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Foreword 

The role of the Instrunientation and Controls Division in the activities of the Laboratory is one of wide 

diversification and covers inany technical disciplines. A major effort of the Division is to provide 

professional service for the design, development, procurement, fabrication, installation, testing, and repair 

of inany kinds of instrunie~its. Another effort of the Division deals with iostrumentation systems that 

protect or control complex processes such as chemical phiits and nuclear reactors, which requires ail 

understanding of the kinetic behavior of the processes during both normal and abnurnial conditions. Thus, 

pait of the work of the Division is directed toward the analysis and evaluatiori 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 Ilivisiori, which employed about 280 persons in fiscal year 1972, comprises two departments and a 

m a l l  group: the Instruiiient Departmelit, the Reactor Controls Department, and the Basic Instrumentation 

Group. This document is a report of the accornplishrnerits and activities of these three groups. 

It is our purpose in this report to tell what work we did ~ not how we did it. Since instrurnent services 

are provided lor aliriost all Laboratory divisions, we describe the scope of the work and its range of 

complexity froin very simple components to complex, sophisticated systems. We hope that from this 

information our scieii tific 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 liow some application described 

herein might be beneficially applied to other experimental work. Another purpose of this report is to 
announce new o r  improved designs of instruinents, new niethods of measurement, accessories, etc., which 

Icpresent a lower cost or improved perforrnance over an existing unit or :ire 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  i f  a paper has been given or proposed, the ijbstract is included 

here. We hope that interested readers desiring more information on any topic will call or write any of the 

persons whose nanies are listed with e x t i  topic. 

NOTICE 

Mention of cotripaoies that supply products or services o r  of  brand names is made in this report for 

inforination purposes only and does not imply endorsement by Oak Kidge 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 iriiages photon emitting sources was built and tested. Tlns 
c m e r a  measure5 md displays the impact locatiuri of indvidual phutons in an energy rarige between I a n d  

150 keV and permits pulse shape md energy discmunation for background reduction. Possible fields of 

applications for this camera mdude nuclear medicine, nuclear physics, x-ray diffraction, arid related areas. 

The signal piocesnirig ot the camera IS based on further improvements and simplifitatioris of the iisettnie 

method 3 4  applied to multicnre position-sensitive counters Mdteenals inside the counter were selected yo 

that the camera can be uwd over long periods of bine wthout punfic'ition of the counter gas. 

The sensiiive area of the c.unera is 200 X 200 n m 2 ,  m d  the s i x  of  each plcture elemeot i s  1 X 1 nim' . 
thus 40,000 picture elemeritb 'ire resolved. Coiiiitirig rates of u p  to 20,000 photons/sec do not appreciably 

affect the spatial resolution The c'imera has been tested only with low energy photons (<30 keV) to 

tletzrniine i t ie properties md applicdbihty of the camera, howevei, by use of high pressure ( > I O  atrn) Xe 
counter gas, a uselul detection efficiency p30'6) and good spa1 tal resolution are expected fur 150-keV 

photons. 

-- I__ - __I_ ___ 
I .  Ab\tf&t of published paper' fH?b ] i zms NUcf .S<t 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 

IT he position-sensing counter developed fur  the1 rnal neutron\ and iepvrtcd in pievious annual reports 

was tested AS 'I low-level, digital radiogrctphic cmie ia .  Tests were ma& using a standard image quality 

indicate[ m d  farniliar objects, e.g., the ORNI film badge. Cadmium holes 0 5 rnm in diameter and 

sepdrated 0.35 r i i m  were clearly seen. Color 1adiogr;iplrs i n  which ncutton transmission was translatzd to 

d o r  were taken directly froin the analyser displ'iy screen These irrcluded stereoscopic parts. Usiiig a 

~roiiiethiirrri-147 source aiid [lie same lithium fluoride-mic sulfide s c r w i  as for neutrons, x-radiographs 

weie a l s o  iaken 

Through the cooperation of the staff oi the ORAU cancer hospital, a section of hone known to contan  

a tumor was obtained to explore an application lo cancer detection as described by Wuttemore and 

lhyne,'  among others Figrile 1.2. 1 shows dn ordinary x-rdy photograph above and the neutron rddlogrdpkl 

below 

Tr5sue fiorn the smdl end o f  the bone \ection wds e x m i n e d  and found cancerous, a1 though the x-ray 

and visual inspections were iacorrclusive 'lhe ldrge dark area 011 the left was pteviously known to be 

1 
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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 

A -  - -  ____ I 

Fig. 1.2.1. Comparison of an ordinary x-ray and a neutron radiograph of a diseased bone take with Fly’s Eye. (a) X-ray 
and (b)  neutron radiograph. 
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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 pattern 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. J. Boyne and W. L. Whittemore, Nature 30,461-2 (April 16, 1971). 
2. K. Doi e t  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. Blalock3 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 IO-pF detector capacitance, and 

a 0-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 6oCo 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. Millard3 N. W. Hill 

The timing resolution of a "'Cf-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 1 nsec fwhm could be achieved. 

1. Abstract of paper published in Nucl. Instr. Merhods 99(3), 477-86 (March 15, 1972 ). 
2. Visiting scientist from Reaktorstation Garching, Munchen, Germany. 
3. Present address: Hewlett-Packard Company, Colorado Springs, Colo. 
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1.5 LOW INPUT IMPEDANCE, FAST CURRENT AMPLIFIER 
FOR MEASURING uf FOR ' Cf 

C. E. Bemis, Jr.' 

J. W. T. Dabbs2 

N. W. Hill 

A. N. Ellis 

M. S. Moore' 

To determine fission cross sections from time-of-flight measurements for short-lived, transuranic 

elements such as 249Cf, 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 (<352) 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 <1 nsec and a gain of -70, this amplifier-detector combination produced a pulse 

duration of <I5  nsec and enabled a time-of-flight measurement of uf for a 128-pg sample of 249Cf with 

respect to 2 3 s U  over an energy range from 0.32 eV to 1.5 MeV (-lo7 alphas/sec). Radiation damage 

required replacement of the diffused-junction detectors after 10-15 hr  usage. Measurements were made at 

9.73 m in 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 0.7 1 eV accounts for -60% of all 

249Cf 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,cY)T TRANSMISSION FLUX MONITOR' 

R. L. Macklin' B. J. Allen3 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 psec 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 Nucf. 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 SYSlEM WITH PARTICLE IDENTIFICA’I ION 
FOR 1- THROUGH 60MeV WYDRQCEN AND HELIUM PARTICLES’ 

F. E. Hertrand’ 

N. W. Hill 

W. R. Bums3  

T. A. Love4 

R. W. P e e k 4  

A coincidence seniiconductor spectrometer system based on a Ce(Li) total absorption detector has been 

applied to the simultaneous spectroscopy of all charge-1 and -2 paitieles from targets bombarded with 

protons with energy up to 62 MeV. Output spectra cover the range from the fid1 energy down to a 1- to 

5-MeV threshold, which depends on the particle type. The method for choosing the thickiiesses 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 accordjng to mass, iusing the flight-time 

vs E discrimination, while the more energetic particles were separated using two sets of AI3 X E 
discrimination. Gerrnaniuni detectors thick enough to stop 60-MeV protons were used with particles 

entering perpendicular or parallel to the field lines, and, in either case, the only significant inactive region in 

ths path of the detected particles was the protective foil over the Ce(Li) detector. The typical pulse-height 

resolution of the systenr was about 200 keV for 60-MeV protons, although a Ce detector used alone gave 

55-keV resolution at this energy. 
Analysis was performed 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 

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

collimator, and for pile-up pulse rejection based on timing iii forination. 

1.  Abstract of paper submitted for pirhlication in Nuclear liiairurrietzts arid Metho&. 
2. Physics Division. 
3. Present address: Tennecomp, I n c . ,  Oak Ridgc, ‘Tennessee. 
4. Neutron Physics Division. 

1.8 GATING UNIT FOR NEUTRON MULTIPLICITY COUNTER 

F. M. Glass J. Halperin’ 

R. L. Macklin2 

H. W. Schmitt’ 

I<. T. Roseberry 

R. W. Stoughton’ 

The continued search for superheavy elements in iiatural samples and accelerator targets through the 

use of a neutron multiplicity counter led to the development of a new gating circuit which is currently iii 

use with the neutron multiplicity counter previously d e ~ c i i b e d . ~  -‘ ]This new gating circuit (Q-5 138), which 

replaces the coincidence-anticoincidence unit previously described: was designed to cover the total rmge 

of experimenter interest and to simplify acquisition and evaluation of data. 

In addition to the features of thc old unit, the range of the new unit way extended to recognize 

multiplicities up to 12. When more than one neutron is detected within the preset gating time, a piilse is 

gcneiated and addressed to the scaler that counts that particular multiplicity (i.e., doublets, triplets, etc.). 

‘This gating unit also counts the total neutrons, total gates, and total number of ovzrflowb. The lengths of 

the coincidence and the inhibit (or anticoincidence) gates are controlled by a 1-MIIz ciystal-controlled 

clock and are vanable to 999 and 900 psec. respectively. 

1 .  Chemistry Division. 
2. Physics Division. 
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3. R. L. Macklin et al.,  “Neutron Multiplicity Counter,” Chemistry M v .  Annu. Prop‘. Rep. May 20, 1971, 

4. R. r. Roseberry et al., “Neutron Multiplicity Counter Buffer Memory and Printer Control Logic,” Insfrumentarion 

5. R. L. Macklin et  al., “Neutron Multiplicity Counter,”N7icl. Instr. Methods 102(1), 181-87 (July 1 ,  1972). 
6. F. M. Glass, “Coincidence-Anticoincidence Unit,” Instrumentution nnd Controls Wv .  Annu. Prop. Rep. Sept. 1, 

O R N L - 4 7 0 6 , ~ ~ .  8 7 - - ~ 8 9 .  

and Conrrols Div. Annu. Progr. Rep. Sqpt. 1, 1971, ORNL-4734, p. 3. 

1971, ORNL-4734, p. 8. 

1.9 MULTIPARAMETER DATA ACQUKSITION 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 ( A X )  system consisting of two 100-MI.Iz 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 transmits 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 A X ’ 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 sa~iie time-of-flight value. The time digitizer is then 

cleared and becomes ready for additional information. 

1.10 CLOCK AND READOUT CONTROL FOR FISH TAG EXPERIMENTS 

F. W. Snodgrass 

Recording the temperature of a fish or of the surrounding water as a fish inoves about in lakes and 

streams is a project of the Environmental Sciences Division. An ultrasonic temperature-sensitive 

transmitter’ placed inside a fish transmits its temperatuie 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, Instlumenrution nnd Controls Diu. Annu. Pro@. Rep. Sept. 1, 1971, ORN1.-4734, p. 10. 

1.1 1 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 
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detection and data acquisition system for the U.S. A m y  Corps of Engineers in making routine 

radioisotopic sand tracer studies. A primiuy 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 RlST 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 preaniplifier are contained in a special detector assembly which is towed along the ocean 

floor by a surface vehicle which also houses the Q-5 114 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 tu obtain a fast-rising positive pulse with a SO-psec 

exponential tail at a 90-M~. rate and a 50-52 output impedance. The piilse height, derived fiorri 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 roiited 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:l fine control. This gain is derived by cascading four operational 

amplifiers using nionolithic integrated circuits for the first tliree stages and a high slew rate modular unit for 

the IO-V output stage required to drive an external pulse height analyzer. A scparate, unity gaio FEY input 

amplifier provides the proper input for each differential discriminator. The overall gain stability is > rl-200 

ExceJlent arnplifier pulse shaping and noise rejection are obtained by a passive, terminated L C  filter. 

The resulting unipolar output pulse reaches a peak value at -S psec and is almost symmetrical. No 

undesirable undershoot or ringing was observed, althoudi the filter was fabricated using low-cost, ? 10% 
miniature inductors. Pole-zero cancellation and long coupljng-time-constants aid in overluad recovery and 

preveri t excessive base-line shift at high count rates. 

Each of the two differential discriminators has a simple circuit with monolithic integrated circuit 

comparators but without the usual flip-flops or delay networks. The result is a fast discriminator with no 

dead-time beyond the width on an input pulse and with a temperature stability of > +lOOpV/°C for the 

fully adjustable upper and lower discrimination levels. 

The 1 00-nsec-wide discriminator output pulse, which occurs when the input pulse returiis below the 

lower disciiiniriation level, triggers a 1-psec one-shot for driving external counters and a logarithniic 

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 excessivzly 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 IO-Hz oscillator and the 90-Hz mercury 

pulser. 

All of the Q-5114 functions make maximum use of off-the-shelf integrated cjrcuits, and any one could 

be packaged in a single-width NIM module. In particular, both the differential discritninator and logarithmic 

count-rate meter could be niounted in one single-width module to create an instrument not presently 

available from commercial sources. 

ppm/ O c. 



2. Miscellaneous Electronics Developme 

2.1 HYBRID MCRQCIRCUI’I’ ACTIVITIES 

J. T. De Lorenzo 

E. J. Kennedy’ J. M. Rochelle C. H. Tucker 

A hybrid integrated circuit (IC) facility 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-volunie orders from industry cannot be justified economically. The facility has a thertnocompression 

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.2 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 for use 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 O W L  that possibly could bc improved by hybrid packaging will be investigated as 

resources permit. 

1. Consultant from the Electrical Engincering Department, the University of Tennessee, Knoxville. 
2. J.  M. Rochelle, “Ultrasonic Temperatiire Telemctry System for Tagging Fish,” Instrurneitration urd Controls Div 

<4nnu. Progr. Rep.  Sept. 1, 1971, ORNL-4734, p. 10. 

2.2 NlM SYSTEM POWER SUPPLY 

E. E. Waugh 

C. C. Courtney 

G. A. IIolt 

W. E. Lingar 

A new NIM power supply (Q-3003R) with 96 W output was developed. The supply will fit either the 

5‘4- or the 834- i~~ .  NIM bin. 



9 

Typical power supply specifications arc 

Input voltage: 

ou tput  voltages: 

Line regulation: 

Load rcgulatiou: 

1 ernperatlire coefficient: 

Noisc and ripple: 

Short-circuit protection : 

r 1  

Thermal protection: 

103- 129 V ac, 60 Hz, 1 phase. 

?12 V a t  0-2 A,  and +24 Va t  0--1 A,  simultaneously. 

0.01% for I 14-V line change from nominal 117 V ac. 

0.01% for a load changc of  0 to  1 A. 

O.o01%/,/"C over an arnbicrit temperature rangc from 0 to 55°C. 

< 1 inV peak-to-peak, observed on a SO-MHz bandwidth oscilloscope. 

Each output voltage i s  independently current limited at -1.2 A for +-24 V, arid 

A front-panel light i s  actuated when the ambient temperature exceeds 55°C; the 
supply is thermoslatically turned off, and a front-pane!. light. is actuated when 
the hcat sink temperature exceeds 95°C. 

2.2 A for r 1 2  V. 

The advantage of this power supply over an eailier model is that the output power was increased from 

An initial lot of 10 units is being built by the kabrication Shop of this Division for testing purposes. 

72 to 96 W without increasing the volume of the supply. 

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. Ths  bus will 

eliminate much of the damage to the contacts that occurred to the old bus before being installed in a NIM 

bin. The feedcr hook-up wires, soldered to the strip on tlie old bus, were replaced by copper strips that are 

an integral part of the new bus strip. The new bus is simpler and less expensive and requires less space for 

installation in the N1M bin. A commercial. supplier will fabricate 100 units for stores stock. 

2.4 ELECTROCHEMICAL AMBIENT AIR MONlTOR 

C. C. Courtney 'T. K. Mueller' 

A n  electrochemical ambient-air monitor was developed under contract with the Air Prograins Office of 

the knvironmental Protection Agency. 

The monitor was designed to be an easily modified electrochemical monitor that can be adapted to 

determine several different chemical species or t o  use different electrochemical techniques for a single 

element. It is being used as a chlorine-chloride monitor, with a range from 0 to 100 ppm and a resolution of 

k10 ppb. 

The control unit for the air monitor has a plug-in ctchcd wiring board which can be modified easily for 

different adaptions of the instrument. The control unit is packaged in NIM hardware and inoiiuted in an 

instrument cabinet containing the air monitoring system. 

1. Analytical Chemistry Division 

2.5 EMISSION-ABSORPTION PHBTOME'TEK 

C .  C. Courtney T. li. Mueller' 

A prototypic Emission-Absorption Photometer (Q-5 134) was designed and fabricated for use with 

atomic absorption or flame emissiou photometric analysis. 'The instrument 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 83/,-in.-liigh 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 prcserit 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: I = Ioe-kcl, where I is the intensity of the light after passing through 1 cm of an 

absorbing medium containing c nioles/cm3 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 BCI) coded output can be obtained is a convenient display of the 

log-ratio signal for flameless AA. 

1 .  Analytical Chemistry Division 

2.5 IONIZATION CHAMBER CURRENT QUANTIZER FOR KADIOLOGICAL 
ENVIRONMENTAL MONilTORING SYSTEM' 

F. M. Glass 

A current-to-frequency converter, having a total leakage current A was developed as an 

Ionization Chamber Current Quantizer. This instrument measures currenls from 0.5 X lo- '  

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 converter is positive pulses having a 

frequency directly proportional to the ionization current. The calibration is adjustable within a range from 

2.4 X lo-' ' to 9 X lo-' ' coulomh/pulse. Built-in current rources enable a check of the calibration. The 

instrument has a high tolerance for garnnia radiation, humidity, and ambient temperature. 

to 0.9 X 

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 generator (Q-2267A) 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 

attenuatcd 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 0.1 11 1 Hz to 1 MHz is selectable. 
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2.8 COMPACT CHARGE-SENSITIVE P ~ E A ~ ~ ~ ~ I ~ ~  FOR He COUNTER 

J. r. 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-sensitive 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 enclowre approximately 2 in. in diameter and 4 in. long to 

satisfy the unique requirement. 

1. N. W. Hill and W. P. Albritton, “An Input-Capacity-Insensitive, Charge-Sensitive Prc;tmplificr fur Siinultancoiis TJsc 
in Vacuum with Fast Amplifiers for Charged-Particle Studics with Semiconductor Dctectors,” Niicl. Instr. Mcthods 75(1), 
18-28 (1969). 

2.9 EVALUA4TION OF THE CD V-715-1 SURVEY METER AS AN EDUCATIONAL TOOL 

F. M. Glass 

The CD V-715-1 ionlzation chamber survey instrument was evaluated for use aT a scicnce classroom 

instrument. Detaded instructions were prepared for convei tiiig the instrurnent into an electrometer suitable 

for science classes. The conversion requires only materials that are commonly availablc to sciencc class 

rooms and cost less than $1.00. Comprehenqive operating instructions were prcparerl for using the 

electrometer to measure small currents. Procedures for conducting many classroom experimcnts were also 

prepared These experiments require only coninion and inexpcnsive materials that are available to most 

students without cost. 

This work was pe~for~ried under OCD contract DAIIC 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)’ developcd for the 

Environmcntal Sciences Division, allowing physically smaller tags with a longer battcry life New tags only 1 

in. long fiinclion for nearly a year, and up to two years of useful life can be obtdiiied with tags in. long. 

Temperatures measured by these tags are accuiate to within rt0.2”C. 

This work will be contiiiued to furthei reduce the tag size and to develop a depth measuring tag. 

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

2.1 1 RADIATION DETECTOR CIKCUIT FOK AUTOMATED 

AP”I’ACK-EFFECTS INFORMATION SYSTEMS- 1 

F. M. Glass C. C. Courtney 

An engineering study was made to detcrmine the most acceptable radiation detector and electronic 

circuit for the Automated Attack-Effects Information Systems-I within the following guidelines,’ The 

detector and electronics must be compatible with the concepts set forth in the Stanford Kesearch Institute 

report. Cost and power consumption are major considerations because a’large number of instruments will 

be required for a nationwide system, 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 iinriiunity is to design a compact circuit that can be shielded easily. Two 

detector systems 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 CQS/MOS2 
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 evaluation, including radiation damage testing. 

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

1. R. W. Strunk and M. S. Colah, Automated Attack-Effects Information Systems-1, Stanford Reseaxch Institute, OCD 

2. Mannfacturcr’s designation for coiiiplementary symrnctry metal oxide semiconductor IC‘s. 
Contract DAHC-20-h7-C-0136. 

2.12 ENGINEERING STUDY OF A MODIFIED E-H ELECTROMETER M o m L  202 

F. M. Glass W. E. Lingar 

An engineering study was made to determine thc cause and correction of a constant drift and high 

incidence of failures in CK5889 electrometer tubes in the input of Q-2338-5 R I  electrometers, which are 

E-11 model 202 electrometeis 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. 
________I... 

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

2.1 3 INVESTIGATION OF UNRELIABILITY OF MAGNET CURRENT SOURCE 

W. E. Lingar 

An investigation was made to deteimine the cause of unreliable operation of a 25 kW ciiirknt-regulated 

magnet supply that is used for research with the Tandem Van de Graaff machine in the High Voltage 

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 ratmg of each emitter resistui was less than the rating of the emitter filse. 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 DEL‘ 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” i2 per digital circuit is provided by a signal-powered 

oscillator-transformer-transistor combination of coinponents. 

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, 



13 

variable-width pulse in place of the random data bits. The tester has been used to pretest the isolator cards 

DAC-I, DAC-2, and the Phase 111 compiiter ground isolation. 

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

An operators instruction nianual was prepared. 

1. J. W. Reynolds and R. P. Rosenbauni, Instrumentation and Corztrols Div. Annu. Bog. Rep. Sept. I ,  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 a multiplexer channel or a scaler inteiface with a known data pattern so that an 

inteimitient hardware error could be located anywhere in the data acquisition hardware. The detectzd 

errors, bit pick-ups and dtopouts, 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 channe!, 

and channel gating for the rnultiplexer mterface to the SEL 8108 input-output bus. In addition, the tester 

will be used by Systems Engineering Laboratoiies 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 ControlsDiv. Annu. Progr. Rep. Srpr. I ,  
1971, OKNL-4734, p. 34. 

2.1 6 ZEBRA-STKIPE CROWAVE IN'TEKFEROMETER FOR OKMAK 

D. D. Bates 

l'o 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 klystrori is divided into two paths. The reference path is short so that phas, .e 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 determincd by the plasma 

density between the horns. 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 nuinher of fringe shifts on thc 

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 microwavc interferometer. 

2.1 7 MICROWAVE PREIONlZATION GENERATOR FOR QRMAK 

D. r). 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 3tage 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 go dera tor  

only during an OIWAK shot. The unit preheats the magnetron filament and turns on the high voltage 30 

SCC 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 lONIZATION 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 F A N  ION GAGE REGULATOR 

R. E. Wintenberg 

An updated, repackaged version of the 'Thermonuclear Division Fast Ion Cage Regulator, Mark 11, was 

designed for the ELMO 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 hoth analog and digital panel meters. Separate 

commercial power supplies enable a morc compact arrangement. 
____..........I__ - 

1. R. A. Dandl et al., The ELMO Bumpy 7brur Experirnerzt, ORNL-TM-3694 (Novemhcr 1971). 

2 20 MINIATURIZED SELF-CONTAINED AMPLIFIER 

R. E. Wintenberg 

A miniature, battery operated, general purpose, amplifier was designed for the Therlnonuclear Division 

ELMO Bumpy Torus Expetiment.' The amplifier has a gain of 100, from dc to 10 kI-Iz ( -3  dB). It is 

packaged in a 2.2 in.3 box having a male and a female BNC connector on opposite ends. The major 

components are a pA-'776 operational amplifier, four type675 mercury cells, an on-off switch, and a 

balance pot. 'The input resistance is 100 kCl, the output swing is -+2 V into 5 kQ, the output noise is k 2  mV 
peak, and the no-load battery drain is 100 PA. 

- ................. __ 
1. R. A. Dandl ct al., The ELhfO Bumpy Torus Experiirient, ORNL-ThI-3691 (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 pF 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 io 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. 
___._..........-I__ .____ 

1 .  R. A. Dandl et al., The ELMO Bumpy lbrus Experiment, ORNL-.rM-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 effectivcness of shields on coaxial and two-conductor cables was developed 

and applied to several different types. Such ineasuremeiits require considerable skill, and the published 

literature does not describe methods adequately to make reliable measurements without exterisive 

experimentation and, very likely, misleading results. This paper describes this nieasumiient 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 cablc. 

1. Abstract of publishcd article: Rev. Sci Instr. 43(1), 161-64 (January 1972). 
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2.23 MEASUREMENT OF SHIELDING EFFECTIVENESS 
OF HIGH TEblPER4TURE 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 MI-Iz. ‘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. 

i t /m was 

measured for a 4-nim-diam cable. This can be compared with -2 X Q/m for RG 233/U (a 

double-braided, 5042 cable) and for a 4-mm cable with an all-stainless-steel jacket. At 2 MHz, these valiues 

are 

“The excellent performance of the 4-mm cable was a factor in its selection for use in the O W L  

high-temperature fission counter developnient program (Sect. 8.16). 

The measured data are very close to theoretical predictions. At 5 MHz, a value of 2 X 

2 X and 2 X lo-’ n / m ,  respectively, for these three cables. 

1. J. T. De Lorenzo, “Measurements of the Shielding Effectiveners of Coaxial and TwoConductor Cables,” Rev. Sci. 
Znsfr. 43(1), 161.- 64 (January 1972). 

2.24 BATTERY OPERATION OF INSTRUMENTS FOR FIELD EXPERIMENTS 

J. M. Rochelle 

The majority of modern scientific instrunients (including NIM bin power supplies) are operated from a 

standard 11 S-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 environmental 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 (Le., if a stepdown transformer and voltage regqlators 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 desigtied at ORNL. 
For supplying battery power to this class of instrunlents, a transformerless dc-to-dc converter (Q-5 113) 

was developed. A shunt-type switching circuit pernlits 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 Y were 

developed, arid they are being used with the RIST Technical Service Unit (Sect. 1.11). Negative voltages 

and other positive voltage values could be obtained with ininor inodifications. 

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. Regdation over a temperature range from 0 to 

50°C is better than *0.10/0, and the output noise and ripple i s  <10 mV peak-to-peak. The operating 

efficiency is -75%. 
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These versatile units, two of whicli can be packaged in a staiidard, double-width NIM module, should be 

useful for many field experiments requiring battery powered nuclear instrumentation, particularly when 

weight limitations prohibit the use of the standard NIM power supply driven by an inverter. 

2 2 5  INSTRUMENT FABRICATION 

C. C. Courtney C. H. ‘Tucker C. E. Ryan 

Newly developed prototypes of electronic instrurnents that required skilled and special fabrication 

techniques or the quantity required was too small to be of coniniercial interest were constructed by the 

Fabrication Shop of the Instrumentation and Controls Division. The following instrutnents are examples of 

the service perfoinied 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 Bninswick Laboratory of the U.S. Atomic Energy Commission. The system 

consists 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 

Cbeniistry Division. The new model will give more stable operation with different cells and a grounded 

working electrode. A first-derivative and integrator module (module E) was also added to the instrument. 

Log electrometer instruments (Q-295713) and G-M tube background-monitoring instruments (Q-5027) 

were fabricated for the Defense Civil Preparedness Agency for a radiological environinent.al 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 instrurnents constructed in the Fabrication Shop are 

equipped with NIM system hardware. The NIM system 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 assentbled, 

and they can be arranged or modified to fit most packaging needs. 
...................................................... ~ ~ ~ _ _  

1. C. C. Courtney, J. ‘T. Hutton, and T .  R .  Mueller, dnstruriienfation and Coritrols Div. Annu. Ptogr. Rep. Sept. I ,  
1970, OKNL-4620, p .  9. 

VEU 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 LaboratoIy Tor building wiring were eliminated and replaccd 

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. 

T’he wiring devices used with the 120-208 V, three-phase, wye-connected electrical service in coriirnon 

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 arid performance requirements of the American National 

Stand;lrdr Institute, the Underwriters’ Laboratories, and the Qccupational Health and Safety Act of 1970. 

A comprehensive line of the selected wiring devices i s  being procured, and the units 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 Ionizing Particles and Radiation 

3.1 MULTlWIRE PROPORTIONAL COUNTERS 

H. R. Brashear C .  W. Allin 1-1.0. Cohn' 

Construction 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 trajectories 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 parallcl to each other and 

perpendicular to the beam linc; 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 20.0393 in. of the traversing 

particles. Two anode planes at right angles will yield two-dimensional coordinates of the particles, but these 

coiild 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 fop each anode wire. Signals from the amplifiers are driven differentially to 

a central location and stored on magnetic tape for processing at a later tiine. 

1. Physics Division. 

3.2 SUPPORT FOR NEUTKON CROSS-SECTION MEASUREMENTS 

F. E. Gillespie 

Construction of additional fission chambers was started for use in neutron cross-section measiirements 

by the Neutron Physics Division. These chambers contain 2 3 5 U  and 239Pi .~  foils that were analyzed for 

uniformity and absolute amount of material. The backing material is 0.5-mil-thick A1 cemented to 

5-mil-thick A1 rings with a super-refractory cement, C-IO. The latest fission chamber (Q-2851 model VIH) 

was designed for ease of changing foils and uses a i/16-in. cross-section Quad ring. This chamber has 

2-mil-thick AI end windows and requires n special fixture for pumping and filling. 

A OB-coated plate wa? used in a neutron beam monitor. This design (Q-5087) is a symmetrical Frisch 

grid chamber. Both 7fi peaks (0.48 and 0.56 MeV) and both alpha particle peaks (1.53 and 1.86 MeV) can 

18 
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be resolved. ‘The center plate is coated on both sides with -10 pg/cm2 of ‘ O B  on alumjnized Mylar. The 

grid plates are 5-mil-dim AI wires spaced 0.050 in. apart. The collector platcs, also alundni7,ed Mylar, are 

used for the slow signals where pulse height information is obtained. The center boron-coated plate is used 

for the fast tirning pulse. 

3.3 EXPERIMENTAL ELECTRONIC ACTIVITIES 

J .  H. Todd K. 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 U, * U, ’ U, ’ Pu, 2 4  ‘Pu, and Am. 
Development of neutron flux measurement deviccs 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-ni flight station was 

completed for a new 150-ni flight station to be used to extend the hi&-eneTgy region of cross-section 

naasurements. Woik was also started fin a neu‘95-rn flighl station. 

3.4 X-RAY DIFFRACTOMETER BEAM PvlONITOR IONIZATION CHAMBER1 

R. E. Zcdler 

A small ionization chamber was designed and built for the Metals and Ceramics Division to monitor the 

jncident beam between the entrance slit ‘and the bridge of a Kratky small-angle x-ray diffractometer. The 

beam is -32 rim long and 1 mm wide. The outer dimensions of the chamber are ‘I2 by ’/* by 3-’14 in. long. 

Beryllium windows are used ovei lhe l-3/,-in.-long, ’I1 ,-in.-wide entrance and exit slits. The sensitive volume 

of the chamber is 2.5 cm3. The= chamber is filled with argon-1% 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 lo-’ A is produced. The measured transmission loss of the 

chamber is 8%. 

1. Abstract nf part of a papcr to he published by R. Hendricks, F. M. Glass. J. T. Dc Lorenzo, and R. E. Ledlzr. 

3.5 VARIABLE ELECTRODE SPACING ’ s2Cf 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 electrude voltage. Tne electrode spacing can be vaiied from 0.5 to 5.0 

mm by an external swivel point micrometer adjustment. ‘This range of adjustment chanzes the gas pressure 

only 5%. Thc chamber can be fillcd to a maximum pressure of 3 atm abs. 

This chamber can be used to experimentally determine the optiiiiirrn parameters to achieve niiniinum 

electron collection time for resolving each fission pulse. From this tirning information the maximum 

amount of 252Cf  usable in a chamber for a randomly pulsed neutron source1 can be determined. 

Requirements for the electronic equipment can also be obtained. 

..__I____..__ ..... _. .. .. . . . . 

1. M. M. Chiles, “Double Containment 252Cf F;ission Chamber,” IilTWumPntation aim! Controls Div. Annu. Prop. Rep. 
Sept. I ,  1971, ORNL-4734, pp. 15-16. 
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Fig. 3.5.1. Fission chamber 4-5128. 
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3.6 METHOD FOR REMOVAL OF WATER VAPOR AND OXYGEN 

FROM PROPORTIONAL COUNTER GAS 

K. E. Zedler 

The ultiniate energy resolution of a proportional counter is frequently limited by electron-attaching 

impurities in the gas mixture. Water vapor and oxygcn 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 contarnitialiori. 

In recent years Ridoxl has been used to reduce the oxygen content of inert and certain other gases to 

<I 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-L$ rnalecular sieve pellets were put in a thin-wall stainless steel tube which was then sealed to th- L counter. 

The counter had a 3-3/4-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 cm of cyclopropane, and 850 ppm of oxygen cvas added. The 

initial resolution for Io9Cd 22.16-keV xrays  wa? 11.5% fwhm. Then, 18 hr later the iesolution had 

impioved 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 countel was refilled with a high-puiity mixture of 78 cm of xenon and 8 cm of methane. The 

initial resolution was 9.176, 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-'/2-in.-diarn) 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 4  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 pcriodic 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 DETECTOR 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 watcr continuously 

flowing from radiochemical processing plants and other facilities to determine whe tlier these discharges 

contain alpha contamination. This detector enables constant and automatic monitoring, with actuation of 
an alarm signal immediately on detection of alplra contamination. 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 detect01 is -1 X lW9 curie/ml of 2 3 8 U .  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 SZJPPORT 

V. A. McKay 

R. T.'Roseberry 'r. F. Sliski R. E. Wintenberg 

In June 1966, this Division was requested to help assemble a logic unit and detectors for a prototypic 

gamina-ray spctrometer to be fabricated a t  OFWL. The primary purpose of this work was to validate a 

desjgn for a spectrometer to be constructed at the Imiar Receiving Laboratory (1,RL) at the Manned 

Spacecraft Center in Houston, Texas. The LRL system was scheduled for construction in 1967 and mission 

simulation in October-November 1968. Frior 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 fabrication of the ORNL prototype -- electronics design, 

computcr technology, mechanics of operation and construction, detector design and construction, and 

coordination - fell within the talents of this Division. In the above order, Ti. E. Wintenberg, R. 'l', 
Koseberry, T. F. Sliski, and V. A. McKay of this Division were %signed responsibility for producing the 

proto typic syste 111.' 

The knowledge obtained from Construction of the prototype, i.e., mechmics, low-radioxtivity 

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 'I'lie BRL system was 

in operation within the year .and mission ready for the first and subsequent simulations preceding Apollo 11 

in Jiily 1969. 

TWO technicians from NASA were assigned to the ORNL group for training, but one WBS 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 timc. The group of four engineers from this Division that designed and installed the 

system was sent to the LRI, to assist in operating the. spectrometer for Apollo flights 11 and 12.4 

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. 

Subsequently, they worked behind the biological barrier at LRL, preparing lunar samples. From this 

experience, they learned the unique procedures and engineering requirements for handling and storage of 

lunar materials. 

lhring these missions this Division established a continuing rclationship with the LRL. As a result, the 

Division fulfilled several NASA contracts and currently has three contracts for spectrometer update, 

auxiliaty system design and unique sample containers? specialized tool production, and 

storage-transfer lunar material  container^.^ p 8  

In direct support of Apollo flights 15, 16, and 1'7, 680 lunar material containers were delivered to the 

LKL. These coiitainers 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 daniage to the shield. A design was submitted to NASA LRL for foundation 

reinforcenien t. 

A core-tube extraction tool was designed and built for the removal of a lunar core sample from its 

vaciiuni tube container. Heretofore, core-tube extraction WRS difficult and in some cases the samples were 

damaged. 
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Subsequent to the 1969 pre-Apollo 1 1  mission, this Dimion has maintained a more iban 2-man-year 

assistance to NASA. 

1 .  V. A. McKay et al., “Prototypc Low-Level Gamma-Ray Spectrometer for the Lunar Receiving Laboratory,” 

2. V. A. McKay, “Low-Radioactivity Cans for Nal(T1) Detectors,” Znstruurncntation and Cniwols Diu. .4ntiu. Progr. 

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

5. V. A. McKay and T. 1:. Sliski, “Lead Shield for LRL Spectrometer,’’ Instmmentalinii arid Confrols Div. Aririu. 

6. V. A. McKay, ‘T. V. Sliski, and 11. .I. Stripling, “Containcrs and Tools for In-Vacuo Processing of Lunar Matexial,” 

7. V. A. McKay and ‘r. F. Sliski, “Containers for Lunar Materials,” Instriimentation and Controls Diu. Annu. Progr. 

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

Instiamentation and Cnntmls Diu. Annu. Prop. Rep. Sept. I, 1967, ORN1,-4219, pp. 49-52. 

Rep. Sept. I ,  1968, ORNL.4335, p. 2 3 .  

.Imtruinentatio,r and Coritrols Diu. Annu. Prop. Rep. Sept. 1 ,  1969, ORNL-4459, p. 5. 

Prop. Rep. Sept. I ,  1970, ORNL-4620, p. 17. 

Ibid., pp. 17--21. 

Rep. Sept. 1, 1971, OKNL-4734, pp. 88--89. 



4. Radiation 

4.1 RADIATION MONITORING SYSTEMS DEVELOPMENT 

C. C. Hall J. L. Lovvorii P. P. Williams 

Facility Radiation and Contamination (FRC) Alarm Systems 

An FRC system was designed for the 2 3 3 U  Storage Facility (Building 3100). The system consists of 

two Q-4008 Criticality Monitors and oiic Q4303 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. 

Re mote alarms from this systcrn will be transmitted to the Radiocheniical Processing Pilot Plant (Building 

3019) and the ORNL Guard Headquarters (Building 2500). An intrusion alaxm system that will indicate an 

unauthorized entrance will be installed i n  the stoiage 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 mll be installed at the south entrmce to the builtling 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 bidding containment system when &he evacuation alarni i s  sounded. 

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

A 24-V battery charger (Q-3 140-1) was designed and built fbr the neatron-monitor, emergency standby 

batteries in the Metals and Ceramics Laboratory. 

A mock-up to determine the most efficrent frequciicy and noise level for FRC emergency evacuation 

signals is bcing tested at the MSRE facility (Binlding 7503). 

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. Casc et al., Itistrumentation and Controls Div. Annu. Progr. Rep, Sept. I ,  1971, ORNL-4734, p. 19. 
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4.2 L,OGARlTHMIC COUNT-RATE METER 

F. M. Glass E. E. Waugh H. N. Wilson 

A solid-state version of the Cooke-Yarborough logarithmic count-rate meter was designed to conform to 

the nuclear instrument module (NIM) system. This new instrument ((2-3123) w a s  dcsigned for the TV.4 
Browns Ferry power plant. Thesc instruments are companion modulcs to the Q-3020A linear count-rate 

module and extend the rasige of the monitoring system to record transient excursions well above the range 

of the Q3020A module. 

I h e  Q-3123 module covers a range froin 10 to los counts/iriin in four decades, has good long-term 

stability, a low incidence of failurc, and negligible calibration shift as a function of temperature aver a range 

from 0 to 140°F. The calibration procedure for this instrument i s  quite siinple since no individual decade 

pump adjustments are necessary. 

A count-rate test nodule (0-3123-1 1) that gcnerates three precision test frequencies at decade intervals 

was designed specifically for checking the calibratioii and logarithmic response of tlie Q-3 123 count-rate 

module. 

Four count-rate modules and one test module were fabricated and delivered to 1 V A .  

4.3 DIWECTIBNAL GAMMA PROBE 

J. M. Rochelle 

A directional gamma-radiation detector was developed and fabricated for evaluation by the Defense 

Civil Preparedness Agency in an application such as a survey of a falloiit shelter to determine the direction 

of incoming radiation. I'lie detector assembly was designed so that it could be substiitited directly foi the 

standard CD V-'700 probe assembly, thus rcquiring no modification of the instrument. 

Directional gamma response i s  obtained by placing a small G-M counter (Amperex lS529) in the center 

of a lead sphcre that is machined in scctions to obta.in interchangeable apertures of 30,90, and 180". The 

front-to-back shielding ratio obtained with a 3-in.diam sphere is about 7.3 (60Co). Thc total weight (Ib) of 

each sphere aysembly is 

Ape~t;iarc Total Weight 
(drg) (%j 

30 6.8 
90 6.2 

180 4.4 

R. L. Shipp V. '4. McKay 

'4 study of pnssib!c txhniqiaes for high speed? high altitude mcasurencnt of groilrid level 

nuclear-iadiatiori intensities associated with fallout wzs startell. 'Thc objective is to nieaure a dose rate 

rang? from 0.1 to 10,000 K/hr  with a 500-ft-dlal-n resolution from an aircraft at an  altitude from 10,000 to 

50,000 it and a t  a speed of Mach 2. This work is being done for the U.S. Army Sigml Corps. 

Since geomctric factois, air  attenuatinn, and sratieling of gamma radiation over n path of 10,000 ft or 

greater io air prevent diiect aerial measurement of ground-level radiation intensity patterns, a more 
iinrmdiate objec!ivc i s  to develop (1) a wzy to detect radiation effects on the enviroriment aind (2) dose-rate 

measuring devices which could hc dispersed over a fallout mi l e  and read from an aircraft. 



4.5 BN6INEERINC ANALYSIS OF THE CD V-7 11 SHELTER MONITOR 

F. M. Glass 

The CD V-71 1 radiation monitor for fallout shelters was studied to determinc 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 batteiy voltage. 'This reduced the useful 

life of the batteiy as well as the zero and calibration st.ability to the extent that the instruinent was 

irnacceptable. The built-in circuit check did not include the high-impedance circuit and was therefore 

inadequate. 

We recommend a niinii-num number of circuit changes in the monitor that would extend the batteiy life 

to 320 hr of continuous operation with a shift in calibration of only 3%. We dso offered an alternative 

proposal that included substitution of a solid-state circuit in tlie instruments on hand. 

4.6 AIR FLOW MEASUREMENT IN THE 3039 STACK 

1-1. J. Metz 

G. W. hllin D. J. Knov~les P. P. Williams 

A new determination of the velocity profile at the 50-ft level in the 3039 stack was requested by the 

Clperations Division. Last done in 1961, such a profile i s  necessary for verification of both the accuracy of 

the total flow, as indicated by the permanently installccl velocity sensor, a id  the soundness of the design 

and placement of the stack effluent samplers. Samples are withdrawn from the stack for continuous 

~noiii-tot ing, and samples are also taken from the stack stream for later laboratory analysis. 

To make this profile ineasurement, 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 I f t  apart. The gas velocity sensor I d 1  be suspended from the cables so that profile 

traverses can be made routinely. 

The flow velocity in the stack is 5-10 ft/sec, a difficult to naasure region. A fluid jet type flow sensor 

was ordered and sent to tlie National f3ureau of Standards (NBS) for verification of the calibration curve. 

The device was eliminated for this use when tlie NBS was unablc to duplicate the vendor's calibration 

curves. A hot-wire anemometer was tried, but, because of the extreme turbulence a t  this level iu 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 measurements. 

4.7 IODINE MONITOR IMPROVEMENTS 

G. W. Allin 

At tlie ORNI, ceiitial radioactive gas disposal facilities, an iodine inonitor that i s  equipped to enable 

changing the charcoal filter material remotely' frequently- failed to operate because of blockages in the 

charcoal feed tube due to moist.ure from condensation and bridging characteristics of the material. An 
insulated enclosure, a small electromagnetic: vibrator, a i d  a small thermostatically controlled spacc heater 

were added to reduce tlie likelilrcwd of such blockages. The system has operated for about a year without 

further blockage. 

1. G, W. AUin, "Iodine Monitor," Insirurmntalion and Conlrols Dzv. Annu. Progr. Rep. Sept. 1, 1968, ORNL-4335, p. 
31. 



s r t  for the Oak Ridge Electron Linear 
Accelerator Devel 

5.1 IMPROVEMENT PROG 

T. A. Lewis 

The continuing prugr ala of improvenrent' of the ORELA progressed favoiably Improvement of the 

injection system electronics was completed, and this unit has perfoimed in a hxJ\ly successful mannpr, 

combined with the high voltage modulator improvciiients, a new record 111 high-powcr reliability was 

established for OKbLA at a h e m  level of 50 kW. 
Studies to improvc the election gun perfoimance and the peak cuiient accclerated 111 d 3-nsec burst by 

prebirnchmg schemes have progrewd favorably ail ti dre continuing 

5.2 ELECTRON INJECTION SYSTEM FMP 

J. 11. Ilolladay G. W. Allin C. C. Courtney 

N. E. Lingar E. E. Wmgli M. 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, convcrsixi 

to n modular sysieni enables SUbSlitlliiGn of reliable spare moduler while defective modixle:; are repaired. (4 
test stand simulator was fzbricaled so that all spare elcctronic modules can be rcpaircd and chcckcd under 

conditioiis similar to those in the operating system except that the test stand i s  not under pressure. 

The n e w  54-in.diam pressure vessel meets all requirements of Sect. Vi11 of the ASME Boiler and 

Pressure Vessel Code. The ORNL designed, quick-opciling closure clal~ip ring sviih twc scrcvs ;2 t ezch joint 

'can be removed e~s i iy  using integral devices to gain access to the internal electronics hai-d~are.  

Occasionally, solid-state components had been damaged by voltage transients due to arcing in the 

secondary of the isolation power transformer that feeds power to the injection system. 'Yo rcduce thc 

effects of voltag? transicnfs, glow discharge dcviccs in connection wit11 inductors, f 

were iriserted into t lx  incoming pcmm lines. 

Recently developed power transistors that can switch high m c q y  ievcls wers ii1sialli:d in the switchirrg 

rcgdator of the power supplies. 'The inverter that drives Ilie outpiit transformcr of each power supply 5,vas 

ed as a two-transforn-xr type. h large poiwer transformer changss voltaze ::nd c;urrellt levels linearly, 

and a siiialler saturating tiansforrncr controls the inverter switching frequency. 'I he saturating transformcr 

windings are on a tape-wound toroid, and th.e i l l ( < t s  ratios can bc easily modified to change the inverter 

switching frequency. 
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5.3 ORELA ENGINEERING DEVELOP 

J. H. Todd 

General enpeer ing  support was given to development and tests of improved subsystems on the 

accelerator, along with routine maintenance support. 

Test instriiinents were designed and built for repair of the accelerator focusing supplies. These units 

supply power and switched input signals to the various rnodules and subsystems, enabling rapid location 

and repair of faults. Most of these tnodules 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 sh.owed some trouble points of 

questionable reliability. High voltage feedthroughs weri: installed to feed hi&.-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 OKNL-designed injector tank ~ : t s  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 necessity to stop accelerator operation for several days while a new g.in was being processed 

(raised to liigh voltage operation) jn 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 Ncutron 

Physics Division. These beam tubes in flight paths four and eight required vacuum control and neutron 

filter assemblies similar to those reported.' y 2  

Each system consists of a vacuum-protection valve, beam stopper, and ten separate neutron filter 

niechanisrns, all mounted within the beam tube which is under vacuum diuring operation. Each device is 

pneumatically operated by an electric solenoid valve controlled from an experimental laboratory. The 

solenoid for control of the vaci.wni valve is operated by 11 5 V ac and is electrically in series with a vacuum 

differential seiisor 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 mounted such that each or any combination can be inserted o r  withdrawn 

from the neutron beam. These valves and the valve in the beam stopper are operated by 24 Y 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 beamstop and filter solenoids are 

driven from a two-transistor driver circuit that supplies the 2 4 V ,  800 niA power for operation of a 

solenoid. Eleven identical circuits are contained on one printed circuit card. 'The input to the driver is either 
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+5 V or giound, depending on the position desired. This input may be cither from the nianiual-control 

toggle switch or froin a T'IL storage register, which i s  to be operated by pulses from a digital computer. The 

present mode of control i s  manila1 operation. 

1. K. N. lngle et a1 1wn~rtw;zrcltiotz ~ t i d  Contrn!~ Diu Annu. Prop. Rep. S e p .  I ,  1969, ORNk-4459, p p .  36 37.  
2. R. W. Ingle, Insrmmmtation nnd ControlsDiv Atiizu Prop.  Rep. Sepf. 1, 1971. ORNL-4734, pp, 27 28. 



tomatic Control and Data Ac 
6.1 DATA ACQUISITION SYSTEM FOR THE FFTF TEMPEKATUWE 

SENSOR 6VALUA4TION FACKS'TY 

R. F. Hyland K. K. Carr J. T. Iliutton 

J .  M. Janscn, 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 inore comprehensive 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 paper-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, programmable suppression, and integrating or successive approximation, 

analog- to-digital conversion. 

The software system will be based on the real-time executjve 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 t imej a 

capability which should greatly enhance the effectiveness of the data acquisition system. 
.......... 

1 .  C. D. Martin, Jr., Inshumentation cnid ControbDiv. Annri. Aogr. Rep. Srpt .  I ,  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. E. Kaine' 

Transient experiments in the FFM test facility wll  rcquire a digital data acquisition system capable of 

scanning, digitiTing, and recording test parameters on magnetic tape at the rate of 10,000 rcadings/sec for 

peiiods of sevcial minutes. A system was designed to fulfill these requirements, comprising a. small digital 

computer (k'lP-8/E), solid-state multiplexer, programmable gain amplifier, analog-to-digital converter, and 

industry c oni pa tible rnagne tic tapc. 

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 particiilar experiment. The system will be capable of preliminary 

data reduction on-site after an experiment and display of data for immediate deteiniination of experimental 

results. Such immediate analysis will be required for adequate dircction of the experimental program 

because of the expense and time required to set up and run an experiment The OKNL Computing Center 

will perform a detailed analysis of selected experimental data. 

1. Mathematics Division. 
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6.3 DATh ACQIJtSITION SYSTEM FOR HIGH TEMPERATURE 

TMERMBME'I' R'Y LABBRATORY 

R.  F. Wyland J .  L. Redford 

A system is being installed to acquire steady-state and transiexit data from a high- tcriiperature 

thermometry test facility consisting of fiimaces with power and control equipment. This facility will be 

used for the development and ca l ib~~ t ion  of hightemperature sensors arid 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 mcrnory, power failure detection, 

teletypewriter, high-speed multiplexer for low-level analog signals, data amplifier, analog-todigital 

converter, digital-to-analog converter, multiple contact inpi.its and outputs, and a 18-Hz real-time clock. 

Most of the peripheral devices will be obtained f r ~ m  tlic FFTF Temperature '!'est Facility' when a new 

data acquisition and control system is installed in that facility. 
.____..........__I_____ . . . . .- 

1. R.  1:. Hyland and H. G .  Eads, ~ n s ~ r ~ ~ ~ m n t o ~ i o ~  clnd ConFxdsDiv. Anrm. Prop. Xep.  Sepf. I ,  1970, ORNL4620, pp. 
41-42. 

J. M. Jansen, Jr. 

'4 portable, computer-based data acquisition and analysis system was designed and supplied for the 

GeMSBEC clinical analyzer. This system is a miniaturized, inexpensive version of the system prcviously 

descr ibed . '~~  The equipment consists of a PDP-8/E coniputer with 8192 words of core memory, a 120-HZ 

line-frequency-based clock, a model ASR-33 teleprinter-keyboard, and analog and digital interfaces3 for 

coupling the GeMSAEC analyzer to the computer hardware. 

The system was designed to acquire data from GeMShEC analyzers with rotors coiitaining 3. to 43 

cuvets operating at speeds from 100 to 2000 rpin. Analog input voltages arc converted to digi%al valuer by a 
successive-approximation, analog-to-digital cmvei ter with an accuracy o I  ?.0.5"/0 of full scale 6--- 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. Modificd subprograms were added to enable pragran 

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 vie11 as reprocessing of tlie 

original data with new data processing techniques. 

1 .  J. M. Jansen, Jr., and R .  K. Adam$, Itlrti-itrnentation and Controls Diu. Annu. Prug.7" Rep. Sept. 1, 1969, 

2. J. M .  Jansen, Jr., and J. L. Redford, Instmumentation and Controls Diu. ilrine?. Prvgr. Rep. Sept. I ,  1970, 

3. James M.  Jansen, Jr., "A Computer Interface," US. Pat. 3,565,116 (April 11, 1972). 

ORNI,-4459, p. 49. 

ORM-4620, p. 54. 

6.5 DATA ACQUISIIION SYS'FEM FOR TURF DEVELOPMENT LAEORXTORY 

J .  M. Jansen, Jr .  

J. T. Huttun C. 13. Martin, Jr. 11. E. Cochran 

A sinall, digital computer system consisting of a PDP-8/%: computer with 8 K  words of core memory and 

an ASR-33 teleprinter-keyboard was installed in the 'Thorium-Uranium Recycle Facility. The computer is 

interfaced to a digital voltmeter and a microscope eye-piece counter through a universal BGD instriamerit 

interface (Sect. 6.8). The system is operated in the high-level language FOCAL, which was modified to 
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control the BCD instrunlent interface for mdnipulation and readout of the digital voltmeter and for readout 

of the counter. Additional FOCAL softwarc was prepared for operation and readout of input-output 

receivers and transmitters. 

Application softwar:: packages were prepared to measure particle diameters and the coating thicknesses 

of coated microsplicres from radionlicrographs of the coated paiticles. The computer prints the mean, 

standard deviation, and 95% conikknce limits of the meawred parameters. Softwaic programs were also 

developed to ineasiire the ciushing resistance of the coated particle?, 

All operatail arid computer software communication is performed through several switches and 

indicatois connected to the input-output interfaces. 

6.6 EXPERIENCE WITH DBXTIR DATA ACQUISITION SYSTEMS 

R. F. Iiyland k. M. Eumett J.  6V. Cunningham 

K. I.,. Dural1 C. L). Martin 0. ti'. Kliss' 

This system at the Oak Ridge Research Rcactor completed another year of continuous operation, 

gathering data from uranium nitride capsule expcrirnents UW.4, - 5 ,  and -6 and from fuel-cladding 

mechnical interaction experiment MINT-1. Processing of data for the UN capsules i s  essentially unchanged 

from that previously reported.2 The MINT-I capsule instrumentation mcasures 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 HRN-3 was installed in facility HB-5, and 

the DEX'TIR system gathered data coniinuously from this experiment. At the end of each reactor cycle, a 

plot prodimd at the central computer from DEXTIR data correlates reactor power capsule position, 

temperatures, pressures, and flow rates for that cycle. 

W-3 Ke vs W-25Rc thermocouples were used to measure the centcrline fuel temperature in the capsule. 

'The performance of these therrnocouples was determined by loop-resistance measurements' which utilize 

the multiplexing speed of the data system to avoid Peltier heating of tlie thermocouple junction. 

The system in the Rcactor Design and Engineerjng Development I Building 9201-3 continued to acquire 

data from Reactor Division experiments. The Failed Pue! Mockup input was expanded 75 channels, and the 

computer program was modified to list the additional channels with unique headings on a second teleprinter 

at the test locations. 

New expecirneiits connected to the system were a thermal transient (Hot TEE Section) test, a heat 

Acquisition of data was continued from the rorced-convection corrosion loops and organic-fluid 

block test, and a weldment creep rupture test facility. 

decomposition tests. 
____ ............. ................... . 

1. ORNL Mathematics Division. 
2. R .  F. IIyland et al.,Instiumentation and Coriirols.C)iv. Annu. P t ~ g r .  Rep.  Sept. I ,  1971, ORNL-4734, p p .  37-38.  

6.7 FOCAL COMPUTER P R O G U M  FOR WIRE LIST GENERATION 
AND MAINTENANCE 

J.  T. Nutton J .  M. Jansen, Jr .  

Keeping a correct and complete wire list for an interface under development is troublesome, and 

somelimes the lists prepared are unreliable. A FOCAL computer program was prepared 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 follnwing operations on a 

wire list: addition of wires: deletiuu of wires; listing of all wires connected to a point or range of points; 

tree format listiog of all points with continuity to a dven point; and listing an entire wire list and punching 

the wisc list on eight-level paper tape. The FOCAL program will handle wire lists of up to 1368 vires and 

utilizes 4096 words of disk storage. 

J .  T. Hutton J .  M. Jansen, 3r. 

Most instruments, such as voltmeters, frequency counters, and analog-to-digital coiwerters, to be 

interfaced to general-purpose camputcrs have basically similar BCD outputs. The voltage and impedance 

levels vary, but the format is essenlially the same from instrument to instrument. A generalized interface 

package for use with PDP-8/E computers was designed to take advantage o f  this connnionality m d  thus save 

a large [m‘c of the expense in design and development of scpnrate interfaces for each type ofinstrumcnt. 

rhe interface is driven through a special FBCB runction in the FOCAL languagz which allows function, 

range, and (where applicable) integrate period to be specified for up to eight different instruments. The 

FBCD function returns the instrument i-eadin.gs in standard floating-point format or  indicates that the 

function, range, or integrate period specified for a particular instrument was invalid. 

‘The hardware of the package compi-ises a master board which plugs into the omnibius of the computer, 

up to eight comnmnical.or boards, and associated level converter boards, The master board interfaces to the 

computer input-output and data bus system and services the coinmunicator board inputs ora a user-assigmd 

priority basis. The communicator boards are basically parallel to serial converters that transmit the BUD 

digits back to the master board on demand. The level converter boards take care of data inputs to the 
coniin~.inicator boards ilia4 are not at standard TTL levels and also check that the requested rat-rgzri, 

functions, and integrate periods arc correct for each particular instrument. ‘l’he communicator and level 

converter boards are rnoui11ed in a modified NIM type bin to allow straight-forward expansion of the 

package as additional instruments are added to the system. 

J. T. Hutton 

R.  F’. I-iyland 

K. R. Carr 

J .  M. Jansen, J r .  

Since the combination of crossbar scanner, voltage suppression supl’ly, programmalalc-gain instru- 

incntatiorm amplifier, and analog-to-digital converter is part of one data acquisitiori system after another, a 

PDP-X/E interface was designed that will accommodate any or all of these components. 

‘l’he interface enables random access to 1024 crossbar scanner channels, insertion of positive or negative 

suppression to 10 V in 0.01-V increments or to 100 rnV in 100-pV increments, selection of any of ten 

amplifier gains, and digitizing of signal. with either a fast 12-bit successive approxiindtion type 

analog-to-digital converter or a slower 14-bit integrating type analog-to-digital coriverter. On completion of 

reading the signal. at a selected channel (with required delays for settling of amplifier, etc,, automatically 

inserted), the interface returns the result as a 24-bit two’s complement numbcr. 

To ensure short-term system accuracy, both the 16-bit digital-to-analog converter used in the 

suppression unit and the 14bi t  analog-to-digital converter are mounted in temperature controlled modides. 



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 

INIIICATOR SYSTEM 

J. T. Hutton 

Several digital strain indicator systems comprising strain-gagc channel selector units, a null balance- 

readout unit, and a digital printer are used by the Reactor Division. A paper-tape pzinch controller was 

designed for a demand punch so that data from the null balance-readout unit could he 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 

levels (+lo V, -43 V, +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 EL4747 operational amplifiers, and the logic circuits have SN7400 

series TTL integrated circuits. l'he punch controller proved reliable in regular use for more than six months. 

6.1 1 40CHANNEL DA4TA LOGGER FOR THERMOCOUPLE CALIBRATION 

J. T. Hutton K. B .  McFarland 

A data logger for calibration of OKNL Stores Stock thermocouples was designed and fabricated, largely 

from instruments and parts of two retired data systems. The logger consists of a crossbar scanner, 11-bit 

analog-to-digital converter, paper-tape punch, and control logic. The logger will be used instead of the 

present manually operated potentionieter-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. 1,. Redford 

Short-term studies of the behavior of thermocouples and resistance therriionicters (RTD) under 

transient conditions were made with a PDP-8/1 computer in the Small-Compu ter Application Development 

Facility' of this Division. 

One study was to determine the effect of insulation quality (compaction, composition, etc). of 

'I8 -in.-OD, stainless steel sheatlied, M@ filled, Chromel-Alumel thermocouples from various maniifac- 

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 inferied 

from change in resistance). 'The use of FOCAL language and a storage oscilloscope plotter in the facility 

allowed thc experiment to be set up and conducted with ease, 

In another study two RTD's were assembled in a single 'h-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 

WJS hcated 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 

oscilloxopes and recorded on tape cassettes. To improve the accuracy of the analog-to-digital converter in 

the system, suppression (supplied by the digital-to-analog convertel) was utilized. 

1. R .  IC. Adams et al . ,  Insfrumentation and ControlsDiv. Annu. Pmgr. Rep. Sept. I ,  1970, ORNL-4620, pp. 51 --52 
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6.13 DEVICE HANDLER FOR 

J .  M. Jaiisen, Jr. G. P,. Rainel 

,4 device handler program that occupies only a single page (128 words) of memory and allows use of an 

IBM-compatible magnetic tape in a manner similar to DECtape was prepared for use with DEC PS/S and 

OSjS 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 Qctober 28, 1970, version of CONFIG, the PS/8 system configurator. 

The sui.mutine handles up to four magnetic-tape transports, addressable as devices MTAO, MTA1. MTA2, 
and M'TA3. The magnetic-tape device handler replaces the DECtape handler which addresses dcvices DTA4, 

DTA5, DTACi, and UrA7. 

'The handler provides parity, length, and timing error checking on each block of 256 words alid on 

block number records. In case of error, the read-write operation i s  reattempted a maxiriium of two 

additional times before the fatal error exit is taken. 

A tape formatting program, permitting 512 blocks of 256 words, was preparcd to correctly format the 

magnetic tape for use with the MTA addressable handlers. Thus, the advantages of thi: preaddressed, 

blocked DECtape data format are combincd with the compatibility of IBM data recording. 

The subroutine was designed for use with a PER'FEC Model 6811) tape transport intcrfaced to a 

p3P-8/E with a DATUM Model 5091-P8/e controller. The DATUM controller i s  very similar to the DEC 

Model 'K58 controller, making necessary only minor changes in the device handler software as written for 

use with the DEC TC58 controller. 

1. Matitcmatics Division 

6,14 STATUS OF WALKER BRANCH WATERSHED DATA ACQUISITlON SYSTEM 

J. T. Mutton R. 1,. Simpson C.  D. Martin, Jr. 

Cesigii and fabrication of the computer-based data acquisition system' was completed, and the system 

is currently being installed. The system will initially acquire data from nine instriirneiits, five precipitatioii 

gages, and four stage-height recorders to correlate rainfall and runoff by t ime and geographic location in the 

watershed. The computer, mnning under the disk-based, real-time executive program,* wil l  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 telephonc 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 serge 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. U. Martin, J r . ,  and K. K .  Adams, Instrumentation and Controls Div. Annu, Progu. Rep. Sept .  I ,  1971, 

2.  C. D. Martin, Jr. ,  lbid., p.  42. 
ORNL-4734, pp. 126-21.  
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6.1 5 180" ORSB CBMPU1'ER SYSTEM 

J. M. Jansen, Jr. W. K. Dagenhart' 

The system, previously described: was expanded to provide additional .-;xibility in more sophisticated 

control applications wit11 the I 80" Oak Ridge Sector Isotope Separator. The computer system was 

implemented by adding a second, 32K-disk-mernoiy storage device and a universal digital input-output 

controller for operation of relays and relay drivers and readout of contact and switch cI~isures. Software 

was added to the FOCAL systein 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 digi$al 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. A d a m  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 sludies of the separation 

process would be required to develop a suitable computer control system. 

..... ~~ 

1 .  Isotopes Division. 
2.  A .  H .  Voelker,Instrun?entation arid Controlsniv. Annu. Progr. Rep.  Sept. 1, 1970, ORNL-4620, p. 45. 

6.1 6 AUTOMATED ELECTROCARDIOGRAM DATA ACQUISITION SYS'ITEM 

R. I,. 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 niagneiic tapes 

which were delivered to the O W L  Computing Center for ailalysis using the Mayo Clinic program. This past 
year, more than 3000 EGG'S from routine ORNL employee screening tests were digitized and analyzed. 

The equipment was maintained by personnel from tMs Division. 

Sept. 1 ,  1971, ORNL-4734, pp. 132-33. 

I__ .............II I_ ~ .............. 
1 .  A.  11. Yoelker, A. S. Garrett, Jr., M.D., and R. L. Sirnpson,Inst~~mt.ntat ir~n and ControlsDiv. Anmi. Progr. Rep. 

5.17 CODAS SYSTEM PKOCRAMMlNG 

R. L. Simpson 

Continuing use of the Metals and Ceramics Division CODAS system' required three program 

modifications a? follows: 

1 .  The program for writing magnetic tape in thc system was modified to accommodate logic changes made 

in the controller for thc magnetic-tape transport 

2. The function for calculating temperature using a Pt vs Pt-l% Rh theriiiocouple was changed from the 

IPTS- 1948 to IPTS-1968. 

3. A new command was added to change from using a Pi vs Pt-lQ% Rh therinocouple function for 

calculating temperature to a Chromel-constantan thermocouple function wherc applicable 

1 .  J .  M.  Jansen, Jr., and C. D. Martin, Jr,, Insminenmtioon and Controls Diu. Annu. Progr. Rep.  Sepf .  I ,  IY71, 
ORNL-4734, p. 39. 
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An additional magnetic-tape unit was installed on the high-speed, strain-gage-oriented, computer-based 

data acquisition system used in flie QRNL Stress Laboratoiy.' With this unit, the system can be 

reprogrvmrned to record processed data on magnetic tape. Previously only raw data werc iecoided on 

magnetic tape; processed data wcre puriched on paper tape by the console teletypewriter. The modified 

system can conveit l a w  aldta to engineering units and record theor approximatcly 108 t i m c ~  faster than 

pieviously. l'he magnetic tape produced can be rend on thr IBM 360 computer for further data redwtion 

or for listing on a line printcr, or the taped data can be read back by the data acquintion 3ystem and listed 

on thc tcletypewriter. 

1 .  K. 1,. Moore, T. !A. Cate, and C. D. Martin,  Instmmeiitation and Controls Div. Annu. Progx Rep. Sept. I ,  1971, 
ORNL-4734, p. 36. 

6.19 MULT1STAG.E PROCESS COMPUTER CONTROL STUDIES SYSTEM ~~~~~~~~~~ 

C. D. Martin, Jr. 

'The PDP-5/1 computer in the multistage process computer control studies system' was replaced with a 

PDY-$/E conzputer with aiixiliary 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 storagc, and tlie direct digital control a!gorithm3 was rewritten to take 

advantage of the double precision operations available in the extended arithmetic element of the PDP-)3/E. 

P 

1. C. D.  Martin,  Jr . ,  et al., Insti-urnentation mid Controls Riv. Annu. Progr. Rep. Sept. I ,  I970, ORNL.4620, pp. 45 -. 46. 
2 .  C .  D. Martin,  Jr.,Insiiuiilrntation and Controls Div. Arinu. Progr. Rep. Sept. I, 1971, ORNI.-4734, p. 42. 
3.  R. K. A d a m  and C. 1,. Paitain, lnstiument~tiun und Coi?rrolSLsiv. Annu. xDrogr. Rep. S q t .  I ,  1968, ORNL-4335, 

pp. 44-45. 

A small, portable, strain-gage-oriented, coinputer-based data acqiiisition 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 K I ~ ~ C J Q J ,  128-channel solid-state multiplexer, strain-gagc signal 

conditioning, programmable gain amplifier, 16-bit integrating analog-to-digital converter, teleiypzwriter, 

and digital display. The integrated syskm inclirded SYSTEM 70 software by DATUM, Inc. 

Assistance was provided in checking out th.e system and applying it to the Intermediate Vessel Test 

series in the ileavy Section Steel Technology program. 

6.21 MISCELLANEOUS ECOLOGICAL FIELD STUDIES 

J. L. Redford C. D. Martirr, Jr. 

An additional 40 thermistor temperatuie pobes  weie installed in the ORNL Liriodendron Forest,' and 

assistance was provided in troubleshooting equipment failures in the data acquisition system. Since the data 

acquisitiori rcqiiirements exceed the capability of thc picsent system, n small 2QO-channel computer-based 

data acquisition system with magnetic tape output svw purchased and i s  being installed. 
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The 1 @channel, high-speed data acquisition system* in the Instrument Laboratory (Building 3500) was 

used to digitize and record (via telephone lines) turbulcnt wind velocities measured by a sonic anemometer 

located in one of the ecology field study areas. 

1. J.  L.  Redfnrd,Insrrul , ienta~i~~n and Controls Diu. A ~ W .  Piiogr: Rep. Sept. I ,  1971, ORNE,-4734, p. 124. 
2. R. F. Ilyland, J .  D. Burke, and R. K. A d a m ,  Insitumentaliw and CotitroJs Diu. Anuau. h o ~ .  Rep. S@. I ,  1967, 

ORNL-4219, p.  58. 

Crystal structure drawings by computers are used routinely for illustrating crystallographic articles in 

scientific journals. Computer programs such as ORTEY3 for this purpose generally operate in a batch-job 

computing environment and iequire several sequential I uns on the computer with small changes between 

jobs to produce an acceptable drawing. A conventional interactive graphics terminal such as the PDP 10 ~ 

PDP 15 - GRAPHICS 15 system in the OIWL computing center has turn-around time limitations that 

prevent a successful implemeiltation of OK'1'EP as an interactive prograrri; however, implementation on the 

PDP 10 - AD4 hybrid computer does seem feasible if a storage oscilloscope i s  used. The analog portion of 

the proposed interactive ORTEP program is working and contains an ellipse generator, a line generator, and 

three circuits for oveilap 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 three other elliptical atoms or bonds. 

1. Summer participant (1972) from the City College o f  New York. 
2. Chcmistry Division. 
3 .  C. K.  Johnson, ORTEP: A Fortm Thervml .. Ellipsoid Plot Progrim for Crystal Slrurture Illustrirtions, 

ORNL-3794, Rcv. 2 (June 1965). 

6.23 APPLICATION OF ON-LINE COMPUTE DATA SYSTEMS 

TO EXPERIMENTAL DESALINATION PLANT ANALYSIS 

S. J. Ball 

J .  L. Redford N. E. Clapp, Jr .  J .  G. Delene' 

Computerized data systems were designed for two experimental desalting plants: a three-stage flash 

cvaporator at the Office of Saline Water (OSLV 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 WKfF system was installed in February 

1972 and imrnediateljr 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 systems utilizes an expanded version o f  FOCAL, which i s  an 

algebraic interpretive language. Since the programs do not need to be compiled or assembled, the cxeciition 

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 fi.equency 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 ooli magnitude and phase informar ion at 

the conclusion of each test. IJp to eight signals can he processed at a rate of up to three sets of data per 

second. An integrating digital voltmetzr limits the maximum sampling rate somewhat, but provides 

excellent noisc rejection arid small-signal resolution. 

7he  use of minicomputers with data systems has greatly enha.nced 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 NIJCLEAW DESALINATIQAI PLANT CONTROL, STUDIES 

S. J .  Ball N.  E. Clapp, 3r. J .  G. Delene’ 

The dynamic characteristics and controllability of large nuclcar desalting 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 ( M S F )  evaporator plant dyiiarnics and dynamics tests 

on experimental evaporators to obtain data for IN in the simulators. Present work includes exteiidiiig the 

MSF simulator to incorporate a large power reac tor (PWK) and a turbirie-generator plant, devcloping 

simulators for advanced evaporator designs such as the veitical tube evaporator - MSF hybrid plant, and 

continuing evapoi-ator experimentation. 

While previous MSF plant sirnulations showed that the predicted dynaniic 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 crjupliirg scheme approaches the 

economically ideal, full dual-purpose plant design (i.e ., using back-pressure turbine exhairst steam to drive 

the evaporators), the greater the tendency for instabilities to occur. 

Recent experiincntal work iiicluded application of on-line minicompiiters to assist ie acquiring and 

analyzing data. Reuse of such a system on a MSF experiment greatly enhanced the quality and quantity of 

data obtained, 
__I__ .~ .............................. 

1. Reactor Diviqion. 

6.25 DATA ANALYSIS CRT DISPLAY COMMUNICA’TIONS 

J. W. Rcyiiolds N. A. Uctz’ R. E. Sellers2 

Operating experience with the CKT display units that support ORELA data analysis on the Immediate 

Analysis and Coordinating Computer (IACC) indicated a desirability of iiicreasing 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 model was selected to replace existing rented data sets. Before the order for ten rirlits 

was placed, two weie tested on a remote batch terminal connected to an IBM 360/91 via an IBM 2701 data 

adapter. 

The faster modems werc selected because ( 1) an increase in transmission speed W ~ S  desired to reduce 

the service reqiuest response time for ORELA; (2) the cost of a one-year lease for the old rriodern equaled 

the purchase cost of the new modem; ( 3 )  a unit was desired for the dedicated-line short-term requirements, 

thereby reducing complexity and cost; (4) factory repair and return maintenance within five working days 
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as a backup to local maintcnance was available; and ( 5 )  the model selected was the lowest cost unit 

available that met the requireinen fs. 

The units were installed by DEC2 in the C 15 communication processor of the IACC and thc V T  15 CKI' 

display units, and were tested by the Mathematics Division. 

1, hlathpmatics Division. 
2. Digital Equipmelit Corporation 

6.26 STATUS OF ORELA DATA HANDLING SYSTEM 

J. W .  Reynolds 

The ORELA data acquisition system! continued to perform exceedingly well, and usually five or six 

experjmentcrs obtained data or performed preliminary experiments simultaneously. The inaximur-n 

obtainable data ratc for each computer was increased to -5000 events/sec. New options were added to the 

display routines, new CRUNCH program$ werc written, and new routines were prepared to monitor the 

data collectei? by each experimenter. Interfaces were built for computer control of sainples 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 thrse 

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 OKELA data were prepared, have undergone some testing, and 

have bcen 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 thc 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 system. 

1. J .  C V .  Reynolds et al., Instrzmantation and Controls 1 ) ~ .  2 4 ~ i t ~ i ~ .  P r o q  Rep. Sept I ,  1971, ORNL-4734, pp. 32-13. 

6.27 OKELA 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 (PXOOS), 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 subaddrcss (0-7), and (2) a pulse 

number (01-12) in any combination. If more than one pulse is selected, they are output in parallel. Thc 

device controllers' also use the scaler interface pulse generation feature. 

1. K E. Wiiitenbcrg and J. W. Reynolds, Inrrrunicnrarn and Cunrrols Diu. Annu. Progr. Rep. Sept. I ,  1971, 
ORNL-4734, pp. 26-21 .  
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6.28 EIGHT-STAGE STACKING BUFFER ~~~~~~~~ 

R. E. Wintenberg J .  W. Reynolds 

A final design of the eight-stage stacking buffer memory was constructed atid installed i o  Febmary 

1972. ?'he memory' contains 30 data bits and one control bit per stage. It is a first-in, first-out storage 

inodule that derandoniizes the input evcnits. The 30-bit  events are transferred into the buffer iiiemory in 1.4 

psec. The average transfer to the SEL K 10B computer is completed in 20 psec. 

Therc have been no known errors with nearly continuous operation at an average rate of lo6 events/hr 

(30 events/sec). 

1. R. E. Wintenberg, J .  W. Xeynolds, and A R .  Smith, Instmmeniutbm and ControlsDiv. Annu. Progr. Rep. Scpr. 1, 
1971, ORNL-4734. p.  34. 

6.29 SPECIFICATIONS FOR ORELA PHASE IBI ' 
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 coillputer (SEL 810B), a scaler interface for 

experiment monitoring and control, a fol-ir-channel prioiiiy 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 wi th  a storage capacity of lo6  words. The scaler interface arid 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 thc data 

rate from a rriaxirnum of  4900 events/sec into 7.5 X l o s  channels to 6000 events/sec iilto lo6 channels. 

Installation is scheduled for December 197 2. 

1. J. W. Reynolds et al.. Instvumentation and C o m d s D i v .  Annu. Progt. Rep. Sept, 1, 1267, ORNL-4219, p. 41 

6.30 EEEC'?I'RBN SPECTROMETER 

E. Madden 

A proposal and estiniate for data accumulation and control electronjcs for a &-channel, position- 

sensitive electron spectrometer for the Physics Division was completed. Funds were approved and a 

specification was prepared and released for bid. Design of the system interface will be started as soon as the 

hardware is fixed. 

6.3 1 MODIFICATION OF VAWIAN STATOS-III RECORDER 

E. Madden 

A Statos-111 electrostatic, eight-channel recorder used with the double-arm sweep gage inspection 

machine was modified for the Fabrication Sys tem Development Department of Y -  12 to furnish moic 

informative strip-chart information and to make operation easier. 

T'he time code generator was modified to  print full-scale timing lines across the &ail 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-BCD 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 

1 00-increment resolution to double-width channels with 200-increment full-scale resolution. 

1. E. Madden, R. E.’ Wintenberg, and R. Marcuin, Instruinentation and Controls Div. Annu. Progr. Rep. Sept. I ,  1971, 
ORNL-4734, p.  32. 

6.32 M Q ~ ~ ~ ~ ~ , ~ T I O N  OF A BENDIX SWEEP GAGE 

E. Madden 

The following devices were fabricated for the Fabrication Systems Development Department of Y-1 2 .  

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 from two probe-amplifier 

channels on a Rendix supplied sweep-gage parts inspection machine. 

Single-channel-width to double-channel-width preamplifiers were fabricated to  replace standard 

preamplifiers supplied on a Varian Statos-111 electrostatic recorder delivered with a Rendix sweep-gage 

inspection machine. 

6 3 3  MODIFIED DECREE MARKER 

G. W. Allin E. Madden 

A degree-inarker 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 sihasseinbly mounted on a lightweight 

cantilevered h e m ,  adjusted by controlling the beam deflection, replaces a more complex slide mount 

arrangement. 

6.34 HB-3 DIFFRACTOMETER CONTROL SYSTEM 

E. Madden 

A long-wavelength diffractometerl for beam hole HB-3 at the QKK was completed, checked, and 

installed, and is being used in experiments. An additional 4K of niernory 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. Koehl~~,Instnrmentafion and Controls Div. Annu. Frog. Rep. Sept. I ,  1971, ORNL-4134, p. 
31. 

6.35 NEUTRON DIFFKACTOMEI’ER CONTROL 

F. W. Snodgrass 

A diffractorneter contiol interface (Q-5124) for use with a PDP-8/E computer was built and installed to 

replace a PDP-8/S system. I 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 &bit neutron monitor 

prescaler with switch selectable scaling modulus, a 4-bit interrupt register, a 4-bit control register, n 
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300-pulse/scc clock for motor basic stepping rate, a stepping motor driver, and liniit of travel protection 

circuits. Preamplifiers, ainplifiers, discriminators, and high voltage supplies weit- also furnished with the 

system. 

1 .  R. T. Koseberry dnd A. K. Narten, fnstrumentatioon mid Coiltrols Div. Annu. Prop. Rep. Sept. I, 1969, 
ORNL-4459, p. 41. 

6.36 HB-4 TRIPLE-AXIS NEUTRON SPECTRO ETER CONTROL SYS'I EM 

E. Madden 

A triple-axis spectrometer,l usirig a FDP-8/E computer with an 8K memory, was completed, checked, 

and installed, and is being operated at the MB-4 beam hole at the High Flux Isotope Reactor (HFIR). A 

second ,.2SR-33 teleprinter W;LS delivered with the spectrometer to allow time-shared, on-line calculation 

and program generation for upcoming experiments. 

1 .  E. Madden and €1. G .  Smith, Imtrvrnentation and Cora?rds Div. Annu. Progr. Rep. Sepi, I, 1971, ORNL-4734, p. 
31. 

6-37 INCHDENT BEAM MONITOR AND CONTROL, 
FOR A SMALL-ANGLE X-RAY DIFFRACTOMETER 

J.  'r. J)e Lorenzo R.  W. Hendricks' 1;. M. Glass H. N. Wilson R. E. Ledler 

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 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 Ceramic? Division. 
2. K. E. Zedler, unpublished work 

6.38 El.,EC:'I'KONHC CIRCUIT ANALYSIS PROGRAM (ECAP) 
WITH PLOTTING ROUTINE ANXI it W I S E D  P OUTPUT' FORMAF 

J. T. De korenzo C. W. Nestor' C. C. Websterl 

The IBM Electronic Circuit Analysis Program was adaptccl to the ORNI, 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, 2nd circuit excitation. 

The transient analysis section of the program was modified to givc a plotted output and to ievise 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 me;tsured data was excellent 

1 .  Mathematics Division. 

The Radioisotopic Sand 'Tracer (RIST) was completed at the close of its sixth year as a 

cooperative prograin of the U.S. Atomic Energy Commission, Division of Isotopes Development, and the 
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U.S. Army Corps of Engineers. The objective was to develop methods and equipment for the study of the 

movement of littoral sediments along the coast lilies of the Unitedstates. This objective has been met, and 

one set of equipment i s  to be transferred to the Coastal Engineering Research Center of the US. Army 

Corps of Engineers to be utiliied in on-going programs of coastal maintenance. 
~ 

1. Isotopes Division. 
2. H. R.  Brashear, E. 1-1. Acrec, and i-’. N. Case, “Scintillalion Gamma-Ray Detector for Littoral Transport Studies,” 

3.  11. R.  Brnshrar, E. H. Acree, and F. N. Case, “Data Collection System for Littoral Transport Studies,” 

4. H. R. Brashcar et al., “Computer Plotting of Data from the Mobile Amphibious Detzction System Used in 

5. 13. K. Brashear et al., “Radioisotopic Sand Tracer Study (RIST) Status Report for h4ay 1966--Apri l  1968,” 

6 .  H. R. Brashcar, E. II .  Acre-, and F. N. Case, “Radioisotopic Sand Tracer Study (RIST) Radiation Data Obtained 

7.  11. R. Brashear et nl., “Processing and Analysis of Radioisotopic Sand Tracer (RIST) Study Data,” Instrumerifation 

8.  13. R. Brashear et al., “Radioisotopic Sand ‘Tracer Study,” Instturnenfation and Controls Div. Annu. Progr. Rep. 

9 .  R. L. Simpson and J. M.  Jansen, Jr., “Radioisotopic Sand ‘Tracer (RIST) Studies.Computer System,” Ibid., pp. 

Insfrumenration and Controls Div. Annu. Progr. Rep. Sept. I, 1967, ORNL-4219, p. 42. 

lnstvumrntation and Controls Div. Annu. Progr. Rep. Sept. 1, 1965, ORNL-.4335, p. 42. 

Radioactive Isotope Sand Tracer Studies,” Ibid., p. 42. 

Instrumentation and Controls Div. Atinti. Progr. Rep. Sept. 1. 1969, ORNL-4459, p. 43. 

f m m  98 - - 1  99Au Tag@% in the  Oetobcr 1968 Field Tcst at Surf, California,” Ibid., p. 43. 

and Controls Div. Annu. Progi. Rep. Sept. I, 1970, ORNL--4620, p. 63. 

Sept. I ,  1971, ORNL-4734, pp. 43 -44. 
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6.40 COMPUTER SYSTEM FOR ‘THE U S .  ARMY COASTAL ENGINEERING RESEARCH CEN’TEK 

J .  M. Jansen, J r .  R. L. Simpson H. K. 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 U S .  Army Corps of Engineers, development was started on a 

small computer-based data acquisition system for the Coastal Engineering Research Center (CERCI. This 

system will acquire, analyze, and display graphical data to study the mnvement of littoral sediments along 

the coastlines of the United States. 

The system, similar to that previously described,’ will comprise a PDI’-s/E computer with an 8K word 

memoiy, a storage oscilloscope display, an iticremental magnetic-tape transport , a kcyboard-teleprinter, and 

an interface to a portable radiation detection and data collection system. The computer will be equipped 

wit11 a cassettc 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 

modificatioiis will be implemented to rapidly store and retrieve programs for analysis from the magnetic 

tape transport. 

1 .  H. K. Brashear et al., Instrumentatiton andControlsDiv. Annu. Progr. Rep. Sept. I ,  I971, ORNL-4734, pp. 43-44. 

6.41 CONTROL UMT FOR A PORTABLE G4MMA SPECTROMETER 

F. W. Snodgrass 

A control unit was built to sewe 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 

severe environments, minimum interequipirieiit cabling, and simplicity of operation by nontechnical 

personnel. 



Lowpower 'r 1'1, integrated circuits were used extensively throughout the instrument. A solid-state 

ieadout assembly displays the clock time 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. 1.1 1) which 

contains the detector amplifieis, discriminators, aiid high voltage supplies. 

1. 11. R. Brashear et  al., I n S t ? i i m n t a m n  and Controls Div. Annu. Progr Rep.  Sepr.  I ,  1971, ORNL.4734, pp. 43 41. 

A controller to enable computer control of a digital, magnetic-tape cassettc transport was designed. 

Data wlll be recorded and played hack in a bit-seiial mode and transferred to atid from the computer as 

parallel 8-bit characters. Thc rccording 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 rccording. Construction of the controller for use with a PDP.8/E computer is near 

completion. This system will be used for reading tapes recorded 011 a portable gamma spectrometer and for 

general purpose programming and data storage. 

6.43 MOBILE FIJIELASSAY VAN 

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

Activity was started to assist in equipping a mobile fuel-assay van for the U S .  Atomic Energy 

Commission. The purpose of this mobile unit i s  to inventory * 3 5  U content of fuel at fabrication sites. The 

van is equipped with a sodium iodide spectrometer detector connected to a computer-based rnulticliannel 

analyzer. The equipment i s  mounted in a shock-mounted frame and is cooled by air ducted from an 

ovcrhead air conditioner mounted on the cab of the specially prepared 3h ton van. 

This Division started preparation of instructions for the measurement techniques, including data 

acquisition, calibration, and analysis. '41~0, lnodificatiori of equipment and preparation of  a specialized 

computer program were started. 

A new 3- by 3-in. sodium iodide deteclor and shield are being installed, calibration sources are being 

prepared, and ' 3 5  U, * U-' 3 8  1J response functions are being determined, as well as appropriate 

geometries for the variety of samples to be measured - -  powder, pellets, and micruspheres. 

U, and ' 

6.44 COMPUTER-BASEI) MULTPCPIANNEL PULSE-HPPIGIIT ANALYZER 

AND SAMPLE CHANGER FOR ECOLOGICAL S rUnBES 

E McDaniel I, R. Gitgood R. T. Roseberry 

A gamma counting facility for ecological studies was designed and constructed for use in the Aquatic, 

Terrestrial, aiid Heavy Metal Tracer Program by the Environmental Sciences Division. A computer-based 

pulse-height analyzer w a  interfaced to an existing auto-gamma sample changer and a manually loaded 

liquid scintillation counter. A custom 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 numher of samples 

has been analyzed. Since the prQgram requires minimal training of the operator, the system is an idea! 

research tool for summer participants. 

Through its interface, this computer controls all functions of the 50-sample carrousel duritlg 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 $anples, maximum of 20, will be placed in 8-02 polypropylene jars before being 

loaded into the changer. The changer will automatically position the samples in one of foul counting 

positions according to the intensity of the sample activity. The changer will be controlled by a computer; 

the main function of the couiputer will be data acquisition. 

6.46 MASTER CLOCK-COMPUTER MARKER GENERATOR FOR ORMAK 

D. D. Rates 

A master clock to provide precise timing pulses for the ORh4AK machine of the Thermonuclear 

Division was designed and fabricated. The clock, designed in a single-width NIM module utilizing TTI. logic, 

contains a 500-ldIz crystal oscillator that is scaled down to provide precise 10-psec-wide pulses at 100-psec 

intervals. The module has two outputs: a local to drive the waveform synthesizer inside the control room, 
and a remote to supply timing pulses external to the contiol loom. 

The clock i s  further scaled to provide timing markers to the LINC-8 computer. The output from this 

section is switch selectable to obtain either 1 - ,  lo-, 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. 
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SYSTEMS ENGINEE 

7.1 UPGIPADING OF STEAM FLOWMETERS 

R. F. lIyland 

Upgritding of the s t e i n  orifice rnetei instdldtions on the main 50psig headers I I ~  the Ccntral Kesearch 

and Adninustra tion Building 4500N and 4500s m d  the Metals and Ceramics Labor,itory R!idding 4508 aiid 

oil the 225-psi header in tlrie High-Voltage Accelerator Lahotaiory Ruilding 5500 was ccjinplelec?. The 

mstrumexi htion associated with these steam systems had not been calibrated since the buildings became 

operational, dnd this work collsisted of recalculation of a11 flows, ieplacing orifice plates where necessary, 

and cleaning and recalibration of ilie renidinder of thc instruments. The objective of the work was to ensure 

accurate flow data for  utdity billing puiposes. 

Computer programs in the BASIC language for calculating steam, vapor, and liquid flows were iniproved 

and rewritten i o  ADVANCED BASIC, the latter piograrns were then used f ix  the precise calculation of flow 

vs m~tniment  readings for all of the flowmeters. 

W. R. Miller B. Lieberman 

Contractual comnlitments o f  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 o l  ii coiitrol system 

package to remotely position and control 3 plasma-arc cutting Larch for t h i s  purpme were assigned to this 

Division. 

A thermal liner, 81 in. i11 diameter, 18 ft long, and ccmstmcted o f  I-in.-thick sttliidess steel, must be c i i t  

under water Because of the high level of radioactivity. The reactor vessel o f  3-in.-thick carbon steel will be 

cut in air .  

The torch current will he l O G 0  A at  180 V dc. 'The gas flow wdl be 500 scni to achieve cutting speeds 

of SO in./min. 

The control system will enable automatic sequencing, gas flow and pressure inl.erlockirg, ciisrent-source 

and arc-starting equipmen cot1 trol, as well as sensing arid indication of all parameters. 

A remote positioning and indicating system for the torch will be ; in  integral p [ t  of the package, l'he 

position accuracies will i x  0.1 in. in 20 f t  in tile vertical plane and 0.1" in 395" of rotation ita tIie horizonia~ 

plane. The system will be equipped fo r  making settings at referertce locatioris SO that the speed of torch 

travel will automatically increase arid decrease ;is cuts are begun and ended. SCK motor drives under control 

of the positioning system will maintain speed control wiitiiti 0.1% 

Tliere will be five niiides of starting to cope with conditions tbai. will prevail ;LS dismantling progresses. 

Each function can he pretested prior to mnning an automatic cycle. 

Figure 7.2.1 shows the control panel which houses niost of the auxiliary control equipment, thereby 

making a complete package ihat will be shipped and set up in a niitiirnum of thhc at the reactor sire after 

47 
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Fig. 7.2.1. Control system for plasma-arc cutting torch. (a) Front panel and (b )  rear panel. 
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Fig. 7.2.2. Diagram of control system for plasmaarc cutting torch. 
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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,2 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 

2 .  [bid. 
Permit No. 5795, ORNL-TM-37 1 3  (April 1972). 

7.4 ANALYSIS OF ERRORS IN LINEAR VARIABLE RELUCTANCE TRANSDUCER 

J. M. Googel 

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 'I2% of output over a displacement 

range of k0.250 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, = X, 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 

" 
set to zero by zero adjustment in the LVDT 

jAX 

RLl + RL3 + rB + r, + j(X, + X,) 
+ 

Y 

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 6.342 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. Approxiniak equivalent circuit of LVKT and bridge in MINr  1 experiment. 

In summary, the effects of elevated and nonuiiiform temperatures on the zero and span sf an LVKT 
can be predicted using an equivalent circuit model of tlre device. These predictions reduced the m o r  from 

uacorrccted data to about one-half in a bench calibration with controlled temperature conditions. 

The results of this work are valuable both for reducing the error in the data from the Mint 1 experiment 

and for establishing bounds on temperature errors in this class of transducer to be used for guidance in 

future systems. 
... -.........I__ ......... I___.s_____ 

1 .  Consultant from the Electrical Engineering Uepartnient, the University of i'ennessee, Xnuxrille. 

9.5 TRANSURANIUM 1% 

H. E. Cochran 

M. ha. Chiles P. W. Hill B. C. Thompson J .  T. De Lmenzo R. E. Zedler 

Successful operation of the Transuranium Processing Plant (TKU) was continued, recovering 300 mg of 

2 s 2 C f  from the SRP reactor tubes for  the Division of Production progran,. As by-products, 2 4 9 B k  and 

' 54 Es were made available for research use. From nine HIFIR targets 170 mg of ' 'Cf and other isotopes 

were recovered. Much of the material was iricorporated in neutron sources and shipped to researchers 

throughout the country. 

Instrumentation prcviously installed' in the source and target decontamination facility for assaying 

californium sources and shipping packages by ~ n ~ a n s  of fast-neutron counting proved most worthwhile. 

Reproducibility of assay values was within 1% and usually within 0.5% A siinilar system was installed in 

the Thorium-Uranium Recycle Facility (TURF) where the isotopes are eocapsulated 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 -'h in the coming year. 
........ ___ ___ __ 

1. M. E. Cochran et al., Inslninzentation and Control.7 Diu. Antiu. Pwgr. Rep. Scpt. 1, 1971, ORNL-4734, pp. 46 -47. 

7.6 IMPROVED LIQUID-WASTE TREATMENT ANI) STORAGE FACILITIES 

R. E. Toucey 

The General Enginerring Division w3s assisted in preparing conccptual-design documents, drawings, and 

cost estimates for the improvement of the Liquid-Waste Treatment and Storage Facilities at  the Laboratoiy . 
This information will become part of a proposal to the Atomic Energy Commission. The following facilities 

are being planned: 

A new evaporator facility to match the capacity of the radioactive-liquid-waste evaporator in Building 

253 1. The new evaporator could be operated for additional capacity or as a standby unit when the older 

evaporator is shut down for repair. 

A new waste treatment plant to filter the radioactive process liquid waste. The new plant, with a 

200-gpm capacity, will replace the existing facility in the Process Waste Water Treatment Plant (Building 

3518). 

A new radioactivediquid-waste handling and interim tank storage system. The new system will have five 

new tanks with a total storage capacity of 660,000 gal. 

7.7 pI'rcR FUEL REFAB ICATION DEVELOPMENT PROGRAM 

H. E. Cochran B. Lieberman 

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

necessary for the design and operation of a pilot-scale, remote-fueled graphite line in the Thorium-Uranium 

Recycle Facility (TURF). An engineer w3s assigned half time for instrument assistance by kkepirig abreast 

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

The small PDP-8/E digital computer was installed and successfully operated. The didtized 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 computer (Fig. 7.7.1). 

Based on experimental data and calculations obtained from studies of coated particles processed in the 

fluidized-bed coating furnace, the hydrocarbon and helium flow rates were revised. The proccsr 

instrumentation (12 lin ft of control board instiurnentation as well as field-mounted units) i s  now being 

resized, calibrated, and updated to meet these new requirements. 

Fabrication of fuel sticks requires development of instrunlentation to characterize the nominal 

1/2-in.-diarn, 2-in.-loiig sticks. The pilot plant fabrication rate will be -9000 sticks per day. Temperature 

controls and interlocks were developed and tested for a piotolypic fuel stick machine recently placed 'in 

operation. Automatic diniensional 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., Instrumentatiori and Controls Div. Anmr. Progr. Rep. Sept. I, 1971, 
ORNL.4734, pp. 47-48. 
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 fig^ 7.7.1. HTtiR r'uc8. characterization data system. 

7.8 AQUATIC LABORATORY DESIGN STATUS 

B. C. Duggins 
J .  T. Wiltton J.  M. Jansen, Jr. B. Liebermari 

The preliiniinary development and design of instruments for the aquatic laboratory weic reported. 1 he 

facility was constructed and will be available for ORNL use in the fall of 1972. Since the computer systein 

is riot funded as a part of the facility, the initial operation will be with manual control of the three-wry 

blending valves for tank temperalure control. Since the hot- and cold-water heaters ale controlled with 

analog controllers, there should be a fixed relationship between thc blending valve position and delivered 

water temprraatuie. We cxpect the computer system to be funded during FY 1973. 

One iinportdiii change in the design of the computer, temperature-conttol system was made when 

low-cost (<'$50), 1 0-bit, digital-to-analog converters (DAC) became available. As reported last year, 

stepping motor drives were planned for the blending valves, but control o f  these motors would be expensive 

and cumbersome and would linve required extensive wiring to be located in the damp atmosphere of thc 

tank room. The new system will have n conventional pneumatic blending valve with an individual DAC and 

an electric-to-pneumatic convei ter for each loop. The PDP-8/E comprrfer will load desired valve position 

information illto registers for each of thc DAC circuits. Prototypes of the circuit cards were fabricated to fit 

and be an integral part of the computer panel. The electric-to pncuniatic conveiters will be installed bchind 

the panel, and the pneumatic signal tribe will be run from the computer room to the tanks. Testb of the 

prototype circuits, using a PI)P-8/1 system, gave satisfactory results. 

1. R. C .  Duggins and J. M. Jansen, Jr., Instiumentotiml mid Controls Dw. Annu. Progr Rep. Sept. I ,  1972, 
0RNk-4734, pp. 124 25. 
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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 reviscd to conform to the existing 

emergency control systcm 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 instiument air system 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 1-1. J. Stripling, Jr. 

To assure that OKNL complies with all environmental regulations concerning liquid effluents, water 

quality monitoring stations were installed 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 i s  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, iticluding the Environmental Protection Agency, concerning the 

best way to make these measurement.s led to an important conclusion that it is not good practice, to pump a 

sample from the stream because the dissolved oxygen concentration in the sample is affected by pumping. 

Also, it is essential to nzeasure 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 aluminum 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. 

Sirice commercially available instruments were used for the measurements, 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 convei-ter was required for 

pH and oxygen. For flow, a pulse duration-tc-current converter was requircd. 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-cnrrent, 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. 



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

Control rod life for the Fast Test Reactor is limited due to helium generated from 1oB(nia)711,i 

reaction.  to develop and test control rod vents, an instrument was required to inea.Suxe leak rates of lo-' 

to std cm3 sec-' . Since a commercial instrument was not available for this piirpose, 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 electrometcr 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 cornrnercial helium leak 

of relatively high flow (1.'78 X std cm3 sec-*) was purchased for calibrating the instrument at the 

higher helium flow rate. 

7.12 PRESSURE SAFE'FY 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 excursions were experienced with some recirculating inert-atmosphere 

glove boxes. This type of glove box is usually purchased with pressure controls supplied as pari of the gas 

piirification 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; thc 

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 tlieir 

installation by simulating failure of the pressure control system. 

1 .  R .  Lieberman and A H. Malone, Instuumentation and Corrtrols Div. Annu. Progi: Rep. Sept. I, 1970, ORNL-4620, 
pp. 66 67. 

7 . l 3  RBUX-'TYPE I)ROP CALORIMETER 

J. M. Googe W. 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,' corisists 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 PZ-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 

sainplcs are dropped into the calorimeter. The small difference between the function generator and 

thermopile signals is amplified by the high-gain atnplifier and recorded for analysis. The area under the 

transient differential signal for an unirradiated sample is compared with that for an irradiated sample to 



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 sirnulate the thermal 

transient. This device is a logical choice since transients on an KC line and certain one-dimensional heat 

transfer problems obey the same equilibrium equation 

where N k 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. I t  i s  reported to meet the project requirements as to 

wave shape and stability. 

1. AndrC Roux, Ent-rgie Ernmugasinnce dans les Oxydes Reo, MgO, et Si02 Irrudees Aux Neutrons, Sc.D 'These A 
La Facult8 des Sciences, Del'lJ. of Lyon (Dec. 1969). 

7.14 ENGINEEKING SUPPORT FOR ' r m  METALS AND CEKAMICS DIVISION 

B.G.Eads J.T.Hutton 

Instii~ment engineering support to the Metals and Ceramics Division was continued.' The tasks 

completed were as follows: 

1. Prepared a cost estimate for procurement and installation of a new hydrogen-leak detection system and 

prepared the specification for purchase of this syqtcrn. 

2. Assisted in the preparation of a specification for a high-pressure-gas bonding system. 

3. Designed a programmed high-temperature furnace control system. 

4. Supplied miscellaneous high-temperature sensors. 

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

a heliarc welder. 

6. Fahiicated a cyclic controlled-strain analog computer for use in fatigue testing of metallurgical sample9 

(this was an adaptation of a Gcneral Electric design). 

~. ................... . ........ 
1. B .  G .  Eads,Inst~uumeiztution and Coiitrols Div. Rnnu. Progr. Rep. Sept .  I ,  1971, ORNL-4734, p. 50. 

7.1 5 SPECIFICATIONS FOK ANNUNCIATORS AND FOR TEMPEKATURE SNU'I'DQWN DEVlCES 

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 solid-state components and would require less frequent 

and more economical maintenance. Commercially available equipment is being evahiated, and annunciators 

and temperature shutdown devices judgcd to be best are being purchased and tested. Specifications will be 

written for procurenient of solid-state annunciators and tempeiature limit switches. 
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7.16 CAS CYLINDER STATION 

1-1. 9. 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 equ ipmat  in use are protected by a 4- by 32-ft aluminum 

canopy. The gases will flow through tubes to the places of use in thc building, eliminating the practice of 

temporary benchside moun tirig of the heavy, high-pressure cylinders with their attendant safety problems. 

1-1. J .  Mctx 

The wind tunnel in the basement 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 jnstalled and the wind timiel will be modified to 

enable tests and calibratjon of air velocity devices in a gas velocity range from 20 to SO0 ft/sec. 

7.18 A MUL'TICUVET FAST FLUOROMETRIC ANALXZEK BASED ON 

THE GeMSAEC PRINCIPLE1 

'r. 0. Tiffany2 

L. [I. 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 Analyzer. An existing 15 place 

analyzer was slightly modified for angled excitation using a simple fiber optics system. I n  this mariner either 

system retains the unique parallel analysis capabilities of a Fast Analyzer. Initial development has centered 

on the uqe of 470-nm excitation and 530-nm emission detection. A sei-riinuicro cortisol analysis has been 

adapted using proccdurcs similar to those of Silber (Merh.ufBiochem. Andy.  14, 63 - -  77, 1966). Detection 

limits of the system are in f lw range of 0.05 py, cortisol per nil fluorescence reagent. The procedure requii-es 

0.7. 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 calcein have been compared by performing both 

types of analysis simultaneously in one rotor. Analytical agreement between the two procedures of -1% 

was obtained iisiiig a 9.0 mg/ml seriiin control sample. A discussion of the analyzer and the analyses will be 

presented. 

1. Abstract of paper presented at the 24th National Mecting of the American Association of Clinical Chemists, 

2. MAN Program. 
Cincinnati, August 20 25, 1972. 
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7.19,4 RE'FROKEFLECTIVE FIBER OPTIC rURBIDIMETER FOR 

CONTINUOUSLY MONITORING FE 

L. H. Thacker E. I;. Phares2 

W. F. Johnson C. W. Hancher3 A. D. Kelmers3 

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 li&t 

scattered at 180" to the incident light. The output signal is nearly directly proportional to the ce!L 

concentration of a fermenter sample stream containing wet weights from 0 to over 50 g of cells per liter. 

'Ihe 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 stream; light back-scattered from particulates in the stream 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 zzro adjustment. 
__ .......... __ ___ .......... __ 

1. Abstract of paper to be submitted for publication in Biotechnology and Biocrigineeuing. 
2. Biology Division. 
3.  Cheriiical Technology Division. 

7.20 DEVELOPMENT OF A MINIATURE FAST ANAL\'ZER' 

C.  A. Surtis' W. F. Johnson J .  C. Mailen' C. D. Scott' 'r. 0. Tiffany2 

Design features and operation of a prototype miniaturized Past Analyzer are described, and some 

results obtained with it are presented. 'Phe Analyzer occupies only 1 cu ft of space. I t  has a 17-cuvet plastic 

rotor which rotates through a stationary optical system at speeds up to 5000 rpm. l'he resulting centrifugal 

force is utiliLed to transfer and mix a series of sample(s) and reagent(s.1 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 pl) 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 

NAEH-liiiked enzymatic analyses, have been adapted for use with this analyzer. Precision obtained ranges 

from 1 to 4%. This report considers, specifically, analyses of some serum enzymes. Results show that the 

small analyzer possesses the previomly demonstrated advantages of Fast Analyzers and, in addition, has 

several beneficial features arising from miniaturization. 

1. Abstract of paper submitted for publication in Clinical Chemistry. 
2. ORNI, Molecular Anatomy Prograni. 

7.2 1 DEVELOPMENT OF A PORTARX,E DATA PROCESSOR WITH MECHANICAL DATA 

OUTPUT FOR IJSE WITH A MINIATURE FAST AN~'d4YZEW1 

W. F. Johnson J. C. Mailen' C. A. Burtis2 T. 0. Tiffany2 C D. Scott2 

The Mark I data processor i s  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 i s  particularly applicable for use with a riervly developed miniature Fast Analyzer. I t  utilizes digital 

logic to correlate the signals originating at the photodetector of the analyzer with the proper cuvet position 

and corresponding recorder channel. 'The transmissioil pulses are converted electronically to absorbance 

values, which are recorded as pi-inted dots on a data card. Vertical. height OA 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 ill parallel with an on-line computer, and 

data obtained from it colrelate with the computer-derived data. 

1. Abstract of paper to h e  published in Cliriicd Chemistry. 
2. ORNL Molecular Anatomy Program. 

7.22 AUTOMATED S?aMPX,EXEAGlENT LOADER FOR USE WITH THE GeMSAEC FAST ANALYZER’ 

C. A. Burtis’ W. F. Johnson J. C. Riailcn’ 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 requircd 15 min. ’The resulting precision and accuracy i s  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 publiyhed journal article: Cfin. Chem. 8 (5), 433 (1972). 
2. ORNL Molecular Anatomy Frogram. 

Sidney Kat? L. €1. Tkacker 

A simple and sensitive detection system has been developed for carbohydrates eluted fi~oin 

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 r im.  Because of its sensitivity, simplicity, and operationad durability, a modification of ibe pieviously 

reported314 miniature dual-beam photometer with two fixed wavelengths W:IS used as the detector. The 

254-nm cliannel was retained to help identify noncarbohydrate compounds, and a 306..nm channel was 

substituted for the original 280-nm channel to detect carbohydrates. Wavelength conversion filters were 

developed to provide a peak effective transmittance at 306 iim with a bandwidth at half maximum of 41 

tun, togeiher with conversion of the ultraviolet radiation to visible li@t for detection by conventional 

pho toconductors. 

‘The new system is operationally simpler than airy of the existing systems for the detection of 

carbohydrates in eluents, ant1 the sensitivity is as good as any previously reported. 

1. Abstract of puhlishedjournal article: J. Chromntog 54, 247-52 (1972). 
2. Chemical Technology Division. 
3 .  L. H. Thacksr et al., “A Miniaturized IJltravinlet Flow Photorneter for Use in Liquid Chromatographic Systems,” .I. 

4. L. !I. Thacker et al., “Miniature Photometers for Liquid Chromatography,” Ciin. C h e ? ~ .  16, 624  (1070). 
Chromatog51, 175-81 (1972). 

7.24 LASER OPTOELECTRONIC SYSTEM FOR PR JECT’ILE VELOCIB’Y MEASUREMENT 

L. H .  T h a c h r  

An optoelectronic system, using a 2-mW helium-neon laser for a light source, was developed for 

nieasuring the velocity of radioactive test specimens filed toward a iigid 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 eaith’s atmosphere froni spacc. 

The beam from the laser is divided by a bcam splitter and prism to cross the projectile path at two 

locations 1 ft apart. Silicon photovoltaic cells sense sequential interruption of the two beams, and amplified 
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output pulses provide start and stop signals for a 100-kHz interval timer. Tirne measurements over the 

measured distance are thus made with 10-psec accuracy. 

Evalimtion tests by the Isotopes Division show almost perfect correspondence with high-speed 

photographic data taken for comparison. 

7.25 ~ ~ ~ ~ ~ , Q r ' M ~ N ~  OF SECOND-GENEUTION MINIATURE FAST ANALYZER SYSTEM 

W. F. Johnson 

After several nionths of operation of the Mark I miniature fast analyzer system, some areas need 

improvement, and these changes were incorporated in the Mark II system. The Mark TI analyzer module 

contains a rotor temperature monitoring and control system, a larger rotor drive motor with a n  attached 

electromechanical brake, an automatic high-voltage control for the photomultiplier tube, an improved light 

source, and a magnetically shielded holder for the photomultiplier tube. This module, even with all these 

additions, is still housed in the same 8-in.-high, &in.-deep, and 10-in.-wide instrument cabinet. This unit is 

the most precise fast analyzer produced at O W L ;  its precision, without sigizal averaging, is 0.0004. 
absorbance irnit. 

The Mark I1 data processor module irnproveinents include an internal logarithmic amplifier, individual 

maximiim absorbance and absorbance span adjustments for each of four sets of four cwets, an internal 

clock for controlling the automatic transfer and nlixing in the analyzer module, iniproved printing 

solenoids, and a much faster scanning speed. 

A miniature flow fluorometer has been developed for use as a detector in liquid chromatograph 

systems. Excitation wavelengths can be chosen among the lowpressure mercury lines by a choice of filters; 

emission wavelengths between 310 and 650 nni can be observed, and the accepted einission spectrum can 

be liniited by blocking filters. The instrument is presently in use in the Body Fluids Analyses Progr,mi of 

the Oak Ridge National Laboratory in a new system developed to monitor classes of cornpourids previously 

difficult to detect in chromatograph eluates. In this service the new instrurtient 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 Jourrial of Ciwomztography. 
-. . . . . . . . . . .. . ... . .. . I-_____ .._._. _.- 

7.24 STANDAMDS LABORATORY SERVICES 

W. W. Johnston, Jr. M. II. Cooper, Jr. 3. I,. Hortoii W. 11. Williams 

A significarzt 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 measurements are being formulated that will inclI.l.de 

expansion of the physical facilities and acquisition of additional precision standards to meet the increased 

requirements of the 0 R N L  QA program. 

ORNL research projects were assisted through consultation and development of instximents 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 u p  in the 

Thorium-Uranium Recycle Facility included remote assernlcrly of thermocouples and homogeneity, 
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calibration, time rcspofise, and thermal cycle tests. Special therniocouples and high density heaters for 

FFTF tests under the LMFBW prograrli were designed, procured and tested. 

A hightemperature, Koux-type drop calorimeter was designed and built for the desalination program. 

Its sensitivity is better than 0.01"c at ternperatuxer to 1000"~. 

In other assistance, more than 300 precision standardizations on temperature, electrical, pressure, 

fi-equency, and time instruments and sensors were completed. 
I__............ - 

1 .  M. H. Cooper and W. W. Johnston, Jr., fnstntmentation and Controls Diu. Annu. P70gr. Rep. S q t .  I ,  1971, 
OKNL-4734, pp. 55 --58. 

THERMOMETRY PROGRAMS 

7.28 NEW THERMOCOUPLE CNARACTEKISTICS CBNFO ING 'TO ImS-1968' 

R. Id. Simpson K. K .  Adarns 

The functions defining the characteristics of six types of therrriocouple materials were receivcd from the 

National Bureau of Standards (NBS). These functions were compared to the ORNL smoothed 

thermocouple tables2 (which had been corrected to IPTS- 1968) to check their conformity with thc 

NBS-fitted functions. Also, the first and second differences were plotted to check for smoothness and 

discontinuities. Several discrepancies were found and reported to NUS, which resulted in improved 

functions. 

Subroutines were prepared to calculate and print the ncw tables in O F ,  O C ,  or O K .  Thesc 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.  A d a m ,  "The International Practical 'Temperature Scale o f  1968," Met?ologia 5 ( 2 ) ,  35 

2 .  R .  K. Adam? and E. G .  Davisson, Smoothed Tlirrtnocntiple Tables of Extended Significance, ORNL-3649. vol. 2 
(April 1969). 

(March 2955). 

7 2 9  LMFBR TEMPERATURE SENSOR DEV hLOPhfENT 

M. B. Herskoviti 

K. R. Carr J .  M. Chandler' W. Dalos2 

N. C .  Hoitink2 J .  11. Holladay J.  L. Horton 

H. I-I. Hubbell J .  N. Kelley3 W. W. Johnston, J r .  

C. B Williams 

C. A. Mossniari J .  I, Kedtord 11. J .  ~ ~ 1 1 ~ ~ ~ 4  

Temperature development work for the Liquid-Metal Fast Breeder Reactor program was ~ o n t i n u e d . ~  

'Tile work included an evaluation of the performance of fast-flux-irradiated, metal-sheathed thermocouples; 

large-scale procurement of thermocouples for the Fast Fliix Test Facility (FFTF) and related programs; an 

evaluation of single- and dud-element platinum resistance thermometers; a study of thermometer readout 

systerns; and consultation service for FFTF and LMFB R research and development programs. The most 

irripvriant technical finding was that Chromel-Alumel thermocouples exposed to the simulated FFTF 
neutron flux and temperature environment were not significantly damaged.  the thermoelectric inbortioge- 

neity patterns along the irradiated thermocouples reflected the temperature and neutron flux distiibution 
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in the reactor and also indicated temperature annealing of neutron damage in areas of both high flux and 

high temperature. 
____.____..-.__I ...... ._ . 

1. Chciriical Technology Division. 
2. Wes tinghouse, Hanford. 
3 .  Purchasing Division. 
4. Metals and Ceramics Division. 
5 .  hi. B. Herskovitz et al., Instrumentation and Controls Div. Annu. Prop. Rep. Sept. I ,  1971, ORNL-4734, pp. 

68-73. 

7.38 TESTING OF IRRADIATED CMROMEL-ALUMEE THERMOCOUPLES 

J .  H. Ilolladay 

K. R. Carr J. M .  Chandler' W. Dalos2 

M. B. Herskovitz N. C. Hoitink2 J. L. Horton 

W. W. Johnston, Jr. C. A. Mossman El. J. Wallace3 

C . B. Williams 

'l'he testing of type-304, stainless steel sheathed, MgO insulated, Chromel-Alumel thermocouples 

irradiated in a fast flux (environment) is a joint project of OKNL and Pacific Northwest Laboratories 

(PNL). ORNL prepared a specification for high-reliability thermocouples, I S .  509-4 (a predecessor to the 

current RDT Standard C7-6), purchased assemblies to proof test the specification, and performed certain 

preirradiation tests. PNL completed the preirradiation tests and tested ilie assemblies (runs 46A to 501: 

from September 10, 1970, to August 15, 1971) after their irradiation in the Experimental Breeder Reactor 

II (ERR-11). These thermocouple 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 O W L  would perform 

ilie postirradiation tests. I he  thermocouples included 26-in.-long units which had experienced -1 O2 * nvt 

fast-neutron exposure (>O. 1 MeV) at 1200°F and centered on the junction, and 52-in.-long assemblies in 

which the peak flux and temperature occurred at approximately the center of the thermocouple length. 

Following irradiation in the ERR-11, 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 o f  eight. 

Eight ihermocouples were cleaned, and connectors were installed remotely. Tests for loop resistance, 

insulation resistance, changes in sheat.h diameter, and time response were satisfactory, as compared with 

preirradiation tests. The einf 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 

wa.s increased and decreased between 1245 and -745°F at a rate of 10O0F/sec. All seven thermocouples 

survived more than 3000 cycles without failure. Survival of 3000 cycles is a perforinance 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 rneasured by recording the differential output of the test and standard thermocouples as 

both were inserted into a 300°F salt bath. Tn this test, the temperature gradient was -20O0F/in. The 
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resulting data record provides an indication of th.e thermoelectric properties of the test therrriocouple along 

its entire length. Since the irradiation arid 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 id~omogeneity before any 

of the thermocouples were aged, so that the irradiation and Lernperaiure 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 t o  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 niin at 1800°F and all traces o f  inhomogeneity were eliminated. 

Further tests on another thermocouple revealed that the inhomageneiiy 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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Fig. 7.3Q.1. Typical resultant thermoelectric inhomogeneity errm related to the ilnradiation fiuenr~ and core 
temperature. 



64 

on the relative effects of temperature alone and of combined temperature-irradiation. The inhomogeneity 

testy on the group that had been subjected to temperature alone intllcated that these tliermocouplcs 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 thermoelectric homogeneity of the thermocouple wires. The results were similar to the 

previous satisfactory tests on the first eight thermocouples. 

To detennine if thermoelectric inhomogeneities caused by neutron flux could be eliminated by 

annealing a thermocouple in the rcactor, further tests were made. The sheath was heated to 1200°F 

(operating temperature of the FF‘TF), 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 tliermoelectric 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 

assuiance, will be adequate for the intended FFTF use and also that 

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

2. Neither method of sheath production (drawing or swagng) in the test group showed a clear superiority 

to one another. 

Further tests will be conducted to determine which of thc thermocouple wires (Chrome1 or Alumel) 

contribute most to the observed therinoelectric inhomogeneity. For these tests, some of the existing 

insulated-junction thermocouples will be converted to grounded-junction tliermocouples by remote 

methods in the hot cells of the TURF. 

1. Chemical. Technology Division 
2. Westinghouse, Hanford. 
3. Metals and Ceramics Divi3ion. 

7.3 1 LARGE-SCALE PROCUREMENT OF ‘TEMPE 

M. I3. Heiskovitz J. N. Kelley‘ C. A. Mossman C. B. Williams 

This program is intended to provide high-quality Chromel-Alumel iliermocoiiple assemblies, insulated 

with MgO, and sheathed in iype-304 stainless steel for the Fast Flux Test Facility (FFTF) arid for research 

programs related to the Liquid-Metal Fast Breeder Reactor (LMFBK). The most reliable bulk material 

available will be obtained in 10,000-ft lots of in. OD and 500-ft lots of 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 LMFBK 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 a t  the manufacturers’ plants; and, as 111e 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. ‘4s an example, in response to an urgent requirement by the Liquid Metals 

Engineering Center (LMEC), thermocouple assemblies were delivered within four working days after the 

needed material was requested arid the order approved. 

A procurenient plan was prepared (Sect. 7.47), and a “request for bids” was advertised. Bids were 

received from seven manufacturers. A5sistance was obtained from other groups in the Instrumentation and 



Controls Division and froin the Metals and Ccramics Division, the Impection Engineering Department, and 

froin the ORNL Quality Assurance Program to evaluate the capabilities of these manufacturers. 

One manufacturer started production in Jiily, with an OIWL inspector observing the walk. Final 

acceptance of bulk inaterial will follow testing at OXNL. A revolvingaccount will be established to obtain 

reimbursement funds when thermocouple orders fiom users are filled. The second manufacturei started 

production in September. 

1 .  Purchasing Division. 

As pait of the FFTF-LMFBK thermocouple test program, samples from cach group of thermocoiiples 

procured for irradiation in the EBX-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 progi-am. 'The 

thermocouples in two of these groups were manufactured by swaging and those in the other two by 

drawing. '1'wenty-five thermocouples from each group were irradiated in the EBR-11. 

For thermal soaking without irradiation, seven thermocouples from each of the four grorrps were 

subjected to temperatures, gradients, and cycles comparable to those actually experienced by the irradiated 

thermocouples. When the ERR-I1 was at full power, the 26-in.-long theemocouples experienced a gradient 

from 1200°F at the junction end to 700-750°F at the leadwire end. Ai zero reactor power, the 

thermocouples reinained 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 scctions werc shunted or deleted to obtain a gradient that matched the EBR-IB. The 

thermocouples were mounted inside a stainless steel container, and the container was evacuated and then 

pressurizcd to 5 psig with helium. To  simulate conditions a t  reactor full power, the container was pushed 

into the furnace such that the thermocouples being tested experienced the 1200 to 720°F gradient. To 

These thermocouples were soaked for 273 1 hr in the simulated full-reactor-power gradient, with 5 1 

withdrawals to simulate reactor shutdown. This thernral soaking without irradiation approximated the 

temperaiure history which the irradiated thermocouples acquired, as ascertained from EBR-I1 operatiotis 

reports. 

sirnulate conditions at reactor zero power, the container was withdrawn to the uniform 720°F * zone. 

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

7.33 FAILED FUEL MOCKUP THE 

J. L. I-Iorton M. B. Hcrsltovitz W. W. Johnston, Jr. 

?'he FFM, which is a program for evaluating the consequences of blocked flow of sodium in the cooling 

system for the Fast Flux Test Facility (f;FTF) core, required special 0.05G-in.-OD, sheathed thermocouple 

asscmblies, as previously reported.' Two manufacturers supplied a total of 107 dual, insulated-junction 

assemblies and a total of 4 1 dual, grounded-junction assemblies. Each assembly required testing to assure 

that i t  met FFM requirements. 

Difficulties were encountered with the tlu:il, grounded-junction assemblies from both manufacturers, 

ix. ,  wire sizes, junction identification, and location of wire-to-sheath welds. 'The FFM requires that the 
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0.007-in.-diarn thermocouple wires be welded to the inside of the 0.036-in.4D sheath -0.060 in. from the 

cnd of the sheath and that the junctions formed by the four wires be radially opposite within &So. 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 iron with a specidly machined 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. 
lll_ _ _  

1. M. B. Hersknvitz et sl.,Iti.~t~irmerzmtior2a~io~i mid Controols.Div. Antiu. Progr. Rep. Sept. I ,  1971, ORNL-4734, p. 71. 

7.34 THERMOCOUPLE lNSULATHON RESISTANCE 

J.  I,. 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-CMFRR usage. Also of 

interest w a ~  the difficulty of driving moisture from the MgO insulation of fabricated material. 

Nine 12-in.-long samples of material from thermocouples procurcd over the past three years from five 

different manufacturers weie heated repeatedly from near room temperature to 1000°C by passiug an ac 

current through [he sheath. The sheath temperatures were measured by 0.005-in.-QL) Chromel-Alumcl wires 

spotwelded to the sheath. Insulation resistance vs tempeLaturr was recorded with a logariilirnic ohmmeter 

(90 V dc) and an x-y recorder. At 25"C, newly dried specimens initially measured IO9 to 10' s1, but older 

specimens, obviously with some water absorbed in the MgO, measured as low as IO5 CL at 25°C. 

The insulation rcsisfance of all specimens progiessively increased with each heat cycle. Each specime 11 

was cycled repeatedly until its maximum resistance vs temperatiire readings were obtained and repeated 

from cycle to cycle. The pumping action of repeated cycling with both ends open was found to be required 

Figuie 7.34.1 shows a compositc s f  all. measurements, i.e., wire-to-wire and wire-to-sheath after a maximum 

resistance was obtained, as well as measurements for threc specimens after a single heating cycle. 

10'5 
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Fig. 9.34.1. Insulator resistance vs temperature for nine 0.125-in.-OD specimens. 



67 

It was impossible to drive all moisture by sheath resistance heating from an assembly that had one end 

closed, because moisture was trapped in the cooler, closed end. 

The results of these tests verify that dry material from all veiidoas should have a high insulation 

resistaxe. If the material is kept dvy and clean, no difficulty slioiild be encountered in meeting 

procurement specifications. Also, moisture can be dTiven from the MgO insulation to restore high insulation 

resistance by repeated cycling at a sufficiently high temperalure and with adequate venting. 

K. K. Carr 

The design, constiuction, and initial testing of a prototype thermal gradient sensor was completed. It 

will be used to aid in the test work in th.e LMFBR Temperature Sensor Program. The sensor is similar to 

conventional sheathed thermocouples except in two instances: (1) it contains nine lcngths 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 -I4 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 n temperatures, compared with 

2n lengths o f  wire required by conventional thermocouples. The fewer wires required allowz a heavier 

sheath wall, more insidation, or larger thermoelectric wires to obtain better performance and additional 

temperature measurements in a given sheath diameter. Otl-ter advantages are ease of niounting and tight, 

well-defined thermal coupling of the sensing junctions to the outer sheath and to each other. 

'The new design is being considered for use in a fuel. evaluation experiment scheduled for January 1973 

in the High Flux Isotope Reactor (HFlR]. In this application, the outside diameter of the sensor sheath will 

be limited to -I/, i n j  and the iiurnbzr of sensors which can be used will be limited by the available wall 

penetrations. 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. R .  Herskovitl H. H. Hubhell X. K .  Adams J. I+ Horton C .  A. Mossinan 

An extensive program was continued to study virtually all aspects of platinunr resistance thermometers 

(FRT'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 measurenients in the Fast Flux 

Test Facility (FFTF). The effort has includcd testing of both industrial thermometers and innovative 

designs, writing and purchasing to an RDT specification, evaliuating manufacturers, and providing assistance 

in the selection of thermometer readout equipment for the FFTF. 
The industrial thermometers produced by scveral manufaciurcrs were tested to determine performance 

levels obtainable for FFTF service. 'Ihe 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 thermoineters. 

As part of the preparation of the draft copy of KDT C7-17, thermometer manufacturers were surveyed 

and evaluated. Approximately 15 visits were made to observe the manufacturing techniques and capabilities 

of cvery leading thermorneter maiiufac turer in this country. From discussion during these plant visits, w e  
learned to identify critical items t h a t  should be included in a specification for therniometers for use in 

nuclear reactors, such as component specifications and coiistruction techniques. 



68 

The evaluation of several mmll facturers will continue as therrnometers procured in accordance with 

R13T C7-17 are tested. Approximately 120 manufacturers were invited to bid, and 12 manufa, rturers 

submitted bids or proposals. ‘4 total of 128 thermometers are being purchased from eight manufacturers. 

The survey and evaluation indicates that there are not inore that? about seven to ten inanufacturers in the 

United States that are capable of producing high-quality platinum resistance thermometers required for the 

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 themowells in 

the FFTF was reduced and redundancy of these important tempcrature measurements is desired. Since 

manufacturers’ usual products generally do not meet the application requirements of relatively small sensor 

size (-3& in. OD), eight lead wires, and operation to 1200°F, testing of sortie prototype designs will he 

scheduled. There are little or no long-ranSe-performance data ofPKT’s at 1200°F for the usual products of 
manufacturers. 

Available methods of displaying and recorlling thermometer outputs were studied. Since the output of a 

platinum resistance thermometer is not lincar with temperabm, some signal condiiioning is necessary for 

convenient readout of the signal. From this study, the system recominended for the FFTF is use of a 
duai-elcment thermometer at each location, with readout o f  one of the dual elements by an industrial 

transmitter and digital voltmeter and readout of the other element by an automatic data acquisition system. 

A report of this work was prepared. 

A need for redundancy of temperature measurements in some applications has resulted in dfvelopnient 

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 t y p e s  thermocouple i s  attached to each 

end of each of the two elements. ,4 3&-in.-0B sensor, therefore, yields two independent platinum resistance 

thermometer outputs and four t y p e s  thermocouple outputs. Jn addition to t h s  redundancy, this sensor is 

also useful for basic studies to compare the stability and accuracy of the thermometers and thermocouples, 

and t a t s  of this type are planned. 

w r  F . 

1. J. L. Horton, K. K. Carr, and R. K. Ada.ms, Recommendation of a Readour System for Acntrute FFTFFJaiirzum 
Thermometer Process Terriyerature Measurements, ORNL TM-3937 (to be published). 

7.37 EXAMINATION OF THERM COUPLES IN SBDBW-HEATED STEAM GENE 

J. 11. Holladay M. 8. Herskovitz 

An investigation was made to explain the large number of thermocouple failures in the ALCO/BI,H unit 

to obtain infoimation necessary for improving thermocouple materials selection, installation and assembly 

methods, penetration dcsigiis, and referelice-junctiaii terminations. 

As part of the IMFBR program, tests were started by thc Liquid Metals Eugneering Center (LMEC) in 

January 1966 on the AJdCO/BL.H unit, a scaled-down prototype of a sodium-heated steam generator. The 

tests were stopped in May 1970 because there was lcakagc in the vicinity of tl~e feedwater header, QRNI, 
began to exaniine the steam generator in December 1970.’ 

The prototype was originally equipped with -100 theimocouples to measure internal fluid 

temperatures and struct?iral suiface temperature?. The internal theri~iocouplcs 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 Felmiiry 1970 during operation of the steam gencrator with a high 

sodium-inlet temperature, low-heat-transfer performance, a high hydrogen concentration in the cover gas, 

and a high sodium plugging temperature. 
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l he  main causi) of thermocouple failure was (1) corrosion within the hydrogen cover-gas reBon dlue to a 

water leak, and (2) burn through on thc sheaths where a theimocouple had been welded to a pad and the 

pad assembly subsequently had becn welded to thc inner surface of the $teain generator. Some 

thermocouple wire breakage was also observed at the weld points. 

The corrosion could be minimi7ed by irnmeising the thermocouples and rheaths III the sodium to the 

point of exit from the steam 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 Informmfhn Repore on Posttest fL~amination of ALCOIRLR 
Sodium-Heated Steam Gemrator, ORNL TM-3636 (May 1972). 

R. M. Carroll 

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 

cjcponeiitially as the capacitor discharged, Calculations showed, however, that the temperature rise at the 

thermocouple junction would be significant arid 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 i i ~ e  

therind coopling of the thermocouple insulation to the jiiriction and the sheath in addition to information 

about the coupling between sheath and process. 

4 great advantage of this method i s  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 therxnocoluples installed in experiments and reactors for process and safety control. 

Improvements in the excitation and response instrumeritation are being made SO that further refinement 

and quantization of the method will be possible. 

1. B. C. Duggins and J .  M. GoGge, Instrunlentation urid Controls Div. Annu. Progx Rep. Sept. 1, 1971, ORNL-4734, 
pp. 52-55.  

A joint project between Oak Ridge National Laboratory (QRNL) and the National Bureau of Standards 

(NBS) was established to investigate the effects of rhcnium proportions in W-Re alloys for tli.enna1 sensors. 

A contract was placed with a vendor to make alloys with 13 different proportions of rhenium into 

0.01 5-in.-diarn wire. Segments of the same wire rolls will be examined by both ORNT., and NBS, and data 

will be shared to reduce duplication of effort. In general, QRNL will study velocity-of-sound and irradiation 

effects, and NBS will study time-temperalure effects, inchding calibration, failure mechanisms; and 

long-term effects. 



7.40 VIEL,QCITY-OF-SOUN MEASIJRB",MENTS IN SELF-HEATE 

R. M. Carroll R. L. Shepard 

A method was developed to mewire the velocity of sound in W.Ke alloy wires while the wires are 

resistance heated in a controlled atmosphere. The velocity of sound is riieasured in a test segrnent 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. Th.e purpose is to develop a sensor which will measure very high temperatures, 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 

temperature 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 FIXTU 

G. W. Allin T. F. Sliski H. J.  Stripling. Jr. 

Several fixtures were devised for remote handling of irradiated thcrrnocouples in a hot-cell. These 

thermocouples were being studied to determine the degtee of quality control to be specified for procuring 

therrnocoupks procured for application in high radiation levels. 

7.43 THERMOCOUPLE SURVEILLANCE OF HRB-4 ~~~~~~~~r 
K. L. Shepard J. W. Cunninghaw D. N. Fry R. F. Hyland 

When thermocouples are heated to temperatures found in the interior of reactor fuel elements, their 

cmf output often drifts, which seriomly reduces their reliability for accurate measurement of such 

temperatures. One way to detect the drift and possibly to deduce the true temperature of the thermocouple 

is to monitor the loop resistance of the thermocouple as a function of tiine and iemperature. For that 

purpose, the loop resistance of a ccnter fuel thzrniocouple (W-3Re vs W-25Re) in the HRB-3 experiment in 

the High Flux Isotope Reactor (HFfR) was monitored. The Poop resistance was compaied both with the 

calculated center temperature and with the apparent temperatune (indicated by the emf of the 

tliermocouple). 

A preliminary analysis indicates that after 4500 hr the apparent temperature of the center 

thermocouple was 300°C below the calculated temperature of IlOO"@. Uuiing 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 temperatute 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 IIRB-3 experiment were determined, which were 

irnpoi tant in the reactor fuel study. 



W. M. Carroll R. k. Shepard 

As support for the Reactor Division High Temperature Gas Reactor (IITCR) fuel development program, 

25 thermocouples were tested for possible use in the High Flux Isotope Reactor (I-IFIK) HRli-4 
experiment. ,411 were 0.159..cin-diam, stainless steel sheathed, MgQ insulated, insulated-junction tlrermo- 

couples. One was W-3Re vs W-25Ke; all others were Chrome1 vs Alumel. 

The tests included calibration, time response by both standard and current-pulsc 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 th.ermocouples, and the results showed that the coating had 

no significant effect on the time response. The tests permitted the best-choice thermocouples to be selected 

for inclusion in the HRB-4 experiment. 

MOELECTRlC, RESISTANCE, AND ULTRASONIC CENTERLINE THEMMOMETWY 
FOR A (IJ-Pu)O* FUEL PIN 

R. I,. Shcpard 

R. W. Fitts2 H. E. Robertson3 R. 1;. Wylaiid 

A W-3Re vs W-25Re thermocouple and a Re ultrasonic thermometer4, insulated with a three-holc 

hafnia insulator, were ernplaced in a wrought W-26Ke centerline well in a 6-in.-long, 0.25-in:OFd 

stainless-steel-clad, 85% U02- l  5% YuOz LMFBR-type fuel pin. A four-wire connection to the thermocouple 

a.nd to llie ultrasonic driver coil was made to obtain accurate loop resistance measurements. The main 

objectives of the test (OR'TC-4) were to measure the decalibration of the centerline therrnocoiuple 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 hr. The 

indicated temperature of the fuel ncar 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 thc test due to a connector 

failure, but survived the test and wa5 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 sligllt 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 

tilermocouple 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 cnC2 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 aL5 observed a decrease of 60"C/100 hr dui-iiig irradiation of a 

W-5Re vs W-25Re therniocouple in (U-Pu)02 fuel at 2100°C in the General Electric 'Test Reactor (GEI'K). 

Heckelman and K O Z ~  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 lsrook Reactor. 
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Postirradiation analysis of the fuel pin and thermocouple included neutron radiogaphic, metallo- 

grapliic, and electron microprobe techniques to detect changes in the structure or dimcnsions of the 

components and in the diame &er o r  alloy composition of the thermocouple wires and to identify metallic 

deposits in the fuel and on thermocouple insulators. Examination o f  the fuel pin showed: (a) restructuring 

of the fuel, indicating a maximum fuel temperature of about 2300°C; (b) intergranular penetration of 3 0 p m  

of the inner surface of the cladding, consistent with a calculated 700°C fuel-clad interface temperature; (c) 

significant distortion of the centerline well where it had not been supported internally by the thermocouple 

insulator; (d) no apparent change in the thermocoup!e wire diameter that might affect the loop resistance; 

(e) no significant change in the Ke content of the W-3Re wire; and (0  that nietallic deposits on the surface 

of the insulator holes and in the fuel are tungsten. This analysis is consistent with a tungsten-oxygen cycle 

transport rnechanisni proposed by Kuhlman and 13axter7 to explain W-Rc thermocouple failure in 

out-of-pile tests at 2300°C and with observations by Fitts et al.* on W-Re thermocouples irradiated in 

(U-Rr)Q2 fuel at 200OoC. 

_____........_____..___I_ _I___ .l........... 

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

2. Metals and Ceramics Division. 
3. Reactor Chemistry Division. 
4. L. C. Lynnvrorth, E. P. Papadakis, D. R. Patch, IC. A. Fowler, and R. L. Shepard, “Nuclear Reactor Applications of 

New Ultrasonic ’Transducers,” ZEEE Tmns. Nztcl. Sci. NS-18(1), 351 - ~ 6 2  (February 1971). 
5. R. R. Asaninto, P. E. Bohaboy, I). W. Sandusky, and A. E. Conti, “Center Temperature Measurements of  Mixed 

Oxide Fuel - -  Zero to 3000 MWd/Te,” General Electric Co., GEAP-13603 (Nove~iibcr 1970). 
6 .  J. I). Heckelman and R. P. Kozar, Measured Drift ofltradiated aiid Uniwadiated W3l7e/W25Re TherwiocoupkT at a 

iVoniinal2000“K, Lewis Research Center, NASA TM X-67518 (June 1971). 
7. W. C. Kuhlman and W. C;. Baxter, “1000 Hour - 2300°C Thermocouple Stability Tests,” GeneIal Electric Co., 

GEMP-738 (October 1969). 
8. R. B. Fitts, I. L. Miller, Jr., and E. L. Long, Jr., “Observations on Tungsten-Rhenium Thermocouples Used 

In-Reactor in (U,Pu)Q2 Fuel Pins,” Oak Ridge Nationdl Laboratory, Paper T-21, Fifth Temperature Symposium, 
Washington, D.C., June 21-24, 1971. 

1972. 



73 

7.45 A THREE-WIRE INSULATOR-SHUNTING MODEL 
ERATURE THEKMOC 

J.  R.  McDearman* J .  M. G00ge3 R. I,. Shepard 

An equivalent circuit and computer solution were fotmulated for describing the output of a 

metal-sheathed bifilar thermocouple degraded by insulaf or shunting at high temperatures. 'T'his steady-state 

eqiiivaleiit circuit model can be used for prediction of errors in thcrmocouple calibiations, for examining 

the effects of changcs in thermocouple configuration or riialerials properties, arid for examining methods 

for interrogation or surveillance of the shunting thennocouplcs. 

1 .  Abstrdct of published paper: I E M  12.ar?s. J I Z ~ U S ~ .  Electronics arid Conw. Insir. IECI-18(4), 137 (November 1971) 
2. The University of l'ennessec, Knoxville. 
3. Consultant from the University of Tennessee, Knoxville, Dept. of Electrical Engr. 

QUALITY ASSiJKANCE 

7.49 QUALITY ASSURANCE PLAN FOR T I E  LARGE-SCALE PR 
OF TEMPERATURE SENSORS 1 

M. B. Herskovitz 

A quality assurance program plan was prepared f o r  large-scale procureinent of thermocouple bulk 

material and assemblies. This plan meets the requirements of AEC-RDT Standards C: '7-6 and F 2-41' and 

describes the futictions and responsibilities of each participant, Le., the seller, the user, and ORNL 

personnel in specifying, procuring, storing, assembling, testing, and shipping bulk materials, assemblies, and 

samples. This plan assures users that they will obtain thermocouples that meet the requirements specified 

by them. 
c__ II_ ._ . 

1. Abstract of published report: QRNL-TM-3740 (March 1 ,  1972). 

7.48 CODES AND STANDARDS FOR INSTRUMENTA'I'ION 

C. S. Lisser J. A. Russell 

'The standards program for the Division of Reactor Development and T~cl indogy ( W T )  of the U.S. 

Atomic Energy Commission was continued. The purpose of this program is to generate criteria, define 

terms, and propose general and detailed specifications, procedures, and other standards documents suitable 

for application to the design, construction, and maintenance of RDT nuclear reactors. 

This Division supplied reviews and other advisoly services sought for the RDT instrumentation codes 

and standards and conipleted work on eight standards, which were approved for tentative use. Anoilier 

three standards were started. 

KDT initiated a move to transform some of its standards into national "Consensus" documents, for 

incorporation in  the American National Standards Jnstitiite (ANSI) catalog. The instrumentation series of 

RD'I standards is the first chosen for adaptation to ANSI requirements. 

Work with national technical societies was continued through chairmanship of the [SA Control Centers 

committee (SP 60), and membership on an ASTM Task group i n  5 2 0 .  

Table 1 shows the status of RDT standards. 
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Table 1. Status of RDT Standards for Process libstrumentation 
....... ___ ~ - . .  ..... ....... -_lll_..l__l ...... ___I 

Number Title Statusa 

C2-1T 

C2-3'r 

C4-1T 

c4-3  

C6-2 

C7-1T 

C7-2.r 

C7-3T 

C 7 4 T  

c7-5 

C7-6T 

C7-7 

C7-15'1' 

C7- 1 bT 

Cl-17 

C9-IT 

C9-2T 

c11-21' 

C 13-1 

C15-3T 

C16-1T 

F3-1 1.l' 

M3-201 

Determinahn of Insulation Compaction in Ceramic Insulated Conductors 

'Time Response Test for Sheathcd, Mineral Insulnted Thermocouple Assembly 

Orifice Plate for Orifice Flange Union 

Orifice Flange Union Weld Neck, Stainless Steel, for 300 Pound Service 

Differential Pressure Transmitter, Pneumatic Output Signal 

Thermocouple Material, Iron and Constantan, Solid Conductor (Bare, Fiberglass Insulated, and 
Sheathed over Fiberglass Insulation) 

l'herniocouple Material, Iron-Constantan, MagnesiumOxideb Insulated, Sheathed 

Thermocouple Material, Copper and Constantan, Solid Conductor (Bare, Fiberglass Insulated, 
and Sheathed over Fiberglass Insulation) 

Thermocouple ?daterial, CopperConstantan, Magnesium-Oxideb Insulated, Sheathed 

'Thermocouple Material, Chromel-P and Alumel, SolidC Conductor (Bare Fiberglass Insulated, 
and Sheathed over Fiberglass lnwlation) 

Thermocouple Material and Thermocouple Assembly, Chromcl-P vs Alumel, Stainless Steel 
Sheathed, Magnesium Oxide Insulated (supersedes C 7-6T, 7/70) 

Thermocouple Materials, Platinum and Platinum-1 0% Rhodium Wires, Noninsulated Rcference 
and Standard Grades 

Thermocouple Connectors and 'l'hermoco uple Connector Panels 

Thermocouple Assemblies, Magnesium-Oxide Insulated, Stainless Steel Sheathed 

Platinum Resistance Thermometer 

S i n g l d o i n t  S t r ipchar t  Recording Potentiometer 

Multipoint StripChart Rccording Potentiometer 

Pyrometer, High Sensitivity, Indicating and Controlling 

General Purpose, Stored Program, Digital ComputerC 

Current Pulse Preamplifizrs for Use with Fission Counters 

Supplementary Criteria and Requirement? for RDT Reactorb Plant 

Mass Spcztrometer Helium Leak Detection for Instruments and Sinall Components 

Polyethylene Instrurnent Tubing 

A 

A 

A 

R 

w 
A 

A 

A 

A 

R 

A 

A 

A 

R 

R 

A 

A 

A 

I\' 

A 

A 

A 

A 

aAppro-xd for issue as a tentative standard; R, issued for review; and W, in work. 
bBeing amended. 
CRewritten. 

7.49 INSTRUMENTATION QUALITY ASSURANCE 

C. S. Lisser 

W. P. Kinser 0. J. Knowles Id. F. Lieber 

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

Ijivision. 

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 piogram was explained to the 

Division staff, including foremen, in a series of meetings, and instrument numbering schemes were adopted 

for QA identification of individual instruments installed a t  OIWL. 
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7 50 INSTRUMENTATlON AND CONTROLS DIVISION DRAFTING 

AND DESIGN STANDARQS C 

K. W. West 
H. F,. Cochran J. W. Cunningham P. G. Herndon 

C. F. Holloway J. A. Russell, Jr. H. J. Stripling, Jr. 

0 M.Thomasl 

This committee of eight engineers, representing cach design and engineering section of the Division, was 

established to review the design activities of the Division, preparc recommendations for a uniform method 

of documenting the Division design standards, and to  make the documentation more useful for 

maintenance and niodification. Emphasis of quality assurance in design and operation of systems and 

facilities 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. SeveraJ parts of  a manual 

of standards were prepared aud 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, “Instrunic ntation and Controls Drafting Prcicedures.” 

1. General Engineering Division. 



8. Reactor Instrumentation and Controls 

ANALYSIS 

8.1 HYBRID CObIPUTER SIMULATION OF THE MSBR 

0. W. Burke J. L. Anderson S. J. Ditto 

A hybrid computcr simulation model of the reference 1 000-MW(e) MSBR was developed. The model 

simulates the nuclear reactor, the system heat transfer, and the stearn generation system through the 

iurbine throttle. The steam generator was simulated on the hybrid coinputer with a discrete-time, 

continuous-space model. The remainder of the system was simulated as an all-analog, continuous-time, 

lumped-parameter model. The two models were tbeo integrated into a single computational system. 

A year ago, the simulation was not quite operable, but since then the difficulties were resolved and 

simulation was acconiplished using a time scale 20 times real system tine.  

The simulation model waq 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. 0. W. Burke. Hybrid Computer Sitnulation of the MSBR, QRNL-TM-3767 (May 5 ,  1972). 

8.2 AN INTERPRETATION OF 2.0 - 2.57-MeV NEUTRON PULSE 

PROPAGATION IN IRON' 

R. E. Peru2  R. S. Booth A. R. Buh12 
J. C .  Robinson3 E. Carroll4 

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 

reevaluated iron cross sections and a transport kinetics code (TASK). The preliminaiy results from this 

study for neutron energies between 2.0 arid 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 call be explained by postulating that there is a stronger window effect than 

predicted for minimums 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 tlie 

measured cross sections. 

1. Summary of paper presented at  1972 Annual Meeting of the American Nuclcar Society, June 18-22, 1972, I.as 

2. Neutron Physics Division. 
3. Conmltant from the Nuclex Engineering Dept., the IJniversity of Tennessee, Knoxville. 
4. Nuclcar Engineering Sciences Dept., University of Florida, Gainewillc. 

Vegas. 
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8.3 BLOWTHROIJGM EXPERIMENTS ON THE OSW WRIGHTSVILLE 
3-STAGE IFIASH EVAPORATOR, AUGUST 1970' 

J. G .  Delene* S. J. Ball N. E. Clapp, Jr.3 

A series of tests was riun on a three-siage 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 iii 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 behzvior are 

presented. 
___ 

1 .  Abstract of report ORNI~-RR.1-.3420 (to br: published). 
2. Reactor Division. 

A. Fast Reactor Kinetics and Subcriticality Measurement 

8.4 ON-LINE SUHCRI'F9CALITY MEASlJREMENTS IN SIEFOR' ,2  

A. R. Buhl N. J. Ackemann, Jr. K. C. Kryter J. C. Robinson3 

A prototypical subcriticality monitoring system (SMS) was developed and siiccessfiilly demonstrated 

on-line in an opcrating, sodium-cooled fast reactor. Measurement of the subcriticality of an I..MFBR 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 ORNL program is 

to employ an SMS in the FFTF and future tlemonstration plants. 

We performed a realistic engineering test and evaluation of an SMS prototype in the SEFOR. The SMS 

comprises breakfiequency noise analysis (BFNA), inverse kirti: tics ([IC), and modified source multiplication 

(MSM) techniques. The SEFOR was selected for this evaluation owing to its hostile LMFBR-like 

environment; specificaily, an intense gamma field of about IO6  K/hr, a temperature of about 350"F, a 

liquid sodium coolant, and a high electromagnetic noise background. 

In addition io the test and evaluation, two further objectives were to obtain a precise and ac- 

curate measurement of the prompt die-away time constant (Alp), and obtain additional data on the 

intercomparison of reactivity values determined from IK and BFNA. 

Measurements using two 2 3  'U fission counters were made in a soft spectrunr with R e 0  (Core 1) and in 

two configurations of a hard spectrum with Be0 removed (Core 2). BFNA and MSM measurements were 

made for several reactor states from critical to full shutdown for each of the three core configuratioiis. 1K 
measurements were made for several of these states by dropping reflector elements from a more reactive to 

a final state of interest and proccssing 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,/'(vfilS I) = K/ I $ l  . ( 1 )  

Further, the MSM is calibrated near critical by deterniining IS1 by either the IK or BFNA technique and 

siniulta.neously measuring the CR to determine the calibration factor K. Changes in W are calculable for 

clifkrent reactor configurations, using standard reactor physics codes. 



Table 1. Snrnrnwy of ORNL subcriticaiity expeaimenbal results ii; SEPOR Cores 1 and 2 
-. ......... ......... .- ................ . . 

_______ Reactiviiy (-S) Measu~ed .......... 
Intercornparison Pull shutdown 

.- .- Re actor i:o nfiguia tion nip' ....... ............ 

( r . l S K )  B F N A ~  IKb MSMNC MSMIKd 

core 1 130.5 f 2.5 1.01 f 0.03 1.04 * 0.01 

2.28 f 0.02 

Core 2 142.6 i 2.8 1.13 f 0.06 1.11 f 0.02 
Completely reflected 8.93 f 0.47 8.77 i 0.16 
(hard specf-illm) 2.87. i 0.17 2.59 f 0.04 

Core 2 131.0 f 4.3 1.56 i 0.05 1.47e 7.35 2 0.24 6.92e 
Partially reflected 

(soft spectrum) 5.19 * 0.16 5.34 k 0.05 
2.35 f 0.10 

'Break frequency noise analysis. 
b~nvcrsc kinetics. 
'Modified source rnultiplicaliiJn calibrated using BFNA at -I$ nominal. 
dModified source multiplicatioii calibrated using IK at  --I$ nominal. 
ePmAsion estimate not  available. 

Values of 1210, intercomparisons of reactivities from BFNA and IK, and the MSM full-shutdown 

Our conclusions from t h i s  evaluation are that: 

reactivity as listed in Table 1 &ypiry data. taken at some 20 different reactor configurations. 

1. The subcriiicality monitoring system prototype performed successfully in an LMFBR environment. 

2. Precise values o f  Alp were obtained for SEFOR Core 1 and two configurations of Core 2 

3. No systematic differences wcre observed for OUT limited intercomparison of reactivity values inferred 

from inverse kinetics and breakfrequency noise analysis. 

1. Abstract of paper published in Trrrns, Amer. Nucl. SOC. 15(1), 423 (June 1972). 
2. It is a pleanurc to acknowledge the important contributions made by J .  8. Bullock, D. N. Fry, and C. R. Stokes of 

3. Consultant from the Nuclear Engiiiecring Departinent, Uaiversiiy of 'Yennessee, Knoxville. 
ORNL, the SEFOR opcration staff., and the Breeder Reactor Developnient Division of General Electric. 

8.5 THE DEFECTION EFFICIENCY DEPENDENCE OF SURCWITICALI'TY 
MEASUREMENTS BY THE POLARITY SPECTRAL COHERENCE METHOD' 

N. J. Ackermann, Jr. A. R. Euh! 

'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 thc appropriate equations, and a 

hypotlie tical measurement in a typical liquid-metal fast breedzr reactor is. numerically evduated. 

1. Abstract of published paper. Nucl. ilechnol. 12, 320 23 (November 1971). 

8.6 LOW-LEVEL NEUTRON FLUX MONITORING SYSTEM FOR LMFBR's' 

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

4 low-level neutron flux monitoring (LLFM) system for LMFBRs, required for reactor operations in 

the source range, has been developed and tested.' Development of this system is part of the experimental 



effort of the ORNL development program on subcriticality measurement systems for LMFBR's. Since 

in-vessel. neutron detectors are required for an LLFM system, they niust function in an extremely hostile 

environinent of liquid sodium, high temperature, gamma radiation, and electromagnetic noise levcls. The 

design goals of the ORNL system were established to meet the expected environmental Conditions in a 

representative reactor, the FF'I'F: iri parficular, a temperature of 350°F and a gariirna field of 10' R/hr. 

The ORWL LLFM system was tested under siinulated LMFRR conditions; these tests were followed by the 

first successful demonstration of in-vessel opcration of an LLFM system in an LMFBR type reactor, the 

SEFOR. The successfii! operation of the 0R.NL l.,I.FM system in the SEFOK demonstrated the functional 

capability of the system in an environment similar to that expected in the FFTF. 

1. Abstract of paper published in Trms. Amw.  Nuc.1. SOC. 15(1), 425 (June 1972). 
2. RDT Standard C 15 31', "Current P d w  Preamplifiers for Fission Coiintevs," TXvi.;ion of Reactor Dcveloprnent aiid 

Technology, U.S. Atomic Energy Commission ( I  971). 

8.7 DEVELOPMENT AND DESIGN PROGRAM FOR FFI'F SUECRITICA1,ITY 
P PHYSICS MEASUREMENT SYS I'EM 

N. J. Ackerina~tn, Jr. 

As an evolution of the base technology development program in fast reactor kiiielics and subcriticality 

measurements at ORNL, a development and design program for systems to be used in the Fast Flux Test 

Facility (FFTF) for subcriticality me:isurement and for special startup nuclear physics testing has been set 

up at ORNL, in cooperation with Hanford Engineering Developnent Laboratory (€IEDL), the FF'YF 
operator, and with Westinghouse Advanced Reactor Division (WARD), the principal reactor designer. The 

program is designed to provide operational systems for us8 iu the FFTF at its schedided 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 measurernent systems, for systeni proof-testing, and for assistance to WARD and 

to IIEDL in intcrfacing of the systems into the overall FFI'F design and in initial system operations. 

Efforts completed to date are: 

1. the formulation of m overall program plan, 

2. an evaluation uf the FFTF design to determhr: system requirements, 

3 .  a critical review of the FPTF flux monitoring system io determine its adequacy as system sensors, 

4. initiation of a critical expcriment tlesigri for general measurement method development and for  specific 

FFTF system proof testing, 

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

8.8 DEDICATEU CRITICALFACILITY SUBCRITICALITY EXPERIMENT: EXPhRIMENT 
PLANNING AND IWSTKUMENTA 1'110N SYSTEM DEVIELOPMEN'F 

N. J.  Ackcn-mann, J i .  A. K. 9uhl' J. T. De Lorenzo M. V. Mathis J. C. Robinson' D. P. Koux 

A dedicated critical-facility experiment will be performed in the LPR-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 developrnent and design program being carried out by ORNL in support of 

the F W F  project. The p u i p o ~  of this experiment are threefold: 



1. a general subcritical, fast-reactor kinetics study to investigate previously observed discrcpancies in 

measurements of subcriticality and O/A, 

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

3.  a proof-testing of methods to be used in FFTF special startup nilclear physics testing. 

‘T’he detailed planning of this experiment was siartcd. A four-dimensional, gencral reactor kinetics 

expcrimmt will be performed, with the four dimensions being measurement me &hod, neutron detector 

type, detector position, and degree of reactor subcriticality. Also, simulated FFTF 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 neutron detection systems are currently under development and design for the 

experiment: a ’3  ’U fission counter, 6Li glass scintillator, 3He counter, and 3He ionization chamber. 

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

8.9 AUTOMATED INVERSE KINETICS ROD-DROP DATA ANALYSIS SYSTEM 

J. E. hlott’ M. K. Churchich’ J. C .  Robinson’ 

A system using a PDP-11 minicomputer and a tape recorder is being developed to record and analyze 

data (for the determination of subcriticality) froin inverse kinetics rod-drop (IKRD) experiments. The 

system will permit ihe 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 mode or five in the ionization mode at any one time. 

In addition to data logging, the system will analyze the data in real iiine. A single preselector channel 

will be analyzed using the source iteration method: and a predetermined four to seven channels 

(depending on the rate at wliich data are being sampled) will be analyzed using the three-point  neth hod.^ 
As soon as an experiment i s  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 

dia,qnostic 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 Engneering I)epaxtmznt, the University of Tennessee, Knoxville. 
2. C. E. Cohn, “Experience with Subcriticality Determination by Rod r h p  in the FTK-3 Critical Experiments," 

3 .  S. G. Carpenter and R. W. Goin, “Rod-Drop Measirrements of Subcriticality,” Reactor Physics Division Annu. Rep. 
Tkans. Amer. Nuci. SOC. 14, 29 (1971). 

July 1,  1969, to June 30, 1970, ANL-7710. 

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

J. C. liobinson’ N. J. Ackermann. Jr. J. W. Allen’ 

The effect of counting loss on subcriticality measurements by the inverse kinetics, rod-drop (IKKD) 
tcchnique was determined and analy7ed theoretically, and the resultant conclusions were verified using 

IKRD data that had been obtained experinrentally during operation of the Southwest Experimental Fast 

Oxide Reactor (SEPORj.3 The counting loss effect will be important in IKRD measurements of 

subcriticality in power reactors, because in such reactors fission countrrs with their attendant limited 
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dynamic range must be used as the neutron sensois so that the neutron signal can 3e separated by 

pulse-height discrimination techniques from the signal induced by the intense gamma field (1 O6 K/hr, 
typically). 

In principle, the subcriticality before the rod drop (p-initial) and the subcriticality after the d rop  

(p-final) can be determined from a n  KKRU experiment. ‘This work demonstrated tliat counting loss does not 
affect the inferred p-initial but it does affect thc inferred p-final. Since reactor shutdovm procedures can be 

scheduled such that the rneasuremeiits of p-initial from IKKD experiiilents ai-e sufficient, we concluded that 

the counting loss associated with pulse mode detectors (:an be eliminated by employing proper procedures 

in TMRD subcriticality measlurements. 
.~ ......... - ... ... 

1. Consultant from the Nuclear Engineering Dcpt., the Universily of Tennessee, Knoxville. 
2. Nuclear Engineering Ijcpt., the University of Tennessee, Knoxville. 
3. A. R. Buhl, N. J. Ackerrnann, Jr., and R. C. Kryter, “Sithcriticality Measurernents in SEFOR,” 7 k a m  Aiitcr. Nucl. 

SOC. 15(l) ,  423 (June 1972). 

8.11 AN INTERCOMPAWISON OF TECMNIQIJES FOR BNFERRJNG SUBC 

IN FAST REAC’TOMS’ 

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

Since recent experiments indicate that systematic differences may exist between the reactivity ($) 
values infeined from various subcriticality measurement t e c h n i q ~ e s , ~  -‘ the possible discrepancics 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 011 the development of shutdown monitoring systems. 

In this study, with a one-diinensional 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 froin 

ciitical to 30 ’$ sirhcritical. Static and kinetic fluxes were calculated for the one-dimensional, thirteen-region 

F’I’K model, using a recently developed transfer and scattering kinetics (TASK) scheme’ that is based on 

transport theory. 

To intercompare $ values from the various techniques, fluxes were folded with cross sections of the 

active detection material to produce both static and kiiictic detector responses for a low-energy-sensitive 

2 3 5  IJ fission counter and a high-energy-sensitive 240Pu fission counter. These responses were then analyzed 

using the specific algorithms of the various 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 mad?: 

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

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

3. Values of reactivity inferred from kinetics techniques which measure prompt multiplication or stalks 

techniques are biased by detection efficiency changes. 

4. Values of renctivity inferred from kinetic techniques which measure the prompt dk-away time constant 

are biased by modal contaminatjon (usually overestimating 3). 

1. Abstract of paper published in Trans. Anxr .  Nucl. Soc. 15(1), 493 (June 1372). 
2. Conatlt,tnt froin the Nuclear Engineering Deparirrient, University of I’ennessee, Knoxvillc. 
3. Robest W. Albrecht and George M. Hess, “A Comparison of lnvcrse Kinctics and Polxity Spectrum Rcactivity 

- ~~ ~ ........ .... ~ 

Measurements in E‘TR,” 7hinx Anie7. Nucl. SOC. 14, 45 (1971). 



4. K. C:. Kryter, N. J.  Ackermann, Jr., and A. R, Buhl, “Measursment of Subcriticdity in Large Fast Reactors by 
Combining Noise and Multiplication Tet:hniques,” l’rons. Amer. N Z I C ~ .  SOC. 14,42 (197 1). 

5. H. L. Dodds, Jr., J. C. Robinson: and A. R. Buhl, “The Formulation and Application of the Transfer-Scattering 
Matrix Method to SparE-, Energy-, and Angular-Dependent Fast Rcactcir Kinetics,” Nucl. Sci. Eng. 45(3), 262-74 (March 
1972). 

8.12 SUBCRITICALITY MEASUREMENTS IN FTK-3: THE HOMOGENEOUS 

MOCKUP OF THE FAST TEST REACTOR’ 

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

A series of experiments was performed in the ZPR-9 critical assembly at the Argonne National 

J.,aboratory to investigate the capability of various nieasureincnt techniques in determining the 

subcriticality of a large, fast-spectiurn reactor. Both static and dynamic techniques were studied, subject to 

the Iealistic constraints of employing neutron detectois capable of withstanding high temperature and 
gamma flux and positisned 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 neutron noise analysis technique and refined tli rough numerical 

calculations of possible neutron detection efficiency alterations) proved both accurate and workable. 
__I .~ ....... 

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

8.13 VARIATION OF THE NEUTRON GENERATION TIME WITH SUBCRITICAI,Z’TY 

A. R. Buhl J. C. Robinson’ 

We have calculated the variation of neutron generation time (A) with subcriticality for the Fast Test 

Reactor (FTK). This variation introduces a systematic error into reactivity ($) values determined by the use 

of techniyires which rrreasure the prompt die-away time constant. The variation of A with $ was deterixincd 
by calculating A for different states from critical to -30 $ subcritical for the FT’R of th:: Fast Flux Test 

Facility (FTR-3 loading of the ZPR-3) arid by comparing the value at  critical with tliz nieasured value. 

The A values were calculated for each state by three methods: (1) the lambda (A) mode method, (2) the 

omega (a) mode method, and (3) a direct A calculalion usiog a new algorithm. In the first two methods, 

the definitions of A result f rmi  a reduction of the timedependent transport equalion to the point kinetics 

equalions. In the third method, a receritly developed transfer and scattering kinetics (TASK) scheme 

directly computes the prompt dic-away time constant and conibines 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 A N S N  and the third by using ‘TASK. 

From results o f  th.is study on the FTR, we hwe drawn the following concliisions: 

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

2. The A-mode method appears to iinderestiniate 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 1070, the assumption of constant A is 

reasonable for an operational measurement of subcriticality. 

4. Based on the ‘TA.SK calculations, it appears that A can he measuied directly at subcritical states by 

simultaneous collection of data from a lowenergy sensitive detector (e.g., 2 3 5 U  fission counter) and a 

high-euergy sensitive detector (e.g., 2 3 8 U  fission counter). 

1. Absirsct of paper to bc presented at the American Nuclear Society National Topical Meeting on New Devclopmcnts 

2. Consultant from the Nu~clcar Engineering Department, the University of Tennessee, Knoxville. 

................................. ~ . _ _ _  

in Reactor Physics and Shielding, Kiamesha Lake, New York, and to be published in the iiieeting proceedings. 
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8.1 4 'rAsK: A GENERALIZED ONE-DIMENSIONAL TMNSPO T AND UIFFWION 

MaNETlCS CODE 

A. R. Buhl H. L. Dodds, Jr.' 0. W. Iiermann2 

K. J. Minton' R. A. Lillie3 J. C. Robinson4 

A one-dimensional niuultigroup kinetics code, TASK, which solves either the transport or diffusion form 

of the Boltzniann equations and allows an arbitrary number of delayed neutron groups was developed and a 

user's manual was p r ~ p a r e d . ~  TASK can be used to solve static as wcll as dynamics problems, requires no 

inner iterations within energy groups, and may be r im either in an outer-iteration inode or in a closed 

(non-iteration) mode. The time variable in this version of TASK is removed by Laplace transforination. 

operational notes. Sample problems are included to aid the user in the application of the code. 

The user's manual describes t i e  input data requirements, the various options available to the user, and 

1 .  Present address: Savannah River Laboratory, Aiken, South Carolina. 
2. Mathematics Division. 
3.  The University of Tennessee, Knoxville. 
4.  Consultant from the Department of Nuclear Engineering, thc University of P'enncysee, Knoxville. 
5. A. K. Buhle t  al., A UserSMunrcdfor TASK, ORNE-TM-3811 (1972). 

8.15 SUBCRITICALITY MEASlJREMENT IN AN LMFBR' 

N. J. Ackermann, Jr. 

Reliable knowledge of the subcriticality state of a nuclear reactor at all times diiririg 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 subcriticaljty measurenieiit in the LMFBK 

gives particular attention to four measurcinent techniques: neutron-source multiplication, neutron-noise 

analysis, inverse kinetics, aiid pulsed neutrons. It is concluded that the neutron-source mi~ltiplication 

technique is the only method applicable for measuring the subcriticality in an LMFBR over the ful l  r a q e  of 

shutdown. Present subcriticality-measurement development programs are reviewed, and future applications 

are discussed. 

1 .  Abstract of published article: Nucl. Safety 12(6), 583-90 (November--December 1971 j. 

B. Neutron Se1is~i.s for Extreme Environments 

8.16 D E Y  EI.XPPMENT OF L\ FISSION COUNTER FOR HIGH TEMPERATURE APPLICATION 

W. T. Clay D. P. Roux G. C. Guerran? 

A high temperature fission counter' is being developed for use as a low-level flux monitor in the 

LMFBR. The ultimate design goal is the fabrication of a counter with a neutron sensitivity of 1.0 count 

sec-' nv-' when subjected to a gaiiima flux of lo6 R/hr and a temperature of 1100°F. 

A 2.5-in.-diarn fission counter and integral cable assembly were designed and partially fabricated. 

Parameters were factored into the design from studies and experiments concernihg material selection, 

gamma pile-up effect minimization (Sect. 8. IS), and cable shiclding characteristics (Sect. 2.23). Essentially, 

the electrode design is a configuration of three concentric cylinders plated with 2 3 5 U  to  a thickness of 2 
mg/cm2. To obtain a short collection time, the electrode spacing is 0.D60 in. All internal parts of the 

counter are either type 304 stainless steel or 99.5% A1203. Problems associated with the difference in the 

coefficient 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 temperatur- 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 qilality weld is an orlt$tandiilg 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 Extreme Environments,” Insrrumcntation and Controls Div. Annu. Progr. 
Rep.  Sept. I ,  1971, ORNL-4734, pp. 14-15. 

8 .I 7 FISSION COUNTER TESTING PROGRAM 

W. T. Clay D. P. Roux B. .I. Ball’ 

As part of a high-teniperature neutron-sensor development activity (Sect. 8.16) a detector testing 

program was stai ted 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 perforrnance with tlie ORNL design, 

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

Two fission coiunters (CFUC-02) were purchased from a commercial supplier for this intent. The 

counters were fabricated with 10 m of metal-clad mineral-insulated biaxial cable for rated operation at a 

temperature of 1100°F. The neutron sensitivity was stated to be 1.0 count sec-’ nv-’ with total gamma 

rejection at lo6  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 outgasscd at temperatlure, thus 

contaminating the detector gas filling. Discussions with the vendor confirined that the counters were not 

vacuum baked at their rated temperatwe prior to filling. 

1. Surnrncr technical. student, New York TJniversity. 
_.__I ___ 

8.18 FORMULATION OF THE GAMMA PILE-UP EFFECT 1N FISSION CQUNTERS‘ 

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 arirplitude distribution of the gamma pile-lip (GPU) as a function of the gamma flux 4, and 

detector parainsters such as the electron collection time ‘r. 
A single neutron can, in principle, be scyarated from a single gamnia pulse by pulse height 

discrimination. Howevcr, in large ganuna fluxes the gamma pulse rate is so high that gamma pulses cannot 

be detected individually. For example, at IO6 R/hr, GTrT would be about 3 X 10’ pulses/sec, and if the 

electron collection time were lo-’ sec, an average of 3 X lo4 gamma interactions would occur (pile-up) per 

unit time 7. In such a gamma field, the output current from tile 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; xcordingly, the standard deviation of the 

amplitude of the gamma-induced current was derived. 

Using the properties of the normal distribution function, a GPLJ fiunction vs discriminator setting in 

standard deviation units was constructed. Then we verified the shape and amplitude of this analytic GPIJ 

distribution with experimentally observed CPU distributions. 

This work demonstrates that the GPU effects can be understood and predicted by considering the 

statistical nature of the detectioii process. In particular, the analytical and experimental GPU distribution vs 

pulse height setting agree well, and the GPU distribution function is proportional to (";I2 and T - ' / * .  

............. .. - .. 

1. Suinmary of article published in Truns. Amer. N U ~ .  S O ~ .  15(1), (June 1972). 

c. Computer Cormtrol. 

8.19 COMPUTER SURVEILLANCE OF WAC'TIWTY DURlNG STARTUP AT THE HFIR 

W. H. Sides, Jr. 3 .  W. Allen' J .  B. Bullock 

Three sources of reactivity important during startup at the IIFIK 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 instal1.ed control rods, and 

( 3 )  effects due to power-related temperature increases. Inclusion of these sources enhances the computer 

sensitivity 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 smount of reactivity added to the system from burnout 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 h r  of operation, due to production of 115-day ' 8 2 T a  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 instantaneous power level and that the reactivity 

deficit observed during a startup to full power is -40 cent$. 

Results of measurements made at I-IFIK during startup indicated that, previously, variatjons in the 

reactivity balarice 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 k4 cents. Analog computer model studies 

indicate that this improvement in the reactivity sueveil1;m.x will allow detection of flow blockage in the 

target region during startup before boiling occurs. Further experimenta.1 verification is needed. 
..... ................... 

1. The University of Tennessee, Knoxville. 

8.20 PROGRAM FOR THE FAST FOURIER TRANSFORM ON TIIE HYB 

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 formei-ly used on a Bunker-Ranlo 340. This program enables more 

rapid and convenient redwlion 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 handliiig two input 
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channels was included. The hybrid program siniultanco~~sly samples the input signals in blocks and 

computes the F I T .  This allows input signals of long duration to be procersed without a requirement for 

large amounts of input data storage. 

8.21 QUALITY ASSURANCE TECHNIQUES FOR ON-LINE 
PROCESS COMPUTER SOFTWARE 

J.  H. Bullock 

Operating experience with an on-line process control computer at the High Flux Isotope Reactor 

(I-IFIK) has indicated that quality assurance of the software is a major consideration in planning and 

operating such systems. 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 their relationship to other progranis in the 

system is maintained. Both the seiial logic and the parallel logic forms described below are used for the 

more complex program. 

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 reasonably 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 logic 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 

rncthod developed for analog control system design. The technique has been used for many years at 

ORNL.’-3 In the past, this schemi: 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 logis: 

functiom in both the serial and the parallel logic diagram form. This display makes it apparent that the 

parallel scheme is ideally suited for ascertaining the multiple paths or conditions to a given cnd state, 

whereas the serial logic diagram defines the programming steps more exactly ;rnd is consequently more 

uscful than the parallel diagram in verifying that the actual program instructions will perforin the desired 

fuiictioiis. 

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 manncr provides a meaningful information base on 

which detailed design, high quality reviews, and operational debuging can be planned, because, in software 
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Fig. 8.21.1. Siinplified parnUel and serial. logic diagrams. 

systems, as in conventional systzm design, tile basic man-to-mdn interfdce is a major deterrent to the 

assurance of high qtrality. 

1. F. T. Binford and E. W. Cramer (e&.), I'he fiigh Fl'lux lsotnpe Kenctor, OKNL-3572, rev. 2 (June 1968), p. 125. 
2. A. E. G. Rates, Description of the RSR 2-MW Renctor Conirol and Insitumrntarion System, ORNL-TM-2400 

3 .  F. W. Sanders et al., 0pei.ation Plan and Hazards Report  - Operation BREN, CEX-62.02 (April 1962), p. 30. 
(October 1367), p. 8. 

8.22 REACTOR ON-LINE COMI'UTER CONTROL DEVELOPMENT AT THE RFIR, 
VOE. 1 : OBJECTIVES, SYSTEM DESIGN, OPERATING 

EXPERIENCE AND SAFETY CONSIDERATIONS' 

J. 8. Bullock H. 1'. Danforth 

A desciiption of the IIFIR Computer Control developrnent 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 REIZC-NJR ON-LINE COMPUTER CONTROL DEVELOPMENT AT THE MFIR, 

GRAM LISTINGS, SUMMARIES, AND LOGIC DIAGRAhlS' 

J. B. Bullock. G. K. Owens W. 11. Sides, Jr. 
? \  I he computer programs written for the developmelit of reactor computcr control and surveillance are 

presented in three levels of detail. The programs are described in summary form, in logic diagram form, and 

firidly the detailed assembly language listing is presented along with the hexadecimal machine instructions. 

1 .  Abstract of publishcd report OKNL-TM-2679, vol. 2 (February 18, 1972). 
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8.24 STUDY OF REACTIVITY BALANCE DIJRING STARTUP OF THE HFIR' 
J. W. Allen2 W. II. Sides, Jr. 

The reactivity balance during startup in the High Flux Isotope Reactor calculated by a mathematical 

model on a CDG 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, 35Xe. 

1. Abstract of published report: ORNL-TM-3769 (August 1972). 
2. Present address: the Ilniversity of Tennessee, Knoxville. 

D. Reactor Oiagnosis 

8.2.5 DYNAMiC EXPERIMENTS FOR HEAT TKANSFER AND FLOW MIXING 
STUDIES IN THE FUELFAILURE MQCKUP 

T. W. Kerlin' D. N. Fry C. B. Stokes 

"TeITiperature-to-power frequency response tests were performed in an electrically heated mockup of an 

LMFBR 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 [he effects of coolant channel blockage and also 

the interchannel flow sweeping effectiveness of wirewrap fuel rod spacers. 

The tests were perforined at the ORNL Fuel Failure Mockup (FFM), where LMFBR luel 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. 

remperature-to-power frequency response functions were obtained by modulating the electric power to 

one of the 19 heaters and measuring the temperature response. A pseudorandoin binary test sign21 provided 

frequency response results over a range from 0.1 to 2 Hz. Measurements were made for sodium 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 resl.ilts from theoretical models. The ratios of gain response at different 

flow rates werc theoretically predicted using two different models: one model 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 94n. point, but well-mixed flow predominates at the 

21 -in. point. Also, the low-frequency (G0.1 Hz) predictions were the same for both models, indicating that 

steady-state measiirements cannot indicate whcther 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 me3surements on the flow in the Fuel Failure Mockup (FFM) loop were made to obtain 

information for planning boding experiments. 
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Investigations were concentrated to a large extent on the measurement of the signal-to-noise ratio at 

different frequencies. T i e  results showed that no advantage was to be gairied by using a Fdter at any given 

frequency, since the ratio of detection sensitivity to background noise stayed essentially constant and 

independent of frequency. The measumnents showed, however, that the arnount of background noise 

increased rapidly with sodium ¶ow and the spectral distribution stayed approximately constant. 

At frequencies above about 10 kHz, the background noise approximatcd to a white noise spectrum up 

to the highest frequency measurable with the present equipment (600-700 kI1z). This is coiisistent w i t h  a 

boundary layer generatioti mechanism. ‘T’he amount of background noise is also dependent on thc “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 expcrimcnts and analysis at North Carolina State University show 

that no detection advantage accrues from the use of any particular frequency band, and the enrissiori from 

the first nucleate boiling is expected to be in the form of short duraticm pulses. Thus, we conchide that for 

the detection of the first nucleate boiling a pulse detection system is the most logical rneasiuring system. 

Such a systeil1 would preferably encoinpass a rauge of frequencies from some tens of kilo-Hertz up to at 

least 600 kHz. 

Future experiments using heatcd “fuel” elements, reduced flow, and partial flow blockages will 

investigate the onset of boiling using these acoustical techniques. 

Kecent 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 consisLent with a thermal expansion- 

contractiou inechanism of  generation. No boiling was detected. Further experknetits with blockages are 

plwntied. 

1 .  Consultant from North Carolina State University. 

8.27 DETECTION AND IdQCATION OF FAILED FUEL IN THE FFTF 
8Y OELAYED NEUTRONS 

R. C .  Kryter D. P. Roux A. R. Buhl 

An on-line Delayed Neutron Detection and Location (DNTML) system, in which noise analysis 

techniques are applied to enhance the detection sensitivity and locational accuracy, is being desigried for 

the Fast  Flux Test Facility reactor. Signaling the occurrence of a fuel cladding rupture through the 

detection of neutrons emitted froin decaying fission products released to the coolant stream is not a new 

idea. Since there are three syriimetrically positioned primary-coolant loops in the FFTF, installation of 

neutron detection and auxiliary data processing instruments will allow location (“triangulation”) of fuel-pin 

faillires that result in fission product contamination (“w;Idiout’7) of the coolant stream. 

Wc arc investigating both first-moment (ratios of corrected counting rates) and sccand-moment 

(vai-iance-to-rnean and corrclation functions) DNDAL data processing schemes; Le., we are attempting to 

utilize both amplitude and m i v d  time relationships among the collilting rates for the individual detector 

systems that monitor the three coolant outlet pipes. Results from detailed nuinerical analyses of anticipated 

counting rates under different operating conditions arc encouraging in that they predict a detection 

sensitivity of -0.4 g of fuel released, or -0.6 cm2 of fuel exposed by a cladding breach. The locational 

accuracy of the UNDAL system is estiniated 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 desigri modifications. 
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8.28 PRELIMINARY COOLANT TEMPERATURE OSCILLATION 
MEASUREMENTS A’r THE FUELVAILURE 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 (LMFRR) fuel rod assenibly. Thermocouple 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 rhc crossflow is cxperimentally 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 publiahed report: ORNL-I’M-3761 (August 1972). 
2. Consultant from the Department of Nuclear Engineering, the University of Tennessee, Knoxville 

REACTOR SAFETY AND EVALUATION 

8 2 9  NUCLEAR SAFETY INFORMATfON CENTER 

E. W .  Hagen 

‘The program of collecting, evaluating, indexing, storing, and disseminating information related to 

instmmentation and electric power associated with nuclear safety was continued.’ This material pertains to 

the safety of nuclear plants in the categories of protectioil systems, operation systems, plant 

instrimentation, and plant electric power systems. ,lapproximately 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 naliorial and 

international nuclear community during this past year. 
__ 

1 .  E .  W. Hagen,Z~zsfnimentation andConlrolsUiv. Annu. Progr.Rep. Sept. 1 ,  1971, ORNIA734,  pp. 106-7. 

8.30 NUCLEAK SAFETY JOUKNAL 

E. W. Ilagen 

Puhlicatioii of Nucleur Safer-y under the auspices of the Nuclear Inforination Center was continued.’ 

Responsibility continued for the preparation and editing of material related to instrumentation and 

control: and four members of .the Instrumentation and Contiols Division authored five of the seven 

articles [12(5), 12(6), 13(1), and 13(4)] contained in the “Control and Instruinentation” section of 

Nuclear Safety during the past year. 

1 .  E. W .  Hagcn,Iiistr.ui~~entation arid CorrtrolsDiv Anta .  Progr. Rep. Sept .  1, 1971. OKNL-4734, p. 105. 
2. E. W, Hagen (ed.), Nuclear Sofety 12(5), 496 515 (September-October 1971); 12(6), 583 -90 (November-De- 

umber 1971); 13(1), 29-36 (January-February 1972); 1343, 295-300 (July August 1972). 

8.31 REACTOR AVAIIAMILITY A N D  STA’I’ION RELlABlEI’Yt‘ 

FOR CONrINUI’TY OF SERVICE1 

E. W. Hageri 

’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 commercially operated electricity-generating 



stations by reviewing the station operating reports for a three-year period. The safest nuclear power reactor 

is one that is in normal steady-state operation, and therefore it was pertinent to determine the causes of 

abnormal 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 system. 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 coiitrols in the secondary plant. From the data available a figure of merit was produced to evaluate 

the unscheduled shutdowns and also io give a comparative evaluation of station service reliability for use of 

utility operators. 
.- 

1 .  Abstmct of puhlishcd article: Nucl. Safety 12(5), 499-515 (September-October 1971) 

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 t h t  

give rational direction to the various quality-assurance activities. A recent survey of similar applications to 

enhance reactor safety revealed that, although qualitative-analysis methods hasle been adopted widely, 

probabilistic niodeling and risk forecasting have been somewhat restricted by lack of adequate supporting 

information. Probabilistic analysis use is expanding, however. 2.s current efforts gradually overcome the 

information problem. Meanwhile, quality asmrance has benefited from the insight provided by the 

prelirninary risk-evaluation studies. 

1. Abstract of published article: Nucl. Safery 12(5), 496-99 (September-October 197 1). 

8 3 3  THE FOURTEENTH POWER INSTRUMENTATlON SYMPOSIUM OF THE 

lETY OF .4MERICA’ 

E. W .  Hragcn G. K. mode*  I’. G. Bassett’ 

-. I he electric power generation segment of the nuclear field is increasing in size and importance and, 

therefore, in i t s  responsibilities and need to be heard. Soine of this industry’s conccrns about standards, 

reliability, communications, and instrumentation and control needs were expressed at the Instrimetit 

Society of America’s 14th Power Instiunientation Symposium. More standards are still needed, and to 

resolve some of the major safety problems now before the industry, several iniportant instrumentation and 

control objectives m i s t  be met. Also communication between the engineering design and the operating 

groups could be improved. 

1. Abstract of published article. Nucl. Safety l 3 ( l ) ,  29 - 3 6  (Janu:rrp-kcbbiuary 1972) 
2. Niagara Mohawk Power Corporation 

8.34 REPORT ‘r0 CONGRESS ON NUCLEAR REACTOR SAFETY 

Paill Riibel 

The U S .  Atomic Energy Commission was requcsted by the Joint Cornniittec on A4tomic Eneigy to 

prepare a comprehensive report reviewing reactor safety. Materid concerning reliability dnd prubabihstic 

aspccts 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 

'l'he U. S. Navy-sponsored ORNE program to review small reactor concepts for possible undersea 

application was continued' through J)eceinber 137 1. Altcrnative 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, Instmnientation and Controls Div. Annu. Progr. Rep. Sept. I ,  1971, ORNL-4734, p. 106. 

8.36 RELIABILITY AND SAFETY ANALYSES OF HIGH-TEMPERATURE 

GASCOOLED REAc'r OR SYSTEMS 

Paul Rubel 

The I-1TGK Safety Program at O W L  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, aud 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 infonnation files. Initially, 

these methods are being used to determine program goals and piiorities, 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 absencc of design infomation for the proposed large plants, the analyses thus far are somewhai 

speculative. Central to their organimtion: however, is the capability for continual 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 souices of data and experience for use in future, inore extensive studies. 

The principal analysis task was performed by the U L E A  Systems Reliability Service (SKS): to which 

OKNJL subscribes. A report reviewing the SRS work and commenting on other problem aspects was 

prepared in draft form. 

8.37 TASK GROUP FOR ECCS COMXDliPffER CODES REVIEW 

R. s. Stone 

F. €1. Clark J .  P. Sanders1 J .  B. McGrory' 

During the summer of 1972 the IJS.  Atomic Energy Commission held hearings in Bethesda, Md., to 

bring together and evaluate testimony regarding the Interiin Acceptance Criteria for Emergency Core 

Cooling Systems (ECCS). These interim criteria were issued by the U.S. Atomic Energy Commission to 

provide base3 for judgmg ECCS designs during licensing evaluations of light-water power reactors. Since 

iliere 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 criteria for insufficient conservatism; reactor vendors regarded tliem as 

too conservative. The Bethesda hearings wcrc an attempt to resolve the issue. Since ORNL research was 

involved in many of the technical questions at issue, several ORNL personnel took part in the hearings as 

witnesses. Also, an ORNL 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 everits 

in a large reactor during a loss of coolant accident.” Information was ga ther4  froni 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 summarized the facts and presented a conservative 

position that is supported by mathematical analysis and experimental data. 

L____. . . . . . . . . . ....._ _. . . . . . . - 
1. Reactor Division. 
2. Physics Division. 

8.38 HYBRID COMPUTATION OF FUEL-BIN HEAT-UP IN A 

PWR LOSS-OF-COOLANT ACCIDENT 

R. S. Stone F. H. Clark 

The digital heat-up program THETA wa.s adapted to the hybrid computer. The objective of this work is 

to apply hybrid techniques and machinery to an existing, extensively researched 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 oil-line interaction between the operator and the simulation. 
As a side benefit, diirjng this development of a drastically different implementation of the digital code, 

the essential correctness of the digital programming was verified and a few areas where the equations coiild 

be iniproved were noted. This information was particularly inportant when “Loss of Coolant Codes,” in 

general, were being questioned during U S .  Atomic Energy Commission hearings on Interim 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 M m m m  APPLIED TO ~ A C F O W  SAFETY: 

TRENDS ANI) FROG 

1’. Rube1 

The present main roles of reliability engineering methuds in reactor safety are to irriprovc 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 ~ i t h  innovations in 

exploiting the limited information available for analysis input. 

1. Abstract of paper ptesented at  the IHEE 1971 Nuclear Power Sympoqium, San Franciwo, Nov. 3-5, 1971, and 
published in1EEb 7kms Nurl Scr. NS-19(1), 8 8 3  87 (February 1972) 
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REACTOR PROJECTS 

g.48 BFlR ASYMMETRY PROTECTION 

W .  E. Lingar J. I.,. 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 HFIK will be improved and expanded to a full three-channel 

pro tectivc-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 deterriiirie the degrze of asymmetry that can be tolerated under vaiious 

operating conditions; it will initiate appropriate action when permissible conditions are exceeded. 

The circuit modules, imw being fabricated in the Division shops, will be installed with the protection 

systcm instruments. 

8.4 I 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 developcd for fission counters operating in high gamma fields for the LMFBR 
program.’ - 3  Reduction of electronic noise was particularly desired for high temperature coufiters where 

the neutron plateau characteristics are nor~nally poor. 

Slight modifications of the input stage, primarily 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 froin 16.3 to 12.2 for the differential model. With a high-temperature counter recently tested, this 

noise reduction permitted operation at  a lower disctiininator threshold which resulted in a factor of 2 

improvement in effective neutron sensitivity. 

1. J .  -1. De Lorenzo, “Low Noise, Single-Ended and Differential. Preamplifier with 100 MHz Bandwidth for 
Amplification of  FissionCounter Pulses,” Instrumentation and Controls Div. Annu. Progr. Rep. Sept. I ,  1970, 

2. J .  T. De Lorenzo, “Current Pulse Przarnplifier with a Differential Input for Use with Fission Counters,” 

3.  D .  P. Roux. J. T. De Lorenzo, and C .  W. Ricker, “A Neutron Detection System for Operation in Vzry High Gamma 

ORNL-4620. 

Instrumeiztalion and Controls Div. Atinu. Progr. Rep. Sept. I ,  1971, ORNL-4734, pp. 5-6.  

Fields,’’ Nzicl. Appl .  7Pchml. 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. J.,. Shipp 

Design and fabrication of additions and modifications to the control and protection systems of the 

Power Burst Facility (PBF) at the National Reactor ‘resting Station were continued.’ Because of changes in 

the progrsm 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 measurement5 for the protection system will include two channels, each, of primary 

coolant flow, core differential pressure, coolant inlet tempeldturz, control-rod cooling a j r  for twelve rods, 

and reactor vessel coolant level. 
The nuclear portion of the protection systcm 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 opeiation. For shaped-burst operation, (lie trip level will be raised to selectable highci 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 t o  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 maximiurn 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. I-. Anderson and S .  J. liitto,Itistruill'nlntion und Controls Diw. Annu. Pmg7. Rep. Sept. 1, 1971, ORNI.4'734, p. 
107. 

8.43 TSR-I1 MODIIFICA'I'IONS FO 1 -MW OPERATION 

S. J .  Ditto 

B. C. Duggins 

D. I). Walker 

J .  €3. Ruble 

K. W. West 

The control and protection systems of the 'RX-11 were modified so that the reactor could be operated 

at 1 MW. 'T'he 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 slow scram system, replacement of tberrnocouples 

in the plant protection system by resistance thermometers for improved accuracy, and redisign of thc 

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 Groiup. 

8.44 MODERNIZA1'ION OF PORTIONS OF THE NFI 
1-"ROTEC'HON AND COWT 

J .  1,. Anderson C. C. Courtney 

Planning was started to make several changes in the protection and control systeriis of the High Flux 

Isotope Reactor. Components that experience high Failure rates or high trouble rates as indicated by uoise 

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 Systatn (YQS) .  
Operational amplifiers (Q-2605) will be replaced with modern reliable amplifiers. The older amplifiers 

caused occasional noise, oscillation, or erratic operation, primarily because of wear of the mechanical 

choppers. 'The new amplificrs will have solid-state, integrated circuits. 

The flux reset modules (Q-2603) will be replaccd with all electronic reset circuits. The ($2603 modules, 

with motor-driven potentiometers to effect a gain change in the system, are susceptible to mechanical 



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 rcactor flux 

iiistrumentation. 

Two discrete-component, electrometer-type amplifiers, the Flux Amplifier (Q-2602) and the Faulty- 

Fuel-Element Detector Amplifier ((1-2637), will be replaced with integrated-circuit, field-effect input 

operational amplifiers. The older amplifiers contain obsolete components, and replacements are unavailablc. 

Several additional minor circuit changes will be made to improve performance and serviceability. Since 

the new circuits will be much smaller, the mechanical arrangement will be changed considerably, freeing 

spacc for planned future addition of functions. Rearrangement of some power distribution will eliminate 

several power supplies. 

8.45 REVIEW OF STANDARDS AND DbSIGN FOR FFTF YROTECTLON 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. 

8.44 REVIEW OF STATE-OF-THE-ART OF FAST S1IkJTDe)WN SYSTEMS 

E. P. Bpler’ 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 Cornmission. 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 G O  to 50 msec) and disciisses 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 ava.ilability. 

A very important part of the paper will be the discussion of the nced for, and the applicability of, fast 

$hutdown techniques in experimental liquid-metal reactors as well as in large commercial fast breeder 

reactors. 

1. Consultant to [he Control5 Departrnent. 



9. Instrumentation for Reactor Division eriments 
and Test Loops 

9.1 SUPPORT FOR THE SOlJD-MECHANICS DEPAMTMEN'I' EXPERIMENTAL MECHANICS SECTION 

R. I.,. Moore 

W. A.  Bird T. M. Cate C. 11). Martin, Jr .  K. L. Simpson 

The Instrumentation and Controls Division hrnished about 1-'l2 mail-years of labor for design, 

application, arid maintenance of instruments and instrument systems in support of a variety of experiments 

undertaken by the Solid Mechanics Department. Foiir major programs shared in this support effort: Heavy 

Section Steel Technology, Liquid-Metal Fast Breeder Reactor (LMFNR) Structural Design Methods, ORNL 

Pipirig, and Prestressed Concrc tc  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 IO0 

strain gages, 12 thermocouplcs, and 1 pressure transducer to the Portable Strain Gage Crienied Data 

Acqluisition System procured by the Reactor Division. 

Opeiation of the elevated temperature beam test,2 one of several test series under the LMFBUR 

Structural Design Methods Prograin, revealed a requircrnent for a precise arid programmable load control 

sy-stem during the loading, unloadjng, and cylical phases of the tests. These requirements were met throu& 

the addition of a programmable, closed-loop seruo-hydraulic 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 pla,te instead 

of a rectangular heam. All data from strain gages, thermocouples, load transducers, and displacement 

transducers will be collected by a computer-based data acquisition system3 

Strirctural tests performed under the O W L  piping program required an increase in the number of 

chaniiels of strain gage data acquisition available on the data acquisition system. Division personnel assisted 

in the procurement, installation, arid checkout of 192 additional strain gage channels arid 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 

fault detection for heaters embedded in the concrete specimen. These will be used to create a hot spot in 

the test spccimeii. Continuing assistance is being @veri in the acquisition and reduction of data from this test 

by the previously mentioned data acquisition system. 

-~ ~ ....... ... ~ .. ..... .- ____-. 

1. R. L.  Dural1 and 11. J. Metz, Instruttictitation irtzd Controls Div. Annu. Prog. Rep. Sept. I ,  1971, ORNL-4731, p. 

2. R.  L. Moore et  al., Ibid., pp. 118 -19. 
3.  R. L. Moore, I'. M. Cate, and C .  D. Martin, Jr., Ibid., p. 36 .  

122. 
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9.2 THERMAL STRESS PIPING “T” TEST 

G. ’8. 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 

rneawrement) weie used for this application. Additional panelboard instrumentation was installed to 

nieamre and record parameteis needed for operation of the facility. 

__ .... __ . 

1 .  R .  I.. Moore and T. M. Cate, Inctrurientation a i d  ContmlsDiv. Annu. Progr. Rep. Sept. 1, 1967, 0RNI.-4219, pp. 
65-67. 

9.3 MISCELLANEOUS SUPPORT FOR THE ENGINEERING SCIENCE 

DEPARTMENT HEAT TRANSFER AND FLUID MECHANICS SECTlON 

J. W. Krewson 

The manpower requirement for Instiumentation and Controls 13ivision support of this section, other 

thari 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 changng the 

test section so that several rods could be included in the experiment at one time. This unit operated 

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 i t  operated with an 

efficiency approximately three times that expected. The unit was shipped to the field for evaluation. 

The “hot-spot” burnout detectors developed for the Rod Burnout Facility were installed and checked 

out si~ccessfully. The detectors appeared to operate properly during startup operation of the facility, but 

operation was stopped to peimit start of BDI-l.1 construction (Sect. 9.5). Consequently, there was no 

opportunity to properly evaluate this instrument over an extended period of time. The resistance 

measurement techniqiue 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 

immerse‘d in liquid metal was continued with soiiie success in detecting teinperature variations but none in 

detecting pressure changes. 

Routine assistancc 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 

performance; analysis of data; and selection, location, and procureinent of instruments and equipment. 

successf11lly. 
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9.4 INSTRUMENTATION FOR A ROD BURNOUT FACILITY 

R. L. Moore D. G. Davis B. 6 .  Eads 

Design and checkout of instrumentation for this facility1 was completed and operational checkout was 

begun. 

'The checkout was progressing satisfactorily and loop operating conditioris were approaching a point 

where burnout should occur when operations were tcrniinated by a mechanical f a i l u ~ e  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 permit modifications to the loop and building to 

accommodate the larger Thermal. Hydraulic 'rest Facility (Sect. 9.53. 'The capabilities and most of the 

eqiiipinent in this facility will be included in the Thermal Hydraulic Test Facilily. 

Although no burnout data were obtained, much vduah!e design information and operating experience 

were gained, which will aid in desjgn and operation of the enlarged facility. At the time of shutdown all 

instnimentation was performing acceptably; however, there WJS evidence that modificatlon of some 

instruments and controls was needed to improve their performance. 

1. R. L. Moore, D. G. Davis, and I. W. Krzwson, bnsinimentotion and CoritrolsDiv. Annu. Prop. Rep.  Sept. I ,  1971, 
OKNL-4734, p. 117. 

9.5 'I'HERMAL HYDRAULIC TEST FACILITY 

R. L. Moore 

B. G. Eads D. G. Davis C. D. Martin, Jr .  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Modification and enlargement of the Rod Burnout Facility was started for studying blowclown heat 

transfer (BDII'T) on electrically heated, 49-rod ~ T T ~ Y S  that will simulate fuel rods in a section o f  a 

pressuri~ed water reactor (YWR) core. Information from these tests i s  needed to evaluate the effect of a 

loss-of-coolant type depresrurization of a PVJR system on the fuel cladding. 

cxpanded facility. The changes to be made are: 

I'lie capabilities of, and most of the equipment in, the Rod Buinout Facility will be incorporated rlie 

Addition of a new test section containing the 49-rod array. 

Increase of dc power supplied to the test section from 2 to 7.5 MW (maximum) at -40,000 A 

(maximum). Two more generators will be installed parallel with the existing two generators, a.nd power 

will be controlled from the parallel combination during blowdown in a manner that will simulate power 

decay characteristics of a reactor scram. 

Replacement of two canned-rotor circulating pumps with a new pump capable of delivering 900 gpm 

(water) with a developed head pressure of 525 psi at 600°F and 2250 psia. 

Revision of vAving, piping, and controls to permit increased tcst section flows up to 600 gprn and to 

accommodate the excess pressure head inherent in the new pump. 

Addition of three new heat exchangers aiid associated controls for removal of the increased power input 

to the sysiem from the new generators and pump. 

Replacement of the existing pressiirizer with one having a larger volume and faster respoiise. 

Addition of a pressure suppression (blowdown) system and associated blowdown lines and rupture disk 

assemblies to initiate, direct, and receive the b l ~ w d o ~ n  flow. 
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The new facility will be capable of operating at pressures froin 250 to 2500 psig, temperatures from 

250 to 450"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 to the instrumentation and controls reqiuiied for the expansion will include: 

1. Removal of instrumentation associated with the existing pump. 

2. Addition of instrumentation and controls for the new heat exchanger and pressure suppression system. 

3. Addition of devices for parallel control of the generators during blowdown. 

4. 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, SO fluid 

temperatures, 7 pressures, 9 differential pressures, 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 H L ,  20 as high as 100 Nz, and 250 as high as 5 Ilz. 
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, hi@\-speed ( 10,000 point/sec), computer-based, digital data acquisition system 

and two 14-channel analog (FM) tape-recording systems. The digital system will record low-frequency 

(< 5 I k )  data, and th.e FM tape system will also digitize data from the FM tape systems, 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 OKNL Control Computer Facility. 

6. Modification of the existing electrical control intei-lock 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 filmtion. Instrumentation and controls design is 15% 

complete. 

9.6 FORCED CONVECTION IXPRESSUMZATION LO 

11. L. Moore J. W. Kreivson 

As part of the Blowd.o-Lvn 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 ttnalysis, and (2) determine the simi!arity between electrical 

heater rods cxperiencing 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 ' T h t ~ n ~ l  

Hydraulic Test Facility. 

Present plans are to test S ' A -  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 systeliz supply power will be 

needed for the 5-%,-ft indirectly heated rod in the first test. However, significant revision of the electrical 

power system will be required for later tests of the 12-ft indirectly heated rod and for the 5-'/2- 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. 



10 1 

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 .S-'/,-foot rod tests weie determined and field 

revisions were made. All instrumentation is being checked out, repaired, and recalibrated as required. 
........I_ ....-.I_ I_ 

1. R. I.. Moore, T. M. Cate, and C. M. Burton, Iristuirmentutioiz and Co?ittdsDiv. Annu. Prop.  Rep.  Srpf. 1, 1970, 

2. R. L. Moore and T. M. Cate, Insiritmentuiion and Controls Diu. Annu. Progr. Rep. Sepr. 1, 1971, OKNL-4734, p. 
ORNL-1620,p. 130. 
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9.4 LMFBR 'I'NEKMAE TRANSIENT TEST LOOP 

G.  W. Greene 

The LMFBR Thermal Transient Test Loop will be used to study the "tliermal 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 periods of steady-state, high-temperature operation. 

Repented 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 verify analysis techniques 

applied in the design of I,MFBK and FFTF piping vessels and compouents. 

Design arid procurement of instrumentation for this sodinin-filled, hightemperature, high-pressure, 

stainless-steel test facility i s  -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 

prcssiirize 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 miiltiple thermal and pressure cycles until 

the ratcheting effect becomes repetitive or until a maximum of ten cycles is accumulated. 

Each cycle will consist of a 500-hr holding phase, thecnd transient phase, and pressure transient phase. 

During the holding phase, the sodium block valve sfill be closed, and temperature and pressure in the source 

tank, pipe nest, and test piece wilt be controlled at 1100°F and 700 psig, respectively. Pxior to the transieiit 

phase, the temperature in ibe 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 

froiil 1100 to 800°F in the test piece. The transient phase will be initiated by openitig the sodium block 

valve and allowing sodium' La discharge from the source tank through the pipe nest and test piece into the 

storage tank at a rate of -130 gprn for -30 sec. 'The transient will be terminated by detecting a low level in 

the source tank and automatically closiiig the sodium block valve. 'The pressui-e transient phase will be 

perfumied by lowering and restoring the source tank and test piece pressures after the system has been 

refilled and the temperatures and pressures have been restored to holding phase conditions. 

In addition to conventional panelboard instrumentation used primarily for operational and pressuie 

safety functions, special instrumentation i s  being installed to closely control the temperature of the test 

piccc and the pressures in the source tank and test piece and to acquire the data. Slowchanging data 

parameters will be recorded by tile Dextir data acquisition system. Faster-changing temperature and 

pressure data during the transient phase will be recorded by a high-speed data acqnisition system or by 

hi&.speed recorders. Additional instrumentation will measure stress and crecp of the test piece during and 

followiiig 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. Brashcar and R. L D u T ~ ~ I ,  Instncnrentation and Controls Div. Annu. P r o g .  Rep. Sept. I ,  1971, ORNL-4734, p. 
120. 
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9 .$ INSTRUMENTATION FOR LMFB FUEL FAILURE MOCKUP FACILI'W 

A. H. Anderson, Jr. K. M. Ruriiett 

Engineering assistance was continued in the operation of this high-temperature sodium facility for 

condircting out-of-pile LMFBR fuel element propagation experiments 1 An additional 75 channels of 

Dcxtir 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 FFM, 
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, Insfrumeratation arid Conrrols Div. Annu. Progr. Rep. Sept. 1, 1971, 
OKNL-4734, p .  119. 

C. Rrashear K. L. Dural1 A. H. Anderson, Jr .  

Design and installation of instrumentation and controls for t h i s  circulating-molten-salt facility were 

completed and checkout is in progress. The facility wl1 be used to evaluate sodium fluoroborate eutectic as 

a secondary coolant for molten salt reactois. Fifly drawings were prepared for design of new 

instnimentation and modification of instrumentation salvaged from the MSRE. New instiument cabinets 

consist of six for control and monitoring instrunients, one for the Dextii system, one for off-gas 

instiuments, and one for cover-gas instruments. Extensive modifications were made on two cabinets for 

helium punfication and two for oil system instruments from the MSRE. Also, the helium purification and 

oil system instrumented packages were removed from the MSKE and modified for this facility. 

Assistance was provided to the Reactor Division in preparing a description of the final system design. 

9.18 MOLTEN-SALT BKlEEDER EXPERIMENT 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. 

9.1 1 INSTRUMENTATION FOR MSBR GAS SYSTEM TECHNOLOGY FACILITY 

P. G, Hemdon 

Design and procurement of instrumentation and controls for this circulating-mol ten-salt facility were 

co~itinued,~ 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 MSKE. 

1. A. H.  Anderson and R. M. Burnett, lrzstnimerztation and Controb Div. Anruc. Progr. Rep. Sept. I ,  1971, 
-.....___I ___ ..... ____ 

ORNL-4734, p. 121. 
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9.12 MOLTEN-SALT FORCE -CIRCULATION 11,001F"S 1 AND 2 

G. W. Greene 

The instrumentation and controls on these two salt loops,' which have accumulated in excess of 4000 
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-Tpeed 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. Grcene, Instrtrmentaiioti and Controls Dill, Annu. Pfogii. Rep. Srpt. I ,  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 checkoiit of the loop is in progress. 

1. G W. Grccne, Itzstritmerilutioii and Controls Div Annu. F r o g  Rep S q t .  I, 1971, ORNL-4734, p. 122. 

9.14 AUTOMATIC WELDING SYSTEM 

R. L. Moore 

W. A. Bird C. C. Courtney R.  J .  Jones W. R. Miller 

1 .  

2 .  

3. 

4. 

5. 

6. 

This program for development of cquipment, welding procedures, and program controls for automatic 

welding operations in nuclear reactor systems' - 3  was terminated at the erid of FY 197% after suitable 

eq1.lipment and procedures bad been developed and the feasibility of automatic nuclear qi.tality welding had 

been demonstrated 

Tasks completed by Division personnel during the past year included the following: 

Two programniers, assembled by an outside fabricator, using drawings wid specifications prepared by 

Division personnel, were received, checked, and accepted. 

Final calibraticm and qualification of the above two programmers and of three programmers previously 

fabricated in-house were completed. Three of these prograirimers were shipped to the Hanford 

Engineering Development Laboratory (HEDL) for construction of the FFTF and one was shipped to the 

Tennessee Valley Authority ('TVA) for construction of the Browns Ferry Reactor. The fifth 

programmer, constructed for tlie AEC Division of Reactor Development and Technology is being lield at 

ORNL. 

Programmer checkout procedures were prepared. 

Programinex checkout procedures and circuit descriptions for an operations and imaintenance rmnual 

were prepared. 

Engineers from Rechtel Corporation (HEDL) and Browns Ferry (TVA) were trained in the operation 

and maintenance of the welding equipment. 

Two field trips were made to Browns Feriy to assist in setup of equipment and to assist TVA 
niaintenance personnel with operational and maintenance problems. 
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7. Engineering assistance was given by telephone as required to resolve field problems at IIEDL and TVA. 

8. Several additional modifications were made in the programmer circuit design to improve its 

performance. 

9. ,411 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, Itistrumentuations and ControlsDiv. Annu. Progr. Rep. Sept. 1, 1969, 

2. R. L. Moore, W. A.  Bird, and E. C. Keith, Inrtnmzentntim and ControlsDiv. Annu. Progr. Rep. Sepr. I ,  1970, 

3. R. i. Moore et  al.,Iiistrumentaiion and Controls Div. Annu. Progr. Rep. Sept. 1, I971, ORNL-4734, p. 59. 

ORNL-4459, p. 71. 

ORNL-4620, p. 12.  

The Office of Saline Water and the Orange County Water District are constructing a hybrid evaporator, 

sea water desalting plant in Orange County, Fountain Valley, California. T'he plant is designed to produce 3 

million ggd of pure water and, after serving as a test facility, it  is proposed to be enlarged to produce 15 

million gpd. The Laboratory w s  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 prodiice analog signals that will be scanned, digitized, and either fed to the 

coli1puter fox 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. 

Scvcral direct-reading field instruments such as sight glasses, manometers, and rotameters will be provided 

also. 

Design of instri.iments for the system was completed. Procurement is 80% complete and delivered to the 

construction site. 
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10.1 ENGINEERING AGTiIVlTIES OF THE SPECIAL ELECTRONIC SERVICES GROUt9 

J. L. Loworn 

A. L. Case C. C. Hall P. 1’. FVilliarns 

The Special Electronic Services Group perfoorrns 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 obseivitig cel.1 activity. 

Paging systcms vmc  designed arid inslalled 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 20511. 

Three solid-state closed-circuit TV systems were specified, procured, and installed at the Tower 

Shielding Facility to replace vaciuum tube cquipriienl installed about 1960. 

Sevzral temperature response curves were determined for thermocouples 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 instiurnents and systerns 

for the National Heavy Ion Laboratory. Masked drawings were supplied to the General Engineering Division 

and Plant and Equipment Division for niodifying the safety interlock system for the Tandem Van de Graaff 

Accelcrator in h e  High Voltage Accclerator Laboratory (Building 5900). 

A variable frequency, 0- to 80-Hz, adjustable-voltage, 0- to 120-V power unit (Q-5 144-1) was designed 

and built for use on in-cell induction stirrers in the High Radiation Level Exaniination Laboratory (Building 

3525). 
_I ............... ~~~- __ . . ... . . . . ... . . ... 

1 .  C. J. Borkowski and M. K. Kopp,/EEE Trans. Nucl. Sci. NS-19(3), 161-68 (June 1972). 

1cS.2 MAINTENmCE ACTIVITIES OF THE SPECIAL ELECT 

J .  L. Loworn R. E. McKinney 

I h e  Spccial Electronic Services group (one foreman and four technicians) staffs shops in the Instriiinent 

Laboratory (Building 3500) and the Central Research and Administration Building (Building 45OONM). In 
the Instrument Laboratory, electronic iris1.t urnents for this Division arid specialized instruments from all 

areas of the Laboratory arc rcpaired and calibrated. All Laboratory oscilloscopes; nuclear instruntent 

modules consisting of scalers, timers, counters, discriminators, amplifiers, and coincidence modules; and 

105 
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commercial test oscillators, digital voltmeters, 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 

Techology, Chemistry, and Physics Divisions. 

These advanced instruments, with their transistors and sophisticated circuit-s, require service or repair 

IIJliCh less frequently than earlier inudels. 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 ANI) SOLID STATE 

DIVISIONS AND THE ihISPECTION ENGINEERING DEPARTMENT 

J. L. Loworn W. Ragan 

Four technicians suprevised by one foreman serviced instruments for the Environmental Sciences and 

Solid State Divisions and the Inspection Engineeritig Department. The technicians workpd out of two 

skops, located in Buildings 3001 and 2000. 'l'hese serviccs ranged froin 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 

pro blems . 
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 (HSR) was modified and some equipment was added to it so that read-out data 

not imviously 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 Itidgc 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 eliminate noise from an instrument system 

for the Surface Studies Croup. 

An infrared spectrophotometer was overhauled and installed for the Materials Group of the Solid State 

Division. 

A CO, analyzer and associated equipment were installed in a trailer for the Environmental Sciences 

Division for measurement of C 0 2  given off by Tulip Poplar leaves. A iinanual-automatic system for raising 

and lowering sample chambers in an ecoforcst was fabricated and installed. I t  is also used for study of 

cnvironincntal C 0 2 .  

An electronic fish shocker in a watertight enclosure was fabricated for the Ecology Aquatic Group. 

Several imncrscopes and reflectoscopes were completely overhauled, checked, and calibrated for the 
Inspection Engineering Department. 
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10.4 ACTIVITIES OF THE OAK RIDGE lSOC 

INSTWUIVlJENT MAINTENANCE GROlJB 

J. L. Lovvorn E. W. Sparks 

Electronic; maintenance and modifncatiorr were provided for the OKlC and its control circuits. There are 

42 high-curient supplies for the magnetic field ranging from 25 V at 250 A to 50 V at 6000 A. About 250 

NIM rnodirles were maintained. The NIM system greatly facilitates the maintenance by being inter- 

changeable, having a standard power bin, and being easily accessible. Technicianr assisied in interfacing the 

cyclotmn and the computer. Field fabrication was done for the Electron Microscope Project. Maintenance 

services were supplied for the SEL cornpnter. 

Maintenance an0 procurement assistance was furnished to the Univerdty Isotopes Separator Oak Ridge 

(IJNISOK). Emergency instrument maintenatice was mdde available to the OREEA on the 4 PM to 

midnight shift. 

Four technicians and a fqrernan werc required for the eleven shifts, per week of work 

10.5 INSTABILITY OF A CYCLOT N MAGNET SUPPLY 

W. E. lingar 

Shoi t-term instability of a magnet cuirent supply fabricated elsewhere for the Oak Ridgz lsochronous 

Cyclotron (OK'IC) was causing beam fluctuations. An investigation showed that the main came of the 

instability was an incoirect gain-phase 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 connccticrnr between the reference source, shunt, and low-level differential amplifier. 

10h ACTIVITIES OF THE RADIATION MONITORING SYSTEMS 

MAINTENANCE GROUP 

J. L). Blanton J .  I,, 1,oworn P. I). Williams 

The maintenance nrganizalion of the monitoring system section consists of 13 technicians and I 

foreman. Activities of this section reniained approximately as previously reported. 

A total of 1168 fixed health-physics instrument systems are installed throughout the Laboratory. Four 

technicians performcd 1576 services on thesc instrluments in this reporting period. These techriicians 

performed routine bimonthly perforinance checks of fixed instruments installed in 13 facility radiation and 

contamination alarm systems, 3 facility alarm and containment systems, and 5 remote radiation alarni 

systems. The local air monitor and fallout monitor systems were roirtinely checked semimontlily. A 

program Tor testing neutron monitors annually for burst performance at the DOSAR facility-I-IPRR was 

started. 

Three technicians calibrated and maintained 1324 portable health-physics instrumenis at the Health 

Physics Calibration Laboratory. Approximately 4420 portable instruments were serviced by this group. 

Two technicians assigned to the Operations Division sen iced and maintained approximately 30 gas and 3 I 

liquid-waste-effluent monitors that telemeter alarms and other information to the Waste I:)isposal Control 

Center (Building 3 105). Thesc two technicians also serviced and maintaiaed instruments located in thc 

control center. Routine perforinance checks were made on these systems oil a biweekly basis. 

Two technicians assigned to the Metals and Ceramics Division niaintained instruments fcr nonde- 

structive testing. 
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There were 797 personal radiation monitors (PKM) in service. Approximately 202 units were scrviced 

by a technician part time in 197 1. 

10.7 ACTIVITlES OF THE @O&PUTEK AND ANALYZER GROUP 

E. McDaniel J. A. Keathley 

‘The computer and analyzer group is staffed by 16 inen whose primary function is to majntain 

minicomputers, multichannel analyzers, liquid-scintillation spectrometers, visual-display terminals, data set 

mo dul at or-demo dulat ors (“rnodems”), 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 para.meters 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. 

O W L  has 53 minicomputers, and in these systems there are 14 different types of digital computers. In 

additjon, ORNL has 15 analog computers that range in size from mal l  units to the AD-4, which is 

interfaced to a large digital computer in the Controls Department of this Division. ‘Thrce medium-size 

computers are serviced by this group. 

The equipment maintained by this group is as follows: 

Equipment NO. 

Minicomputers and system 
h k d i u m s i z e  computers 
Analog computers 
Multichannel analyzers 
Liquid-scin tillation spectrometers 
Data sets.--modems 
Visual-display terminals (computer) 
Telcprintcrs 
Magnetic-tap transports 

Plotters, general 
l i ne  printers 
Miscellaneous input-output devices 

Cal-Comp plotter3 

53 
3 
15 

133 
18 
50 

6 
160 

25 
I 

11 
4 

226 

bIectroniechdnica1 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 AUDIO-VISUAL SERVICE GROUP 

C .  C. Hall J. L. Loworn 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-site meetings (5 in Gatlinburg and 9 in Oak Ridge) during this 

report period. Three technicians and a foreman were employed full t ime, along with borrowed persoanel 

for peak loadings and off-site meetings. About 2000 hr were charged to meetings, and the remaining lime 

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 inventoiy records were updated. Equipment beyond repair was sent to 

salvage or to surplus. The O W L  motion picture group was assisted in recording sound tracks. 



Two 16mm 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 either 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 'Transpaclue I1 transparency projector used in the East Audito[iuin of 

Building 4500. The projector had previously been operatcd on a projection stand in the aisle of the 

auditorium, and the new lens was required so that the projector could be operatcd at the rear of the 

auditorium. 

Interconnecting wiring was installed between the projection booth and stage in both the Central and 

East Auditoriums in Building 4500 to allovr speakers to advance their own 2- by 2-in. slides during a 

presentation. 

CBMMUNHCATIONS SYSTEM 

J .  A. Ktussell D. J.  Knowles 

The ORNL radio systems were expanded to accommodate 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 I.,aboratory by w e  of radio communicati.ons. 

One remote-control console, five mobile units, and three 2-W portable units were obtained and installed 

on the radiation safety network for t.he Environmental Sciences Division. One 5-W portable unit was 

purchased and placed in servicc on the radiation safety network for emergency commu~iication with the 

Health Division physician on duty. 

A mobile unit on the rnaintcnance netwotk was installed in a Plant and Equipment Division, materials 

delivery vehicle to improve 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 io 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 systems were updated and revised as necessary for accuracy. 

An analysis of the service record and maintenance cost of mobile iinits for the Plant and Equipriient 

14ivision network was made. Bccause of age and niaintenance experience, reconvnendntioris were made that 

a number of units be replaced with up-to-date solid-state equipment. A program of evaluation of the 

effectivcness of all radio communications equipment and recommendations for the progranirned 

replacement of old vacuum tube equipment is continuing. One of the main a.ims of this program is to 

distribute the cost of acquisition of needed replacenients over a period of time rather than a single 

concentratcd procurement in one fiscal year. 

J. A. Russell A. L Case 

A closed-circuit television monitoring system was installed for general-area sui-veillance and close-up 

views for use by the Laboratory Protection Division in controlling personnel admittance at gates to two 

experimental areas in Melton Valley. 



The system consists of two television cameras in environmental enclosures, a microwave transmitter, 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 IMl where i t  is retransmitted and sent to a microwave receiver at the Guard and Fire Headquarters 

(Building 2500). The received signal is down-converted to coininercjal television frequencies and carried by 

coaxial cable to nioriitors located in the building and in the West Portal. 

Controls for remotely operating the gate and switching from the gencral view camera to the close-up 

camera arc located at the monitors at the ‘West Portal and at Guard Headquarters. 

Transmission of control signals is by audio-frequency-shift tone telemetry, w i t h  i-nultiple circuits 

operating on a single pair of telephone lines to each gate. 

The cominercially manufactured, low-power, solid-state microwave transiiiission system operates at a 

power level of 2 mW. The equipment was designed to be used in the transmission of closed-circiiit 

educational TV programs. Consumer-grade, solid-state TV cameras and monitors are used. ‘The systci-rr was 

designcd to achieve adequate video information at a minimum cost. A considerable savings i n  the cost was 

realized by using microwave video links instead o f  a cable-connected transniisvion system. 

10.1 1 ACTIVITIES OF THE RADIO, TV, PAGING, ANI) INTERCOM MAINTENANCE GROUP 

J .  D. Blanton 

J. L. Lovvorn 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 w;?s instituted to 

semiannually perform routine power, frequency, deviation, and sensitivity performance checks on two-way 

radio units. Approximately 355 two-way radio units were serviced during 1971. 

Quality assurance (QA) received increased ernpbasis during the year. An “in-house” QA committee 

audited the radio maintenance procedures. Recommendations inade to improve practices judged inadequate 

will be implemented as time permits and iiew test equipment can he obtained. 

One technician serviced and maintained closed-circuit television, video recorders, and paging and 

intercom system installed at the Laboratory. 

A total of 251 radio-paging receivers were in service. Approximately 168 rcceivers 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 to the control and safety 

systems of O W L  operating reactors. These changes arc usually made to correct system 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 ahout 45 design changes were inade in the seven operating reactors. Most of 

these changes were minor. Participation by the Keactor 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 same level for some time. 
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10.13 MAINTENANCE OF THE BSR AND THE PC.4 

J. M. Farmer C. F. Hollo~vay J. B. Ruble K. W. West 

Iwo unscheduled shutdowns of the Riilk Shielding Reactor during the last 12 months were caused by 

instrumentation: failure of a relay in the No. I safety channel monitor circuit, and failure of a Zener diode 

in the voltage comparator of a magnet line voltage. These defective components wece replaced. 

BCSR 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 supplics asociated 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 hjgh 

bay, and dual chanriels of instrumentation were installed to monitor the building ventilation system. 

The Pool Critical Assembly was continued as an experimental facility for intermittent use by the 

Univcisity of Tennessee, the University of Kentucky for student training, and the Tennes3ee Valley 

Authoiity for operator training. It has performed satisfactorily. 

10.14 MAINTENANCE OF REACTORS OPE 

NEUTRON PIWSICS LIEVISION 

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-11) 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 instrument drawings were updated prior to the 

design changes for 1-MW operation. 

Minor modificatjons were made to the log N amplifier to eliminate a noise problem, the magnet 

ai-nplifiers 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-I OA instrunientation and 

controls system performed satisfactorily. The modifications made to the TSK-I1 personnel protection 

systems were also made to the SNAP-1Oh. 
A number of failures of the No. 1 counting channel in the Health Physics Research Reactor (EU’RR) are 

being corrected by replacing the moveable chamber with a fixed chamber in a newly designed therixalizer. 

Otherwise, the instrumentation and controls system performed satisfactorily. 

10.15 MAINlEIVANCE OF THE OM? 

J. ha. Farmer C. F. 1-Iollow;iy J. B. Ruble K. W. West 

Two unscheduled shutdowns of the Oak Ridge Research Reactor during the last 12 months wcrc cacised 

by instrumentation: one because a metal cover fell off a recorder slide wire when tlie recorder door was 

opened, and the other becmusc 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 irriproved shielding so that interaction between channels due to magnetic 

coupling would be reduced almost to zero. 

Reactor control circuit changes included ( I )  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 occurred when the steam pressure to 
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the back-up steam turbine became too low and overrode the primary electrical motor that drives the 

budding ventilation fan in the stack area, In such cases, the back-up system 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 experiments for the Metals and Ceramics Division. In 

addition, the experiments in operation were maintajned. 

18.14 MAINTENANCE OF THE HFIR 

D. S. Asquith C. T. Carney K. W. West 

The maintenance program prcvioiisly reported was continued. Maintenance pcrsonnel continlued to gain 

more experience with the system and to increasc their diagnostic abilil y 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 most of the routine plant 

maintenance on-line with the reactor operating. Preventive maintenance capability was also improved S ~ J  

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 wlieri the second of three channels in the two-of-three 

coincidence system was tiipped. Although the c a w  of a fifth unscheduled shutdown, when thc No. 4. 

shim-safety plate dropped, was not determined, it was attributed to instrument failure, possibly electrical 

iioise spikes. These shutdowns accoimted 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 coiunting 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 Ill, type 104-A) was placed in service in the channel 3 position. 

Characteristic curves were obtained over a three month period, and the chamber has been accepted as a 

replacement for the PCP 11- 104 ionization chamber. 

Work was started to make minor revisions to the experiment ‘X“ panel which is used to connect 

experinients to the reactor control system. The primary objective is to reduce the nuinber of control room 

annunciators required by each experiment and to clarify the meaning of certain monitoring lights o i l  the 

“X” modules. 

Experience utilizing the HFlR computer for rod time-of-flight incasurernents was favorable. Originally 

these measurements had been rnade with electronic digital timers, but later, the circuits were modified to 

enable simultaneous use of the compiuter and the digital tirners. 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. 

II_ ___ 
1. I). S .  Asquith, C. T. Carney, and K. W. West, Instrumentation and Controls Div. Annzi. Ppogr. Rep.  Sept. 1 ,  1971, 

OKNL-4734, p. 83. 
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10.17 CURRENT LIMITER FOR DEFEC'I' 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 samples the output current of the 

machine (a capacitor-discharge type) and applies a resistive shunt when the current level could piezipitate 

sticking. 

1. Metal5 and Ceramics Division. 

10.18 PURCHASE CONTRACT FOR DIFFERENTIAL, CURRENT-PULSE ~ ~ ~ A ~ ~ ~ ~ I ~  

J .  T. DE Lorcnzo 

A purchase contract for five differential, current-pulse preamplifiers was negotiated. The preamplifier 

design will conforin to RDT Standard C15--3T ( J d y  1971), and t.he unit cost will be $1200. The total 

engineering charge will be $13,200, 'These preamplifiers will be used to design and test compon, ants for 
low-level neutron detection instruments for the Fast Flux Test Facility QFFTF). 



1 1. Ecological Sciences Studies 

11 .i UNDERSTANDING 'rm DYNAMIC BEHAVIOR OF RADIONUCLIDES RELEASED 

TO THE ENVIRONMENT AND IMPLICATIONS' 

S. I. Auerbach2 S. V. Kaye' D. J. Nelson' 

D. E. Keichle2 P. B. Dunaway2 K. S .  Booth 

The environmental behavior of radionuclides released to aquatic and terrestrial ecosystems froin 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 thesc 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 simiiiate the 

environmental 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 environiiieiital behavior of several radionuclides. Radionidides 

occurring regularly in organisms from White Oak lake  include "Sr, Ls, .1 6oCo, and 3H.  Occasionally, 

106Ru ,  1 2 5 S b ,  and 65Zn  are found. Bccause of dilution, only "Sr and 1 3 7 C s  are regularly detectable in 

the Clinch River. Coupling of field and laboratory data on selected ratlivnuclides in fish, aquatic insects, 

mollusks, and crustaceans provides the necessary parameters for dynamic models of radionuclide 

niovements in aquatic ecosystems. 

Research in terrestrial ecosysterns has emphasized the biogeochemical cycling of fission products in 

forest, grassland, and old-field ecosystems. Radionuclide dynamics (60Co, 90Sr, 9sZr-'sNb, 06Ru, 37Cs, 

and 144Ce) in natural plant coinrnunities have been followed where soil reaction products have formed. 

Plant translocation and food-chain studies with '2Na, 42K,  "Ca, 85Sr, 86Rb,  1 3 ' 1 ,  and 1 3 7 C s  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 froin 

maximum permissiblc concentrations in the environment. 

1. Abstract of paper presented at the Folnrth International Confcrence on the Peaceful Uses of Atomic Fnegy,  Sept 

2. Environmental Scicnces Division. 
6-16, 1971, Geneva. 
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11.2 MQDELLNG THE ENVIKONMENTAL ~~~~~~~~ OF RAMONUCLBUES 
AND ESTIMATING DOSES TO MAN' 

M. J. Kelly2 

R. S. Booth S. V. Kayc' 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 rriaking such ~ S S C S S I I ~ C  tits 

involves dynamic modeling techniques or systems simulations. These systems simulations vary from 

generalized models that can be applied to many terrestrial locations and all radiorruclitles to inodels that can 

be applied 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 i s  unique to natural gas 

stimulation by contained nuclear explosions. 

~ 

1. Introduction of paper presented at the fi lrd Session of US-U.S.S.R.  lechnical Talks on Plowshare, July 12-22, 

2. Reactor Chemiitry Division. 
3. Environmental Sciences Divibion. 

1971. 

1 1.3 APPLICATIQN OF ENVIRONMENTAL SYSTEMS ANALYSIS TO THE 

RADIOLOGICAL SAFETY ANALYSES OF RELEASES TO THE ~~~~~~~~~ 

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 followiiig 

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 committee by 

Struxness. 
............ ........... -.~ -... 

1.  Environmental Sciences Division. 

11.4 RADIONUCLIDE TRANSFER TO MAN TBR UGH AQIJATEC PATHWAYS 

R. S. Booth 

Published literature was surveyed extensively as a first step in preparing a time-dependent, systems 

analysis modcl to predict the transfer to man of any radionuclide after deposition in an aquatic ecosystem. 

Optimuin use will be made in the inodel of hioaccuniulation factors, energy and biomass uptake rates and 

turnover rates, stable elemental concentrations, aquatic harvest data, and critical pathway analysis. The 

model will be used to predict doses to man from transient, accidental, or chronic rcleascs of rddioactivity to 

aquatic systems. 

ENT OF A CENEWAL A Q U A H C  MODEL 

R. B. O'Neill' I<. S. Booth H. €I. Shugart' 

The ambitious task of developing a complex model for mass or carbon trdnsfer in an aquatic ecosystem 

was iiiilidted by the Central Modcling Group of the International Biological Program (1BP). The model 



116 

includes nodinear coupling; environmental 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 

ecosy-stem dynamics. 

The first steps in this model development involved constructing four submodels by working with IBP 
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 EXPERlMENTAL ANALYSIS OF A MESIC FOREST ECOSYSTEM’ 

R. V. O’Neil12 I). E. ReicWe’ J. S. Olson2 

R. S. Booth P. Sollins2 

Analysis of ecosystems must emphasize the dynamic aspects of ecosystem processes involving the flux 

of materials within and between subsystems. Such research is particularly applicable to assessing the fate of 

toxic materials in the environrnent. Radioisotope tracers, used to measure rate coefficients for fluxes, and 

systems analysis techniques, for developing predictive ecosystem models, are important tools for execution 

of siiccessful ecosystem research programs. In 1962 the Ecological Scienc.es 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 LirioderzJron tulip$~ra with cesium-1 37. 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 research design are special 

experiments for studying: (a) cycles and rates of cycling of cesium and related elements, (b) nutrient and 

energy dyriarnics utilizing cesium as a radiotracer, and (c) specific ecosystem processes such as primary 

production, canopy grazing, and litter decornposition. After 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 Forcst lZiornc Symposium, December 26.- 31, 1471, 

2. Environmental Sciences Division. 
Pliiladelpbia, as part o f  thc annual rrice!ing o f  the American Association for the Advancc~nent of Scicnce. 

11.7 ANALYSIS QF THE FORAGE-COW-MODEL INCBRPQUTED 
INTO THE HERMES COMPUTER CODE’ 

K. 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 rnodcl 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. bletcher and W. L. Dotson, HEXMES .4 DigitGI C‘omputfr Code For Esiinuzling Regiond Radiological Kffecty 
Froin the  iYur1rar Power Industry, HEDL-TME-71-168 (Deccinbei 1971). 
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S. Y. Kaye’ 

R. S. Booth P. S. Rohwer’ E. G. Struxness’ 

The Cumulative Exposure Index (CUEX) is being developed to facilitate efficient realistic assessment of 

envir~irunental releases of radioactivity. The aim of CUEX is to asre4s the relcare on the basis of 

timeintegrated radionuclide concentrations rncasured in suitable environmental sarnplirig media. Typical 

measurements would be concentrations of radioactivity in ail or water or on the land surface. The measured 

concentrations are assessed against basic radiation safety standards r ecomcnded  for mernl)ers of the public 

by recognized authorities. Because the recommended standards are expressed in units of dose (rem), the 
CLJEX index, of necessity, enabodies environmental models and dose models to coriveri itie measured 

environniental radionuclide concentrations into estimates of radiation dose to inan. The final estimate of 

dose arid dose commitment used in calculation of CUEX includes contributions for each radionuclide and 

exposure mode of significance and is compared to  the appropriate radidtion dose limit to complete the 

assessment. A s  proposed in this paper, CIJEX is a more appropriate index to apply to exposures of the 

public than are the MW’s (niaxirnum permissible concentrations). A schematic is presented for apylyiilg 

CUEX to nuclear plant siting, using environniental systems analysis techniques to model the movement of 

radionuclides. 
_I__ .... ~ .... __I_. -......I_-____ ~ ...... 

1 .  Abstract of paper presented at Symposium on Radioecology Applied to the Protectioii of Man and his 
Environment, September 7--10, 1971, Rome. 

2. Environmental Sciences Division. 

11.9 A COMPENDIUM OF RADIONUCLIDES FOUND IN LIQUID EFELUENTS 

OF NUCLEAR POWER STATIONS’ 

S. V. Kaye’ M. J. Kelly3 P. S. R o h w d  

While assessing the radiological impact of several nuclear power stations (for inclusion in Environmental 

Impact Statements under preparation by OIWk for the US. Atomic Energy Commission), 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 8ic order of minutes and those whose released rates are too low to have any impact (* pCi/year). 

However, a inore common situation is a list that does not include radionuclides which, frorn examination o f  
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 radionuclides possibly released i s  impractical, we coricluded that there should be a 

standard list of radionuclides to include in the liquld source term for Environmental impact Statements. 

Deciding which radionuclides should be on this list, however, is only part of the information needed by 

the hcalth physicist to perform a radiological assessment. Me 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 infoririatjon needed to make a radiological 

assessment for radionuclides included in our proposed list. The inforimtion listed in this report i s  ineatit to 
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complement and supplement the values of maximum permissible concentrations in water (MPC), for 

radiological assessments. 
_____....__I______ I__.____ ._._ 

1. lntroduction to published repoil ORNL-TM-3801. 
2. Eiivironrnental Sciences Division. 
3. Reactor Chemistry Division. 

I I .IO 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 I.,aboratory for the I J X  Atomic Energy 

Commission. These radiological assessments utilized site specific population data, meteorological 

observations, hydrologic dilution data, food-chain pathway models, etc., 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 .I 1 A SIMPLE SYSTEMS MODEL FOK DDT AN 
IN THE HUMAN FOOD CMALN' 

0. W. Burke K. V. O'Neil12 

A I T D X ~ ~ : ~  to simulate the movement of DDT and DUE in himian food chains was developcd on an analog 

computer. 14ie adequacy of the model was vcrified by its ability to iuse 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 DD'1' for future years as input, the model predicted the levels of DDT and DDE in inan 

for these ful ure years. 

1. Abslrxt  of ptkblished report ORNL-IBP-71-9 (November 1971). 
2. Ecological Sciences Division. 
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and ips of Professional Groups 

Held by Instrumentation and Controls Division Pers 

CAN INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

K. K. Abele: Member of Nuclear lnstiuments and Detectors Committee under Nuclear Science Group 

J .  L. Blankenship: Member of Nuclear Instruments and Detectors Committee, Symposium Committee, and 

S. J. Ditto: Member of Joint Committee on Nuclear Power Standards of Nuclear Science Group and Power 

Program Subcommittee under Symposium Committee, all of Nuclear Science Group 

Group and Member of Subcommittee SC-5, Reliability, under the Joint Coiiiinittee 

J. H. Holladay: Vice-Chairman of the Oak Ridge Section 

C. F. I-Iolloway : Member of Subcommittee SC-4, Auxiliary Power Systems, under Joint Committee on 

J. L. Lovvorn: Director, and Chairman of the Educational Activities Committee of the Oak Ridge Section 

J.  W. McConnell: Member of Executive Committee of the Oak Ridge Section 

Nuclear Power Standards of Nuclear Science Group and Power Group 

AMERICAN NUCLEAR S 

J. I,. Anderson: Member of Subcommittee ANS-4, Reactor Dynamics and Control, Standards Committee 

C. J .  Borkowski: Fellow 

J. R .  Bullock: Chairman of Digital Computer Control Planning Group for Subcommittee ANS-4 

I). N. Fry: Member of Nuclear Keactor Safety Committee 

AMEMCAN SOCllETY FOR TESTING ANI) MATERIALS (ASTM) 

W. W. Johnston, Jr.: Mcmber of Committee E-20, Temperature Measurement, and Subcommittees and 
Sections under this Committee, as follows: 

Chairman of E20 Ad Hoc Committee for Conversion of RDT Standards to A S l M  Standards 

Chairman of Committee E20.03, Resistance 'Thermometers 

Member of Committee E20.04, Thermocouples 

Member of E20.04.01, Standardization of Standard Thermocouples and Materials, under Committee 

Member of E20.04.04, Standardization of Nobel Metal ~l'hermocouples and Materials, under E20.04.01 

Member of E20.04.03, Metallic, Sheathed Thermocouples for Nuclear Service, under Committee E20.04 

Member of E20.04..06, I'hermocouple Applications, under Committee E20.04 

Member of E20.04.0'7, Insulating Materials for Thermocouples, under Committee E20.04 

E20.04 
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Member of E20.04.10, Sheathed Electrical Heaters for Nuclear Applications, inder Committce E20.04 

R. L. Shepard: Chairman of Subcomniittee on Acoustical Thermometry, under Committee E-20, 
Temperature Measurement 

APOLLO ACRLEVEMENT A\VL4R6) FOR SIGNIFSCAN'1' CONTRIBUTIONS 
TO ACTIVITIES ASSOCIATED WITH THE FIRST LUNAR LANlifNG 

K. J. Fox 
V. A. McKay 
R. T. Roseberry 
T. F. Sliski 
R. E. Wintenberg 

FIFTH SYMPOSIUM ON TEMPERATURE-ITS MEASUREMENT AND CONTROL 
IN SCIENCE AND INDUSTRY JUNE 1971, WASHINGTON, D.C. 

W. W .  Johnston, J r  : Membel of Thermocouple Committee 

R. L. Shepard: Chairman of Omnibus Thermometry Committee 

Member of Thermocouple Committee 

Mcmber of Editorial Comrnittce for Proceedings Aiblication 

INSTRUMENT SOCIETY OF AMERICA (EA)  

H. E. Cochran, Commander: Executive Officer of Research Company 6-3 of the U.S. Naval Reseive 

C. S. Lisser: Chairman of the Control Centers Committee SP-60 

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC/TC-45) 

J. I.,. Blankenship: Member of Detectors Working Group (WG-9) 

NA'IIONAI, COUNCIL ON RADlATION PROTECTION AND UNITS 

F. H. Clark: Consultant 

ORNL DIRECTOR'S REViEW COMMITTEES 

B. 6.  Eads: Accelerator and Source Safety 

B. C. Duggins: Reactor Operations 

B. Lieberman: Radioactive Operations 

J. A. Russell: Accelerator and Source Safety 

SOCIETY FOR NUCLEAR MEDICINE 

F. H. Clark: Chairman of Computer Hardware Standards Committee 

J.  W. Woody: Member of Computer Hardware Standards Committee 

U.S. ATOMIC ENERGY COMMJSSION NIM-CAMAC COMMITI'EE 

N. W. Hill: Member of Subcommittee on Analog Signals 

G. A. Molt: Member of Executive Committee 

J. W. Woody: Member of NIM Committee 
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UNITED STATES OF AMERICA STANDAR S INSTITUTE (fJSASI) 

D. J. Knowles: Alternate Member with F. W. Manning on Corninittee N-42, Nuclear Instrumentation 

J. W. Krewson: Member of Subcommittee on Liquid Level under Committee B-88, Calibration of 
Instruments 

F. W. Manning: Member of Coininittee N-42, Nuclear Instrumentation 

Some of the publications listed below were prepared jointly with members of other divisions and with 
consultants and other noneniployees. Their afflitalions are footnoted. 

Ackermann: N. J., Jr., J. R. Penland,’ and S. H. Hariauer,* “A Space and Energy Dependent, Four-Nodal 
Point Neutron Fluctuation ‘Theory,” T r ~ n s .  Anzer. Nucl. Soc. 14(2), 854 (October 1971). 

Ackermann? N. J., Jr., and A. R. Buhl, “The Detection Efficiency Dependence of Subcriticality 
Measurements by the Polarity Spectral Coherence Method,” Nuel. Technob 12, 320--- 23 (November 
1971). 

Ackermann, N. J., Jr., “Subcriticality Measurement in an I,NFRR,” Nucl. Safety 12(6), 583-90 
(November-December 197 I). 

Ackermann, N. J., Jr., D. P. Roux, W. T. Clay, and G. C. Guerrant, “A Low Level Neutron F h x  Monitoring 
System for LMFBR’s,” Trans. Amer. Nucl. SOC. 15(1), 425 (June 1972). 

Ackermann, N. J., Jr., A. R. Buhl, and D. 1’. Roux, LMFBR Suhcre’ticality Measuremeat Systenz 
Dcvebpmerrt, ORNL CF-71-3-45 (September 30, 1971). 

Allen, J. W.,2 and W. 13. Sides, Jr., Study of Reactivity Bu!uxrce D U T ~ F T ~  Startup of the HFIR, 

Ball, S .  J., N. E. Clapp, Jr., and J. G. D e l ~ n e , ~  Controlled-Trerid Purunietu Vaiiotion Yksts on the OSW 
Wrighfsvillt? Beach Three-Stage Flash Bmporutor, Ai~gust 19 70, ORNL-TM-3393 (November 197 1). 

Bertrand, F. E.,4 W. R. B ~ r r u s , ~  N. W. Hill, 1’. A. Love,6 and R. W. P e ~ l l e , ~  “A I-ligh Resolution 
Spectrometer System with Particle Iderr[ ificalion for 1- through 60-MeV Hydrogen and Helium 
Particles,” Nucl. Instr. Methods 101(3), 475-92 (1972). 

Booth, R. S., K. B. A. R. Ruhl, J. C. Robinson,2 and E. Carroll,7 “Interpretation of 2.0--2.57-MeV 
Neutron Pulse Propagation in Iron,” Tram. Amer. Nucl. Soc. 15(1), 530---31 (June 1972). 

Booth, R. S., and S. V. Kaye,8 A Preliminary Sys t em Analysis Model of Radioactivity Trmsfer co Man 
from Deposition in a Terrestrial Eiwi~oizment, ORNL-TM-3 135 (October 1971). 

Booth, R. S., J .  E. White,9 S. K. Penny,9 and K. J. Yost,lo “A Comparison of Calculated and Measured 
Yields of Neutron-Energy-Dependent Capture Gamma Rays from Uranium-238,” Nucl. Sci. Eng. 47. 
8--- 18 (1972). 

Borkowski, C. J., Imtnimeritation arid Con trois Division Arinual Progess Report Septenzber I ,  1971, 

Borkowski, C. J., and M. K. Kopp, “Proportional Counter Photon Camera,” IEEE Trans. Nucl. Sci. 

Buhl, 4. W., N. J. Ackermann, J r . ,  and J. C. Robinson,* “Application of Transport Theory Kinetics to the 
Interpretation of Experimental Neutron Noise Spectra in Large Fast Reactors,” Trans. Amer. Nucl. Soc. 
14(2), 857-58 (October 1971). 

Buhl, A. R., and K. L. C l l i l d ~ , ~  “The Response of the FFTF Ex-Vessel Detectors to Large 52CfSources,” 
Tram. Amei: Nucl. SOC. 14(2), 513 15 (October 1971). 

ORNL-TM-3769 (Aups t  1972). 

ORNL-4734 (July 1972). 

NS-19(3), 1 6 1 ~  -68 (197.2). 



122 

Buhl, A. R., N. J .  Ackermann, Jr.,  I<. C. Kryter, and J .  C. Kobiiison? “Subcriticality Measurements in 
SEFOR,” Trans. Amer. Nucl. Soc. 15(1), 423 -24 (June 1972). 

Buhl, A. K., J .  C. Robinson? and N. J .  Ackermann, Jr. ,  “An Intercoinparison of Techniques for Inferring 
Subcriticality in Fast Reactors,” Trurzs. Amer. N u l .  SOC. 15( l), 493--95 (June 1972). 

Bullock, J. B., G. R. Owens,’ and W. 11. Sides, Jr . ,  Reactor On-Line Con?pz~ter Control Development at  
the H I M ,  Vol. 2: Program Listii.igs, Summaries, and Logic Diagrams, OKNL-TM-3679 (February 18, 
1972). 

Burke, 0. W.  and R. V. O’Neill,8 A Simple Systems Model for 007‘ and DDE Movement in the Human 
Food Chairz, ORNL IBP-71-9 (November 1971). 

Burke, 0. &‘.,A Hybrid Coniputer Sirnillation of the MSRR, OKNL-TM-3767 (May 5, 1972). 

Burtis, C. A.,12 J. C .  Mailen,13 C. D. Scott,13 W. F. Johnson,T. O . ? i f f a ~ y , ~ ~  andJ .  B.  Overtori,13 with 
contributions from N. G. Anderson,I2 J .  E. Attrill,14 E. L. Collins, C. A. J .  M .  Jansen, M. T .  
Kelley,14 R. A. Matliis, L. H. ‘Thacker, W .  A. Walker,’6 and 1). D. Wills,12 Gruvity Zero (GQ) 
Andytiml Clinical Laboratory System ~i~nl1QE &ogress Report for the f’eriod April 1971, to March 

Burtis, C. A.,I2 W. F. Johnson, J. C. Mailen,’ and J .  E .  Attrill,14 “Automated Sample-Reagent Loader for 
Use With tlie GeMSAEC Fast Analyzer,” Clin. Chem. 18(5), 433 (1972). 

Case, F. N.,” E. H. Acree,” and H. R .  Brashcar, ‘‘A Survey System for Use in Tracing Radionuclide- 
Tagged Sediment in the Marine Environnient,” pp. 603 ---28 in Nuclear Techniqires in Etivironmentol 
Pollution, IAEA, Vienna, 19’7 1. 

Chen, C. H.,” T. W. Kerlin,2 and 1). N. Fry, “Experiences with Binary Periodic Signals for Dynamic 
Testing at  the HFIK,” IEEE Truns. Nztcl. Sci. NS-19( I ) ,  828-  -36 (February 1972). 

Clay, W. T., Development of a Gamma Ionization Clhowiher for the Office of CivilDefense, QRNL-TM-3474 
(July 30, 1971). 

Delene, J .  G.,3  and S. J .  Ball, =1 Digital Computer Code for Simulating Largehfultistage Flash Evaporator 
Desalting Plunt Dynamics, ORNL-TM-2933 (September 197 I).  

De Lorenzo, J. T ., “Measurements of the Shielding Effectiveness of Coaxial and Two-Conductor Cables,” 
Rev. S’ci Insti.. 43( l), 16 1-64 (January 1972). 

Dodds, H. I.,”, Jr.,’8 and J .  C. Robinson,2 “A New Calculational Technique for Space-Energy-Angle- 
Dependent Reactor Kinetics,” pp. 21 1-32 in I~ymmics of Nuclear Systems (D. 1,. Hetrick, ed.), 
University of Arizona Press, Tucson, 1972. 

Dodds, PI. L., Jr.,18 J.  C. Robinson,2 and A. K. Buhl, “The lyormulatiori and Application of the 
Transfer-Scattering Matrix Method to  Space-, Energy-, and Angular-Dependent Fast Reactor Kinetics,” 

Edwards, N. T.,8 R. 1. Van Hook, Jr.,8 and F. M.  Kau, Porfuble System for Contimous Analysis of 

Fry, D. N., and T. W. Kerlin,2 Prelirninary Coolurit Temperature Oscillation Merisufenrerits at  the 

Fry, D. N., “A Method for Verifying Reactivity Feedback Time Response in Power Reactors,” Trans. 

Glass, F. M., Ionizuiion Chamber Current Quantizer for Radiological Environmental Monitoritig Systems, 

Gwin, R.,h E. G. and R. W. Ingle, “Measurenient of Neutron Fission Cross Section for 239Pu and 

Hagen, E. w. (ed.), “Control and Instruinentation,” Nucl. Safely 12(5), 496--515 (September-October 
1971); 12(6), 583-90 (November-December 1971); 13( l), 29.- 36 (January---February 1972); 13(3), 
220-24 (May--June 1972); 13(4) 295~-300 (July-August 1972). 

31, 19 72, ORVL-‘TM-3792. 

Nucl. Sci. Eng. 47, 262-74 (19‘72). 

Environmentul arbon Dioxide, ORNL 1BP-71-7. 

Fuel-Fuilure Mockup, QRNL-TM-376 1 (August 1972). 

Amer. Nucl. Soc. 14(2), 79% --93 (October 1971). 

ORNL-TM-3906 (August 1972). 

U from 0.02 eV to 200 keV,” Truns. Amer. N i d  Soc. 1S( I), 481-82 (June 1972). 



123 

Hagen, E. W., “Reactor Availability and Station Reliability for Continuity of Service,’’ Nucl. Safety 12(5), 
499--515 (September-October 1971). 

Hagen, E. W., ‘The Fourteenth Power Instrumentation Symposium of the Instrument Society of America,” 
Nucl. Safefy 13(1), 29 36 (January -Februaty 1972). 

Herskovitz, M. R., Thermal Cycling Life Tests of Metal Sheathed Thermocouple Assemblies, ORNL-TM- 
3907 (September 19’72). 

Herskovitz, M. B.,  Quality Assurerace Plan for the Large-Scale Procurement of Ternperarnre Smsurs, 
ORNL-’1’M-3740 (March 1972). 

Katz, Sidney,l and 1,. 13. Thacker, “A New Sensitive Ultraviolet Detection System for Carbohydrates 
Eluted During Colunin Chromatography,” J. C/inimztog. 64, 247 ---52 (1972). 

Kryter, R. C., N. J.  Ackermann, Jr., and A. K. Huhl, Suhcriticulity Measurements in FR-3:  The 
Hornogeneous Mockup of the Fast Test Remtor, OmL-TM-3715 (February 1972). 

Maclslin, R. L.,4 N.  W. Hill, and B. J. Allen,’9 “Thin 6Li(n,a)T Transmission Flow Monitor,” Nml. Instr. 
Method,r 96(4): 509 -13 (1971). 

Martin, C. D., Jr., The Design and Consttaction of a Small Computer Real-Time Execurive Progiant for 
Procesy Control arid Data Acquisition, ORWL-TM-3309 (July 1972). 

McDearinan, J .  K.: J. M. Googe,2 and R. L. Shepard, “A Three-Wire Insulator Shunting Model for 
High-Temperature ‘ITliermocouple Errors,” IEElj’ Truns. IE w d  CI. IECI-4 8, 137-44 (November 197 1). 

Millard, J. K., ‘r. V. Blalock,2 and N. W. Hill, “A Broadband Current Preamplifier Configuration for 
Obtaining High Resolution E n e r a  and Time Information from Nudear Radiation Detectors,” IEEE 
Truns. Nucl. Snc. NS-19(1), 388---95 (Febr~iaiy 1972). 

Penland, J .  R.,l N. J .  Ackermann, Jr . ,  and S .  I I .  Hanaucr,* “Space- and Energy-Cepcndent Reactor Noise 
Measurements,” Trans. Amer. Nud Soc. 14(2), 854- -55 (October 1971). 

Robinson, J .  C.,? and M. L. Alexander,? “Calculation of Reactor Noise Spcctra Using a Space-Energy 
Dependent Model: Comparison with Experiment,” Trims. Amer. Nttcl. Soc. 14(2), 856-57 (October 
1971). 

Robinson, J. C.,2 and N. J. Ackermann, Jr., “A Noise ‘Technique for Measuring Reactivity Independent of 
the Neutron Generation ‘Time,” Ncicl. Technol. 13, 250-56 (March 1972). 

Kosler, I-I., J. K. MiIlard, and N. W. Hill, ‘‘Fast Timing from a Fission Ionization Chamber,” Nucl. h t r .  
Methods 99(3), 477--- 86 (1972). 

Roux, D. P., “Startup Neutron Detectors for LMFBK Application,” Trms. A r m - .  Nwcl. Sue. 14(2), 497 
(October 1971). 

Roux, D. P., and J. C. Robinson,2 “Formulation of the Gamma Pileup Effect in Fission Counters,” Trans. 
Amer. Nucl. Soc. 15(1), 423 (June 1972). 

Roux, D. P., and A. K. Buhl, “Effect of Gamnla Radiation on LMFBR Sulicriticality Measurements Using 
Noise Analysis,”fViicl. Teechnol. 12, 137-40 (September 1971). 

Rubel, P., lieliability Etigineering Methods in Reactor Safety Technology, ORNL CF-72-3-39 (June 1972). 

Rubel, P., “Reliability Methods Applied to Reactor Safety: Trends and Progress,” IEEE Tl;urzs. N u d  Sci. 

Sides, W. H., Jr., J. W. Allen,2 and J. B. Bullock, “Computer Surveillance of Reactivity nuring Startup at 

Weston, L. W.,6  and 9. H. Todd, “Neutron Fission and Absorption Cross-section Measurements for ’ 39Pu 

NS-89(1), 883-87 (February 1972). 

the HFIR,” Tram. Amcr. Nucl. Sac. 15(1), 424---25 (June 1972). 

and 2 4 1 P i 1 , ”  Trans. Amer. NucZ. SOC. 15(1), 480-81 (June 1972). 

1. Babcock nnd Wilcox, 
2. University of Tennessee. 
3 .  Reactor Division. 



124 

4. Physics Division. 
5. Tennecomp, Inc., Oak Ridge, Tenn. 
6. Neutron Physics Division. 
7. University of Florida. 
8. Environmental Sciences Division. 
9. Mathematics Division. 

10. Purdue 1Jniversity. 
11. Tennessee Valley Authority. 
12. MAN Program. 
13. Chemical ‘Technology Division. 
14. Analytical Chtxnistry Division. 
15. General Engineering Division. 
16. Plant and Equipment Division. 
17. isotopes Division. 
18. Savannah River Laboratory, Aik.sn, S.C. 
19. Australian Atomic Energy Commission. 
20. Visiting scientist from Keaktorstation Garching, Munchen, Gcrrnany. 

Papers Presented at Professional Meetings 

Some of the papeis listed below were prepared jointly with members of other divisions and with 
consultants and other noncmployecs. Their affiliations are footnoted. 

1971 Winter Meeting Aniericun Nuclear Society, Miami Beach, Florida, October 17--- 19 71 

Ackerrnann, N. J., Jr., J. R. Penland,’ and S. H. Hanauer,2 “A Space- and Energy- Dependent, 
Four-Nodal Point Neutron Fluctuation Theory.” 

Buhl, A. R., N. J. Ackerrnann, Jr., and J. C. “Application of l‘ransport Theory Kinetics to 
the Interpretation of Experirnental Neutron Noise Spectra in Large Fast Reactors.” 

Buhl, A. R., and R. L.  child^,^ “The Response of the FFTF Ex-Vessel Detectors to Large 252Cf  

Fry, D. N., “A Method for Verifying Reactivity Feedback Time Response in Power Reactors.” 

Penland, J. R.,‘ N. J. Ackerrnann, Jr., and S .  H. I-lanaues,2 “Space- and Energy- Dependent Reactor 

Robinson, J. and M. L. Alexander,? “Calculation of Reactor Noise Spectra Using B Space-Energy 

Roux, D. P., “Startup Neutron Detectors for LMFBR Applications.” 

Sources.” 

Noise Measurexnents.” 

Dependent Model: Cornpiison with Experirnent.” 

18th Nucleirr Screrice Symposium und Third Nuclear Power Symposium, Sail Francisco, Califoriiiu, 
November3 5, 1971 

Chen, C. T. W. Kerlin,2 and D. N. Fry, ‘‘Experiences with Binary Periodic Signals for Dynamic 

Millard, J .  K., T.  V. Blalock,2 and N. W. IIil1, “A Broadband Current Preamplifier Configuration for 

Rubel, P., “Reliability Methods Applied to Reactor Safety. Trends and Progiess.” 

‘Testing at the MFIR.” 

Obtaining High Resolution Energy and rime Information from Nuclear Radiation Detectors.” 

19 72 7;GIirtectith Sciniillatim urid Semiconductor Counter Symposium, Washington, D. C ,  March 1-3, 
1972 

Borkowski, C. J., and M. K. Kopp, “Proportional Counter Photon Camera.’’ 



125 

1972 Annual Meeting American Niiclear Society, Las Vegas, Nevadu, .June 18---22, 1972 

Ackermann, N. J., Jr., D. P. Roux, W. T. Clay, and G. C. Guerrant, “A Low Level Neutron Flux 
Monitoring System for LMFBR’s.” 

Booth, R. S., R. B. Perez,s A. R. Buhl, J .  C.  Robinson,2 and E. Carroll,6 “Intcrpretation of 
2.0--2.57-MeV Neutron Pulse Propagation in Iron.” 

Buhl, A. R., N. J. Ackermann, Jr., K. C. Kryter, and J. C. Robinson,2 “Subcriticality Measurements in 
SEFOR.” 

Buhl, A. R., J .  C. Robinson,2 and N. J .  Ackermann, Jr., ‘“An lntercomparison of ‘Techniques for 

Gwin, R.,5 E. G. S i l ~ e r , ~  and R. W. Ingle, “Measurement of Neutron Fission Cross Section for 239Pu 

Koux, D. P., and J. C. Robinson,2 “Formulation of the Gamma Pileup Effect in Fission Counters.” 

Sides, W. H., Jr., J .  W. Allen,? and J. B. Bullock, “Computer Surveillance of Reactivity During Staitup 

Weston, L. W.,5 and J .  1-1. Todd, “Neutron Fission and Absorption Cross-Section Measurements for 

Inferring Subcriticality in Fast Reactors .” 

and U from 0.02 eV to 200 keV.” 

at the HFIK.” 

2 3 9 p u a n d 2 4 1 ~  )1 

24th Natiorial Meeting of American Association of Cirinicul Cilzemisls, Cincinnati, Ohio, August 20-2.5, 
1972 

Tiffany, T. 0.,7 L. 11. Thacker, C. A. Burtis,’ and C. D. Scott,% “A Multicuvet Fast Fluorometric 
Analyzer Based on the GeMSAEC Principle. 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 

Babcock and Wilcox. 
lJniversity of Tennessee. 
Matheniatics Division. 
Tennessee Valley Authority-. 
Neutron Physics Division. 
Univenity of Florida. 
MAN Program. 
Chemical Technology Division 

Patents 

Casimer J. Borkowski and Manfred K. Kopp, “Two-Dimensional Position-Sensitive Radiation 

Casimer J. Borkowski, “Differential Pressure Nuclear Radiation Flux Detector,” US. Pat. 3,631,254 

William K. Miller and Carl M. Smith, Jr., “Self-Adaptive Welding Torch Controller,” U.S. I’at. 

James M. Jansen, Jr., “Computer Interface,” U.S. Pat. 3,656,116(April 11, 1972). 

Detector,” U.S. Pat. 3,603,797(September ‘7, 1971). 

(November 16, 1971). 

3,646,309(February 29, 1972). 





127 

CONT R 0 LS DEPARTMENT 

L. C. OAKES" 

lNSTRUMENTATlON AND CONTROLS 

2. J. BORKOWSKI," DlGECTOR 

R. A. DANDL,** ASSOCIATE DIRECTOR 
L. C. OAKES," ASSOCIATE DIRECTOR 

1 ELECTRONICS 1 
BASIC INSTRUMENTATION SECTION A 

C. J. BORKOWSKI" F. W. MANNING, HEAD 
D. .I. KNOWLES. ASSIST. SECTION HEAD 

j 
i 

I I I 
I ADMt NiSTRATlVE ASSISTANT 

SPEC1 A L  ASS1 G NblE MTS 

c. s. LiSSER* 

G.  S. SADOWSKI" 
1 I 

J. GUARNERI 1 

I PROCESS INSTRUMENTS 
SECTION B 

I C. A. MOSSMAN, HEAD 

R.  S. STONE 

K. W. WEST I 

ClRCUlT DEVELOPMENT 1 
H. N. WILSON 

TECH NI  QU ES 

J. W. WOODY 

t / SPECIAL ELECTRONICS 

1 J. L. LOVVORN 

SERVICES 

MECHANICAL DEVELOPMENT AND 
ENG I NE E R I NG GRAPH I CS 

H. J. STRIPLING 
"DUAL CAPACITY 
"ON LOAN TO THERMONUCLEAR DIVISION 
'QUALITY ASSUFANCE COORDINATOR 

'@TECHNICAL REPORTS EDITOR, RADIATION CONTROL 
OFFICER. AND D:VISION SAFETY OFFICER 

I I 1 RADIATION DETECTION 

I R. K. ABELE 
7 

NEUTRON PHYSICS DlVlSlON 

H. A. TODD 

1 PRODUCT DESIGN AND 
FABRICATION 

G. A. HOLT 

3 
j 

VAN DE GRAAFF 
ACCELERATOR PROJECTS i. J, VV. JOHNSON 

L 4 

DEVELOPMENT 

SYSTEMS ANALYSIS 
AND DESIGN 

APPLICATIONS 

R. K. ADAMS' 

PROCESS INSTRUMENTS 
MA1 NTENANCE 

P. Vi!. H ILL  

REACTOR PROJECTS 
INSTRUMENTATION 

I R. L. MOORE I 





129 

n 

QR NL-4822 

UC-37 - Instruments 
UC-80 - Reactor Technuiogy 

1 .  Biology Library 

5 .  Laboratory Shift Supervisor 
6 .  ORNL -- Y -  I2 'redmica1 Library 

Document Keference Scc tion 
7.- 184. Laboratory Rccotds Deparirnent 

(I  & C Division Distribution) 

2---4. central Research Library 

185. H. 1. Adler 
186. K. G. Alstndlet 
18 7. N. G. Arrderson 
188. S. L. Auerbach 
l8?. J. A. Auxier 
I W .  S .  E. Beall 
191. M. Berider 
192. 11. S. Biilingtoo 
193. C. J. Borkowski 

195. R. B .  Briggs 
196. F. K. Bruce 
19'7. C. C. Burwell 
198. H. 1'. Carter 
199. T .  E. Cole 

201. D. F. Cope 
702. W. B. Cottrell 
203. J. A. Cox 
204. F. L. Culler 

206. I). ZCI. Ilavis 
207. D. E. Ferglson 
208. I). J. Fisher 
209. J. L. Fowler 
210. A. P. Fraas 
21 I .  J .  11. Frye, Jr. 
212. J. H. Gibborls 
213. W. R. Grirnes 
214. E. D. Gupton 
2 15. K. P. Hammond 
216. W. 0. Harms 
2 17. J. A. Harter 
218. P. N. Haubenreich 
219. R. F. Hibbs 

19.4. c. E. Boyd 

200. w. c. Colwell 

205. K. A. Darlai 

220. M. W. i-loftinan 
22 1. W. H. Jordan 
222. P. R. Kasten 
223. G" G. Kelley 
224. M. T. Kelley 
225. J. J. Keyes 

227. J.  I-. Livermiin 
228. R. S. Livingston 
220. M. I. i-undin 
230. K. N. Lyon 
23 I .  R. E. MacPherson 
232. F. C. Maienscheill 
233. f* .  C. McCurdy 

235. J. K. McNaiIy, Jr. 
236. A. I. Miller 
237. L. C:. Oakes 

238---239. K. R. Parker 
240. R. W. Peek 
241. .J. Pidkowicz 
242. H. Postma 
243. M. E. Ramsey 
244. A. F. Kupp 

246. C .  0. Scott 
247. H. E. Seagren 
248. M. J. Skitirler 
249. Jack E. Smitl~ 
2.50. A. H. Snell 
251. W. S. Snyder 
252. I .  Spiewak 
253. E. C. Striixriess 
254. E. H. Taylor 
255. D. B. 'Trauger 
256. 6. U. Ulrikson 
257. A. M. Weinberg 
258. J. C .  White 
259. M. K. U'ilkinson 
260. F. J. Witt 

226. T. A. Lincoln 

234. J. R. McGuffey 

245. Uuxllap Scott 

26 1 I M. M. YarodJ 



130 

E X E R N A L .  OlSTRlBUTION 

262. N. F. Barr, Assistant Director for Radiological Physics, Division of Biology and Medicine, U.S. 

263. T. V. Blalock, Department of Electrical Engineering, University of Tennessee, Knoxville, 

264. D. A. Kromley, Nuclear Structure Laboratory, Yale University, 5 1 Sachem Street, New Haven, 

265. R. L. Butenhoff, Division of Applied Technology, U.S. Atomic Energy Commission, Washington, 

266. R. 1,. Chase, Associated Universities, Inc., Brookhaven National Laboratory, Upton, New York 

267. E. H. Cooke-Yarborough, Head, Electronics and Applied Physics Division, Atomic Energy 

268. Michel Cordelle. Laboratoire d’Electronique e t  Technologie de L’lnformatique, Centre d’Etude 

269. Louis Costrell. National Bureau of Standards, 1J.S. Department of Commerce, Washington, D.C. 

270. J .  W. Crawford, Assistant Director, Project Manageinent? Division of Reactor Development and 

271. E. P. Epler, 712 Florida Avenue, Oak Ridge, Tennessee 37830 
272. J .  Furet, Service d’Electronique des Reacteurs, Centre d’Etudes Nucleaires de Saclay, Boite 

273. Roger Gariod, Laboratorie d’Electronique et  ’rechnologie de L’Infonnatique, Centre d’Etude 

274. J. M. Googe, Department of Electrical Engineering, University of Tennessee, Knoxville, 

275. F. S. Goulding, University of California, Lawrence Berkeley Laboratory, Berkeley, California 

7-76. Nicholas Crossman, Chief, Special Technical Branch, Division of Reactor Development and 

277. S. H. I-Ianauer, Technical Advisor to  Oirector of Regulation, Office of Director of Regulation, 

278. P. L. Mavenstein. Chief, Instrumentation and Control Branch, Division of Reactor Development 

279. R. Hofstadter, Physics Department, Stanford university, Palo Alto, California 94305 
280. V. A. Kamath, Scienrific Advisor, Attention: P. K. Patwardhan, Rhabha Atomic Research Centre, 

281. R. N. Keller, Chemistry Department, University of Colorado, Boulder, Colorado 80302 
282. D. Aliga Kelly. Chief Physicist, Nuclear Enterprises (G.X.) Ltd., Sighthill, Edinburgh, 11. 

283. E. J .  Kennedy, Department of Electrical Engineering, University of Tennessee, Knoxville? 

284. T.  W. Kerlin, Department of Nuclear Engineering, University of Tennessee, Knoxville, Tennessee 

285. J .  B. €1. Kuper, Associated Universities, lnc., Broo,khaven National Laboratory, IJpton, New 

Atomic Energy Commission, Washington, D.C. 20545 

’Tennessee 379 14 

Connecticutt 065 19 

D.C. 20545 

11973 

Research Establishment, Ilarwell, Berkshire, England 

NuclCaires de Grenoble (CENG), Grenoble-Care 38. France 

20234 

Technology, U.S. Atomic Energy Commission, Washington, U.C. 20545 

Postalc No. 2, Gif-sur-Yvette, Seine-et-Oise, France 

Nucleaires de Grenoble (CENG), Grenoble-Care 38, France 

‘lenncssee 3791 6 

94720 

Technology, U.S. Atomic Energy Commission, Washington, D.C. 20545 

IJS .  Atomic Energy Commission, Washington, D.C. 20545 

and Technology, US. Atomic Energy Commission, Germantown, Maryland 20‘767 

‘Trombay, Bombay 85, India 

Scotland 

‘Tennessee 379 16 

37916 

York 11973 

Commission, Washington, D.C. 20545 

Berkeley Laboratory, Berkeley, California 94720 

286- 288. F.  C. Legler, Division of Reactor Development and Technology, US. Atomic Energy 

289. D. A .  Mack, Head, Electronics Engineering Department, University of California, Lawrence 

290. G. L. Miller, Bell Telephone Laboratories, Murray Hill? New Jersey 07974 



i 

1 

29 1. A. Pearson, Chalk River Nuclear Laboratories, Atomic Energy Canada, Ltd., Ontario, Canada 
29%. J. F.  Pierce, P)eparlrnen t of Electrical Etigineesing, University of Tennessee, Knoxville, 

293. A. J.  Pressesky, Assistant Director, Nuclear Safety, Division of Reactor Development and 

‘294, J .  M. Prosser, Division o f  Reactor Development and Technology, U.S. Atomic Energy 

295. Velijko Radek;], Associated 1Jniversil:ies, Inc., Brookhaven National Laboratory, IJpton, New 

296. J. C. Kobinson, Department of Nuclear Engineering, University of Tennessee, K.rioxville, 

297. D. P. Roux, Societe GCnCrale Pour L’lnduslrie 71 Ave. lmiis-cosai, 1216 Cointrin-Genevc, 

298 -~300. C. R. Sienbentritt, Jr., Staff Director, Nucleoiiicj: Divisioti, Defense Civil Preparedness Agency, 

Tennessee 37916 

Technology, U.S. A tornic Erieru Conirnission, Washington, D.C. 20545 

Commission, Germantown, Maryland 20767 

York 11973 

Tennessee 379 16 

Switzerland 

Room 1C 539, ‘The Pentagon, Washington, D.C. 20301 

York, N.Y. 10017 

D.C. 20545 

Medicinej U.S. Atomic Energy Commission: Washington, D.C. 20545 

301. J. A .  Swartout, Director o f  Techiiology, Union Carbide (hrporation, 270 Park Avenue, New 

302. 1-1. K. Wasson, Division of Biology md Medicine, [J.S. AI oniic Energy Commission, Washington, 

303. K. W. Wood, Chief, Katliological Physics and Instruments Branch, Divisivii of Biology arid 

304. Kesearch and Technical Support Division, ABC, O R 0  
305. Patent Office, AEC, O R 0  

306 ---575. Given distribution as shown in T1D-4500 under Reactor Technology category and to recipients 
listed in Instruments category who did not receive a copy urrder TJCX30 (25 copies --- NTIS) 


