University of Tennessee, Knoxville.

7.5 TRANSURANIUM PROCESSING PLANT

H. E. Cochran
M. M. Chiles P W Hill B.C.Thompson J.T.DeLorenzo R.E. Zedler

Successful operation of the Transuranium Processing Flant (TRU) was continued, recovering 300 mg of
252Cf from the SRP reactor tubes for the Division of Production program. As by-products, 2#°Bk and
254Es were made available for research use. From nine HFIR targets 170 mg of >52Cf and other isotopes
were recovered. Much of the material was incorporated in neutron sources and shipped to researchers
throughout the country.

Instruimentation previously installed! in the source and target decontamination facility for assaying
californium sources and shipping packages by means of fast-neutron counting proved most worthwhile.
Reproducibility of assay values was within 1% and usually within 0.5%. A similar system was installed in
the Thorium-Uranium Recycle Facility (TURF} where the isotopes are encapsulated prior to transfer to
TRU by a pneumatic tube for decontamination.
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Two technicians, a foreman, and an engineer were available for instrumentation support during the past
year. The reliability of the instrumentation and the minimal process changes planned will enable a
reduction of manpower for instrumentation services by ~% in the coming year.

1. H. E. Cochran et al_, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 46-47.

7.6 IMPROVED LIQUID-WASTE TREATMENT AND STORAGE FACILITIES
R. E. Toucey

The General Engineering Division was assisted in preparing conceptual-design documents, drawings, and
cost estimates for the improvement of the Liquid-Waste Treatment and Storage Facilities at the Laboratory.
This information will become part of a proposal to the Atomic Energy Commission. The following facilities
are being planned: ’

1. A new evaporator facility to match the capacity of the radioactive-liquid-waste evaporator in Building
2531. The new evaporator could be operated for additional capacity or as a standby unijt when the older
evaporator is shut down for repair.

2. A new waste treatment plant to filter the radicactive process liquid waste. The new plant, wiih a
200-gpma capacity, will replace the existing facility in the Process Waste Water Treatment Plant (Building
3518).

3. A new radioactive-liquid-waste handling and intetim tank storage system. The new system will have five
new tanks with a total storage capacity of 660,000 gal.

7.7 HTGR FUEL REFABRICATION DEVELOPMENT PROGRAM
H. E. Cochran  B. Lieberman

The objective of the HTGR fuel refabrication development program is to develop the technology

necessary for the design and operation of a pilot-scale, remote-fueled graphite line in the Thorium-Uranium
ecycle Facility (TURF). An engineer was assigned half time for instrument assistance by keeping abreast

with the program and directing instrument problems to engineering specialists of this Division.

The small POP-8/E digital computer! was installed and successfully operated. The digitized output from
a split-image eyepiece furnished measurement data to calculate particle diameters and coating thickness of
fuel microspheres. Plans were made and work was started to expand the use of the compuier (Fig. 7.7.1).

Based on experimental data and calculations obtained from stidies of coated pacticles processed in the
fluidized-bed coating fumace, the hydrocarbon and helium flow rates were revised. The process
instrumentation (12 lin ft of control board instrumentation as well as field-mounted units) is now being
resized, calibrated, and updated to meet these new requirements.

Fabrication of fuel sticks requires development of instrumentation to characterize the nomninal
Y, -in.-diam, 2-in.-long sticks. The pilot plant fabrication rate will be ~9000 sticks per day. Temperature
controls and interlocks were developed and tested for a prototypic fuel stick machine recently placed in
operation. Automatic dimensional measurement of the sticks is planned. To determine the amount of
fissionable material in each stick, a multispectra neutron irradiation technique is being investigated. The
prototype control was designed and is being evaluated.

1. H. E. Cochran and C. D. Martin, Jr., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL 4734, pp. 47—-48.
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Fig. 7.7.1. HTGR fuel characterization data system.

7.8 AQUATIC LABORATORY DESIGN STATUS

B. C. Duggins
J. T.Hutton  J. M. Jansen,Jr.  B. Lieberman

The preliminary development and design of instruments for the aquatic laboratory were reporied.! The
facility was constructed and will be available for ORNL use in the fall of 1972. Since the computer system
is not funded as a part of the facility, the initial operation will be with manual control of the three-way
blending valves for tank temperature control. Since the hot- and cold-water heaters are controlled with
analog controllers, there should be a fixed relationship between the blending valve position and delivered
water temperature. We expect the computer system to be funded during FY 1973.

One important change in the design of the computer, temperature-control system was made when
low-cost (<$50), 10-bit, digital-to-analog converters (DAC) became available. As reported last year,
stepping motor drives were planned for the blending valves, but control of these inotors would be expensive
and cumbersome and would have required extensive wiring to be located in the damp atmosphere of the
tank room. The new system will have a conventional pneumatic blending valve with an individual DAC and
an electric-to-pneumatic converter for each loop. The PDP-8/E computer will load desired valve position
information into registers for each of the DAC circuits. Prototypes of the circuit cards were fabricated to fit
and be an integral part of the computer panel. The electric-to-pneumatic converters will be installed behind
the panel, and the pneumatic signal tube will be run from the computer room to the tanks. Tests of the
prototype circuits, using a PDP-8/{ system, gave satisfactory results.

1. B. C. Duggins and J.A M. Jansen, Jr., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1972,
CRNL-4734, pp. 124--25,



54

7.9 UPDATED INSTRUMENT ENGINEERING DRAWINGS AND DOCUMENTS

R. E. Toucey

Drawings and documents from existing Laboratory facilities were reviewed and updated so that the
installed instruments and control systems would be described accurately. To date, drawings for the
Radiochemical Processing Pilot Plant (Building 3019) were checked and revised to conform to the existing
emergency control system and to include revisions to the system requested by the U.S. Atomic Energy
Commission Safety Review Committee. The Tower Shielding Facility drawings of the process control
instrumentation are being checked and revised to show “as-built” installation. A new engineering flowsheet
to describe the instrument air systern for the Tower Shielding Facility was prepared to augment the
documentation of the existing facility.

7.10 WATER QUALITY MONITORING

B. C. Duggins
G.W.Allin T.F.Sliski W.R. Miller H.J. Stripling, Ir.

To assure that ORNL complies with all environmental regulations concerning liquid effluents, water
quality monitoring stations were installéd at three sites along the streams into which plant waste-water
flows. The variables monitored are water pH, dissolved oxygen, temperature, and flow rate. This new
monitoring system was added to the existing radiation monitoring system. The information is telemetered
(using commercial telephone lines) from the field sites to recorders at two locations in the main Laboratory
area. The water quality monitoring system is operational, and its performance is satisfactory.

Consultation with several authorities, including the Environmental Protection Agency, concerning the
best way to make these measurements led to an important conclusion that it is not good practice to pump a
samnple from the stream because the dissolved oxygen concentration in the sample is affected by pumping.
Also, it is essential to measure these variables at the area of greatest flow in the stream cross section, which
is in the center of the stream and near the surface. For these reasons, the sensors were installed on a float
assembly consisting of pontoons, made from aluminwmn and stainless steel, with the flotation chambers
filled with low-density polyurethane foam. The sensors were mounted on the float so that they can be
adjusted individually for depth in the water or serviced. Cables from the bank to the float are supported
from a boom that can be rotated to bring the float to the bank for maintenance.

Since commercially available instruments were used for the measurerents, the output signals from
instruments had to be converted to a 0- to 4-mA dc range for telemetering. The converters were designed
and fabricated by this Division with integrated circuit components, printed circuit boards, and NIM bin
hardware. Three different converter types were required. A voltage-to-current converier was required for
pH and oxygen. For flow, a pulse duration-to-current converter was required. This flow converter closes
contacts for 3 to 12 sec, which is linear with the percentage flow rate, and digital and analog techniques
convert this signal to a 0- to 4-mA dc signal which is updated every 15 sec. For temperature measurements,
the converter type is resistance-to-current, with sufficient sensitivity for a range from 5 to 30°C. The probe
contains two thermistors of different characteristics which are used with a linearizing circuit to yield a
current output linear with temperature.

The most difficult development problem encountered was to adequately protect the integrated circuits
from lightning. Although all circuits were initially equipped with high-frequency chokes and spark-gaps,
induced transients of intolerable voltage levels were observed. This problem was resolved by the addition of
Zener diodes to the protection circuits.
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7.11 MODIFIED HELIUM LEAK DETECTOR FOR FLOW MEASUREMENT

H. E. Cochran  B. Lieberman C. B. Williams

Control rod life for the Fast Test Reactor is limited due to helium generated from '°B(n,a)7 Li
reaction. To develop and test control rod vents, an instrument was required to measure leak rates of 107*
to 1072 std cm® sec™. Since a commercial instrument was not available for this purpose, a commercial
helium leak detector was modified to measure helium flows in the range desired. The biasing resistor was
changed to prevent saturation of the electrometer tube due to the greater flow of helium ions.

A control switch, reed relay, and power supply were added to allow selection of either standard
operation of the leak detector with either low helium flow or high helium flow. A commercial helium leak
of relatively high flow (1.78 X 107 std ¢em® sec ') was purchased for calibrating the instrument at the
higher helium flow rate.

7.12 PRESSURE SAFETY OF GLOVE BOXES

B.C.Duggins  B. Lieberman

Design studies of pressure control and safety systems for glove boxes! were continued. Interest
quickened recently when pressure excuisions were experienced with some recirculating inert-atmosphere
glove boxes. This type of glove box is usually purchased with pressure controls supplied as part of the gas
purification system. The safety of the inert-atmosphere boxes was assessed, and they were modified as
necessary. The practice was to make the safety of the boxes independent of the supplied controls; the
maximum pressures of the gas and vacuum sources were set and relief devices were installed to adequately
handle these positive and negative pressures. Operation of these safety devices was proved after their
installation by simulating failurc of the pressure control system.

1. B. Lieberman and A. H. Malone, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1970, ORNL-4620,
pp. 66--67.

7.13 ROUX-TYPE DROP CALORIMETER
J.M. Googe B.G.Eads W.W. Johnston, Jr.

Research for the Radioactive Waste Repository Project require measurement of the stored energy of
irradiated salts. The experimental apparatus, suggested by the work of Roux,! consists of a drop-type
calorimeter and temperature instrumentation. The experiments called for high resolution of temperature
and high stability with the apparatus operating at relatively high nominal temperature (1000°C) and for
measurement of a very small temperature difference.

The calorimeter, special temperature instrumentation, and a stable furnace power supply were supplied.
The calorimeter was fabricated from commercially available high-purity alumina. High resolution was
obtained by use of a Pt vs Pt-Rh differential thermopile followed by an analog function generator and a
high-gain amplifier.

The function generator produces a voltage transient that is analogous to the temperature transient
which affects the thermopile when an unirradiated salt sample is dropped into the calorimeter. This signal is
generated in synchronism with and subtracted from the thermopile signal produced when irradiated salt
samples are dropped into the calorimeter. The small difference between the funciion geperator and
thermopile signals is amplified by the high-gain amplifier and recorded for analysis. The area under the
transient differential signal for an unirradiated sample is compared with that for an irradiated sample to
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obtain a measure of the stored energy due to irradiation. This differential technique places very severe
stability requirements on the instrumentation.

Roux reported good results using a lumped version of an RC transmission line to simulate the thermal
transient. This device is a logical choice since transients on an RC line and certain one-dimensional heat
transfer problems obey the same equilibrium equation

a2v(x,t) _ 13w(t,x)
ax? a ot

where a is the diffusivity in a thermal case or the time constant in an electrical case, and v(x,t) is the voltage
or temperature, as the case may be.

The function generator was built and is in service. [t is reported to meet the project requirements as to
wave shape and stability.

1. André Roux, Energie Emmagasinee dans les Oxydes BeQ, Mg0, A1, 0 et SiOy [rradees Aux Neutrons, Sc.D. These A
I.a Faculté des Sciences, Del’l. of Lyon (Dec. 1969).

7.14 ENGINEERING SUPPORT FOR THE METALS AND CERAMICS DIVISION
B.G.Eads J.T.Hutton

Instrument engineering support to the Metals and Ceramics Division was continued." The tasks
completed were as follows:

1. Prepared a cost estimate for procurcinent and installation of a new hydrogen-leak detection system and
prepared the specification for purchase of this system.

. Assisted in the preparation of a specification for a high-pressure-gas bonding system.
. Designed a programmed high-temperature furnace control system.

. Supplied miscellaneous high-temperature sensors.

AT T S R

Designed and fabricated a dual-channel recorder driver for display of the voltage and current outputs of
a heliarc welder.

6. Fabricated a cyclic controlled-strain analog computer for use in fatigue testing of metallurgical samples
(this was an adaptation of a Gereral Electric design).

1. B. G. Eads, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 50.

7.15 SPECIFICATIONS FOR ANNUNCIATORS AND FOR TEMPERATURE SHUTDOWN DEVICES
H. J. Metz

A survey was made to learn the experience with annunciators and temperature shutdown devices in the
three plants operated by the Union Carbide Corp. in Oak Ridge. This was done because there is a need for
up-to-date specifications for equipment that uses solidstate components and would require less frequent
and more economical maintenance. Commercially available equipment is being evaluated, and annunciators
and temperature shutdown devices judged to be best are being purchased and tested. Specifications will be
written for procurement of solid-state annunciators and temperature limit switches.
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7.16 GAS CYLINDER STATION

H. J. Metz

A gas cylinder station was designed and installed on the south side of the Instrument Laboratory
(Building 3500). Twenty-five cylinders can be stored or used at this station, with room to increase the
cylinder storage threefold. The cylinders and equipment in use are protected by a 4- by 32-ft aluminum
canopy. The gases will flow through tubes to the places of use in the building, eliminating the practice of
temporary benchside mounting of the heavy, high-pressure cylinders with their attendant safety problems,

7.17 IMPROVED WIND TUNNEL
H. J. Metz

The wind tunuel in the baseinent of the Instrument Laboratory (Building 3500) was inadequate for
calibrating gas-velocity measuring instruments for the Central Radioactive Gas Disposal Facilities (Building
3039). At low flow rates, the accuracy of the measuring elements was insufficient; and at high flow rates,
the air supply was insufficient. A new air supply was installed and the wind tunnel will be modified to
enable tests and calibration of air velocity devices in a gas velocity range from 20 to 800 ft/sec.

DEVELOPMENT INCLUDING BIOMEDICAL INSTRUMENTS

7.18 A MULTICUVET FAST FLUOROMETRIC ANALYZER BASED ON
THE GeMSAEC PRINCIPLE!
T. 0. Tiffany?
L. H. Thacker C. A. Burtis?  C.D. Scott?

A prototype 15-cuvet fluorometric analyzer based on the GeMSAEC principle has been developed to
demonstrate the feasibility of automated fluorescence analysis on the Fast Anatyzer. An existing 15 place
analyzer was slightly modified for angled excitation using a simple fiber optics system. {n this manner sither
system retains the unique parallel analysis capabilities of a Fast Analyzer. Initial development has centered
on the use of 470-nm excitation and 530-nm emission detection. A semimicro cortisol analysis has been
adapted using procedures similar to those of Silber (Merh.of Biochem. Analy. 14,6377, 1966). Detection
limits of the system are in ihe range of 0.05 ug cortisol per ml fluorescence reagent. The procedure requires
0.2 to 0.4 ml of serum or plasma and has the advantage that the reagent blank, reference solutions, and
unknowns can all be analyzed simultaneously. This is an important feature for time-dependent fluorescence
assay systems such as the cortisol analysis. EDTA-titrimetric analysis of serum calcium using calcein as an
indicator and the direct analysis of serum calcium using caleein have been compared by performing both
types of analysis simultaneously in one rotor. Analytical agreement between the two procedures of ~1%
was obtained using a 9.0 mg/ml serum control sample. A discussion of the analyzer and the analyses will be
presented.

1. Abstract of paper presented at the 24th National Meeting of the American Association of Clinical Chemists,
Cincinnati, August 20--25, 1972,
2. MAN Program.
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7.19 A RETROREFLECTIVE FIBER OPTIC TURBIDIMETER FOR
CONTINUOQUSLY MONITORING FERMENTATION'

L. H. Thacker E.F. Phares®
W. F. Johnson C.W.Hancher®  A.D.Kelmers®

A retroreflective fiber optic turbidimeter has been developed to automatically and continuously assay
the cell concentration in a fermenter by measuring the turbidity of the solution as a function of the light
scattered at 180° to the incident light. The output signal is nearly directly proportional to the cell
concentration of a fermenter sample stream containing wet weights from 0 to over 50 g of cells per liter.
The device consists of a bifurcated fiber optic light-pipe, with its distal end inserted into a flow cell through
which the material to be analyzed passes. A light source on one proximal branch of the light-pipe
illuminates the sample streamn; light back-scattered from particulates in the siream reenters the light-pipe
and is returned to a photodetector on the other proximal branch of the light-pipe. A signal conditioning
system connected to the optical head by a cable provides gain and zero adjustment.

1. Abstract of paper to be submitted for publication in Biotechnology and Bioengineering.
2. Biology Division. :
3. Chemical Technology Division.

7.20 DEVELOPMENT OF A MINIATURE FAST ANALYZER'

C. A Burtis?  W.F.Johnson J.C.Mailen? C.D.Scott?> T.Q. Tiffany?

Design features and operation of a prototype miniaturized Fast Analyzer are described, and some
results obtained with it are presented. The Analyzer occupies only 1 cu ft of space. It has a 17-cuvet plastic
rotor which rotates through a stationary optical system at speeds up to 5000 rpm. The resulting centrifugal
force is utilized to transfer and mix a series of sample(s) and reagent(s) into the cuvets. The ensuing
reactions are monitored spectrophotometrically, and the data are evaluated in real time by an on-line
computer. Samples (1 to 10 ul) are loaded into the rotor either discretely or dynamically; various rotor
configurations can be used to do this. Many of the standard clinical analyses, including most of the
NADH-linked enzyrnatic analyses, have been adapted for use with this analyzer. Precision obtained ranges
from 1 to 4%. This report considers, specifically, analyses of some serum enzyimes. Results show that the
small analyzer possesses the previously demonstrated advantages of Fast Analyzers and, in addition, has
several beneficial features arising from miniaturization.

1. Abstract of i)aper submitted formpublir:ation in C’linica} Chemistry.
2. ORNIL Molecular Anatomy Program.

7.21 DEVELOPMENT OF A PORTABLE DATA PROCESSOR WITH MECHANITAL DATA
OUTPUT FOR USE WITH A MINIATURE FAST ANALYZER'

W.F.Johnson  J.C.Mailen? C.A. Burtis® T.O.Tiffany>  C.D. Scott?

The Mark [ data processor is a system for acquiring, processing, and printing, with the aid of a
computer, the results of analyses carried out in Fast Analyzers. Because it is inexpensive and portable, this
system is particularly applicable for use with a newly developed miniature Fast Analyzer. It utilizes digital
logic to correlate the signals originating at the photodetector of the analyzer with the proper cuvet position
and corresponding recorder channel. The transmission pulses are converted electronically to absorbance
values, which are recorded as piinted dots on a data card. Vertical height on the card is proportional to
absorbance, with the maximum absorbance and the absorbance span to be covered being set by calibrated
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potentiometers. The Mark I data processor has been evaluated in parallel with an on-line computer, and
data obtained from it coirelate with the computer-derived data.

1. Abstract of paper to be published in Clinical Chemistry.
2. ORNL Molecular Anatomy Program.

7.22 AUTOMATED SAMPLE-REAGENT LOADER FOR USE WITH THE GeMSAEC FAST ANALYZER!

C. A. Burtis® W.F.Johnson J.C.Mailen® J. E. Attrill?

With a newly developed automated sample-reagent loader for use with a GeMSAEC Fast Analyzer, a
15-place GeMSAEC transfer disk can be automatically loaded with reagent and samples in 3.25 min; manual
loading methods required 15 min. The resulting precision and accuracy is equal to or better than that for
manual methods of loading. Sample carryover of the system was decreased, and is about 1%.

1. Abstract of published journal article: Clin. Chem. 8 (5), 433 (1972).
2. ORNL Molecular Anatomy Program.

7.23 A NEW SENSITIVE ULTRAVIOLET DETECTION SYSTEM FOR
CARBOHYDRATES ELUTED DURING COLUMN CHROMATOGRAPHY!

Sidney Katz? L. H. Thacker

A simple and sensitive detection system has been developed for carbohydrates eluted from
chromatographic columns. The new system relies on the production of an ultraviolet absorbing
chromophore by dynamic reaction of the carbohydrate in the eluent solution with sulfuric acid. The
chromophore has a broad absorption band in the ultraviolet, with a peak at 296 nm and a minimum near
254 nm. Because of its sensitivity, simplicity, and operational durability, a modification of the previously
d3* miniature dual-beam photometer with two fixed wavelengths was used as the detector. The
254-nm channel was retained to help identify noncarbohydrate compounds, and a 306-nm channel was

reporte

substituted for the original 280-nm channel to detect carbohydrates. Wavelengih conversion filters were
developed to provide a peak effective transmittance at 306 nm with a bandwidth at half maximum of 41
nm, togeiher with conversion of the ultraviolet radiation to visibie light for detection by conventional
photoconductors.

The new system is operationally simpler than any of the existing systems for the detection of
carbohydrates in eluents, and the sensitivity is as good as any previously reported.

1. Abstract of published journal article: J. Chromatog 64, 24752 (1972).
2. Chemical Technology Division.

3. L. H. Thacker et al., A Miniaturized Ultraviolet Flow Photometer for Use in Liquid Chromatographic Systems,” J.
Chromatog 51, 175-81 (1972).
4. L.H. Thacker et al., ““Miniature Photometers for Liquid Chromatography,” Clin. Chem. 16, 626 (1070).

7.24 LASER OPTOELECTRONIC SYSTEM FOR PROJECTILE VELOCITY MEASUREMENT

L. H. Thacker

An optoelectronic systemn, using a 2-mW helium-neon laser for a light source, was developed for
measuring the velocity of radioactive test specimens fired toward a rigid wall by a compressed air gun. The
system will be used in-cell to evaluate isotope fuel element composites in terms of their ability to withstand
reentry into the earth’s atmosphere from space.

The beam from the laser is divided by a beam splitter and prism to cross the projectile path at two
locations 1 ft apart. Silicon photovoltaic cells sense sequential interruption of the two bearms, and amplified
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output pulses provide start and stop signals for a 100-kHz interval timer. Time measurements over the
measured distance are thus made with 10-usec accuracy.

Evaluation tests by the Isotopes Division show almost perfect correspondence with high-speed
photographic data taken for comparison.

7.25 DEVELOPMENT OF SECOND-GENERATION MINTATURE FAST ANALYZER SYSTEM

W. F. Johnson

After several months of operation of the Mark 1 miniature fast analyzer system, some areas need
improvement, and these changes were incorporated in the Mark II system. The Mark Il analyzer module
contains a rotor temperature monitoring and control system, a larger rotor drive motor with an attached
electromechanical brake, an automatic high-voltage control for the photomultiplier tube, an improved light
source, and a magnetically shielded holder for the photoraultiplier tube. This module, even with all these
additions, is still housed in the same 8-in.-high, 6-in.-deep, and 10-in.-wide instrument cabinet. This unit is
the most precise fast analyzer produced at ORNL; its precision, without signal averaging, is 0.0004
absorbance unit.

The Mark II data processor module improvements include an internal logarithmic amplifier, individual
maximum absorbance and absorbance span adjustments for each of four sets of four cuvets, an internal
clock for controlling the automatic transfer and mixing in the analyzer module, improved printing
solenoids, and a much faster scanning speed.

7.26 A MINIATURE FLOW FLUOROMETER FOR LIQUID CHROMATOGRAPHY!
L. H. Thacker

A miniature flow fluorometer has been developed for use as a detector in liquid chromatograph
systems. Excitation wavelengths can be chosen among the low-pressure mercury lines by a choice of filiers;
emission wavelengths between 310 and 650 nm can be observed, and the accepted emission spectrum can
be lirited by blocking filters. The instrument is presently in use in the Body Fluids Analyses Program of
the Oak Ridge National Laboratory in a new system developed to monitor classes of compourids previously
difficult to detect in chromatograph eluates. In this service the new instrarnent will detect well-separated
organic acids present to the extent of 100-500 ng in the injected sample.

1. Abstract of paper submitted for publication in Journa! of Chromatography.

7.27 STANDARDS LABORATORY SERVICES
W.W._Johnston, Jr. M. H. Cooper, Jr. 1. L. Horton ~ W. H. Williams

A sigpificant amount of time was devoted to the development of quality assurance (QA) procedures.
This effort is a continuation of previously reported! work, and includes evaluation of the basic capability
of the Standards Laboratory. Plans for upgrading measurernents are being formulated that will include
expansion of the physical facilities and acquisition of additional precision standards to meet the increased
requirements of the ORNL QA prograin.

ORNL research projects were assisted through consultation and development of instruments and
equipment in several areas. A major task was the design, development, and operation of a test facility for
testing irradiated thermocouples for the FFTF thermocouple program. The apparatus set up in the
Thorium-Uranium Recycle Facility included remote assembly of thermocouples and homogeneity,
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calibration, time response, and thermal cycle tests. Special thermocouples and high density heaters for
FETF tests under the LMFBR program were designed, procured and tested.

A high-temperature, Roux-type drop calorimeter was designed and built for the desalination program.
Its sensitivity is better than 0.01°C at teraperatures to 1000°C.

In other assistance, more than 300 precision standardizations on temperature, electrical, pressure,
frequency, and time instruments and sensors were completed.

1. M. H. Cooper and W. W. Johnston, Jr., [nstrumentation and Coatrols Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, pp. 55.-58.

THERMOMETRY PROGRAMS

7.28 NEW THERMOCOUPLE CHARACTERISTICS CONFORMING TO [PTS-1968!

R.L.Simpson  R.K.Adams

The functions defining the characteristics of six types of thermocouple materials were received from the
National Buieau of Standards (NBS). These functions were compared to the ORNI. smoothed
thermocouple tables? (which had been corrected to IPTS-1968) to check their conformity with the
NBS-fitted functions. Also, the first and second differences were plotted to check for smoothness and
discontinuities. Several discrepancies were found and reported to NBS, which resulted in improved
functions.,

Subroutines were prepared to calculate and print the new tables in °F, °C, or “K. These subroutines
were constructed so that they can be used in programs where the previous thermocouple tables were
required.

1. R. L. Simpson and R. K. Adams, “The International Practical Temperature Scale of 1968, Metrologia 5(2), 35
(April 1969).

2. R. K. Adams and ¥. G. Davisson, Smoothed Thermmocouple Tables of Extended Significance, ORNL-3649, vol. 2
(March 1965).

7.29 LMFBR TEMPERATURE SENSOR DEVELOPMENT
M. B. Herskovitz

K.R. Carr J.M. Chandler! W, Dalos?
N. C. Hoitink?2  J. H. Holladay J. L. Horton
H. H. Hubbell J.N.Kelley3 W.W. Johnston, Jr.

C.A.Mossman  J.L. Redford H. J. Wallace?
C. B. Williams

Temperature development work for the Liquid-Metal Fast Breeder Reactor program was continued.’
The work included an evaluation of the performance of fast-flux-irradiated, metal-sheathed thermocouples,
large-scale procurement of thermocouples for the Fast Flux Test Facility (FFTF) and related programs; an
evaluation of single- and dual-element platinum resistance thermoieters; a study of thermometer readout
systems; and consultation service for FFTF and LMFBR research and development programs. The most
important technical finding was that Chromel-Alumel thermocouples exposed to the simulated FFTF
neutron flux and temperature environment were not significantly damaged. The thermoelectric inhomoge-
neity patterns along the irradiated thermocouples reflected the temperature and neutron flux distribution
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in the reactor and also indicated temperature annealing of neutron damage in areas of both high flux and
high temperature.

1. Chemical Technology Division.

2. Westinghouse, Hanford.

3. Purchasing Division.

4. Metals and Ceramics Division.

5. M. B. Herskovitz et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp.

7.30 TESTING OF IRRADIATED CHROMEL-ALUMEL THERMOCOUPLES

J. H. Holladay
K.R. Carr J.M.Chandler! W. Dalos?
M. B. Herskovitz N. C. Hoitink?2 J. L. Horton
W.W. Johnston,Jr. C.A.Mossman H. J. Wallace?
C. B. Williams

The testing of type-304, stainless steel sheathed, MgQO insulated, Chromel-Alumel thermocouples
irradiated in a fast flux (environment) is a joint project of ORNL and Pacific Northwest Laboratories
(PNL). ORNL prepared a specification for high-reliability thermocouples, 1.S. 509-4 (a predecessor to the
current RDT Standard C7-6}, purchased assemblies to proof test the specification, and performed certain
preirradiation tests. PNI completed the preirradiation tests and tested the assemblics (runs 46A to 50F
from September 10, 1970, to August 15, 1971) after their irradiation in the Experimental Breeder Reactor
Il (EBR-II). These thecmocouple assemblies were made by three manufacturers and were of two types: (1)
manufactured by a swaging process, and (2) manufactured by a drawing process. We expected performance
differences to indicate if one process were superior to the other.

While the thermocouples were being irradiated, an agreement was reached that ORNL would perform
the postirradiation tests. The thermocouples included 26-in.-long units which had experienced ~10%? nvt
fast-neutron exposure (>0.1 MeV) at 1200°F and centered on the junction, and 52-in.-long assemblics in
which the peak flux and temperature occurred at approximately the center of the thermocouple length.
Following irradiation in the EBR-II, the thermocouples were shipped to ORNL for postirradiation tests.
The tests were conducted at the Thorium-Uranium Recycle Facility (TURF, Building 7930).

Special fixtures and jigs were designed and made to remotely install thermocouple plugs. Originally, 12
thermocouples were cleaned and connectors installed remotely, but one spot-welded connection broke and
three thermocouples were held for future tests. So two thermocouples from each of the manufacturing
groups were tested, a total of eight.

Eight thermocouples were cleaned, and connectors were installed remotely. Tests for loop resistance,
insulation resistance, changes in sheath diameter, and time response were satisfactory, as compared with
preirradiation tests. The emf vs temperature calibration test results from 200 to 1200°F were within
acceptable limits. Seven thermocouples were subjected to thermal cycling tests in which the temperature
was increased and decreased between 1245 and ~745°F at a rate of 100°F/sec. All seven thermocouples
survived more than 3000 cycles without failure. Survival of 3000 cycles is a performance goal for the
thermocouples to be used in the Fast Flux Test Facility (FFTF).

Testing for thermoelectric inhomogeneity was done on the irradiated thermocouples. To our
knowledge, this is the first testing of this type on irradiated thermocouples. The inhomogeneity of a test
thermocouple was measured by recording the differential output of the test and standard thermocouples as
both were inserted into a 300°F salt bath. In this test, the temperature gradient was ~200°F/in. The
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resulting data record provides an indication of the thermoelcctric properties of the test thermocouple along
its entire length. Since the irradiation and temperature experience of the test thermocouples is also known,
the inhomogeneity data provides information on the damage to Chromel-Alumel after service at various
irradiation and temperature levels. The entire test group was initially tested for inhomogeneity before any
of the thermocouples were aged, so that the irradiation and temperature effects would be clearly defined.

A typical data record is shown in Fig. 7.30.1; the irradiation and temperature service of the
thermocouple are also included. A surprising result was that the section of thermocouple exposed to the
highest temperature and irradiation showed the least damage. We suspect that the high temperature, near
the midpoint of the 52-in. thermocouple and at the junction of the 26-in. thermocouple, had annealed the
thermoelement metals and eliminated the neutron damage. This possibility was confirmed when two
thermocouples were annealed for 10 min at 1800°F and all traces of inhomogeneity were eliminated.
Further tests on another thermocouple revealed that the inhomogeneity was partially annealed after 10 min
at 1400°F.

A portion of the total test group was placed in an environment that simulated the temperature
experience of the irradiated group, but without fast-flux irradiation. The purpose was to obtain information
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on the relative effects of temperature alone and of combined temperature-irradiation. The inhomogeneity
tests on the group that had been subjected to temperature alone indicated that these thermocouples did not
show any effects of inhomogeneity caused by thermal soaking.

Connectors were installed on 12 additional thermocouples in the hot cell, and tests were made to
determine the thermoeclectric homogeneity of the thermocouple wires. The results were similar to the
previous satisfactory tests on the first eight thermocouples.

To determine if thermoelectric inhomogeneities caused by neutron flux could be eliminated by
annealing a thermocouple in the reactor, further tests were made. The sheath was heated to 1200°F
(operating temperature of the FFTF), and sufficient electrical current was passed through the
Chromel-Alumel wires to heat the wires an additional 600°F. This is comparable to heating the sheath to
1800°F in the first annealing test. Results showed that this indirect method of annealing removed all traces
of inhomogeneity, indicating that thermoelectric inhomogeneities in the thermocouple resulting from
neutron flux could be eliminated without shutting down the reactor.

The results from the hot-cell tests indicate that Chromel-Alumel thermocouples, with the proper quality
assurance, will be adequate for the intended FETF use and also that

1. None of the products from the three manufacturers tested showed a clear superiority to one another.

2. Neither method of sheath production (drawing or swaging) in the test group showed a clear superiority
to one another.

Further tests will be conducted to determine which of the thermocouple wires (Chromel or Alumel)
contribute most to the observed thenmnoelectric inhomogeneity. For these tests, some of the existing
insulated-junction thermocouples will be converted to grounded-junction thermocouples by remote
methods in the hot cells of the TURF. '

1. Chemical Technology Division.
2. Westinghouse, Hanford.
3. Metals and Ceramics Division.

7.31 LARGE-SCALE PROCUREMENT OF TEMPERATURE SENSORS

M. B. Heiskovitz ~ J. N.Kelley!  C. A.Mossman  C. B. Wiltiams

This program is intended to provide high-quality Chromel-Alumel thermocouple assemblics, insulated
with MgO, and sheathed in type-304 stainless steel for the Fast Flux Test Facility (FFTF) and for research
programs related to the Liquid-Metal Fast Breeder Reactor (LMFBR). The most reliable bulk material
available will be obtained in 10,000-ft lots of % in. OD and S00-ft lots of Y, in. OD bulk material.
Materials are being obtained from one manufacturer who swages the sheath and a second order was placed
with a manufacturer who draws the sheath to the desired outside diameter.

Each of the users in the LMFBR programs has estimated an annual usage of thermocouple assemblies,
and procurement is based on these estimates. The finished bulk material will be stored in a “controlled”
area at the manufacturers’ plants; and, as the users order assemblies, ORNL will ensure that the orders are
filled from the stored bulk material. This storage of material will reduce the lead time to delivery of
material from months to weeks. As an example, in response to an urgent requirement by the Liquid Metals
Engineering Center (LLMEC), thermocouple assemblies were delivered within four working days after the
needed material was requested and the order approved.

A procurement plan was prepared (Sect. 7.47), and a “request for bids” was advertised. Bids were
received from seven manufacturers. Assistance was obtained from other groups in the Instrumentation and
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Controls Division and from the Metals and Ceramics Division, the Inspection Engineering Department, and
from the ORNL Quality Assurance Program to evaluate the capabilities of these manufacturers.

One manufacturer started production in July, with an ORNL inspector observing the work. Final
acceptance of bulk material will follow testing at ORNL. A revolving account will be established to obtain
reimbursement funds when thermocouple orders from users are filled. The second manufacturer started
production in September.

1. Purchasing Division.

7.32 THERMAL SOAK OF THERMOCOUPLES

J. L. Horton

As part of the FFTF-LMFBR thermocouple test program, samples from each group of thermocouples
procured for irradiation in the EBR-II were subjected to temperature conditions comparable to those for
irradiated thermocouples so that temperature effects could be separated from irradiation effects.

Four groups of thermocouples, 53 in each, had been procured for the total test program. The
thermocouples in two of these groups were manufactured by swaging and those in the other two by
drawing. Twenty-five thermocouples from each group were irradiated in the EBR-II.

For thermal soaking without irradiation, seven thermocouples from each of the four groups were
subjected to temperatures, gradients, and cycles comparable to those actually experienced by the irradiated
thermocouples. When the EBR-II was at full power, the 26-in.-long thermocouples experienced a gradient
from 1200°F at the junction end to 700-750°F at the leadwire end. At zero reactor power, the
thermocouples remained at 600—700°F throughout their lengths.

To simulate the reactor gradient, a 54-in.-long, 2-in.-bore furnace with a nine-section heater winding was
used. Heater sections were shunted or deleted to obtain a gradient that matched the EBR-II. The
thermocouples were mounted inside a stainless steel container, and the container was evacuated and then
pressurized to 5 psig with helium. To simulate conditions at reactor full power, the container was pushed
into the furnace such that the thermocouples being tested experienced the 1200 to 720°F gradient. To
simulate conditions at reactor zero power, the container was withdrawn to the uniform 720°F zone.

These thermocouples were soaked for 2731 hr in the simulated full-reactor-power gradient, with 51
withdrawals to simulate reactor shutdown. This thermal soaking without irradiation approximated the
temperature history which the irradiated thermocouples acquired, as ascertained from EBR-IH operations
reports.

These thermocouples will be tested by the same procedure as the irradiated thermocouples.

7.33 FAILED FUEL MOCKUF THERMOCOUPLES

J. L. Horton M. B. Herskovitz ~ W. W. Johnston, Jr.

The FFM, which is a program for evaluating the consequences of blocked flow of sodium in the cooling
system for the Fast Flux Test Facility (FFTF) core, required special 0.056-in.-0OD, sheathed thermocouple
asscmblies, as previously reported.! Two manufacturers supplied a total of 107 dual, insulated-junction
assemblies and a total of 41 dual, grounded-junction assemblies. Each assembly required testing to assure
that it met FEM requirements.

Difficulties were encountered with the dual, grounded-junction assemblies from both manufacturers,
i.e., wire sizes, junction identification, and location of wire-to-sheath welds. The FFM requires that the
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0.007-in.-diam thermocouple wires be welded to the inside of the 0.036-in.-ID sheath ~0.060 in. from the
end of the sheath and that the junctions formed by the four wires be radially opposite within +5°, This is a
most stringent tolerance in both fabrication and verification of the finished assembly.

A jeweler’s lathe, a thermocouple support rack, a pencil soldering ivon with a specially macbhined tip for
a fine-point heat source, and a two-pen recorder for readout were set up for testing the assemblies.

A large number of the grounded-junction assemblies were unacceptable and are to be reworked by the
manufacturer. A new drawing with altered specifications was prepared, and the manufacturers’ plants were

visited to resolve assembly difficulties.

1. M. B. Herskovitz et al., Instrizmentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734,p. 71,

7.34 THERMOCOUPLE INSULATION RESISTANCE

J. L.. Horton

Tests were performed to determine the insulation resistance vs temperature for typical 0.125-in.-OD,
sheathed, MgO insulated thermocouple material of the type specified for the FFTF-LMFBR usage. Also of
interest was the difficulty of driving moeisture from the MgO insulation of fabricated material.

Nine 12-in.-long samples of material from thermocouples procured over the past three years from five
different manufacturers were heated repeatedly from near room temperature to 1000°C by passing an ac
cutrent through the sheath. The sheath temperatures were measured by 0.005-in.-OD Chromel-Alumel wires
spotwelded to the sheath. Insulation resistance vs temperature was recorded with a logarithmic ohmmeter
(90 V dc) and an x-y recorder. At 25°C, newly dried specimens initially measured 10° to 10'! €, but older
specimens, obviously with some water absorbed in the MgQ, measured as low as 10° Q at 25°C.

The insulation resistance of all specimens progressively increased with each heat cycle. Each specimen
was cycled repeatedly until its maximum resistance vs temperature readings were obtained and repeated
from cycle to cycle. The pumping action of repeated cycling with both ends open was found to be required.
Figure 7.34.1 shows a composite of all measurements, i.e., wire-to-wire and wire-to-sheath after a maximum
resistance was obtained, as well as measurements for three specimens after a single heating cycle.
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It was impossible to drive all moisture by sheath resistance heating from an assembly that had one end
closed, becanse moisture was trapped in the cooler, closed end.

The results of these tests verify that dry material from all vendors should have a high insulation
resistaiice. If the material is kept diy and clean, no difficuity should be encountered in meeting
procurement specifications. Also, moisture can be driven from the MgO insulation to restore high insulation
resistance by repeated cycling at a sufficiently high temperature and with adequate venting,

7.35 THERMQELECTRIC THERMAL-GRADIENT SENSOR
K. R. Carr

The design, constiuction, and initial testing of a prototype thermal gradient sensor was completed. [t
will be used to aid in the test work in the LMFBR Temperature Sensor Program. The sensor is similar to
conventional sheathed thermocoupies except in two instances: (1) it contains nine lengths of thermoelectric
wire rather than two, and (2) the sensing junctions are made before assembly so that they can be located
along the sensor length. The prototype is ~" in. OD and can measure eight temperatures at locations along
its length.

In general, this new design needs only n + 1 lengths of wire to measure » temperatures, compared with
2n lengths of wire required by conventional thermocouples. The fewer wires required allows a heavier
sheath wall, more insulation, or larger thermoelectric wires to obtain better performance and additional
temperature measurements in a given sheath diameter. Other advantages are ease of mounting and tight,
well-defined thermal coupling of the sensing junctions to the outer sheath and to each other.

The new design is heing considered for use in a fuel evaluation experiment scheduled for January 1973
in the High Flux Isotope Reactor (FHFIR). In this application, the outside diameter of the sensor sheath will
be limited to ~% ¢ in., and the number of sensors which can be used will be limited by the available wall
pevetrations. Additional temperature measurements will be desired which cannot be made with
conventional thermocouples. Therefore, the new sensor design potentially can appreciably increase the
information output from the experiment.

7.36 PLATINUM RESISTANCE THERMOMETERS
K.R.Carr M. B. Herskovitz H. H. Hubbell R.K.Adams J.L.Horton C.A.Mossman

An extensive program was continued to study virtually all aspecis of platinum resistance thermometers
(PRT’s) and associated readout equipment. The immediate primary purpose of the program is to provide
reliable and very accurate (state-of-the-art) thermometers for heat balance measurements in the Fast Flux
Test Facility (FEFTF). The effort has included testing of both industrial thermometers and innovative
designs, writing and purchasing to an RDT specification, evaluating manufacturers, and providing assistance
in the selection of thermometer readont equipment for the FFTF.

The industrial thermometers produced by scveral manufacturers were tested to determine performance
levels obtainable for FFTF service. The results of the testing were utilized to write a revised program work
plan and a first draft of RDT Standard C7-17 for platinum resistance thermaometers.

As part of the preparation of the draft copy of RDT C7-17, thermometer manufacturers were surveyed
and evaluated. Approximately 15 visits were made to observe the manufacturing techniques and capabilities
of every leading thermometer manufacturer in this country. From discussion during these plant visits, we
learned to identify critical items that should be included in a specification for thermometers for use in

nuclear reactors, such as component specifications and construction techniques.
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The evaluation of several manufacturers will continue as thermometers procured in accordance with
RDT C7-17 are tested. Approximately 120 manufacturers were invited to bid, and 12 manufacturers
submiited bids or proposals. A total of 128 thermometers are being purchased from eight manufacturers.
The survey and evaluation indicates that there are not more than about seven to ten manufacturers in the
United States that are capable of producing high-quality platinum resistance thermometers required for the
FFTF.

Emphasis in the program is now on dual-element thermometers (two electrically independent lengths of
resistance-sensing wire in the same sheath), because the number of piping penetrations for thermowells in
the FFTF was reduced and redundancy of these hmportant temperature measurements is desired. Since
manufacturers’ usual products generally do not meet the application requirements of relatively small sensor
size (~% in. OD), eight lead wires, and operation to 1200°F, testing of some prototype designs will be
scheduled. There are little or no long-range-performance data of PRT’s at 1200°F for the usual products of
manufacturers.

Available methods of displaying and recording thermometer outputs were studied. Since the output of a
platinumn resistance thermometer is not linear with temperature, some signal conditioning is necessary for
convenient readout of the signal. From this study, the system recommended for the FFTE is use of a
dual-element thermometer at cach location, with readout of one of the dual elements by an industrial
transmitter and digital voltmeter and readout of the other element by an auntomatic data acquisition system.
A report of this work was prepared.!

A need for redundancy of temperature measurements in some applications has resulted in development
of a new sensor having combined resistance thermometer and thermocouple outputs. Several experimental
sensors were built. One design has a dual-element assembly, and a type-S thermocouple is attached to each
end of each of the two elements. A %-in.-OD sensor, therefore, yields two independent platinum resistance
thermometer outputs and four type-$ therimocouple outputs. In addition to this redundancy, this sensor is
also useful for basic studies to compare the stability and accuracy of the thermometers and thermocouples,
and tests of this type are planned.

1. J. L. Horton, K. R. Carr, and R. K. Adams, Recommendation of a Readout System for Accurate FFTF Platinum
Thermmometer Process Temperature Measurements, QRNL TM-3937 (to be published).

7.37 EXAMINATION OF THERMOCGUPLES IN SODIUM-HEATED STEAM GENERATOR
J. H. Holladay = M. B. Herskovitz

An investigation was made to explain the large number of thermocouple failures in the ALCO/BLH unit
to obtain information necessary for improving thermocouple materials selection, installation and assembly
methods, penetration designs, and reference-junction terminations.

As part of the LMFBR program, tests were started by the Liquid Metals Engineering Center (LMEC) in
January 1966 on the ALCO/BLH unit, a scaled-down prototype of a sodium-heated steam generator. The
tests were stopped in May 1970 because there was leakage in the vicinity of the feedwater header. ORNL
began to examine the steam generator in December 1970.1

The prototype was originally equipped with ~100 thermocouples to measure internal fluid
temperatures and structural surface temperatures. The internal thermocouples were sheathed with Inconel
on the water (steam) side of the unit and with stainless steel on the sodium side. Most of the internal
thermocouples had failed in February 1970 during operation of the steam generator with a high
sodium-inlet temperature, low-heat-transfer performance, a high hydrogen concentration in the cover gas,
and a high sodium plugging teiaperature.
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The main cause of thermocouple faiture was {1) corrosion within the hydrogen cover-gas region due toa
water leak, and (2) burn through on the sheaths where a thermocouple had been welded to a pad and the
pad assembly subsequently had been welded to the inner surface of the steam generator. Some
thermocouple wire breakage was also observed at the weld points.

The corrosion could be minimized by immersing the thermocouples and sheaths in the sodium to the
point of exit from the stcan generator. How to make proper welds to the sheath without burn through and
wire breakage of the thermocouple wires will be studied.

1. G. M. Slaughter and J. H. DcVan, Interim Information Report on Postiest Examination of ALCO/BLH
Sodium-Heated Steam Generator, ORNL TM-3636 (May 1972).

7.38 IN SITU THERMOCOUPLE TESTING
R. M. Cairoll

Previous studies! of in situ thermocouple testing were continued with the resumption of tests of
methods for electrical self-heating of the thermocouples. In earlier work we discharged a capacitor into the
thermocouple to heat it, but a disadvantage of this method is that the current source decreased
cxponentially as the capacitor discharged. Calculations showed, however, that the temperature rise at the
thermocouple junction would be significant and that an analysis of the cooling rate of the junction after
heating would yield an insight into the integrity of the junction.

New experiments, using a dc constant-current source, showed that the temperature rise of the
thermocouple junction was influenced by the direction of the current (depending on whether the Peltier
effect was aiding or opposing the resistance Joule heating), as well as by the heat transfer from the junction
and sheath. In the experiments the emf of the thermocouple was recorded, starting about 0.02 sec after the
heating was stopped. The analysis of the cooling rate is expected to yield significant information about the
therinal coupling of the thermocouple insulation to the junction and the sheath in addition to information
about the coupling between sheath and process.

A great advantage of this method is that it can be used on thermocouples before, during, and after
irradiation. Especially, the technique is promising as an on-line surveillance method to measure the time
response of thermocouples installed in experiments and reactors for process and safety control,
Improvements in the excitation and response instrumentation are being made so that further refinement
and quantizalion of the method will be possible.

1. B. C. Duggins and J. M. Googe, Insirumentation and Controls Div. Anau. Progr. Rep. Sept. 1, 1971, GRNL-4734,
pp. 52-55.

7.3% TUNGSTEN-RHENIUM ALLOY EVALUATION FOR HIGH TEMPERATURE THERMOMETRY
R.L.Shepacd  R. M. Carroll

A joint project between Oak Ridge National Laboratory (ORNL) and the National Bureau of Standards
{NBS) was established to investigate the effects of rhenium proportions in W-Re alloys for thermal sensors.
A contract was placed with a vendor to make alloys with 13 different proportions of rhenium into
0.015-in.-diam wirc. Segments of the same wire rolls will be examined by both ORNI and NBS, and data
will be shared to reduce duplication of effort. In general, ORNL will study velocity-of-sound and irradiation
effects, and NBS will study time-temperature cffects, including calibration, failure mechanisms, and
long-term effects.
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7.40 VELOCITY-QF-SOUND MEASUREMENTS IN SELF-HEATED WIRE
R.M.Carroli  R.L. Shepard

A imethod was developed to measure the velocity of sound in W-Re alloy wires while the wires are
resistance heated in a controlled atmosphere. The velocity of sound is measured in a test segment of wire by
butt-welding the segment to wires of different diameters. Sound pulses are reflected from the welded joints,
and, by measuring the time interval between the reflections, the speed of sound within the test segment can
be determined. The purpose is to develop a sensor which will measure very high temperatuzes, utilizing the
variation of the velocity of sound with temperature.

Preliminary data obtained from the system were promising. However, the sensor temperature measured
with an optical pyrometer involved uncertain emissivity corrections which prevented the most accurate
teimperature measurement. An examination of the problem indicates that, with an altered heating method
(so as to approximate black body conditions) and a better pyrometer, development of the sonic sensor is
feasible.

7.42 THERMOCOUPLE TESTING FIXTURES
G.W. Allin  T.F.Sliski H. J. Stripling, Jr.

Several fixtures were devised for remote handling of irradiated thenmocouples in a hot-cell. These
thermocouples were being studied to determine the degree of quality control to be specified for procuring
thermocouples procured for application in high radiation levels.

743 THERMOCOUPLE SURVEILLANCE OF HRB-4 EXPERIMENT
R. L.Shepard J.W.Cunninghamm D.N.Fry R, F.Hyland

When thermocouples are heated to temperatures found in the interior of reactor fuel elements, their
emf output often drifts, which seriously reduces their reliability for accurate measurement of such
temperatures. One way to detect the drift and possibly 10 deduce the true temperature of the thermocouple
is to monitor the loop resistance of the thermocouple as a function of time and temperature. For that
purpose, the loop resistance of a center fuel thermocouple (W-3Re vs W-25Re) in the HRB-3 experiment in
the High Flux Isotope Reactor (HFIR) was monitored. The loop resistance was compared both with the
calculated center temperature and with the apparent temperatuie (indicated by the emf of the
thermocouple).

A preliminary analysis indicates that after 4500 hr the apparent temperature of the center
thermocouple was 300°C below the calculated temperature of 1100°C. During the same time, the total
loop resistance increased 12%. If one assumes that the resistance changed in only the hot portion of the
loop, this represents an increase of 300% in the resistance of the wire near the thermocouple junction.

In addition to measurements of drift, the transient temperature response of the thermocouples was
recorded during the reactor scrams at the end of each reactor cycle. From this information, the time
constants associated with the temperature response of the HRB-3 experiment were determined, which were
important in the reactor fuel study.
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7.44 TESTS OF THERMOCOUPLES FOR THE HRE-4 EXPERIMENT
R.M. Carroll  R. L. Shepard

As support for the Reactor Division High Temperature Gas Reactor (HTGR) fuel development program,
25 thermocouples were tested for possible use in the High Flux Isotope Reactor (HFIR) HRE-4
experiment. All were 0.159-.cm-diam, stainless steel sheathed, MgO insulated, insulated-junciion thermo-
couples. One was W-3Re vs W-25Re; all others were Chromel vs Alumel.

The tests included calibration, time response by both standard and current-pulse methods, thermal
cycling, thermoelectric homogeneity, loop and insulation resistance, and time domain measurements. After
these tests, some of the thermocouples were given a vapor-deposited protective coating of tungsten. The
time response tests were repeated on the coated thermocouples, and the results showed that the coating had
no significant effect on the time response. The tests pernitted the best-choice thermocouples to be selected
for inclusion in the HRB-4 experiment.

7.45 YTHERMOELECTRIC, RESISTANCE, AND ULTRASONIC CENTERLINE THERMOMETRY
FOR A (U-Pu)0, FUEL PIN!

R. L. Shepard
R.B. Fitts2  H.E.Robertson3  R.F. Hyland

A W-3Re vs W-25Re thermocouple and a Re ultrasonic thermometer®, insulated with a three-hole
hafnia insulator, were emplaced in a wrought W-26Re centerline well in a G-in.-long, 0.25-in.-OD
stainless-steel-clad, 85% UQ,-15% PuQ, LMFBR-type fuel pin. A four-wire connection to the thexrmocouple
and to the ultrasonic driver coil was made to obtain accurate loop resistance measurements. The main
objectives of the test (ORTC-4) were to measure the decalibration of the centeiline therraocouple using the
ultrasonic thermometer as a comparison, to relate thermocouple emf changes to thermocouple loop
resistance changes, and from postirradiation examination, to infer the mechanism of decalibration.

The instrumented fuel pin was irradiated in the Oak Ridge Research Reactor (ORR) for 330 hi. The
indicated temperature of the fuel near the start of the test was as high as 2300°C; it then decreased to
1830°C at the end. The ultrasonic thermometer became disconnected early in the test due to a connector
failure, but survived the test and was operated during postirradiation examination of the cartridge. The
thermocouple loop resistance proved to be a sensitive indicator of the centerline temperature, responding to
1% changes in reactor power and to slight changes in the position of the test cartridge in the core. Data
taken periodically throughout the test, with a constant cladding temperature, showed that the
thermocouple loop resistance remained nearly constant while the thermocouple emf decreased more than
10%.

The fuel pin was operated at a power production of 18 kW/ft with a clad ID temperature of 700°C in a
thermal neutron flux of 7.5 X 10" neutrons cmi ™2 sec™' and an estimated fuel centerline temperature of
2300°C. The thermocouple output decreased about 150°C per 100 hr for 330 hr. This decrease was
compared with changes expected due to restructuring of the fuel, about 140°C, and with results from
similar tests recently conducted. Asamoto et al.5 observed a decrease of 60°C/100 hr during irradiation of a
W-5Re vs W-25Re thermocouple in (U-Pu)0, fuel at 2100°C in the General Electric Test Reactor (GETR).
Heckelman and Kozar® observed a decrease of about 40°C per 100 hr during nonfueled irradiation of
W-3Re vs W-25Re thermocouples at 1800°C in the NASA Plum Brook Reactor.
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Postirradiation analysis of the fuel pia and thermocouple included neutron radiographic, metallo-
graphic, and electron microprobe techniques to detect changes in the structure or dimensions of the
components and in the diameter or alloy composition of the thermocouple wires and to identify metallic
deposits in the fuel and on thermocouple insulators. Examination of the fuel pin showed: (a) restructuring
of the fuel, indicating 2 maximum fiel temperature of about 2300°C; (b) intergranular penetration of 30 um
of the inner surface of the cladding, consistent with a calculated 700°C fuel-clad interface temperature; (c)
significant distortion of the cenierline well where it had not been supported internally by the thermocouple
insulator; (d) no apparent change in the thermocouple wire diameter that might affect the loop resistance;
(e) no significant change in the Re content of the W-3Re wire; and (f) that metallic deposits on the surface
of the insulator holes and in the fuel are tungsten. This analysis is consistent with a tungsten-oxygen cycle
transport mechanism proposed by Kuhlman and Baxter? to explain W-Re thermocouple failure in
out-of-pile tests at 2300°C and with observations by Fitis et al.¥ on W-Re thermocounples irradiated in
(U-Pu)O, fuel at 2000°C.

1. Paper submitted for presentation at 1972 International Meeting, Amer. Nucl. Soc., Washington, D.C., Nov. 12-17,

2. Mectals and Ceramics Division.

3. Reactor Chemistzy Division.

4. L. C. Lynnworth, E. P. Papadakis, D. R. Patch, K. A. Fowler, and R. L. Shepard, “Nuclear Reactor Applications of
New Ultrasonic Transducers,” IEEE Trans. Nucl Sci. NS-18(1), 351--62 (February 1971).

5. R. R. Asamoto, P. E. Bohaboy, D. W. Sandusky, and A. E. Conti, “Center Temperature Measurements of Mixed
Oxide Fuel - Zero to 3000 MWd/Te,” General Electric Co., GEAP-13603 (November 1970).

6. J. D. Heckelman and R. P. Kozar, Measured Drift of Irradiated and Unirradiated W3R e/W25Re Thermocouples at a
Nominal 2000°K, Lewis Research Center, NASA TM X-67818 (June 1271).

7. W. C. Kuhlman and W. G. Baxter, “1000 Hour — 2300°C Thermocouple Stability Tests,” General Electric Co.,
GEMP-738 (October 1969).

8. R. B. Fitts, J. L. Miller, Jr., and E. L. Long, Jr., “Observations on Tungsten-Rhenium Thermocouples Used
In-Reactor in (U,Pu)Q, Fuel Pins,” Oak Ridge National Laboratory, Paper T-21, Fifth Temperature Symposium,
Washington, D.C., June 21-24, 1971,
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7.46 A THREE-WIRE INSULATOR-SHUNTING MODEL
FOR HIGH-TEMPERATURE THERMOCOUPLE ERRORS!

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

An equivalent circuit and computer solution were formulated for describing the output of a
metal-sheathed bifilar thermocouple degraded by insulator shunting at high temperatures. This stcady-state
equivalent circnit model can be used for prediction of errors in thermocouple calibrations, for examining
the effects of changes in thermocouple configuration or materials properties, and for examining methods
for interrogation or surveillance of the shunting thenocouples.

1. Abstract of published paper: ILEE Trans. Indust. Electronics and Contr. Instr. YECI-18(4), 137 (November 1971).
2. The University of Tennessee, Knoxviile.
3. Consultant from the University of Tennessee, Knoxville, Dept. of Electrical Engr.

QUALITY ASSURANCE

7.47 QUALITY ASSURANCE PLAN FOR THE LARGE-SCALE PROCUREMENT
OF TEMPERATURE SENSORS!

M. B. Herskovitz

A quality assurance program plan was prepared for large-scale procurement of thermocouple bulk
material and assemblies. This plan meets the requirements of AEC-RDT Standards C 7-6 and F 2-47 and
describes the fupctions and responsibilities of each participant, i.e., the seller, the user, and ORNL
personnel in specifying, procuring, storing, assembling, testing, and shipping bulk rnaterials, assemblies, and
samples. This plan assures users that they will obtain thermocouples that meet the requirements specified
by them.

1. Abstract of published ;;;;r«{:”j()RNL—TM—374O (Maréf; 1, 1972).
7.48 CODES AND STANDARDS FOR INSTRUMENTATION

C.S. Lisser  J. A. Russell

The standards program for the Division of Reactor Development and Technology (RDT) of the U.S.
Atomic Energy Commission was continued. The purpose of this program is to generate criteria, define
termis, and propose general and detailed specifications, procedures, and other standards documents suitable
for application to the design, construction, and naintenance of RDT nuclear reactors.

This Division supplied reviews and other advisory services sought for the RDT instrumentation codes
and standards and completed work on eight standards, which were approved for tentative use. Another
three standards were started.

RDT initiated a move to transform some of its standards into national “Consensus” documents, for
incorporation in the American National Standards Institute (ANSI) catalog The instrumentation series of
RDT standards is the first chosen for adaptation io ANSI requirements.

Work with national technical societies was continued through chairmanship of the ISA Control Centers
committee (SP 60), and membership on an ASTM Task group in £-20.

Table 1 shows the status of RDT standards.
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Table 1. Status of RDT Standards for Process Instrumentation

Number Title Status?
C2-1T Determination of Insulation Compaction in Ceramic Insulated Conductors A
C2-3T Time Response Test for Sheathed, Mineral Insulated Thermocouple Assembly A
C4-1T Orifice Plate for Orifice Flange Union A
C4-3 Orifice Flange Union Wetd Neck, Stainless Steel, for 300 Pound Service R
C6-2 Differentijal Pressure Transmitter, Pneumatic Qutput Signal W
C7-1T Thermocouple Material, Iron and Constantan, Solid Conductor (Bare, Fiberglass Insulated, and A
Sheathed over Fiberglass Insulation)
C7-2T Thermocouple Material, [ron-Constantan, Magnesium{)xideb Insulated, Sheathed A
C7-3T Thermocouple Material, Copper and Constantan, Solid Conductor (Bare, Fiberglass Insulated, A
and Sheathed over Fiberglass [nsulation)
C74T Thermocouple Material, Copper-Constantan, Magnesium-Oxide? Insulated, Sheathed A
C7-5 Thermocouple Material, Chromel-P and Alumel, Solid® Conductor (Bare Fiberglass Insulated, R
and Sheathed over Fiberglass Insulation)
C7-6T Thermocouple Material and Thermocouple Assembly, Chromel-P vs Alumel, Stainiess Steel A
Sheathed, Magnesium Oxide Insulated (supersedes C 7-6T, 7/70)
C7-7 Thermocouple Materials, Platinum and Platinum-10% Rhodium Wires, Noninsulated Reference A
and Standard Grades
C7-157T Thermocouple Connectors and Thermocouple Connector Panels A
C7-16T Thermocouple Assemblies, Magnesium-Oxide Insulated, Stainless Steel Sheathed R
C7-17 Platinum Resistance Thermometer - R
C9-1T Single-Point StripChart Recording Potentiometer A
C9-27 Multipoint Strip-Chart Recording Potentiometer A
C11-2T Pyrometer, High Sensitivity, Indicating and Controlling A
C13-1 General Purpose, Stored Program, Digital Computer® W
C15-3T Current Pulse Preamplifiers for Use with Fission Counters A
C16-1T Supplementary Criteria and Reguirements for RDT Reactor? Plant A
F3-11T Mass Spectrometer Helium Leak Detection for Instruments and Small Components A
M3-20T Polyethylene Instrument Tubing A

A pproved for issue as a tentative standard; R, issued for review; and W, in work.
bBeing amended.
‘Rewritten.

7.49 INSTRUMENTATION QUALITY ASSURANCY

C. S. Lisser
W.P. Kinser D.J.Knowles L. F. Lieber

In conforming to U.S. Atomic Energy Commission and ORNL practice, this Division has embarked on a

program of formal quality assurance (QA) measures, supplying ORNL with a QA coordinator and an

assistant QA coordinator for instrumentation and controls and writing QA procedures applicable within this

Division.

Quality audits were conducted both by Division personnel and by Laboratory audit teams; and where

audits showed the need for corrective measures, they were instituted. The QA program was explained to the

Division staff, including foremen, in a series of meetings, and instrument nurmbering schemes were adopted
for QA identification of individual instruments installed at ORNL.
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7.50 INSTRUMENTATION AND CONTROLS DIVISION DRAFTING
AND DESIGN STANDARDS COMMITTEE

K. W. West
H. E. Cochran J. W. Cunningham  P. G. Herndon
C. F. Holloway  J. A. Russell, Jr. H. J. Stripling, Jr.
0. M. Thomas!

This committee of eight engineers, representing each design and engineering section of the Division, was
established to review the design activities of the Division, prepare recommendations for a nniform method
of docwuoenting the Division design standards, and to make the documentation more useful for
maintenance and modification. Emphasis of quality assurance in design and operation of systems and
facilitics at ORNL requires greater consistency in the design of instruments and controls. Therefore, the
committee evaluated drafting symbols, methods of documentation of revisions, definitions of terms, and
drawing nomenclature, and has selected those judged best for Division standards. Several parts of a manual
of standards were prepared and are ready for publication.

Each committee member has spent ~4 days/month on this assignment. The committee is meeting its
responsibilities as designated in QA-IC-6, “Instrumentation and Controls Drafting Procedures.”

1. General Enginsering Division,



8. Reactor Instrumentation and Controls
ANALYSIS

8.1 HYBRID COMPUTER SIMULATION OF THE MSBR
O.W. Burke  J. L. Anderson S. J. Ditto

A hybrid computer simulation model of the reference 1000-MW(e) MSBR was developed. The model
simulates the nuclear reactor, the system heat transfer, and the stearn generation system through the
turbine throttle. The steam generator was simulated on the hybrid computer with a discrete-time,
continuous-space model. The remainder of the system was simulated as an all-analog, continuous-time,
lumiped-parameter model. The two models were then integrated into a single computational system.

A year ago, the simulation was not quite operable, but since then the difficulties were resolved and
sitnulation was accomplished using a time scale 20 times real system time.

The simulation model was used for a variety of steady-state and transient studies. Burke has described
these studies and their results, as well as development of the model.!

This steam generator model is being adapted for simulation of the Gas Cooled Fast Breeder Reactor
proposed by Gulf General Atomic.

1. O. W. Burke, Hybrid Computer Simulation of the MSBR, ORNL-TM-3767 (May 5, 1972).

8.2 ANINTERPRETATION OF 2.0 — 2.57-MeV NEUTRON PULSE
PROPAGATION IN IRON!

R.B.Perez?  R.S.Booth  A.R.Buhl?
J.C. Robinson®  E. Carroll*

Neutron pulse propagation in iron was predicted and compared with recently obtained experimental
data because of the importance of iron in shielding calculations and the recent availability at ORNL of
eevaluated iron cross sections and a transport kinetics code (TASK). The preliminary results from this
study for neutron energies between 2.0 and 2.5 MeV indicate that the theory underpredicts the amplitude
of neutron waves and overpredicts their phase shift as a function of penetration depth in the iron. However,
the experimental results can be explained by postulating that there is a stronger window effect than
predicted for minimuins in the total cross section of iron. The changes in the cross section of iron needed to
produce a stronger window effect to match the experimental results may be within the uncertainty of the

measured cross sections.

1. Summary of paper presented at 1972 Annual Meeting of the American Nuclear Society, June 18—22, 1972, Las
Vegas.

2. Neutron Physics Division.

3. Consultant from the Nuclear Engineering Dept., the Univessity of Tennessee, Knoxville.

4. Nuclear Engineering Sciences Dept., University of Florida, Gainesville.
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8.3 BLOWTHROUGH EXPERIMENTS ON THE OSW WRIGHTSVILLE BEACH
3-STAGE FLLASH EVAFORATOR, AUGUST 1970!

J.G. Delene*  S.J.Ball N, E.Clapp, Jr.2

A series of tests was run on a three-stage experimental flash evaporator at the Office of Saline Water
Test Station at Wrightsville Beach, North Carolina, in August 1970. This report is concerned with portions
of the tests in which the evaporator was in the blowthrough mode of operation.

Some observations are made on the operations characteristics in the blowthrough mode and the
transitions into and out of this mode. Explanations for some of the plant blowthrough behavior are
presented.

1. Abstract of report ORNL-RM-3420 (to be published).
2. Reactor Division.

DEVELOPMENT
A. Fast Reactor Kinetics and Subcriticality Measurement

8.4 ON-LINE SUBCRITICALITY MEASUREMENTS IN SEFOR! 2
A.R.Buhl  N.J. Ackermann, Jr. R.C.Kryter J. C. Robinson®

A prototypical subcriticality monitoring systern (SMS) was developed and successfully demonstrated
on-line in an operating, sodium-cooled fast reactor. Measurement of the subcriticality of an LMFBR is
desirable from both economic and safety considerations. However, a practical on-line system had not been
demonstrated previously under realistic operational conditions. The ultimate goal of this ORNI. program is
to employ an SMS in the FFTF and future demonstration plants.

We perforimed a realistic engineering test and evaluation of an SMS prototype in the SEFOR. The SMS
comprises breakfrequency noise analysis (BFNA), inverse kinetics (IK), and modified source multiplication
(MSM) techniques. The SEFOR was sclected for this evaluation owing to its hostile LMFBR-like
environment; specifically, an intense gamma field of about 10° R/hr, a temperature of about 350°F, a
liquid sodium coolant, and a high electromagnetic noise background.

In addition to the test and evaluation, two further objectives were to obtain a precise and ac-
curate measurement of the prompt die-away time constant (A/B), and obtain additional data on the
intercomparison of reactivity values determined from IK and BFNA.

Measurements using two 223U fission counters were made in a soft spectrum with BeQ (Core 1) and in
two configurations of a hard spectrum with BeO removed (Core 2). BENA and MSM measuremernits were
made for several reactor states from critical to full shutdown for each of the three core configurations. 1K
measurements were made for several of these states by dropping reflector elements from a more reactive to
a final state of interest and processing the time-dependent data from the fission counter.

The MSM differs from the standard neutron source multiplication technique in that changes in
detection efficiency W and effective source S, are incorporated linearly into the count rate (CR)
interpretational algorithm:

CR=WS_/(fis]) = K/I$! . (1)

Further, the MSM is calibrated near critical by determining 1$! by either the IK or BFNA technigue and
simultaneously measuiing the CR to defermine the calibration factor K. Changes in W are calculable for
different reactor configurations, using standard reactor physics codes,
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Table 1. Summary of ORNL subcriticality experimental results in SEFOR Cores 1 and 2

Reactivity (—$)

Measured
Reactor configuration AlF Intercomparison Full shutdown
(usec) BFNA® IK” MSMY* MMy

Core 1 130.5+ 2.5 1.01 + 0.03 1.04 = 0.01
(soft spectruim) 5.19+0.16 5.34 + 0.05

2.35+0.10 2.28 £ 0.02
Core 2 142.6 = 2.8 1.13 £ 0.06 1.11 £ 0.02
Completely reflected 8.93 = 0.47 8.77+ 0.16
(hard spectium) 2.82 +0.17 2.59 + 0.04
Coie 2 131.0 + 4.3 1.56 £ 0.05 1.47° 7.35:0.24 6.92°

Partially reflected

?Breakfrequency noise analysis,
Inverse kinetics.
“Modified source multiplication calibrated using BENA at —1$ nominal.
Modified source multiplication calibrated using I¥ at --13% nominal.
®Precision estimate not available,

Values of A/B, intercomparisons of reactivities from BINA and 1K, and the MSM fullshutdown
reactivity as listed in Table 1 typify data taken at some 20 different reactor configurations.

Our conclusions from this evaluation are that:
1. The subcriticality monitoring system prototype performed successfully in an LMFBR environment.

2. Precise values of A/B were obtained for SEFOR Core 1 and two configurations of Core 2.

3. No systematic differences were observed for our limited intercomparison of reactivity values inferred
from inverse kinetics and breakfrequency noise analysis.

1. Abstract of paper published in Trans. Awmer. Nucl. Soc. 15(1), 423 (June 1972).

2. It is a pleasure to acknowledge the important contributions made by J. B. Buliock, D. N. F1y, and C. B. Stokes of
ORNL, the SEFOR operation statt, and the Breeder Reactor Development Division of General Electric.

3. Consultant from the Nuclear Engincering Departinent, University of Tennessee, Knoxville.

8.5 THE DETECTION EFFICIENCY DEPENDENCE OF SUBCRITICALITY
MEASUREMENTS BY THE POLARITY SPECTRAL CCHERENCE METHOD!

N.J. Ackermann, Jr. A, R. Buhl

The polarity spectral coherence method (PSCM) of Seifritz has been proposed for measuring the
subcritical reactivity of a nuclear reactor. However, due to the nature of the PSCM measurement technique,
a systematic error in the subcritical reactivity measurement may occur owing to unexpected changes in the
neutron detection efficiency.

In this paper, this error is assessed through the development of the appropriate equations, and a
hypothetical measurement in a typical liquid-metal fast breeder reactor is numerically evaluated.

1. Abstract of fwblished paper: Nucl. Technol. 12, 320--23 (November 1971).

8.6 LOW-LEVEL NEUTRON FLUX MONITORING SYSTEM FOR LMFBR’s!

N.J. Ackermann, Jr. D.P.Roux W.T.Clay G.C. Guerrant

A low-level neutron flux monitoring (LLFM) system for IMFBR’s, required for reactor operations in
the source range, has been developed and tested.? Development of this system is part of the experimental
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effort of the ORNL development program on subcriticality measurement systems for LMFBR’s. Since
in-vesse! neutron detectors are required for an LLFM system, they niust function in an extremely hostile
environiment of liquid sodium, high temperature, gamma radiation, and electromagnetic noise levels. The
design goals of the ORNL system were established to meet the expected environmental conditions in a
representative reactor, the FFTF: in particular, a temperature of 350°F and a gamma field of 10° R/hr.
The ORNL LLEFM system was tested under simulated LMFBR conditions; these tests were followed by the
first successful demonstration of in-vessel operation of an LLFM systein in an LMFBR type reactor, the
SEFOR. The successful operation of the ORNL LLEFM system in the SEFOR demonstrated the functional
capability of the system in an environment similar to that expected in the FFTF.

1. Abstract of paper published in.Tmns. Amer. Nucl. Soc. 15(1), 425 (June 1972).
2. RDT Standard C15--3T, “Current Pulse Preamplifiers for Fission Counters,” Division of Reactor Development and
Technology, U.S. Atomic Energy Commission (1971).

8.7 DEVELOPMENT AND DESIGN PROGRAM FOR FFTF SUBCRITICALITY
AND STARTUP PHYSICS MEASUREMENT SYSTEM

N. J. Ackermann, Jr.

As an evolution of the base technology development program in fast reactor kinetics and subcriticality
measurements at ORNL, a development and design program for systeins to be used in the Fast Flux Test
Facility (FFTF) for subcriticality measurement and for special startup nuclear physics testing has been set
up at ORNL in cooperation with Hanford Engineering Development Laboratory (HEDL), the FETF
operator, and with Westinghouse Advanced Reactor Division (WARD), the principal reactor designer. The
program is designed to provide operational systems for use in the FFTF at its scheduled startup of July
1974.

ORNL is responsible for any needed development of methods and instrumentation (sensors, signal
conditioning electronics, and data processing equipment), for all supportive nuclear physics calculations, for
the principal design of the measurerent systems, for system proof-testing, and for assistance to WARD and
to INEDL in interfacing of the systems into the overall FFTF design and in initial system operations.

Efforts completed to date are:

1. the formulation of an overall program plan,
. an evaluation of the FFTF design to determine system requirenients,

a critical review of the FFTF flux monitoring system to determine its adequacy as system sensors,

s woN

. initiation of a critical experiment design for general measurement method development and for specific
FI'TF system proof testing,

5. initiation of preliminary system designs for the FFTF systems.

8.8 DEDICATED CRITICAL-FACILITY SUBCRITICALITY EXPERIMENT: EXPRRIMENT
PLANNING AND INSTRUMENTATION SYSTEM DEVELCPMENT

N.J. Ackermann, Jr.  A.R.Buhl' J. T.De Lorenzo M.V.Mathis J.C. Robinson® D.P. Roux

A dedicated critical-facility experiment will be performed in the ZPR-9 at Argonne National Laboratory
in January 1973 as part of the RMAAS (Reactivity Measurement and Anomaly System) and of the special
startup nuclear physics testing development and design program being carricd out by ORNL in support of
the FFTF project. The purposes of this experiment are threefold:
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1. a general subcritical, fast-reactor kinetics study to investigate previously observed discrepancies in
measurements of subcriticality and /A,

2. a proof-testing of methods to be nsed in RMAAS,

3. a proof-testing of methods to be used in FFTY special startup nuclear physics testing.

The detailed planning of this experiment was started. A foui-dimensional, general reactor kinetics
experiment will be perforimed, with the four dimensions being measurement method, neutron detector
type, detector position, and degiee of reactor subcriticality. Also, simulated FFTYF measurements will be
performed in proof-testing the FFTF systems. An FFTF core mockup loading in the ZPR-9 will be used for
the experiment.

Four different nenfron detection systems are currently under development and design for the
experiment: a 235U fission counter, SLi glass scintillator, > He counter, and 3 He ionization chamber.

1. Neutron Physics Division.
2. Consultant from the Nuclear Engineering Department, University of Tennessee, Knoxville.

8.9 AUTOMATED INVERSE KINETICS ROD-DROPF DATA ANALYSIS SYSTEM
J.E.Mott! M. K. Churchich®  J.C. Robinson!

A system using a PDP-1{ minicomputer and a tape recorder is being developed to record and analyze
data (for the determination of subcriticality) from inverse kinetics rod-drop ({IKRD) experiments. The
systen will permit the simultaneous digital sampling and recording of the output signals from a maximum
of seven neutron detectors. Of the seven detectors, the system will accommodate a maximum of five
detectors operating in the pulse inode or five in the ionization mode at any one time.

In addition to data logging, the system will analyze the data in real time. A single preselector channel
will be analyzed using the source iteration method,> and a predetermined four to seven channels
(depending on the rate at which data are being sampled) will be analyzed using the three-point method.?

As soon as an experiment is completed, the results of the real-time analysis will be printed out. Then
graphical displays, such as the determined reactivity vs time, will be shown which the operator can use for
diagnostic purposes.

In addition to data analysis in real time, the system will be used to analyze recorded data by the source
iteration method in off-line operation.

1. Nuclear Engineering Depariment, the University of Tennessce, Knoxville.

2. C. E. Cohn, “Experience with Subcriticality Determination by Rod Drop in the FTR-3 Critical Experiments,”
Trans. Amer. Nucl. Soc. 14,29 (1971).

3. S. G. Carpenter and R. W. Goin, “Rod-Drop Measurements of Subcriticality,” Reactor Physics Division Annu. Rep.
July 1, 1969, to June 30, 1970, ANL-7710.

8.10 COUNTING-LOSS EFFECT ON INVERSE KINETIC, ROD-DROP
MEASUREMENT OF SUBCRITICALITY

1. C. Robinson’ N.J. Ackermann, Jr.  J. W. Allen?

The effect of counting loss on subcriticality measurements by the inverse kinetics, rod-drop (IKRD)
technique was determined and analyzed theoretically, and the resultant conclusions were verified using
IKRD data that had been obtained experimentally during operation of the Southwest Experimental Fast
Oxide Reactor (SEFOR).> The counting loss effect will be important in IKRD measurements of
subcriticality in power reactors, because in such reactors fission counters with their attendant limited
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dynamic range must be used as the neutron sensors so that the neutron signal can be separated by
pulse-height discrimination techniques from the signal induced by the intense ganima field (10° R/hr,
typically).

In principle, the subcriticality befoce the rod drop (p-initial) and the subcriticality after the drop
(p-final) can be determined from an IKRD experiment. This work demonstrated that counting loss does not
affect the inferred p-initial but it does affect the inferred p-final. Since reactor shutdown procedures can be
scheduled such that the measurements of p-initial from IKRD experiments are sufficient, we concluded that
the counting loss associated with pulse mode detectors can be eliminated by employing proper procedures
in TKRD subcriticality measurements.

1. Consultant from the Nuclear Engineering Dept., the University of Tennessce, Knoxville.

2. Nuclear Engineering Dept., the University of Tennessce, Knoxviile.

3. A. R. Buhl, N. J. Ackermann, Jr., and R. C. Kryter, “Subcriticality Measurements in SEFOR,” Trans. Amer. Nucl,
Soc. 15(1), 423 (June 1972).

8.11 AN INTERCOMPARISON OF TECHNIQUES FOR INFERRING SUBCRITICALITY
IN FAST REACTORS!

A.R. Buhl  J.C. Robinson? N. J. Ackermann, Jr.

Since receut experiments indicate that systematic differences may exist between the reactivity (§)

values inferred from various subcriticality measurement techniques,® ™"

the possible discrepancies in §
values inferred by several measurement techniques were investigated. Such discrepancies have serious
implications on the analysis of reactor physics measurements which depend on accurate estimates of $, as
well as on the development of shutdown monitoring systems.

In this study, with a one-dimensional neutronic model of the Fast Test Reactor (FTR), the value of §
was calculated which would be inferred by one static and several kinetic techniques for reactor states from
clitical to 30 $ subcritical. Static and kinetic fluxes were calculated for the one-dimensional, thirteen-region
FTR model, using a recently developed transfer and scattering kinetics (TASK) scheme® that is based on
transport theory.

To intercompare $ values fromn the various techniques, fluxes were folded with cross sections of the
active detection material to produce both static and kinetic detector responses for a low-energy-sensitive
2351 fission counter and a high-energy-sensitive 2% ®Pu fission counter. These responses were then analyzed
using the specific algorithms of the vatious measurement techniques which relate detector response to §.
Correction factors which account for the spatial location and energy response of detectors on inferred $
values were applied to results from each of the techniques.

From this study the following conclusions have been made:

1. Reactivity estimates from the various techniques intercompare favorably in the kinetic range of 0 to 7 §
when corrected for space and energy effects.

2. Measurements in the reflector tend to systematically overpredict reactivity.

3. Values of reactivity inferred from kinetics techniques which measure prompt multiplication or statics
techniques are biased by detection efficiency changes.

4. Values of reactivity inferred from kinztic techniques which measure the prompt die-away time constant
are biased by modal contamination (usually overcstimating $).

1. Abstract of paper published in Trans. Amer. Nucl. Soc. 15(1), 493 (June 1972),

2. Consultant from the Nuclear Engincering Department, University of Tennessee, Knoxville.

3. Robert W. Albrecht and George M. Hess, “*A Comparison of Inverse Kinetics and Polarity Spectrum Reactivity
Measurements in FTR,” Trans. Amer. Nucl. Soc. 14,45 (1971).
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4. R. C. Kryter, N. J. Ackermann, Jr., and A. R, Buhl, “Measurement of Subcriticality in Large Fast Reactors by
Combining Noise and Multiplication Techniques,” 7rans. Amer. Nucl, Soc. 14,42 (1971).

5. H. L. Dodds, Jr., J. C. Robinson, and A. R. Buhl, “The Formulation and Application of thc Transfer-Scattering
Matrix Method to Space-, finergy-, and Angular-Dependent Fast Reactor Kinetics,” Nucl. Sci. Eng. 47(3), 262-74 (March
1972).

8.12 SUBCRITICALITY MEASUREMENTS IN FTR-3: THE HOMOGENEOQUS

MOCKUP OF THE FAST TEST REACTOR!

R.C. Kryter  N.J. Ackermann,Jr.  A. R. Buhl

A series of experiments was performed in the ZPR-9 critical assembly at the Argonne National
Laboratory to investigate the capability of various measurement techniques in determining the
subcriticality of a large, fast-spectrurn reactor. Both static and dynamic techniques were studied, subject to
the realistic constraints of emploving neutron detectors capable of withstanding high temperature and
gamina flux and positioned in the reactor’s radial reflector region. The full-range subcriticality measurement
method proposed by ORNL (namely, the modified neutron source multiplication technique, calibrated near
delayed critical by the breakfrequency neution noise analysis technique and refined through numerical
calculations of possible neutron detection efficiency alterations) proved both accurate and workable.

1. Abstract of published report ORNL-TM-3715 (February 29, 1972).

8.13 VARIATION OF THE NEUTRON GENERATION TiME WITH SUBCRITICALITY
IN THE FAST TEST REACTOR!

A.R.Buhl  J.C. Robinson?

We have calculated the variation of neutron generation time (A) with subcriticality for the Fast Test
Reactor (FTR). This variation introduces a systematic error into reactivity ($) values determined by the use
of technigues which measure the prompt die-away time constant. The varation of A with $ was determined
by calenlating A for different states from critical to ~30 $ subcritical for the FTR of the Fast Flux Test
Facility (FTR-3 loading of the ZPR-9) and by comparing the value at critical with the measured value.

The A values were calculated for each state by three methods: (1) the lambda (A) mode method, (2) the
omega (w) mode method, and (3) a direct A calculation using a new algorithm. In the first two methods,
the definitions of A result from a reduction of the time-dependent transport equation to the point kinetics
equations. In the third method, 2 recently developed transfer and scattering kinetics (TASK) scheme
directly computes the prompt die-away time constant and combines the computed response of a low-energy
and a high-energy sensitive detector to compute A. The first two methods were implemented using the
transport code ANISN and the third by using TASK.

From results of this study on the FTR, we have drawn the following conclusions:

1. Values of A can be computed adequately using any of the three methods at critical.

2. The A-mode method appears to underestimate A with increasing subcriticality when compared with the
two other methods.

3. Since variations in the kinetic range from 0 to —7 $ are less than 10%, the assumption of constant A is
reasonable for an operational measurement of suberiticality.

4, Based on the TASK calculations, it appears that A can be measured directly at subcritical states by
simultaneous collection of data from a low-energy sensitive detector (e.g., 23%U fission counter) and a
high-energy sensitive detector (e.g., 238U fission counter).

1. Absiract of paper to be presented at the American Nuclear Society National Topical Meeting on New Developments
in Reacior Physics and Shielding, Kiamesha Lake, New York, and to be published in the mecting proceedings.
2. Consultant from the Nuclear Engineering Department, the University of Tennessee, Knoxville.
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8.14 TASK: A GENERALIZED ONE-DIMENSIONAL TRANSPORT AND DIFFUSION

KINETICS CODE
A. R. Buhl H. L. Dodds, Jr.!' 0. W. Hermann?
R.J.Hinton? R. A. Lillie® J.C. Robinson?

A one-dimensional multigroup kinetics code, TASK, which solves either the transport or diffusion form
of the Bolizmann equations and allows an arbitrary number of delayed neutron groups was developed and a
user’s manual was prepared.® TASK can be used to solve static as well as dynamics problems, requires no
inner iterations within energy groups, and may be run either in an outer-iteration mode or in a closed
(non-iteration) mode. The time variable in this version of TASK is removed by Laplace transformation.

The user’s manual describes the input data requirements, the various options available to the user, and
operational notes. Sample problems are included to aid the user in the application of the code.

1. Present address: Savannah River Laboratory, Aiken, South Caiolina.

2. Mathematics Division.

3. The University of Tennessee, Knoxville.

4. Consultant from the Department of Nuclear Engineering, the University of Tennessee, Knoxvilie.
5. A. R.Buhletal., 4 User’s Manual for TASK, ORNL-TM-3811 (1972).

8.15 SUBCRITICALITY MEASUREMENT IN AN LMFBR!

N. J. Ackermann, Jr.

Reliable knowledge of the subcriticality state of a nuclear reactor at all times during shutdown, coupled
with proper administrative control, should preclude the possibility of that reactor accidentally becoming
critical or supercritical. This review of the state of the art of subcriticality measurement in the LMFBR
gives particular attention to four measurement techniques: neutron-source multiplication, neutron-noise
analysis, inverse kinetics, and pulsed neutrons. It is concluded that the neutron-source multiplication
technique is the only method applicable for measuring the subcriticality in an LMFBR over the full range of
shutdown. Present subcriticality-measurement development prograims are reviewed, and future applications
are discussed.

1. Abstract of published article: Nucl. Safety 12(6), $83—90 (November -December 1971).

B. Neutron Sensors for Extreme Environments

8.16 DEVELCPMENT OF A FISSION COUNTER FOR HIGH TEMPERATURE APPLICATION
W.T.Clay D.P.Roux  G.C. Guerrant

A high temperature fission counter! is being developed for use as a low-level flux monitor in the
IMFBR. The ultimate design goal is the fabrication of a counter with a neutron sensitivity of 1.0 count
sec ™! nv™! when subjected to a ganma flux of 10® R/hr and a temperature of 1100°F.

A 2.5-in.-diam fission counter and integral cable assembly were designed and partially fabricated.
Parameters were factored into the design from studies and experiments concerning material selection,
gamma pile-up effect minimization (Sect. 8.18), and cable shielding characteristics (Sect. 2.23). Essentially,
the electrode design is a configuration of three concentric cylinders plated with 235U to a thickness of 2
mg/cm®. To obtain a short collection time, the electrode spacing is 0060 in. All internal parts of the
counter are either type 304 stainless steel or 99.5% Al, Q3. Problems associated with the difference in the

coefficicnt of linear expansion of these two materials had to be resolved.
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A major effort has been the fabrication and testing of the metal-clad mineral-insulated coaxial cable and
end-seal insulator assemblies. The pulse breakdown noise at the operating voltage and terperature cannot
be tolerated if it is larger than the electronic noise level. Two pretested cables are to be welded to each
counter assembly. Techniques are now being developed for welding miniature, high-purity alumina end-seals
to the cable. The repeatability of a high quality weld is an outstanding problem.

After completion of the fission counter, extensive tests will be performed to qualify it for use in the
LMFBR.

1. D. P. Roux et al., “Neutron Sensors for Extreine Environments,” Instrumentation and Controls Div. Annu. Progr.
Rep. Sept. 1, 1971, ORNL-4734, pp. 14—15.

8.17 FISSION COUNTER TESTING PROGRAM
W.T.Clay D.P.Roux B.J. Ball!

As part of a high-temperature neutron-sensor development activity (Sect. 8.16) a detector testing
program was started for evaluation of commercial fission counters. The purpose of this testing is the:

1. possible qualification of detectors for use in the LMFBR as low-level neutron flux monitors,
2. comparison of performance with the ORNL design,

3. failure-mode analysis to incorporate the findings into the ORNL design.

Two fission counters (CFUC-02) were purchased from a commercial supplier for this intent. The
counters were fabricated with 10 m of metal-clad mineral-insulated triaxial cable for rated operation at a
temperature of 1100°F. The ncutron sensitivity was stated to be 1.0 count sec™' nv™! with total gamma
rejection at 10® R/hr.

The characteristics of the counters were tested extensively at room temperature. Subsequent tests at
600 and 800°F indicated that the sensitivity and voltage saturation were time dependent.

From these observations we concluded that the internal parts outgassed at temperature, thus
contaminating the detector gas filling. Discussions with the vendor confirmed that the counters were not

vacuurn baked at their rated temperature prior to filling.

1. Summer technical student, New York University.

8.18 FORMULATION OF THE GAMMA PILE-UP EFFECT IN FISSION COUNTERS!
D.P. Roux J.C.Robinson

The neutron response of fission counters (FC) exposed to very high gamma fluxes is strongly degraded
by pile-up of undesired gamma-ray detections. An equation was derived and experimentally verified to
express the amplitude distribution of the gamma pile-up (GPU) as a function of the gamma flux ¢, and
detector parameters such as the election collection time 7.

A single neutron can, in principle, be scparated from a single gamma pulse by pulse height
discrimination. However, in large gamma fluxes the garmna pulse rate is so high that gamma pulses cannot
be detected individually. For example, at 10® R/hr, ¢,r, would be about 3 X 10" pulses/sec, and if the
electron collection time were 1077 sec, an average of 3 X 10* gamma interactions would occur (pile-up) per
unit time 7. In such a gamma field, the output current from the counter would be continuous, with a mean
component and a fluctuating component due to the statistical nature of the detection process. The mean
component of the gamma-induced signal could be large enough to pass through the pulse height
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discriminator and, hence, contribute to the observed counts. Because the gamma-induced events are
randomly distributed, they obey Poisson’s distribution; accordingly, the standard deviation of the
amplitude of the gamma-induced current was derived.

Using the properties of the normal distribution function, a GPU function vs discriminator setting in
standard deviation units was constructed. Then we verified the shape and amplitude of this analytic GP'U
distribution with experimentally observed GPU distributions.

This work demonstrates that the GPU effects can be understood and predicted by considering the
statistical nature of the detection process. In particular, the analytical and experimental GPU distribution vs

pulse height setting agree well, and the GPU distribution function is proportional to gb;/z and 7~ 1/2,

1. Swnmary of article published in Trans. Amer. Nucl. Soc. 15(1), (June 1972),

C. Computer Control

8.19 COMPUTER SURVEILLANCE OF REACTIVITY DURING STARTUP AT THE HFIR
W.H. Sides, Jr.  J.W.Allen’  J.B. Bullock

Three sources of reactivity important during startup at the HFIR were added to those previously
included in the on-line computer reactivity balance calculation. They were: (1) effects of Xe produced in
the Pu target located in the flux trap region, (2) changes in the worth of newly installed control rods, and
(3) effects due to power-related temperature increases. Inclusion of these sources enhances the computer

ensitivity to the detection of unusual and potentially unsafe conditions during reactor operation, especially
variations in local coolant flowrate.

Results from this study indicate that the amount of reactivity added to the systeru from burmout of
target Xe during startup is ~40 cents.

A source of dynamic reactivity is present in the control rod region if any of the five control rods are
replaced. If all control rods are replaced, the combined increase in rod worth may be as much as 2.70
dollars during the first 48 hr of operation, due to production of 115-day '#?Ta in the tantalum section of
the control rods.

Temperature feedback is a reactivity source during startup. Analog simulation studies have shown that
the magnitude of this reactivity is proportional to the instantanecus power level and that the reactivity
deficit observed during a startup to full power is ~40Q cents.

Results of measurements made at HFIR during startup indicated that, previously, variations in the
reactivity balance remained within a band of £12 cents for a power increase from 10 to 100 MW. The
inclusion of the three additional sources reduces the band to £4 cents. Analog computer model studies
indicate that this improvement in the reactivity surveillance will allow detection of flow blockage in the
target region during startup before boiling occurs. Further experimental verification is needed.

1. The University of Tennessee, Knoxville.

8.20 PROGRAM FOR THE FAST FOURIER TRANSFORM ON THE HYBRID COMPUTER
W. H. Sides, Jr.

A digital computer program for calculating the fast Fourier transform (FFT) was developed for the
Division hybrid computer from a version formesly used on a Bunker-Ramo 340. This program enables more
rapid and convenient reduction of random noise data. Hybrid computing components were used to sample,
scale, and store input data directly from on-line or tape-recorded signals. Capability for handling two input
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channels was included. The hybrid program simultaneously samples the input signals in blocks and
computes the FFT. This allows input signals of long duration to be processed without a requirement for
large amounts of input data storage.

8.21 QUALITY ASSURANCE TECHNIQUES FOR ON-LINE
PROCESS COMPUTER SOFTWARE

J. B. Bullock

Operating experience with an on-line process control computer at the High Flux Isotope Reactor
(HFIR) has indicated that quality assurance of the software is a major consideration in planning and
operating such systerns. The following practices proved most helpful in maintaining the integrity of the
HFIR software:

1. Computer listings of all system programs are maintained in a clearly indexed file or notebook. This file
includes a list of the previous version of any revised or corrected program.

2. A copy of all system program source images (cards, tape, etc.) is maintained, clearly labeled by name
and revision date or number.

3. A logic block diagram of all complex programs showing theii relationship to other programs in the
system is maintained. Both the serial logic and the parallel logic forms described below are used for the
more complex programs.

4. Appropriate designer comments are required in the comment fields of each program to clearly document
the intent of the adjacent computer instruction groups.

5. A software change procedure was established and rigidly enforced.

Many of the techniques specified above are recasonably obvious, which, no doubt, many computer
operators have recognized and implemented. However, the construction of both serial logic and parallel
logic block diagrams is probably unique with ORNL.

A serial Jogic diagram is a conventional logic diagram usually drawn by computer programmers showing
yes-no decision blocks and the functions being performed as the logic flows in a manner roughly
synchronous with the program instructions. The term “parallel logic™ is applied to a logic diagramming
method developed for analog control system design. The technique has been used for many years at
ORNL.1 =3 In the past, this scheme was used extensively for showing the design objectives in control
systems based on relay logic. Recently, however, the technique has been successfully applied to the
construction of block diagrams of complex, computer program logic. The principal advantage of the parallel
logic diagram is illustrated in Fig. 8.21.1, in which a simplified algorithm displays two identical logic
functions in both the serial and the parallel logic diagrara form. This display makes it apparent that the
parallel scheme is ideally suited for ascertaining the roultiple paths or conditions to a given end state,
whereas the serial logic diagram defines the programming steps more exactly and is consequently more
useful than the parallel diagram in verifying that the actual program instructions will perform the desired
functions.

When applied to complex programs, the two techniques are a very efficient and compatible method for
lucidly documenting the design objectives, the significant variables, and the overall control system logic.
Documenting these important factors in a clear, simple manner provides a meaningful information base on
which detailed design, high quality reviews, and operational debugging can be planned, because, in software
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Fig. 8.21.1. Simplified parallel and serial logic diagrams.

systerns, as in conventional system design, the basic man-to-man interface is a major deterrent to the
assurance of high quality.

1. F. T. Binford and E. N. Cramer {(eds.), The fHigh £lux [sotope Reactor, ORNI-3572, tev. 2 (June 1968), p. 125.

2. A. E. G. Bates, Description of the BSR 2-MW Reqctor Conirol and Instrumentation System, ORNL-TM-2400
(October 1967), p. 8.

3. F. W. Sanders et al., Operation Plan and Hazards Report — Operation BREN, CEX-62.02 (April 1962), p. 30.

8.22 REACTOR ON-LINE COMPUTER CONTROL DEVELOPMENT AT THE HFIR,
VOL. 1: OBJECTIVES, SYSTEM DESIGN, OPERATING
EXPERIENCE AND SAFETY CONSIDERATIONS!

J. B. Bullock  H. P. Danforth

A description of the HFIR Computer Control development program is given with details on system
specification and procurement problems, operating philosophy and experience, and system hardware
performance history. Detailed software descriptions are provided in Vol. 2.

1. Abstract of report ORNL-TM-3679, vol. 1 (to be published).

8.23 REACTOR ON-LINE COMPUTER CONTROL DEVELOPMENT AT THE HFIR,
YOL. 2: PROGRAM LISTINGS, SUMMARIES, AND LOGIC DIAGRAMS!

J. B. Bullock.  G.R.Owens W. H. Sides, Jr.

The computer programs written for the development of reactor computer control and surveillance are
presented in three levels of detail. The programs are described in summary form, in logic diagram form, and
finally the detailed assembly language listing is presented along with the hexadecimal machine instructions.

1. Abstract of published report ORNL-TM-2679, vol. 2 (February 18, 1972).
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8.24 STUDY OF REACTIVITY BALANCE DURING STARTUP OF THE HFIR!'
J.W.Allen®>  W. H. Sides, Jr.

The reactivity balance during startup in the High Flux Isotope Reactor calculated by a mathematical
model on a CDC 1700 on-line computer was studied. The balance was improved by postulating a new
reactivity term due to a power coefficient (temperature feedback) and one due to the burnout of a target
poison, ' ?% Xe.

1. Abstract of published report: ORNL-TM-3769 (August 1972).
2. Piesent address: the University of Tennessee, Knoxville.

D. Reactor Diagnosis

8.25 DYNAMIC EXPERIMENTS FOR HEAT TRANSFER AND FLOW MIXING
STUDIES IN THE FUEL-FAILURE MOCKUP

T.W.Kerlin® D.N,Fry C. B. Stokes

Temperature-to-power frequency response tests were performed in an electrically heated mockup of an
ILMFBR fuel assembly to show that analysis of data from dynainic tests can yield heat transfer and mixing
information that cannot be obtained from steady-state measurements. The additional information from
dynamic tests should be particularly helpful in studying the effects of coolant channel blockage and also
the interchannel flow sweeping effectiveness of wirewrap fuel rod spacers.

The tests were performed at the ORNL Fuel Failure Mockup (FFM), where LMFBR fuel assemblies
were simulated by bundles of 19 electrically heated, sodium-cooled rods. Temperatures on the heated rod
were monitored by thermocouples embedded in the spiral wirewrap rod spacers; the thermocouple
junctions were at points 9 and 21 in. downstream from the entrance to the heated section.
Temperature-to-power frequency response functions were obtained by modulating the electric power to
one of the 19 heaters and measuring the temperature response. A pseudorandom binary test signal provided
frequency response results over a range from 0.1 to 2 Hz. Measurements were made for sodinm velocities
ranging from 4.4 to 24 fps. The data were analyzed to obtain the gain and phase shift between temperature
and power and between selected pairs of temperatures.

Interpretation of the shape of the experimental results and the dependence on position in the bundle
was performed by correlation with results from theoretical models. The ratios of gain response at different
flow rates werz theoretically predicted using two different models: one mode! was based on an assumption
of well-mixed flow, and the other on slug flow. A correlation of the experimental results and theoretical
predictions suggests that slug flow predominates at the 9-in. point, but well-mixed flow predominates at the
21-in. point. Also, the low-frequency (<0.1 Hz) predictions were the same for both models, indicating that
steady-state measurements cannot indicate whether well-mixed flow or slug flow is predominant.

1. Consultant from the Nuclear Engineering Department, the University of Tennessee, Knoxville.

8.26 ACOUSTIC MEASUREMENTS ON FFM
R. F. Saxe!

Background measurements on the flow in the Fuel Failure Mockup (FFM) loop were made to obtain
information for planning boiling expetiments.
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Investigations were concentrated to a large extent on the measurement of the signal-to-noise ratio at
different frequencies. The results showed that no advantage was to be gained by using a filter at any given
frequency, since the ratio of detection semsitivity to background noise stayed essentially constant and
independent of frequency. The measurements showed, however, that the amouni of background noise
increased rapidly with sodium flow and the spectral distribution stayed approximately constant.

At frequencies above about 10 kHz, the background noise approximated to a white noise spectrum up
to the highest frequency measurable with the present equipment (600--700 kHz). This is consistent with a
boundary layer generation miechanism. The amount of background noise is also dependent on the “fuel”
assembly within the test section. Inversion of one assembly caused a change in the background noise level
by a factor of 2.

These measurements and results of experiments and analysis at North Carolina State University show
that no detection advantage accrues from the use of any particular frequency band, and the emission from
the first nucleate boiling is expected to be in the form of short duration pulses. Thus, we conclude that for
the detection of the first nucleate boiling a pulse detection system is the most logical measuring system.
Such a system would preferably encompass a range of frequencies from some tens of kilo-Hertz up to at
least 600 kHz.

Future experiments using heated “fuel” elements, reduced flow, and partial flow blockages will
investigate the onset of boiling using these acoustical techniques.

Recent measurements on a partially-blocked assembly at low sodium flow and with 5 kW/ft of electrical
heating have shown that the acoustic emissions detected are consistent with a thermal expansion-
contraction 1mechanism of generation. No boiling was detected. Further experiments with blockages are

planned.

1. Consultant from North Carolina State University.

8.27 DETVECTION AND LOCATION OF FAILED FUEL IN THE FFTF
BY DELAYED NEUTRONS

R.C.Kiyter D.P.Roux A.R.Buhl

An online Delayed Neutron Detection and Location (DNDAL) system, in which noise analysis
techniques are applied to enhance the detection sensitivity and locational accuracy, is being designed for
the Fast Flux Test Facility reactor. Sigoaling the occurrence of a fuel cladding rupture through the
detection of neutrons emitted from decaying fission products released to the coolant stream is not a new
idea. Since there are three symmetrically positioned primary-coolant loops in the FFTF, installation of
neutron detection and auxiliary data processing instruments will allow location (“triangulation”) of fuel-pin
failures that result in fission product contamination (“washout”) of the coolant stream.

We arc investigating both first-moment (ratios of corrected counting rates) and second-moment
(variance-to-mean and correlation functions) DNDAL data processing schemes; i.e., we are attempting to
utilize both amplitude and arrival time relationships among the counting rates for the individual detector
systerns that monitor the three coolant outlet pipes. Results from detailed numerical analyses of anticipated
counting rates under different operating conditions are encouraging in that they predict a detection
sensitivity of ~0.4 g of fuel released, or ~0.6 cm?> of fuel exposed by a cladding breach. The locational
accuracy of the DNDAL system is estimated to be 5--10% of the total fuel inventory; hydraulic flow
pattern experiments are being executed to better define locational accuracy and to ascertain sensitivity to
reactor vessel hydraulic design modifications.
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8.28 PRELIMINARY COOLANT TEMPERATURE OSCILLATION
MEASUREMENTS AT THE FUEL-FALURE MOCKUP!

D.N. Fry  T. W. Kerlin?

A feasibility study was conducted at the Fuel-Failure Mockup to determine if fluctuations in coolant
temperature can be used to study flow and heat transfer mechanisms in a simulated Liquid-Metal Fast
Breeder Reactor (LMFBR) fuel rod assembly. Therinocouple signals were cross correlated to obtain the gain
and phase lag between thermocouple locations.

The results of gain and phase measurements between wire-wrap thermocouples in bundle 1A show that
the effect of wire wraps on the crossflow is experimentally observable. Also, these results, obtained at a
frequency of 2 Hz suggest that the crossflow might be proportional to the 0.8 power of the bulk flow.

1. Abstract of published report: ORNL-TM-3761 (August 1972).
2. Consultant fiom the Department of Nuclear Engineering, the University of Tennessee, Knoxville.

REACTOR SAFETY AND EVALUATION

8.29 NUCLEAR SAFETY INFORMATION CENTER
E. W. Hagen

The program of collecting, evaluating, indexing, storing, and disseminating informatjon related to
instrumentation and electric power associated with nuclear safety was continued.! This material pertains to
the safety of nuclear plants in the categories of protection systems, operation systems, plant
instrumentation, and plant clectric power systems. Approximately 1447 documents were reviewed and
abstracted for the computerized information retrieval system at the Nuclear Safety Information Center, and
44 direct requests for special tabulations of references or information were processed for the national and
international nuclear community during this past year.

1. E. W. Hagen, Instrumentation and Conirols Div. Annu. Progr. Rep. Sept. 1, 1971, ORNIL-4734, pp, 106-7.

8.30 NUCLEAR SAFETY JOURNAL
E. W. Hagen

Publication of Nuclear Safety under the auspices of the Nuclear Information Center was continued.’
Responsibility continued for the preparation and editing of material related to instrumentation and
control? and four members of ‘the Instrumentation and Controls Division authored five of the seven
articles [12(5), 12(6), 13(1), and 13(4)] contained in the “Control and Instrumentation” section of
Nuclear Safety during the past year.

1. E. W. Hagen, fustrumentation and Controls Div. An;u. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 105.
2. E. W, Hagea (ed.), Nuclear Safety 12(5), 496--515 (September—QOctober 1971); 12(6), 583--90 (November—De-
cember 1971); 13(1), 29—-36 (January —February 1972); 13(4), 295-300 (July--August 1972).

8.31 REACTOR AVAILABILITY AND STATION RELIABILITY

FOR CONTINUITY OF SERVICE!
E.W. Hagen

The average availability of first-generation nuclear power reactors to produce uninterruptibly a supply
of thermal energy was determined to be 83.4% for seven comumercially operated electricity-generating
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stations by reviewing the station operating reports for a three-year period. The safest nuclear power reactor
is one that is in nonmal steady-state operation, and therefore it was pertinent to determine the causes of
abniormal operation or unscheduled shutdown. Operational deviations and unplanned station shutdowns
were analyzed and categorized into those related to heat-transfer systems, instrumentation and controls,
and the electric turbine-generator power systen. The central problem areas were found to be leaks in the
heat-transfer system, difficulties with the control-rod drives in the primary system, and both leaks and
turbine controls in the secondary plant. From the data available a figure of merit was produced to evaluate
the unscheduled shutdowns and also to give a comparative evaluation of station service reliability for use of
utility operators.

1. Abstract of published article: Nucl. Safety 12(5), 499;515 (September—Qactober 1971).

8.32 RELIABILITY-ENGINEERING METHODS
IN REACTOR-SAFETY TECHNOLOGY'

Paul Rubel

Reliability engineering seeks deliberately to increase the likelihood that devices or systems will function
as intended. To this end, analytical techniques are routinely applied in fields such as aerospace in ways that
give rational direction to the various quality-assurance activities. A recent survey of similar applications to
ennance reactor safety revealed that, although qualitative-analysis methods have been adopted widely,
probabilistic modeling and risk forecasting have been somewhat restricted by lack of adequate supporting
information. Probabilistic analysis use is expanding, however, as current efforts gradually overcome the
information problem. Meanwhile, quality assurance has benefited from the insight provided by the
preliminary risk-evaluation studies,

1. Abstract of published article: Nucl. Safeiy 12(5), 426-99 (September—October 1971).

8.33 THE FOURTEENTH POWER INSTRUMENTATION SYMPOSIUM OF THE
INSTRUMENT SQCIETY OF AMERICA!

E.W.Hagen G.K.Rhode* T.G. Bassett?

The electric power generation segment of the nuclear field is increasing in size and importance and,
therefore, in its responsibilities and need to be heard. Some of this industry’s concerns about standards,
reliability, communications, and instrumentation and control needs were expressed at the Instrument
Society of America’s 14th Power Instiumentation Symposium. More standards are still needed, and to
resolve some of the major safety problems now before the industry, several important instrumentation and
control objectives musi be met. Also communication between the engineering design and the operating
groups could be improved.

1. Abstract of published article: Nucl Safety 13(1),29-36 (January—February 1972).
2. Niagara Mohawk Power Corporation.

8.34 REPORT TO CONGRESS GN NUCLEAR REACTOR SAFETY

Panl Rubel

The US. Atomic Energy Commission was requested by the Joint €ommittee on Atomic Energy to
prepare a comprehensive report reviewing reactor safety. Material concerning reliability and probabilistic
aspects of safety was gathered for Nuclear Safety Information Center participation in preparation of this
report.
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8.35 RELIABILITY STUDIES OF PROPOSED UNDERSEA REACTOR
Paul Rubel

The U. S. Navy-sponsored ORNL program to review small reactor concepts for possible undersea
application was continued' through December 1971. Alternative control schemes for the reactor and power
conversion systems were outlined, and cursory evaluations were made of each regarding potential
performance and reliability.

1. P. Rubel, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNI1.-4734, p. 106.

8.36 RELIABILITY AND SAFETY ANALYSES OF HIGH-TEMPERATURE
GAS-COOLED REACTOR SYSTEMS

Paul Rubel

The HTGR Safety Program at ORNL is concerned with all aspects of potential radioactivity discharge
from gas-cooled reactor plants. Subject to investigation are the basic mechanisms of fission product release
and transport, integrity of components, and plant transient behavior. Program participation was begun in
the area of system reliability and accident risk analysis, which is intended to provide a perspective for the
other investigations.

Methods were developed whereby the prospects for adequate response of systems under contingency
conditions can be examined consistently by event tree diagrams and organized information files. Initially,
these methods are being used to determine program goals and priorities, for example, by identifying needs
for specific studies of plant transient behavior and helping define parameter value ranges within which to
investigate degradation effects. The same studies yield rational bases for design and quality assurance
requirements and furnish a general framework for efficient safety evaluation of future plants.

In the absence of design information for the proposed large plants, the analyses thus far are somewhat
speculative. Central to their organization, however, is the capability for contivual updating, revision, and
accommodation of alternative versions of controversial topics. Subsequent work will develop the analyses
apace with the accruing support information.

A formal reliability assessment was completed for the emergency engine-generator system of the Fort
St. Vrain Reactor plant. This work was undertaken as a pilot exercise to demonstrate the applications of
reliability methods and to cultivate sources of data and experience for use in future, more extensive studies.
The principal analysis task was performed by the UKAEA Systems Reliability Service (SRS), to which
ORNL subscribes. A report reviewing the SRS work and comnenting on other problem aspects was
prepared in draft form.

8.37 TASK GRCUFP FOR ECCS COMPUTER CODES REVIEW

R.S. Stone
F.H.Clark  J.P.Sanders’ J.B.McGrory®

During the summer of 1972 the U.S. Atomic Energy Commission held hearings in Bethesda, Md., to
bring together and evaluate testimony regarding the Interim Acceptance Criteria for Emergency Core
Cooling Systems (ECCS). These interim criteria were issued by the U.S. Atomic Energy Commission to
provide bases for judging ECCS designs during licensing evaluations of light-water power reactors. Since
there are gaps in the knowledge of loss of coolant accident dynamics, the criteria substituted conservatism
for rigor.
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Various intervenors attacked the ciiteria for insufficient conservatism; reactor vendors regarded them as
too conservative. The Bethesda hearings were an atteinpt to resolve the issue. Since ORNL rescarch was
involved in many of the technical questions at issue, several ORNL personnel took part in the hearings as
witnesses. Also, an ORNIL task group was assembled to investigate five technical areas pertinent to the
hearings and to assess the strengths and needs in each of these areas.

The area assigned to this Division was “Capability of computer codes to calculate the progress of events
in a large reactor during a loss of coolant accident.” Information was gathered from ORNL experience and
from work at other sites, as reported in the ECCS hearings testimony and elsewhere. From this information
a position was developed and a report was prepared that sununarized the facts and presented a conservative
position that is supported by mathematical analysis and experimental data.

1. Reactor Division.
2. Physics Division.

8.38 HYBRID COMPUTATION OF FUEL-PIN HEAT-UPIN A
PWR LOSS-OF-COOLANT ACCIDENT

R.S.Stone F. H. Clark

The digital heat-up program THETA was adapted to the hybrid computer. The objective of this work is
to apply hybrid technigues and machinery to an existing, extensively rescarched digital program to shorten
the running time. This was accomplished. The resulting hybrid program runs in ~0.1 the time of the latest
digital version and permits on-line interaction between the operator and the simulation.

As a side benefit, during this development of a drastically different imnplementation of the digital code,
the essential correctness of the digital programming was verified and a few areas where the equations could
be improved were noted. This information was particularly important when “Loss of Coolant Codes,” in
general, were being questioned during U.S. Atomic Enecrgy Commission hearings on [nterim Acceptance
Criteria for ECCS (Emergency Core-Cooling Systems).

The hybrid model is being used to provide initial guidance for the experimental blowdown program;
feedback from the experimental program, as it comes in, will be used to improve the model. This close
coupling of analysis and experiment is an optimum combination for developing an understanding of the
dynamics involved in loss of coolant heat transfer processes.

8.39 RELIABILITY METHODS APPLIED TO REACTOR SAFETY:
TRENDS AND PROGRESS!

P. Rubel

The present main roles of reliability engineering methods in reactor safety are to improve the design of
protection systems and to enhance quality assurance. This paper reviews the continuing efforts to
strengthen the credibility of probabilistic safety evaluations and to expand the analysis role in guiding
safety support activities. A trend toward situation-oriented analysis is noted, along with innovations in
exploiting the limited information available for analysis input.

1. Abstract of paﬁer piesented at tf)é IEEE 1971 Nuclear Power Symposium, San Francisco, Nov. 3—5, 1971, and
published in IEEE Trans. Nucl Sci. NS§-19(1), 883--87 (February 1972).
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REACTOR PROJECTS

8.40 HFIR ASYMMETRY PROTECTION
W.E. Lingar  J. .. Anderson  S.J. Ditto

Design of a system was started that will scram the High Flux Isotope Reactor if the control rods
become asymmetric under certain unfavorable conditions of power and coolant flow. The single channel of
asymmetry protection now in the HFIR will be improved and expanded to a full three-channel
protective-grade system.

The new system will include independent rod-position sensing. It will also utilize power and coolant
flow signals in a logic system to determine the degree of asymmetry that can be tolerated under various
operating conditions; it will initiate appropriate action when permissible conditions are exceeded.

The circuit modules, now being fabricated in the Division shops, will be installed with the protection
system instruments.

8.41 REDUCTION OF ELECTRONIC NOISE IN CURRENT-PULSE PREAMPLIFIERS

J.T.De Lorenzo  D.P. Roux

Current-pulse preamplifiers (single-ended, ORNL model Q-3125; and differential input, ORNL model
Q-5059) were originally developed for fission counters operating in high gamma fields for the LMFBR
program.! =3 Reduction of electronic noise was particularly desired for high temperature counters where
the neutron plateau characteristics are normally poor.

Slight modifications of the input stage, primadily the substitution of a MT1061A transistor, reduced the
noise threshold for a 10-count/sec background from 15.2 to 11.8 threshold units for the single-ended model
and from 16.3 to 12.2 for the differential model. With a high-temperature counter recently tested, this
noise reduction permitted operation at a lower disctiminator threshold which resulted in a factor of 2
improvement in effective neutron sensitivity.

1. J. T. De Lorenzo, “Low Noise, Single-Ended and Differential Preamplifier with 100 MHz Bandwidth for
Amplification of Fission-Counter Pulses,”” Instrumentation and Controls Div. Annu. Progr. Rep. Sept 1, 1970,
ORNL-4620.

2. J. T. De Lorenzo, “Current Pulse Preamplifier with a Differential Input for Use with Fission Counters,”
Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, pp. 5—6.

3. D. P. Roux, J. T. De Lorenzo, and C. W. Ricker, “A Neutron Detection System for Qperation in Very High Gamma
Fields,” Nucl. Appl. Technol. 9(5), 736--43 (November 1970).

8.42 PBF CONTROL AND SAFETY INSTRUMENTATION

J. L. Anderson
C.C.Courtney  S.J.Ditto  B.C.Duggins R. L. Shipp

Design and fabrication of additions and modifications to the control and protection systems of the
Power Burst Facility (PBF) at the National Reactor Testing Station were continued.! Because of changes in
the program of experiments planned for the facility, the protection system is being substantially altered to
permit steady-state operation of the reactor at higher power levels than were originally planned.

To assure adequate protection for the new type of operation, a full complement of process and nuclear
instrumentation is necessary. A conceptual design and component specifications for the additions were
prepared by the Process Instruments Section of this Division and submitted to the Aerojet Nuclear
Company, the facility contractor-operator. Aerojet will complete the design details and procure the
instruments.
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The process measurements for the protection system will include two channels, each, of primary
coolant flow, core differential pressure, coolant inlet temperature, control-rod cooling air for twelve rods,
and reactor vessel coolant level.

The nuclear portion of the protection system will be modified by addition of a time-level safety
function, which is related to excessive reactor energy. A fixed power-level trip will be provided for
steady-state operation. For shaped-burst operation, the trip level will be raised to selectable higher powers,
but only for a period of time that would yield the maximum allowable energy at the selected power. When
permitted by an enabling circuit, the power trip level will be increased automatically from the steady-state
level to the preselected higher value by an auxiliary circuit that will sense the power rise at the initiation of
the burst. An electronic timer will determine the length of time that the trip level will be elevated. Selection
of the elevated power trip point will automatically invoke the maximum time allowable for that power
level. Misselection of the trip level or an unexpected burst size will result only in an aborted experiment
through a premature scram; there will not be a loss of protection. The circuit was designed and fabricated
by this Division.

1. J. L. Anderson ands. J. Ditto,vlnsz‘mmsnzati(m and Controls Biv. Anma. Progr. Rep. Sept. 1, 1971, ORNIL-4734, p.
107.

8.43 TSR-II MODIFICATIONS FOR 1-MW OPERATION

S. 1. Ditto
B. C. Duggins  J. B. Ruble
D. D. Walker K. W. West

The control and protection systems of the TSR—II were modified so that the reactor could be operated
at 1 MW. The authorized maximum power level had been 100 kW, nominal. An important objective of
these modifications was to improve the performance characteristics and the reliability of the plant
protection system.

The changes included extensive modification of the stow scram system, replacement of thermocouples
in the plant protection system by resistance thermometers for improved accuracy, and redesign of the
system for protection of personnel. While these changes were being designed and installed, several
conditions were found that indicated a need for additional work. These were reported to the facility
operators for their consideration, and the follow-up work was assigned to the Reactor Controls
Maintenance Group.

8.44 MODERNIZATION OF PORTIONS OF THE HFIR
PROTECTION AND CONTROL SYSTEMS

J. L. Anderson  C. C. Courtney

Planning was started to make several changes in the protection and control systems of the High Flux
[sotope Reactor. Coraponents that experience high failute rates or high trouble rates as indicated by noise
or drift and obsolete components that are no longer manufactured will be replaced. These plans will also
allow future addition of functions to the Plant Protection System (PPS).

Operational amplifiers (Q-2605) will be replaced with modern reliable amplifiers. The older amplifiers
caused occasional noise, oscillation, or eiratic operation, primarily because of wear of the mechanical
choppers. The new amplifiers will have solid-state, integrated circuits.

The flux reset modules (Q-2603) will be replaced with all electronic reset circuits. The Q-2603 modules,
with motoi-driven potentiometers to effect a gain change in the system, are susceptible to mechanical
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bounce or poor electrical contact within the potentiometers and show large noise spikes in the signal
outputs. An all-electric system was designed to continuously and automatically calibrate the reactor flux
instrumentation.

Two discrete-component, electrometer-type amplifiers, the Flux Amplifier (Q-2602) and the Faulty-
Fuel-Element Detector Amplifier (Q-2637), will be replaced with integrated-circuit, field-effect input
operational amplifiers. The older amplifiers contain obsolete components, and replacements are unavailable.

Several additional minor circuit changes will bz made to improve performance and serviceability. Since
the new circnits will be much smaller, the mechanical arrangement will be changed considerably, freeing
space for planned future addition of functions. Rearrangement of some power distiibution will eliruinate
several power supplies.

8.45 REVIEW OF STANDARDS AND DESIGN FOR FFTF PROTECTICN SYSTEM
S.J. Ditto  J. L. Anderson

Review of the design of portions of the Fast Flux Test Facility plant protection system was continued
as requested by the Division of Reactor Development and Technology of the US. Atomic Energy
Commission. The design comprised a group of standards that specified the general characteristics of system
components and separate ordering data that specified the detailed requirements. Also reviewed was a
preliminary analysis of the effectiveness of the reactor shutdown system in responding to reactivity
transients. These reviews are being coordinated with a study to evaluate the needs for and benefits to be
derived from the use of fast shutdown systems for reactors, with emphasis on applicability to LMFBR’s.

8.46 REVIEW OF STATE-OF-THE-ART OF FAST SHUTDOWN SYSTEMS
E.P. Epler'  J.L. Anderson  S.J.Ditto

A review of the state-of-the-art of fast shutdown systems for reactors was started at the request of the
Division of Reactor Development and Technology of the U.S. Atomic Energy Commission. A draft of a
state-of-the-art paper was prepared. This paper describes the history of the development of techniques for
achieving fast system response (defined as <30 to 50 msec) and discnsses the rationale for using such
techniques. The operating record of reactors with fast shutdown systems is discussed, with particular
emphasis on the effects of fast response on plant availability.

A very important part of the paper will be the discussion of the need for, and the applicability of, fast
shutdown techniques in experimental liquid-metal reactors as well as in large commercial fast breeder
reactors.

1. Consultant to the Controls Departrnent.



9. Instrumentation for Reactor Division Experiments
and Test Loops

9.1 SUPPORT FOR THE SOLID-MECHANICS DEPARTMENT EXPERIMENTAL MECHANICS SECTION

R. L. Maore
W.A Bird T.M. Cate C.D.Martin,Jr. R.L.Simpson

The Instrumentation and Controls Division furnished about 1-'4 man-years of labor for design,
application, and maintenance of instrumeunts and instrument systems in support of a variety of experiments
undertaken by the Solid Mechanics Department. Four major programs shared in this support effort: Heavy
Section Steel Technology, Liquid-Metal Fast Breeder Reactor (LMFBR) Structural Design Methods, ORNL
Piping, and Prestressed Concrete Reactor Vessel.

In Support of the Intermediate Vessel Test Series! under the Heavy Section Steel Technology Program,
Division personnel assisted in the fabrication, installation, and checkout of all cables for connecting 100
strain gages, 12 thermocouples, and 1 pressure transducer to the Portable Strain Gage Criented Data
Acquisition System procured by the Reactor Division.

Operation of the elevated temperature beam test,2 one of several test series under the LMFBR
Structural Design Methods Program, revealed a requirement for a precise and programmable load contrul
system during the loading, unloading, and cylical phases of the tests. These requirements were met through
the addition of a programmable, closed-loop servo-liydraulic load control system to the test facility. The
design was completed and construction is underway on a new “circular plate” test facility for this program.
This test is identical in concept to the clevated beam test except that the specimen is a circular plate instead
of a rectangular beam. All data from strain gages, thermocouples, load transducers, and displacement
transducers will be collected by a computer-based data acquisition system.3

Structural tests performed under the ORNL piping program required an increase in the number of
channels of strain gage data acquisition available on the data acquisition system. Division personnel assisted
in the procurement, installation, and checkout of 192 additional strain gage channels and an additional
digital magnetic-tape recorder.

Continuing support was provided for the Thermal Cylinder Test under the Prestressed Concrete Reactor
Vessel Program. A single-bay instrument panel was designed and built to provide power control and ground
faulr detection for heaters embedded in the concrete specimen. These will be used to create a hot spot in
the test specimen. Continuing assistance is being given in the acquisition and reduction of data from this test
by the previously mentioned data acquisition system.

1. R. L. Durall and H. J. Metz, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p,
122,

2. R.L.Moore et al,, ibid., pp. 118--19.

3. R.L.Moore, T. M. Cate, and C. D. Martin, Jr., Ibid., p. 36.

97



98

9.2 THERMAL STRESS PIPING “T” TEST
G.W. Greene

In support of the piping technology program to obtain data for the design of nuclear piping systems,
read-out instrumentation was installed to acquire thermal stress data from a heated, 12-in., schedule 80
stainless steel pipe T, instrumented with 208 strain gages and 100 thermocouples. Twelve, 25-channel, Dextir
data acquisition system analog boxes (eight of which had previously been modified for strain
measurement)! were used for this application. Additional panelboard instrumentation was installed to
measure and record parameters needed for operation of the facility.

65-67.

9.3 MISCELLANEQUS SUPPORT FOR THE ENGINEERING SCIENCE
DEPARTMENT HEAT TRANSFER AND FLUID MECHANICS SECTION

J. W. Krewson

The manpower requirement for Instrumentation and Controls Division support of this section, other
than that required for the Rod Burnout and Thermal Hydraulic Facility, remained unchanged at about 1
man-year, but, due to reallocation of funds, the experiments that were supported were different. Since
most of the molten-salt heat transfer work was no longer funded, there was little need for Division support
in this area. The Deformed Rod Bundle Pressure Drop Experiment also operated almost completely without
assistance from this Division.

The Heat Transfer Enhancement Experiment was expanded by adding a preheater and by changing the
test section so that several rods could be included in the experiment at one time. This unit operated
successfully.

The demonstration unit for hyperfiltration with dynamic membranes was completed, in spite of some
extremely difficult instrument problems due to high system surge pressures, and it operated with an
efficiency approximately three times that expected. The unit was shipped to the field for evalnation.

The “hot-spot” burnout detectors developed for the Rod Burnout Facility were installed and checked
out successfully. The detectors appeared to operate properly during startup operation of the facility, but
operation was stopped to permit start of BDHT construction {Sect. 9.5). Comsequently, there was no
opportunity to properly evaluate this instrument over an extended period of firne. The resistance
measurement technique that was being considered as a backup for this infrared sensing instrument was
never fully developed because of the difficulty in obtaining an adequate signal from the test model.

Work associated with the detection of pressure and temperature variations on the surface of a heater
immersed in liquid metal was continued with sowme success in detecting temperature variations but none in
detecting pressure changes.

Routine assistance was supplied to various experimenters in response to their continuing requests for
advice and assistance with instrumentation problems, such as evaluation and improvement of equipment
perforimance; analysis of data; and selection, location, and procurement of instruments and equipment.
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94 INSTRUMENTATION FOR A ROD BURNOUT FACILITY

R.L.Moore D.G.Davis B.G. Eads

Design and checkout of instrumentation for this facility! was completed and operational checkout was
begun.

The checkout was progressing satisfactorily and loop operating conditions were approaching a point
where burnout should occur when operations were terminated by a mechanical failure of a braze joint in an
electrical isolator connector located in an instrument (pressure tap) line. This incident occurred with power
applied to the test section and resulted in failure of the test section. Further operation of this facility was
terminated, and the facility was shut down to pernmit modifications to the loop and building to
accomimodate the larger Thermal Hydraulic Test Facility (Sect. 9.5). The capabilitics and most of the
equipment in this facility will be included in the Thermal Hydraulic Test Facility.

Although no burnout data were obtained, much valuable design information and operating experience
were gained, which will aid in design and operation of the enlarged facility. At the time of shutdown all
instrumentation was performing acceptably; however, there was evidence that modification of some
instruments and controls was needed to improve their performance.

1. R. L. Moore, D. G. Davis, and J. W. Krewson, Insirumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL-4734,p. 117.

9.5 THERMAL HYDRAULIC TEST FACILITY

R. L. Moore
B.G.Eads D.G.Davis C.D. Martin, Jr.

Modification and enlargement of the Rod Burnout Facility was started for studying blowdown heat
transfer (BDHT) on electrically heated, 49-rod arrays thai will simulate fuel rods in a section of a
pressurized water reactor (PWR) core. Information from these tests is needed to evaluate the effect of a
loss-of-coolant type depressurization of a PWR system on the fuel cladding.

The capabilities of, and most of the equipment in, the Rod Burnout Facility will be incorporated in the
expanded facility. The changes to be made are:

1. Addition of a new test section containing the 49-rod airay.

2. Increase of dc power supplied to the test section from 2 to 7.5 MW (imaximum) at ~40,000 A
(maximum). Two more generators will be installed parallel with the existing two generators, and power
will be controlled from the parallel combination during blowdown in a manner that will simulate power
decay characteristics of a reactor scram.

3. Replacement of two canned-rotor circulating pumps with a new pump capable of delivering 900 gpm
(water) with a developed head pressuie of 525 psi at 600°F and 2250 psia.

4. Revision of valving, piping, and controls to permit increased test section flows up to 600 gpm and to
accommodate the excess pressure head inherent in the new pump.

5. Addition of three new heat exchangers and associated controls for removal of the increased power input

to the systemn from the new generators and pump.
6. Replacement of the existing pressurizer with one having a larger volume and faster response.

7. Addition of a pressure suppression (blowdown) system and associated blowdown lines and rupture disk
assemblies to initiate, direct, and receive the blowdown flow.
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The new facility will be capable of operating at pressures from 250 to 2500 psig, temperatures from
250 to 650°F, and test section power inputs from 30 kW to 7.5 MW. The test section flow will be
controllable over a range from 1 to 600 gpm.

Revisions and additions te the instrumentation and controls required for the expansion will include:

1. Removal of instrumentation associated with the existing pump.

Addition of instrumentation and controls for the new heat exchanger and pressure suppression system.

Addition of devices for parallel control of the generators during blowdown.

Bow

Addition of instrumentation to monitor about 400 parameters in the test section, the main loop, and
the blowdown system. This will include monitoring as many as 150 rod cladding temperatures, 80 fluid
temperatures, 7 pressures, 9 differential pressurcs, 24 flows, 50 currents, 50 voltages, and 50
miscellaneous process parameters prior to and during blowdown. Of these parameters, 9 may contain
frequency components of interest as high as 1000 Hz, 20 as high as 100 Hz, and 250 as high as 5 Hz.
The remainder will vary slowly. The plans are to monitor two-phase, bidirectional flows during
blowdown by means of drag disks, gamma densitometers, and turbine meters.

5. Expansion of the data acquisition system to provide greater capacity and faster response. The plans are
to add a 384-channel, high-speed (10,000 point/sec), computer-based, digital data acquisition system
and two 14-channel analog (FM) tape-recording systems. The digital sysiem will record low-frequency
(< 5 Hz) data, and the FM tape system will also digitize data from the FM tape systeins, do off-line data
reductions, and perform computations on-site. End-product data will be recorded digitally on magnetic
tape in a format acceptable to the ORNL Control Computer Facility.

6. Modification of the existing electdcal conirol interlock systems to remove or modify protective
interlocks that are no longer needed or interface with blowdown requirements, and (b) to add protective
interlocks and control circuits for the blowdown function. Instrumentation and controls design is 15%
complete.

9.6 FORCED CONVECTION DEPRESSURIZATION LOOP

R. L. Moore J. W. Krewson

As part of the Blowdown Heat Transfer Program, the Zircaloy Cladding Failure Test Loop!-2 is being
reactivated and modified for use in performing blowdown (depressurization) tests with single rods. In these
tests, loss-of-coolant and pressure accidents will be simulated for light-water reactors with various lengths of
fuel rods to (1) obtain data for reactor safety analysis, and (2) determine the similarity between clectrical
heater rads experiencing blowdown transients and nuclear fuel rods under similar environmental conditions.
These tests will complement the blowdown testing of multirod arrays to be performed in the Thermal
Hydraulic Test Facility.

Present plans are to test 5-%4- and 12-ft long rods with both direct (clad resistance) and indirect
(internal) heating. Most of the installed instrumentation and controls will be usable for these tests with
minor modification and additions; only moderate changes of the electrical system supply power will be
needed for the 5-%-ft indirectly heated rod in the first test. However, significani revision of the electrical
power system will be required for later tests of the 12-ft indirectly heated rod and for the 5-%- and 12-ft
directly heated rods. Additional instrumentation, such as drag disk (target) flowmeters, turbine flowmeters,
and gamma densitometers will be needed in later tests to obtain data on two-phase (steam-water) flow
during blowdown.
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Modification and reactivation of this facility (which has been shut down for a year) are underway. The
changes to the instrumentation and electrical systems for the 5-% -foot rod tests were determined and field
revisions were made. All instrumentation is being checked out, repaired, and recalibrated as required.

1. R. L. Moore, T. M. Cate, and C. M. Burton, Instrumentation and Controls Div. Anau. Progr. Rep. Sepr. 1, 1970,
ORNL-4620, p. 130.

2. R. L. Moore and T. M. Cate, Instrumentation and Controls Div. Annu. Progr. Rep. Sepi. 1, 1971, ORNL-4734, p.
116.

9.7 LMFBR THERMAL TRANSIENT TEST LOGOP

G. W. Greene

The LMFBR Thermal Transient Test Loop will be used to study the “thermal ratcheting” effect which
occurs when stainless steel under stress at high temperatures is rapidly cooled, producing residual stresses
that are not completely relaxed during subsequent perjods of steady-state, high-temperature operation.
Repeated thermal shocks of this type can result in progressive deformations that can degrade the tensile
strength of the stainless steel. Data obtained from these tests will be used to verily analysis techniques
applied in the design of LMFBR and FFTF piping vessels and components.

Design and procurement of instrumentation for this sodium-filled, high-temperaturs, high-pressure,
stainless-steel test facility is ~50% complete.

The facility will comprise a sodium source tank, pipe nest, replaceable test section, sodium block valve,
sodium storage (drain) tank, and gas systems that will supply inert (argon) gas to blanket the sodium and to
pressurize the source and storage tank. The test section will contain a test piece machined from RDT
stainless steel seamless pipe. The test piece will be subjected to multiple thermal and pressure cycles until
the ratcheting effect becomes repetitive or until a maximum of ten cycles is accurmnulated.

Each cycle will consist of a 500-hr holding phase, thermal transient phase, and pressure transient phase.
During the holding phase, the sodium block valve will be closed, and temperature and pressure in the source
tank, pipe nest, and test piece will be controlled at 1100°F and 700 psig, respectively. Prior to the transient
phase, the temperature in the source tank will be lowered to 800°F, and the temperature of the pipe nest
will be adjusted so that a temperature gradient will be tailored to produce a linear temperature transient
from 1100 to 800°F in the test piece. The transient phase will be initiated by opening the sodium block
valve and allowing sodium’ to discharge from the source tank through the pipe nest and test piece into the
storage tank at a rate of ~140 gpm for ~30 sec. The transient will be terminated by detecting a low level in
the source tank and automatically closing the sodium block valve. The pressure transient phase will be
performed by lowering and restoring the source tank and test piece pressures after the systemn has been
refilled and the temperatures and pressures have been restored to holding phase conditions.

In addition to conventiional panelboard instrurentation used primarily for operational and pressure
safety functions, special instrumentation is being installed to closely control the temperature of the test
piece and the pressures in the source tank and test piece and to acquire the data. Slow-changing data
parameters will be recorded by the Dextir data acquisition system. Faster-changing temperature and
pressure data during the transient phase will be recorded by a high-speed data acquisition system or by
high-speed recorders. Additional instrumentation will measure stress and creep of the test piece during and
following the operational cycles. This instrumentation will include high-temperature strain gages.

An existing facility! is being modified to construct this new facility, and much of the existing
instrumentation will be used.

1. C. Brashear and R. L. Durall, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p.
120.
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9.8 INSTRUMENTATION FOR LMFBR FUEL FAILURE MOCKUP FACILITY

A. H. Anderson, Jr.  R. M. Burnett

Engineering assistance was continued in the operation of this high-temperature sodium facility for
conducting out-of-pile LMFBR fuel element propagation experiments.! An additional 75 channels of
Dextir data acquisition were provided to accommodate the additional thermocouples on the second test
section bundle. Funds were approved to provide a new high-speed data acquisition system for the FFEM,
with connections to be interchangeable between this new system and Dextir. Design was started on a 37-rod
test bundle to replace the present series of 19 rod bundles.

Work was completed on the scram and alarm system check procedures for the preventive maintenance
manual. Routine calibration and maintenance of instrumentation are coordinated with the Y-12 parallel
computer program.

1. A. H. Anderson, Jr., and R. M./)Burnett, Tustrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORN{-4734,p. 119.

2.9 INSTRUMENTATION FOR MSBR COOLANT SALT TECHNOLOGY FACILITY
C. Brashear R.L.Durall  A. H. Anderson, Jr.

Design and installation of instrumentation and controls for this circulating-molten-salt facility were
completed and checkout is in progress. The facility will be used to evaluate sodium fluoroborate eutectic as
a secondary coolant for molten salt reactors, Fifty drawings were prepared for design of new
instrumentation and rodification of instruunentation salvaged from the MSRE. New instrument cabinets
consist of six for control and monitoring instruments, one for the Dextir system, one for off-gas
instruments, and one for cover-gas instruments. Extensive modifications were made on two cabinets for
helium purification and two for oil system instruments from the MSRE. Also, the helinm purification and
oil system instrumented packages were remaoved from the MSRE and modified for this facility.

Assistance was provided to the Reactor Division in preparing a description of the final system design.

9.10 MOLTEN-SALT BREEDER EXPERMENT DESIGN
P. G. Herndon

Development of instrument application diagrams for the MSBE primary-salt circulating system, the
secondary-salt circulating system, and the off-gas cleanup systems was completed. Further work was
postponed indefinitely.

9.11 INSTRUMENTATION FOR MSBR GAS SYSTEM TECHNOLOGY FACILITY
P. G. Herndon

Design and procurement of instrumentation and controls for this circulating-molten-salt facility were
continued,! and the task is now 60% complete. The facility will be used to evaluate bubble generator and
bubble separator designs along with components for off-gas purification and recycle. Components are also
available for molten-salt chemistry experiments. Practically all of the instrument components needed in this
facility are being salvaged from the MSRE.

1. A. H. Anderson and R. M. Bumett, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971,
ORNL-4734, p. 121.
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9.12 MOLTEN-SALT FORCED-CIRCULATION LOOPS 1 AND 2

G. W. Greene

The instrumentation and controls on these two salt loops,! which have accumulated in excess of 6000
and 5000 hr, respectively, at design conditions, performed satisfactorily during the past year. Except for
some minor modifications and additions, only routine maintenance was required.

The variable-speed pump drive motors on both loops are being replaced with new brushless drive units
with solid-state controls. This change will increase system reliability and eliminate electrical interference in
other instrumentation caused by arcing commutator brushes in the speed control units.

1. G. W. Greene, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 121.
9.13 ORGANIC FLUID DECOMPOSITION LOOP

G. W. Greene

Installation and checkout of instrumentation of this loop,! after having been postponed for several
months, were completed and an operational checkout of the loop is in progress.

1. G. W. Greene, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 122.

9.14 AUTOMATIC WELDING SYSTEM

R. L. Moore
W.A Bird C.C.Courtney B.J.Jones W.R. Miller

This program for development of equipment, welding procedures, and program controls for automatic
welding operations in nuclear reactor systems! ~2 was terminated at the end of FY 1972 after suitable
equipment and procedures had been developed and the feasibility of automatic nuclear quality welding had
been demonstrated.

Tasks completed by Division personnel during the past year included the following:

1. Two programmers, assembled by an outside fabricator, using drawings and specifications prepared by
Division personnel, were received, checked, and accepted.

2. Final calibration and qualification of the above two programmers and of three programmers previously
fabricated in-house were completed. Three of these programmers were shipped to the Hanford
Engineering Developent Laberatory (HEDL) for construction of the FFTT and one was shipped to the
Tennessee Valley Authority (TVA) for construction of the Browns Ferry Reactor. The fifth
programmer, constructed for the AEC Division of Reactor Development and Technology is being held at
ORNL.

3. Programumer checkout procedures were prepared.

4. Programmer checkout procedures and circuit descriptions for an operations and maintenance manual
were prepared.
5. Engineers from Bechtel Corporation (HEDL) and Browns Ferry (TVA) were trained in the operation

and maintenance of the welding equipment.

6. Two field trips werc made to Browns Ferry to assist in setup of equipment and to assist TVA
maintenance personnel with operational and maintenance problems.
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7. Engineering assistance was given by telephone as required to resolve field problems at HEDL and TVA.

8. Several additional modifications were made in the programmer circuit design to improve its
performance.

9. All drawings and documentations were revised to indicate as-built construction and the latest revisions.

1. R. L. Moore, W. A. Bird, and C. C. Courtney, Iustrumentations and Controls Div. Annu. Progr. Rep. Sept. 1, 1969,
ORNL-4459,p. 71.

2. R. L. Moore, W. A. Bird, and E. C. Keith, Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1970,
ORNL-4620, p. 72.

3. R. L. Moore et al., Instrumentation and Controls Div. Annu. Progr. Rep. Sept. 1, 1971, ORNL-4734, p. 59.

9.15 MSF/VTE HYBRID EVAPORATOR TEST MODULE INSTRUMENTATION
A. H. Malone

The Office of Saline Water and the Orange County Water District are constructing a hybrid evaporator,
sea water desalting plant in Orange County, Fountain Valiey, California. The plant is designed to produce 3
million gpd of pure water and, after serving as a test facility, it is proposed to be enlarged to produce 15
million gpd. Thé Laboratory was invited through the Reactor Division to submit a proposal for engineering
and procuring the instrumentation required for testing this facility. The Instrumentation and Controls
Division submitted an accepted proposal to the Office of Saline Water that included not only measuring
instruments but also a complete data acquisition system.

Instruments for the Orange County unit will mainly measure the pressure, temperature, level, and flow
of product, brine, and vapor within and between the stages of the multistage plant.

Most of these devices will produce analog signals that will be scanned, digitized, and either fed to the
co'mputer for immediate mathematical analysis of the operation or stored for future use and comparative
analysis. Some pressures and temperatures will also be recorded on panel mounted multipoint instruments.
Several direct-reading field instruments such as sight glasses, manometers, and rotameters will be provided
also.

Design of instruments for the system was completed. Procurement is 80% complete and delivered to the
construction site.



10. Maintenance and Service

10.1 ENGINEERING ACTIVITIES OF THE SPECIAL ELECTRONIC SERVICES GROUP

J. L. Lovvorn
A. L. .Case C.C.Hall P.P. Williams

The Special Electronic Services Group performs a wide variety of engineering assistance. Among the
activities of this group was the assistance given in adapting a PEP-400 video/graphic storage terminal for
signal storage and display with a photon camera.! A stop-frame and time-lapse video tape recorder was
obtained to permit permanent records to be made and for building a library of images. Another activity was
a demonstration to the Biology Division of the feasibility of adapting a light microscope to a TV system
with time-lapse video recording for observing cell activity.

Paging systems were designed and installed for the Environmental Sciences Division in Buildings 3017
and 3504 and interconnected with Building 2001 so that any building or all buildings can be paged from a
central point in Building 2001.

Three solid-state closcd-circuit TV systems were specified, procured, and installed at the Tower
Shielding Facility to replace vacuum tube equipment installed about 1960.

Several temperature response curves were determined for thermmocouples using storage oscilloscope
techniques for the LMFBR thermocouple development program. Assistance was given in making use of a
time domain reflectometer to detect thermocouple insulation conditions for the same program.

Cost estimates were prepared for the Physics Division for radiation monitoring instruments and systerns
for the National Heavy lon Laboratory. Marked drawings were supplied to the General Engineering Division
and Plant and Equipment Division for modifying the safety interlock system for the Tandem Van de Graaff
Accelerator in the High Voltage Accelerator Laboratory (Building 5500).

A variable frequency, 0- to 80-Hz, adjustable-voltage, 0- te 120-V power unit (Q-5146-1) was designed
and built for use on in-cell induction stirrers in the High Radiation Level Examination Laboratory (Building
3525).

1. C.J. Borkowski and M. K. Kopp, /EEE Trans. Nucl. Sci. N§-19(3), 161 -68 (June 1972).

10.2 MAINTENANCE ACTIVITIES OF THE SPECIAL ELECTRONIC SERVICES SHOPS
J.L Lovwom  R. L. McKinney

The Special Electronic Services group (one foreman and four technicians) staffs shops in the Instrument
Laboratory (Building 3500) and the Central Research and Administration Building (Building 4500NM). In
the Instrument Laboratory, electronic instruments for this Division and specialized instruments from all
areas of the Laboratory are repaired and calibrated. All Laboratory oscilloscopes; nuclear instrurnent
modules consisting of scalers, timers, counters, discriminators, amplifiers, and coincidence modules; and
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cominercial test oscillators, digital voltiueters, and frequency counters are serviced by this group. About 17
recording spectrophotometers are maintained,

The Building 4500NM shop maintains instruments primarily for the Analytical Chemistry, Chemical
Techinology, Chemistry, and Physics Divisions.

These advanced instruments, with their transistors and sophisticated circuits, require service or repait
much less frequently than earlier models. Also, a greater number and variety of such instruments are being
operated in research at the Laboratory. Thus, the foremen and technicians that maintain these instruments
must be especially knowledgeable with rapid diagnostic capability to repair them when defective; otherwise
the instruments would be in the shop and out of service for a time much longer than research personnel
would allow. Only highly skilled personnel with a high degree of self-motivation to maintain their expertise
are assigned to such shops. These same persons are also capable of servicing and repairing other types of
electronic instruments as well.

10.3 MAINTENANCE ACTIVITIES FOR ENVIRONMENTAL SCIENCES AND SOLID STATE
DIVISIONS AND THE INSPECTION ENGINEERING DEPARTMENT

J.L.Lovvorn  W. Ragan

Four technicians suprevised by one foreman serviced instruments for the Environmental Sciences and
Solid State Divisions and the Inspection Engineering Department. The technicians worked out of two
shops, located in Buildings 3001 and 2000. These services ranged from routine maintenance to fabrication,
modification, and repair of complex electronic systems. The group acted as liaison between experimenters
and various engineering groups of the Instrumentation and Controls Division to solve special design
prablems.

In addition to normal repair and maintenance of two 2.5-MeV electron accelerators, the systems were
modified to enable visual (oscilloscope) inspection of the electron beam at various stages along the beam
tube. Major modifications were made to the current integrator which measures the total amount of
exposure received by a target in the electron beam. A data logger for the low-temperature experiments in
the Bulk Shielding Reactor (BSR) was modified and some equipment was added to it so that read-out data
not previously available could be obtained.

Other activities include repair, modification, and field fabrication for the Neutron Diffraction Group at
the High Flux Isotope Reactor, the Oak Ridge Research Reactor, and the Solid State Division Laboratory;
for the Superconductivity Group at the BSR; and for the Electron Spin Resonance Group.

Considerable study and diagnostic testing were required to climinate noise from an instrument system
for the Surface Studies Group.

An infrared spectrophotometer was overhanied and installed for the Materials Group of the Solid State
Division.

A CQO, analyzer and associated equipment were installed in a trailer for the Environmental Sciences
Division for measurement of CO, given off by Tulip Poplar leaves. A manual-automatic system for raising
and lowering sample chambers in an ecoforest was fabricated and insialled. It is also used for study of
envirommental CO,.

An electronic fish shocker in a watertight enclosure was fabricated for the Ecology Aquatic Group.

Several immerscopes and reflectoscopes were completely overhauled, checked, and calibrated for the
Inspection Engineering Departroent.
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10.4 ACTIVITIES OF THE OAXK RIDGE 1SGCHRONCUS CYCLOTRON (CRIC)
INSTRUMENT MAINTENANCE GROUP

J. L. Lovvorn  E. W. Sparks

Electronic maintenance and modification were provided for the ORIC and its control circuits, There are
42 high-current supplies for the magnetic field ranging {rom 25V at 250 A to 50 V at 6000 A. About 250
NIM modules were maintained. The NIM systern greatly facilitates the maintenance by being inter-
changeable, having a standard power bin, and being easily accessible. Technicians assisted in interfacing the
cyclotron and the computer. Field fabrication was done for the Electron Microscope Project. Maintenance
services were supplied for the SEL computer.

Maintenance and procurement assistance was furnished to the University Isotopes Separator Oak Ridge
(UNISOR). Emergency instrument maintenance was made available to the ORELA on the 4 PM to
midnight shift.

Four technicians and a foreman were required for the eleven shifts per week of work.

10.5 INSTABILITY OF A CYCLOTRON MAGNET SUPPFLY
W. E. Lingar

Short-term instability of a magnet current supply fabricated elsewhere for the Oak Ridge Isochronous
Cyclotron (ORIC) was causing beam fluctuations. An investigation showed that the main cause of the
instability was an incorrect gain-pbase response of the system loop gain. To correct this problem, design of
new electronics for the gain section of the feedback loop is being considered. Another cause of instability
was incorrect connections between the reference source, shunt, and low-level differential amplifier.

10.6 ACTIVITIES OF THE RADIATION MONITORING SYSTEMS
MAINTENANCE GROUP

J.D.Blanton J.L.Lovorn P.P. Williams

The maintenance organization of the monitoring system section consists of 13 technicians and 1
foreman. Activities of this section remained approximately as previously reported.

A total of 1168 fixed health-physics instrument systems are installed throughout the Laboratory. Four
technicians performed 1576 services on these instruments in this reporting period. These technicians
performed routine bimonthly performance checks of fixed instruments installed in 13 facility radiation and
contamination alarm systems, 3 facility alarin and containment systems, and 5 remote radiation alarrn
systems. The local air monitor and fallout monitor systems were routinely checked semimonthly. A
program for testing neutron monitors annually for burst performance at the DOSAR facility—HPRR was
started.

Three technicians calibrated and maintained 1324 portable health-physics instrumenis at the Health
Physics Calibration Laboratory. Approximately 4400 portable instruments were serviced by this group.
Two technicians assigned to the Operations Division serviced and maintained approximately 30 gas and 31
liquid-waste-effluent monitors that telemeter alarmns and other information to the Waste Disposal Control
Center (Building 3105). These two technicians also serviced and maintained instruments located in the
control center. Routine performance checks were made on these systems on a biweekly basis.

Two technicians assigned to the Mstals and Ceramics Division maintained instruments for nonde-
structive testing,
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There were 797 personal radiation monitors (PRM) in service. Approximately 202 units were serviced
by a technician part time in 1971.

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

The computer and analyzer group is staffed by 16 men whose primary function is to maintain
minicomputers, multichannel analyzers, liquid-scintillation spectrometers, visual-display terminals, data set
modulator-demodulators (“modems”), and their peripheral equipment.

A service group of this type is necessary because of the varied uses of minicomputers at the Laboratory.
Here, minicomputers are interfaced with experimental equipment to change parameters or samples, collect
data, perform calculations, and output the data in either printed or plotted form on magnetic tape, or a
combination of these. Most of the interfaces are designed and built at ORNL for specific needs of the users,
resulting in systems that are unique and quite different for each application.

ORNL has 53 minicomputers, and in these sysiems there are 14 different types of digital computers. In
addition, ORNL has 15 analog computers that range in size from small units to the AD-4, which is
interfaced to a large digital computer in the Controls Department of this Divisicn. Three medium-size
computers are serviced by this group.

The equipment maintained by this group is as follows:

Equipment No.
Minicomputers and system 53
Medium-size computers 3
Analog computers is
Multichannel analyzcrs 133
Liquid-scintillation spectrometers 18
Data sets-—-modems 50
Visual-display terminals (computer) 6
Teleprinters 160
Magnetic-tape transporis 25
Cal-Comp ploiters 7
Plotters, general 17
Line printers 4
Miscellaneous input-output devices 226

Electromechanical personnel in this group (four men) maintain all input-output equipment and a large
supply of spare parts and modification kits. Two men assist experimenters at experiment sites. Other
assistance is supplied from the group when needed.

10.8 ACTIVITIES OF THE AUDIC-VISUAL SERVICE GROUP
C.C.Hall J.L.Lovworn J. Miniard

Public address systems, visual-aid projection, and audio and video taping were furnished as requested for
493 in-Laboratory meetings and 14 off-sitc meetings (5 in Gatlinburg and 9 in Oak Ridge) during this
report period. Three technicians and a foreman were employed full time, along with borrowed personnel
for peak loadings and off-site mectings. About 2000 hr were charged to meetings, and the remaining tire
was used to maintain and check the Instrumentation and Controls Division audio-visual equipment and
similar equipment for other groups. Both audio and video tapes were duplicated on request. Audio-visual
equipment was inventoried, and inventory records were updated. Equipment beyond tepair was sent to
salvage or to surplus. The ORNL motion picture group was assisted in recording sound tracks.
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Two 16-mm movie projectors were purchased for use by the Audio-Visual Group. These projectors can
be stopped on a single frame of the film, and the film can then be moved cither forward or backward, one
frame at a time. The projector has a 250-W tungsten-halogen bulb which is 20% brighter than a 1000-W
conventional bulb. Film threading is completely automatic.

Three wireless microphones with three receivers, which operate on three different frequencies, were
purchased. When used with existing equipment, four wireless microphones can be operated at the same time
without interfering with each other.

A new lens was purchased for the Transpaque II transparency projector used in the East Auditorium of
Building 4500. The projector had previously been operated on a projection stand in the aisle of the
auditorium, and the new lens was required so that the projector could be operated at the rear of the
auditoriuin.

Interconnecting wiring was installed between the projection booth and stage in both the Central and
East Auditoriums in Building 4500 to allow speakers to advance their own 2- by 2-in. slides during a
presentaiion.

10.9 LABORATORY RADIO COMMUNICATIONS SYSTEM
J. A. Russell D. J. Knowles

The ORNL radio systerns were expanded to accomunodate the increased Laboratory activities in the
environmental and ecological studies, the associated increase in field experimentation and research, and to
attain greater operational efficiency at the Laboratory by use of radio communications.

One remote-control console, five mobile units, and three 2-W portable units were obtained and installed
on the radiation safety network for the Environmental Sciences Division. One 5-W portable unit was
purchased and placed in service on the radiation safety network for emergency communication with the
Health Division physician on duty.

A mobile unit on the maintenance network was installed in a Plant and Equipment Division, materials
delivery vehicle to iraprove the utilization of materials delivery service.

An auxiliary, main-base repeater station for the Plant and Equipment Division network was constructed
and installed in Building 3017. This unit will be placed in service if the main repeater station should
malfunction. The antennas for this station are located on the 100-ft tower adjacent to the building.

Drawings of the radio systeins were updated and revised as necessary for accuracy.

An analysis of the service record and maintenance cost of mobile units for the Plant and Equipment
Division network was made. Because of age and maintenance experience, recommendations were made that
a number of units be replaced with up-to-date solid-state equipment. A program of evaluation of the
effectiveness of all radic communications cquipment and recommendations for the programmed
replacement of old vacuum tube equipment is continuing. One of the main aims of this program is to
distribute the cost of acquisition of needed replacements over a period of time rather than a single
concentrated procurement in one fiscal year.

10.10 CLOSED-CIRCUIY TELEVISICN MONITORING SYSTEM
J. A. Russell A. L. Case

A closed-circuit television monitoring system was installed for general-area surveillance and close-up
views for use by the Laboratory Protection Division in controlling personnel admittance at gates to two
experimental areas in Melton Valley. '
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The systemn consists of two television cameras in environmental enclosures, a microwave transinitier, a
parabolic dish antenna on a tower, a TV signal up-converter, and a coaxial camera selector switch at each
gate, The signal from each gate is transmitted at microwave frequencies to a microwave repeater station on
Melton Hill where it is retransmitted and sent to a microwave receiver at the Guard and Fire Headquarters
(Building 2500). The received signal is down-converted to commercial television frequencies and carried by
coaxial cable to monitors located in the building and in the West Portal.

Controls for remotely opcrating the gate and switching from the general view camera to the close-up
camera are located at the monitors at the West Portal and at Guard Headquarters.

Transmission of control signals is by audio-frequency-shift tone telemetry, with multiple circuits
operating on a single pair of telephone lines to each gate.

The commercially manufactured, low-power, solid-state microwave iransimission system operates at a
power level of 2 mW. The equipment was designed to be used in the transmission of closed-circuit
educational TV programs. Consurner-grade, solid-state TV cameras and monitors are used. The system was
designed to achieve adequate video information at a minimum cost. A considerable savings in the cost was
realized by using microwave video links instead of a cable-connected transmission system.

10.11 ACTIVITIES OF THE RADIO, TV, PAGING, AND INTERCOM MAINTENANCE GROUP

J. D. Blanton
J.L. Lovworn  D.J.Knowles J. A. Russell

There were 282 pieces of radio equipment in service at the Laboratory. An instrument technician was
assigned full time to service and maintain this equipment. A computerized program was instituted to
serniannually perform routine power, frequency, deviation, and sensitivity performance checks on two-way
radio units. Approximately 355 two-way radio units were serviced duting 1971.

Quality assurance (QA) rcceived increased emphasis during the year. An “in-house” QA committee
audited the radio maintenance procedures. Recommendations made to improve practices judged inadequate
will be implemented as time permits and new test equipment can be obtained.

One technician serviced and maintained closed-circuit television, video recorders, and paging and
intercom systems installed at the Laboratory.

A total of 251 radio-paging receivers were in service. Approximately 168 receivers were serviced by a
technician part time during 1971.

10.12 DESIGN ASSISTANCE TO REACTOR MAINTENANCE GROUP
J. L. Anderson  S.J. Ditto

The Reactor Projects Group has a responsibility for significant design changes o the control and safety
systerns of ORNL operating reactors. These changes are usually made to correct systern deficiencies or to
meet changing operational requirements and, occasionally, to keep the system up to date with respect to
state-of-the-art developments in the control safety field. In areas where the changes do not involve basic
control or safety questions, the group serves in an advisory and review capacity, with the Reactor Main-
tenance Group providing detailed design changes.

During the current year about 45 design changes were made in the seven operating reactors. Most of
these changes were minor. Participation by the Reactor Projects Group served to give continuity to the
individual reactor system designs and, equally as important, provided valuable feedback to designers of
future systems. This work will be continued at about the sane level for some time.
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10.13 MAINTENANCE OF THE BSR AND THE PCA
J.M. Farmer C.F.Holloway J.B.Ruble K. W. West

Two unscheduled shutdowns of the Bulk Shielding Reactor during the iast 12 months were caused by
instrumentation: failure of a relay in the No. 1 safety channel monitor circuit, and failure of a Zener diode
in the voltage comparator of a magnet line voltage. These defective components were replaced.

BSR control circuit changes included modification of the log N channel chamber power supply to
enable monitoring the log N channel chamber leads and addition of voltage monitors to monitor the output
voltages of the modular power supplies associated with the magnet control lines.

A new radiation monitoring system with a range from 0.1 to 10° R/hr was installed in the BSR high
bay, and dual channels of instrumentation were installed to monitor the building ventilation system.

The Pool Critical Assembly was continued as an experitnental facility for intermittent use by the
University of Tennessee, the University of Kentucky for student training, and the Tennessee Valley
Authority for operator training. I't has performed satisfactorily.

10.14 MAINTENANCE OF REACTORS OPERATED BY THE
NEUTRON PHYSICS DIVISION

D. D. Walker  J. B. Ruble K. W. West

Engineering assistance was furnished to design and modify the reactor control systems of the Tower
Shielding Reactor (TSR-II) to permit operation to a power level of 1 MW. The reactor control and safety
systems were reviewed in detail, and about 60 control and instiument drawings were updated prior to the
design changes for 1-MW operation.

Minor modifications were made to the log N amplifier to eliminate a noise problem, the magnet
aplifiers to assist in latching the control rods, the servo system to improve its response, and a number of
the control circuits to improve operator convenience and operability. The SNAP-10A instrumentation and
controls system performed satisfactorily. The modifications made to the TSR-II personnel protection
systems were also made to the SNAP-10A.

A number of failures of the No. 1 counting channel in the Health Physics Research Reactor (HPRR) are
being corrected by replacing the moveable chamber with a fixed chamber in a newly designed thermalizer.
Otherwise, the instrumentation and controls system performed satisfactorily.

10.15 MAINTENANCE OF THE ORR
J.M.Farmer C.F.Hollowazy J.B.Ruble K.W.West

Two unscheduled shutdowns of the Oak Ridge Research Reactor during the last 12 months were caused
by instrumentation: one because a metal cover fell off a recorder slide wire when the recorder door was
opencd, and the other because a process-water radiation monitor detector failed and gave erroneous
information to several adjacent channels that also display information concerning effluent radiation levels.
In the latter case, the defective detector was replaced, and, later, the filters in the detector lines were
replaced with filters having improved shielding so that interaction between channels due to magnetic
coupling would be reduced almost to zero.

Reactor control circuit changes included (1) addition of equipment so that the period channel chamber
leads could be monitored, and (2) removal of pressure switches from the reactor setback circuit. The latter
change was made to eliminate unnecessary reactor shutdowns which occuired when the steam pressuie to
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the back-up steam turbine became too low and overrode the primary electrical motor that drives the
building ventilation fan in the stack area. In such cases, the back-up systern reduced the reactor power even
when the electric motor was operating properly.

Extensive preparation, changes, and instrument calibration were required to install two new
experiments for the Reactor Division and four new experimments for the Metals and Ceramics Division. In
addition, the experiments in operation were maintained.

10.16 MAINTENANCE OF THE HFIR
D.S. Asquith  C. T. Carney K. W. West

The maintenance program pieviously reported was continued. Maintenance personnel continued to gain
more experience with the system and to increase their diagnostic ability when faced with equipment
malfunctions or abnormal conditions. This increased proficiency, redundant instruments, and inter-
changeability of NIM modules have enabled the technicians to perform tmost of the routine plant
maintenance on-line with the reactor operating. Preventive maintenance capability was also improved so
that through careful scheduling less than 10% of the programmed maintenance work required reactor
shutdown.

Spurious trips caused by a mechanically driven potentiometer in the flux reset module continued to
occur in the safety channels. During the year, an unscheduled shutdown (trip) occurred four times during
routine on-line testing of the safety channels when the second of three channels in the two-of-three
coincidence system was tripped. Although the cause of a fifth unscheduled shutdown, when the No. 4
shim-safety plate dropped, was not determined, it was attributed to instrument failure, possibly electrical
noise spikes. These shutdowns accounted for 0.547 hr of a total 210.130 hr of unscheduled reactor
downtime.

Redesign of several instrument modules used in the safety, servo, and wide-range counting channels was
started. Prototypes of the flux reset modules and the operational amplifiers were placed in temporary
service and appear to perform satisfactorily. Other modules will be combined, utilizing modern and less
expensive components with no sacrifice as to the reliability of the system.

A new ionization chamber (PCP ILI, type 104-A) was placed in service in the channel 3 position.
Characteristic curves weie obtained over a three month period, and the chamber has been accepted as a
replacement for the PCP II-104 ionization chamber.

Work was started to make minor revisions to the cxperiment “X” panel which is used to connect
experiments to the reactor control system. The primary objective is to reduce the number of control room
annunciators required by each experiment and to clarify the meaning of certain monitoring lights on the
“X’” modules,

Experience utilizing the HFIR computer for rod tirne-of-flight measurements was favorable. Originally
these measurements had been made with electionic digital timers, but later, the circuits were modified to
enable simultaneous use of the computer and the digital timers. The final stage was recently completed,
additional circuits were changed, and the primary responsibility for rod time measurements was assigned to
the computer, with the digital timers available as a back-up system only.

1. D. S. Asquith, C. T. Carney, and K. W. West, Instrumentation and Controls Div. Annu, Progr. Rep. Sept. 1, 1971,
ORNL-4734, p. 83.
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10.17 CURRENT LIMITER FOR DEFECT ETCHING MACHINE
J.T.De Lorenzo  T.V. Cook!

A current limiter circuit was installed on the output of a defect etching machine for the Metals and
Ceramics Division. This circuit prevents the etching electrode from sticking, resulting in more uniform
etching and enabling unattended operation of the machine. The circuit sampies the output current of the
machine (a capacitor-discharge type) and applies a resistive shunt when the current level could precipitate
sticking.

1. Metals and Ceramics Division.

10.18 PURCHASE CONTRACT FOR DIFFERENTIAL, CURRENT—PULSE PREAMPLIFIER
J. T. De Lorenzo

A puichase contract for five differential, current-pulse preamplifiers was negotiated. The preamplifier
design will conform to RDT Standard C15-3T (July 1971), and the unit cost will be $1200. The total
engineering charge will be $13,200. These preamplifiers will be used to design and test components for
low-level nentron detection instruments for the Fast Flux Test Facility (FFTF).



11. Ecological Sciences Studies

11.1 UNDERSTANDING THE DYNAMIC BEHAVIOR OF RADIONUCLIDES RELEASED
TO THE ENVIRONMENT AND IMPLICATIONS'

S. I. Auerbach? S. V. Kaye? D. J. Nelson?
D. E. Reichle? P. B. Dunaway? R. S. Booth

The environmental behavior of radionuclides released to aquatic and terrestrial ecosystems from both
routine plant operations and tracer experiments at Oak Ridge National Laboratory (ORNL) has been
studied by ecologists during the past 15 years. Two important aspects of these continuing studies are: (1)
radionuclides used as tracers in the environment help to delineate complex ecological processes and (2)
radiolabels quantifying rate processes provide primary ecological information for developing dynamic
models of radionuclide transfers to man. Systems analysis techniques are being used to simulaie the
enviromnental behavior of radionuclides.

Chronic releases of small quantities of radionuclides to White Oak Lake and the Clinch River have
provided a unique case study of the environmental behavior of several radionuclides. Radionuclides
occurring regularly in organisms from White Oak Lake include ®°Sr, 137Cs, ©®Co, and *H. Occasionally,
106 Ry, 1258b, and 85Zn are found. Because of dilution, only °Sr and *37Cs are regularly detectable in
the Clinch River. Coupling of field and laboratory data on selected radionuclides in fish, aquatic insects,
mollusks, and crustaceans provides the necessary parameters for dynamic models of radionuclide
movements in aquatic ecosystems.

Research in terrestrial ecosystems has emphasized the biogeochemical cycling of fission products in
forest, grassland, and old-field ecosystems. Radionuclide dynamics (°®Co, #%Sr, 5Zr-*SNb, '°®Ru, 1 27Cs,
and 1%*Ce) in natural plant communities have been followed where soil reaction products have formed.
Plant translocation and food-chain studies with 22Na, 42K, *5Ca, 85Sr, 8Rb, 3!, and '37Cs have
detailed pathways and fluxes of additional radionuclides in these ecosystems. Research has provided insight
into the budgets and turnover times of major nutrient elements and potentially hazardous radionuclides in
contrasting ecological systems.

The results of 15 years of environmental research at ORNL strongly suggest that the dose necessary to
evoke an unequivocally detectable biological response is considerably greater than that resulting from
maximun permissible concentrations in the environment.

1. Abstract of paper presented at the Fourth International Conference on the Peaceful Uses of Atomic Energy, Sept.
6-16, 1971, Geneva.
2. Environmental Sciences Division.
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112 MODELING THE ENVIRONMENTAL BEHAVIOR OF RADIONUCLIDES
AND ESTIMATING DOSES TO MAN'

M. J. Kelly?
R.S.Booth S.V.Kaye® P.S.Rowher

One objective of the health physics work at the Oak Ridge National Laboratory is to make realistic
radiological safety assessments of Plowshare projects. The methodology for making such assessments
involves dynamic modeling techniques or systems simulations. These systems simulations vary from
generalized models that can be applied to many terrestrial locations and all radionuclides to models that can
be applicd to individual nuclides of particular importance in special situations.

Three models illustrating the scope of this program are discussed in detail in subsequent sections. Two
of these models apply to possible Plowshare excavation projects, and the third is unique to natural gas
stimulation by contained nuclear explosions.

1. Introduction of paper presented at the Third Session of U.S.—U.S.S.R. Techanical Talks on Plowshare, July 12-22,
1971.

2. Reactor Chemistry Division,
3. Environmental Sciences Division.

11.3 APPLICATION OF ENVIRONMENTAL SYSTEMS ANALYSIS TO THE
RADIOLOGICAU SAFETY ANALYSIS OF RELEASES TO THE ENVIRONMENT

E. G. Struxness!

R. V. O’Neill! S. V. Kaye! R. S. Booth

This report shows how to use environmental systems analysis to identify important radionuclides,
pathways, and population groups by predicting concentrations that might reach or expose man following
release of radioactivity to the environment. The report was prepared for consideration by Committee 4 of
the International Commission on Radiation Protection, and will be presented to the comunittee by
Struxness.

1. Environmental Sciences Division,

11.4 RADIONUCLIDE TRANSFER TO MAN THROUGH AQUATIC PATHWAYS
R. S. Booth

Published literature was surveyed extensively as a first step in preparing a time-dependent, systems
analysis model to predict the transfer to man of any radionuclide after deposition in an aquatic ecosystem.
Optimum use will be made in the model of bioaccumulation factors, energy and biomass uptake rates and
turnover rates, stable elemental concentrations, aquatic haivest data, and critical pathway analysis. The
model will be used to predict doses to man from transient, accidental, or chronic releases of radioactivity to
aquatic systems.

11.5 DEVELOPMENT OF A GENERAL AQUATIC MODEL

R.B.O’Neill!  R.S.Booth  H. H. Shugart!

The ambitious task of developing a complex model for mass or carbon transfer in an aquatic ecosystem
was initiated by the Central Modeling Group of the International Biological Program (IBP). The model
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includes nonlinear coupling; environimental switches; complicated birth, feeding, behavioral, and mortality
relationships; and detailed correlations between environmental parameters such as temperature and
biological processes. The model is intended to illustrate the state of the art in ecosystem modeling and to
present hypotheses about the relationship between environment parameters, organism response, and
ecosystem dynamics.

The first steps in this model development involved constructing four submodels by working with 1BP
researchers at Lake George, New York (zooplankton and decomposition), and Lake Winga, Wisconsin (fish
and rooted macrophyte). These submodels will be available as memo reports and collated to form part of
the general aquatic model.

1. Environmental Sciences Division.

11.6 EXPERIMENTAL ANALYSIS OF A MESIC FOREST ECOSYSTEM!

R.V.ONeill? D.E. Reichle?  J.S. Olson?
R.S.Booth  P.Sollins?

Analysis of eccosystems must emphasize the dynamic aspects of ecosystem processes involving the flux
of materials within and between subsysterns. Such research is particularly applicable to assessing the fate of
toxic materials in the environment. Radioisotope tracers, used to measure rate coefficients for fluxes, and
systems analysis techniques, for developing predictive ecosystem models, are important tools for execution
of successful ecosystem research programs. in 1962 the Ecological Sciences Division of Oak Ridge National
Laboratory initiated a major project to elucidate and model ecosystem processes of a mesic, deciduous
forest landscape by tagging a forest dominated by Liriodendron tulipifera with cesium-137. The objectives
of the research were to develop predictive ecosystem models of the behavior of hazardous elements,
particularly radionuclides, in forest landscapes. Included within the overall rescarch design are special
experiments for studying: (a) cycles and rates of cycling of cesiura and related elements, (b) nutrient and
energy dynaruics utilizing cesium as a radiotracer, and (c) specific ecosystem processes such as primary
production, canopy grazing, and litter decomposition. Afier nine years of intensive research on state
variables and transfer coefficients, final stages of synthesis involve meshing of subprocess models in
development of a total ecosystem model describing the dynamics of this forest ecosystem.

1. Abstract of a paper presented at the Eastern Deciduous Forest Biome Symposium, December 26-31, 1971,
Philadelphia, as part of the annual meeting of the American Association for the Advancement of Science.
2. Environmental Sciences Division.

11.7 ANALYSIS OF THE FORAGE-COW-MODEL INCORPORATED
INTO THE HERMES COMPUTER CODE'

R. S. Booth

The HERMES model, developed for use in the “year 2000 study,” was evaluated. The ORNL review of
the forage-cow-pathway component of this model yielded valuable information that can be incorporated
into a model similar to HERMES to be done for the section of the country influenced by the operations of
Tennessee Valley Authority.

1. J. F. Fletcher and W. L. Dotson, HERMES--A Digital Cowputer Code For Estimating Regional Radiological Effects
From the Nuclear Power Industry, HEDL-TME-71-168 (Deczinber 1971).
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11.83 A CUMULATIVE EXPOSURE INDEX (CUEX) FOR ASSESSING
ENVIRONMENTAL RELEASES OF RADIQACTIVITY!

S. V. Kaye?
R.S.Bcoth  P.S.Rohwer?  E.G. Siruxness?

The Cumulative Exposure Index (CUEX) is being developed to facilitate efficient realistic assessment of
environmental releases of radioactivity. The aim of CUEX is to assess the release on the basis of
time-integrated radionuclide concentrations measured in suitable environmental sampling media. Typical
measurements would be concentrations of radioactivity in air or water or on the land surface. The measured
concentrations are assessed against basic radiation safety standards recornmended for members of the public
by recognized authorities. Because the recommended standards are expressed in units of dose (rem), the
CUEX index, of necessity, embodies environmental models and dose models to convert the measured
environmental radionuclide concentrations into estimates of radiation dose to man. The final estimate of
dose and dose commitment used in calculation of CUEX includes contributions for each radionuclide and
exposure mode of significance and is compared to the appropriate radiation dose limit to complete the
assessment. As proposed in this paper, CUEX is a more appropriate index to apply to exposures of the
public than are the MPC’s (maximum permissible concentrations). A schematic is presented for applying
CUEX to nuclear plant siting, using environmental systems analysis techniques to model the movement of
radionuclides.

1. Abstract of paper presented at Symposium on Radicecology Applied to the Protection of Man and his
Environment, September 7--10, 1971, Rome,
2. Environuental Sciences Division.

11.9 A COMPENDIUM OF RADIONUCLIDES FOUND IN LIQUID EFFLUENTS
OF NUCLEAR POWER STATIONS'

R. S. Booth
S.V.Kaye*  M.J. Kelly? P.S.Rohwer?

While assessing the radiological impact of several nuclear power stations (for inclusion in Environmental
Impact Statements under preparation by ORNL for the U.S. Atomic Energy Coimmission), we noted that
utilities use dissimilar source terms for liquid releases, even when the reactors are of the same type and
power level. Some lists are too extensive, even including parent radionuclides whose radioactive half-lives
are on the order of minutes and those whose released rates are too low to have any impact (& pCi/year).
However, a more common situation is a list that does not include radionuclides which, from examination of
the radioactive waste system, would be expected in the liquid effluent. Since oversight of an important
radionuclide could lead to an erroneous radiological assessment, and the radiological assessment of each of
the several hundred radicnuclides possibly released is impractical, we concluded that there should be a
standard list of radionuclides to include in the liquid source term for Environmental [mpact Statements.

Deciding which radionuclides should be on this list, however, is only part of the information needed by
the health physicist to perform a radiological assessment. He must also have some way of checking the
predicted release rates against measurements, converting these release rates to potential dose rates to man
and to the biota, and checking his determinations of critical pathways and critical radionuclides by
comparison with a similar ranking of the radionuclides for typical release rates and environmental
situations. This report is an attempt to bring together the information needed to make a radiological
assessment for radionuclides included in our proposed list. The information listed in this report is meant to
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complement and supplerment the values of maximum permissible concentrations in water (MPC)y for
radiological assessments.

1. Introduction to published report ORNL-TM-3801.
2. Envirommental Sciences Division.
3. Reactor Chemistry Division.

11.10 ENVIRONMENTAL IMPACT STATEMENTS
R. S. Booth

Considerable time was spent in writing the radiological sections of environmental impact statements
(utility-owned nuclear power stations) prepared by the Laboratory for the U.S. Atomic Energy
Commission. These radiological assessments utilized site specific population data, meteorological
observations, hydrologic dilution data, food-chain pathway models, ete., to predict doses to individuals
(rem) and populations {man-rem) that result from the radioactivity released from nuclear power stations
under normal operating conditions.

11.11 A SIMPLE SYSTEMS MODEL FOR DDT AND DDE MOVEMENT
IN THE HUMAN FQOD CHAIN?

0. W. Burke R.V.ONeill?

A model to simulate the movement of DDT and DDE in human food chains was developed on an analog
computer. The adequacy of the model was verified by its ability to use the amounts of DDT sold in
previous years as inputs and to produce outputs that agreed reasonably well with recorded data. Using
postulated sales of DDT for future years as input, the model predicted the levels of DDT and DDE in man
for these future years.

1. Abstiact of published report ORNL-IBP-71-9 (November 1971).
2. Ecological Sciences Division.
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