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1. Electronics

1.1 DETERMINATION OF THE MAXIMUM USEFUL NUMBER OF PENTODE

STAGES FOR A GIVEN BANDWIDTH

A. M. R. Ferrari1

In the different fields where linear voltage amplifiers are used, it is useful to know the theoretical

limits on amplification and bandwidth. In an amplifier with a fixed bandwidth and consisting of cascaded
pentode amplifier stages, a number of stages exist which give higher gain than any other number. This
critical number, nQ, depends on the ratio of the gain-bandwidth product2 of the individual stage to the de
sired bandwidth of the complete amplifier. For the desired bandwidth, there is also a maximum possible
value for the over-all gain, Atota]l which will be obtained under these conditions.

The results of this analysis can be applied to amplifiers with or without feedback or to wide-band

tuned amplifiers as well as to linear amplifiers. For the sake of simplicity, we shall consider only am
plifiers consisting of n identical stages, each with a plate load impedance that consists of a pure resist
ance shunted by a pure capacitance (typical amplifier stage).

The midfrequency amplification of a pentode with a load resistance small compared with the plate
resistance is

A=SmRb> (1)
where

A = amplification factor of one stage,

gm = transconductance, in microamperes per volt,

Rb = load resistance, in kilohms.

For an w-stage amplifier, it was shown by Elmore and Sands3 that

Rb= W^TT (2,/n-l)1/2, (2)

IAEA Fellow from Instituto de Fisica de Bariloche, Argentina.
9

F. E. Terman, Radio Engineering, 3d ed., pp 266, 357, McGraw-Hill, New York, 1947.
3

W. C. Elmore and M. Sands, Electronics: Experimental Techniques, 1st ed., p 141, McGraw-Hill, New York,
1949.
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where

/, = upper cutoff frequency, in cycles per second, of the complete amplifier,
C = sum of input and output capacitance, in farads, of the tube,

n = number of stages.

The combination of Eqs. (1) and (2) gives

A= — — ^/"-l)172. (3)
2ttC f2

The factor e /2n C is the "fiqure of merit" of the tube and is defined as N. (The figure of merit so

defined is a constant of the tube. In a practical circuit, the capacitance C will also include the parasitic

capacitance associated with the wiring, and therefore the effective figure of merit of the circuit will have
a lower value. This effective figure of merit may be increased by using an interstage coupling network

more complex than the one considered here.) Thus, Eq. (3) may be rewritten as

A=z!L{2^"-])^2. (4)

The amplification of n stages is

A
total

\/n _ ])n/2 _ (5)

If N/f2 is used as a parameter, ^tota( can be plotted as a function of nto yield the graph of Fig.
1.1.1. It can be seen that for every value of N/f2 there is a maximum useful value for n. These particu
lar values of n (wn) are listed in Table 1.1.1 along with the maximum possible amplification that can be
obtained for each value of nQ. As an example, consider a 6AK5 tube for which N=1.17 x 10 cps and
f2 =2x 107 cps. From the data, N/f2 =5.85 = 6. From the table, the critical number of stages is 9,

nd the maximum possible amplification is 120. If an amplification of more than 120 is required over a

bandwidth of 20 Mc, a tube with a higher figure of merit than the 6AK5 must be used, or an inductively

compensated interstage network must be used, ' or the tubes must be connected as a distributed am

plifier.6

a

F. E. Terman, op. cil., p 251.

5W. C. Elmore and M. Sands, op. cit., p 140.

6E. L. Ginzton et at, Proc. Inst. Radio Engrs. 36(8), 956-69 (1948).
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Table 1.1.1. Maximum Useful Number of Stages
and Maximum Possible Amplification for

Different Values of the Parameter N/f2

Maximum Useful

N//2 Number of Stages

(»0>

1 1

2 1

3 2

4 4

5 6

6 9

7 12

8 16

9 21

10 25

11 31

12 37

13 43

14 50

15 57

16 65

17 74

18 83

19 92

20 102

Maximum

Possible

Amplification

1

2

3.5

9.2

28.5

1.2 x 102
6.0 x 102
4.1 x 103
3.6 x 104

4x 105
5.9 x 106
1.1 x 108
2.7 x 109
8.5 x 1010
3.4 x 1012
1.7 xlO14
1.1 x 1016
1.0 x 1018
1.1 xlO20
1.7 x 1022

1.2 PULSE CHARACTERISTICS OF SOME FAST PHOTOTUBES

C. W. Williams J. H. Neiler1

Tests were performed on a group of phototubes to determine their pulse characteristics, such as rise-

time and transit-time differences for photoelectrons emitted from different points on the photocathode.

The combination of the rise-time and transit-time difference within a given photocathode area determines

the ultimate timing resolution that may be expected in use. Phototubes tested include the RCA 7046 and
Phillips 58AVP, which have nominal 5-in. photocathodes; the Du Mont 6363 and CBS CL-1016, which are
3-in. tubes; and the RCA C7251-7264 and Phillips 56AVP, which are 2-in. tubes.

Physics Division.

The authors wish to thank R. P. Cumby for his help in performing these tests.
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The tubes were tested by means of a UCRL mercury-capsule light-pulse generator.3 This pulser fur
nishes a pulse of light of approximately 5 x 10~ ° sec rise time and width at half maximum. The light
was masked so that a small spot was directed onto the photocathode of the tube under test, which was

located in a lightproof chamber. The chamber was equipped with a traversing mechanism which positioned
the tube to cause the pulsed light spot to fall on a selected point of the photocathode. Time measurement

was performed on the anode pulse by means of a Lumatron sampling oscilloscope. Calibration of the

scope against calibrated delay-line lengths permitted measurement with a fair degree of confidence to
about ±10%.

Table 1.2.1 lists transit-time difference, rise time, and pulse width for the RCA 7046 tube, showing

the effect of a change in grid-2 voltage with constant cathode-to-anode voltage (E = 3400 v). This table

also gives comparative data for the Phillips 58AVP tube for two values of cathode-to-anode voltage.

Useful photocathode diameter is about 4 in. for the 7046 tube and about 4.3 in. for the 58AVP tube. Re

sults of measurements on the 6363, CL-1016, 7264, and 56AVP tubes are shown in Table 1.2.2.

*Q. A. Kerns, F. A. Kirsten, and G. C. Cox, UCRL-8227 (Mar. 24, 1958).

Table 1.2.1. Time-Response Characteristics of the 7046 and 58AVP Tubes

Transit- Time Difference (nanoseconds)

7046

H

58AVP

V , = 1250
e2

V V , = 1750 v
s2

= 3000 v £ = 2500 v

Distance from center of ph otocathode, in.

Center 0 0 0 0

0.50 0.10 0 0 .0

0.75 0.20 0.10 0.10 0.10

1.0 0.30 0.15 0.25 0.30

1.25 0.40 0.30 0.30 0.45

1.5 0.70 0.50 0.45 0.70

1.75 1.25 1.0 0.75 0.90

2.0 1.90 1.5 1.10 1.20

Associated rise time, nanoseconds 2.0 2.4 1.5 1.5

Width (half-max mum), nanoseconds 6.2 5.0 2.4 2.2

Approximat s gain 3x 106 >108

Maximum 1inear pulse amp itude, ma ~60 >300
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Table 1.2.2. Time-Response Characteristics of the 6363, CL-1016, C7251-7264, and 56AVP Tubes

Distance from center of photo

cathode, in.

Center

0.25

0.50

0.75

0.80

0.90

0.95

1.0

1.25

1.50

Associated rise time, nanoseconds

Cathode-to-anode voltage, v

Nominal cathode diameter, in.

Transit-Time Difference (nanoseconds)

6363 CL-1016

0 0

0.5 0.2

1.5 0.7

3.5 1.8

3.9 2.0

4.9 2.6

5.5 3.1

6.0 3.7

11.0 5.9

4.8

7.0 3.0

1700 2000

3 3

C7251-7264

0

0

0.15

0.35

0.45

0.80

1.0

2.3

2000

2

56AVP

0

0

0.05

0.20

0.25

0.55

0.75

1.6

2400

2

1.3 INSTRUMENTATION FOR NUCLEAR SPECTROSCOPY

T. L. Emmer

As experiments in nuclear spectroscopy become more complex, the physical size, excessive heat

dissipation, high failure rate, and inflexibility of interconnection of present vacuum-tube instrumentation

create severe problems. Also, the advent of high-resolution solid-state detectors has set more stringent

requirements on the associated instrumentation and has made new design concepts necessary.

The development of transistors and other components has advanced sufficiently to allow adequate

solutions to these problems. The unique properties of transistors are being exploited wherever possible

to improve the design over similar vacuum-tube circuits. Therefore a new line of instruments for nuclear

spectroscopy is being developed according to the following objectives: small size, low heat dissipation,

simplicity of operation, speed of interconnection and interchangeability, long-term stability, and ease of

maintenance.

Four instrument prototypes were constructed and partially tested: a linear amplifier, a single-channel

analyzer, a fast-coincidence unit, and a biased amplifier and linear gate. With these units, complex ex

periments can be set up in a minimum of time and space. The test data indicate that performance has not
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been sacrificed for size and flexibility. Four of these units will plug into an 8/^,-in. rack-mounted holder

so that a complete triple-coincidence experiment with a gated, biased linear output (Fig. 1.3.1) will oc

cupy less space than is presently used for two vacuum-tube amplifiers. Other units which will increase

the scope of possible experiments are being developed along the same line.

Transistor Amplifier - Double Line (TADL-1, Q-2205)

This amplifier features double delay-line differentiation and limiters preceding each linear stage to

keep to a minimum the amplitude shift with counting rate and the dead time due to overload (Fig. 1.3.2).1
The main amplifier has a gain of 560, with a maximum attenuation of 64 to 1 and a maximum rise time of

0.1 /xsec. An output of +10 v into 100 ohms with ±0.2% integral linearity allows the use of a terminated

1957
G. G. Kelley, "A New Amplifier for Pulse Spectrometry," p 63 in part 9 of IRE National Convention Record,
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100-ohm cable or delay line at the output. Preliminary tests indicate a stability of 0.05% of maximum

output per °C, a recovery time of 10 fisec from 500 times overload, and a 2.5% shift in the barium Kx-
ray peak when the Cs137 peak is in overload with an over-all counting rate of 10 counts/sec.

3y use of a proper preamplifier, the amplifier can be used with both scintillation counters and solid-
state detectors. All preamolifiers will drive a terminated 100-ohm cable and require only one cable since

the preamplifier power is supplied through the signal cable. The scintillation preamplifier was designed
for maximum tolerance to overload, and its noise contribution is about twice that of the photomultipl ier

dark-current noise under normal operating conditions. A charge-sensitive preamplifier will be used for

solid-state detectors so that the output will be relatively independent of detector capacity changes. A

preliminary design indicates that the noise contribution of the preamplifier will be in the order of 35 kev
(referred to 3.5 ev per ion pair for silicon solid-state detectors) for a detector capacity of 50 picofarads.

Snip-Snap Single-Channel Analyzer

This unit, which is a companion unit of the TADL-1, can be used as an integral or a differential dis
criminator and has an output that is generated when the input pulse changes polarity (crossover pickoff),
so that the unit can also be used in experiments requiring good time resolution. This unit and the

TADL-1 are constructed on the same chassis (Fig. 1.3.3).

The E and A£ discriminators are variable from 0 to 10 v and have an integral linearity of ±0.1% when

used with potentiometers of that linearity. The 3-v positive-pulse output has a rise time of 10 nano

seconds when terminated with 100 ohms. The half-height time shift of the output pulse, for a 20 to 1

change in input amplitude, is less than 10 nanoseconds. This short time resolution is accomplished, in
dependent of discriminator settings, by a feedback circuit which changes the hysteresis of the lower

discriminator after it has triggered (Fig. 1.3.4). This system has the advantage that no circuitry is ac

tivated when the input pulse amplitudes are less than the lower discriminator level. Temperature com

pensation is accomplished through the use of balanced circuitry, and preliminary data indicate a dis

criminator drift of 1 mv/°C.

Fast-Coincidence Unit

This unit, which is a companion unit of the snip-snap single-channel analyzer, will provide a three

fold coincidence and single anticoincidence. The coincidence time is determined by miniature coaxial-
cable delay lines, which are easily changed to suit the experiment (Fig. 1.3.5). When output pulses from
single-channel analyzers are used as inputs to this unit, a 1-nanosecond time shift of one input with re

spect to the other is sufficient to prevent a coincidence. This sensitivity is obtained by using a biased

amplifier to amplify the region of coincidence.

2E. Fairstein, Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1957, ORNL-2480, p 1-5.
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Biased Amplifier and Linear Gate

This unit, which is also a companion unit for the TADL-1, is useful in coincidence experiments where
linear gating is required or in high-resolution spectroscopy involving solid-state detectors where biasing
and postamplification are required.3 Alinear biased output of 10 v into 100 ohms can be obtained.

Gating, biasing, and postamplification are accomplished in the following manner (Fig. 1.3.6). When
the input pulse exceeds the bias level and the clamp is released by a gate-trigger pulse, the highly am
plified output of the first biased amplifier is applied to a second biased amplifier, which has a fixed bias
level. Arelatively small excursion of the input signal will then cause the second biased amplifier to
conduct, and negative feedback is applied to the first biased amplifier. Once the feedback is applied,

ZLow Noise Amplifiers for Use with Solid State Detectors, TID-6119 (August 1960).
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PERIOD ENDING JULY 1, 7967

the output is linear with respect to the input. By varying the feedback, postgains of 1, 2, 4, 8, and 16
can be obtained. With this double bias system, there is a large reduction in the region of nonlinearity
before feedback is applied.

Preliminary tests indicate that the temperature stability is proportional to the amount of post gain
and in the order of 1 mv/°C for a postgain of 1.

The author acknowledges the assistance of D. L. Ramsay in the layout of the printed circuits.

1.4 CURRENT-REGULATED MAGNET POWER SUPPLIES FOR THE

OAK RIDGE ISOCHRONOUS CYCLOTRON

W. H. White, Jr. W. E. Lingar

The Oak Ridge Isochronous Cyclotron (ORIC) is a variable-energy, fixed-frequency cyclotron designed
to accelerate protons (from 1 to 75 Mev) and other heavy particles.' An azimuthally varying magnetic field
provides particle focusing and particle and accelerating isochronism while maintaining the high-current
ion beam. However, a different-shaped magnetic field is required for each particle, and a specific shape
is required for each particle energy. To provide the necessary flexibility in the magnetic-field shape,
46 electromagnetic coils supplied by 21 separately regulated power supplies are required. Two of these
supplies are motor-generator units, which provide the main field power at 1000 kw and a major part of the
azimuthal field variation power at 500 kw. The other 19 supplies, described here, are rectifier units
controlled by a combination of saturable reactors and transistors and provide 350 kw for fine shaping of
the magnetic field.

The magnet power supplies are to provide direct current regulated to 0.01% or better of maximum out
put and a range of power from essentially 0 to 100% of rated output. The ripple is to be no more than
0.01% of rated-output voltage.

Four types of power supplies are being installed (Table 1.4.1). No performance data have been ob
tained with these units; however, a magnet-testing program will be conducted concurrently with instal
lation of the power supplies.

The regulator installed in each of the power supplies consists ofthree chassis ofcontrol equipment
and a bank of parallel transistors capable of passing the full output current of the supply.

R. S. Livingston and F. T. Howard (eds.), Nuclear Instr. and Methods 6, 1 (1960).
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In the operation of these supplies, three basic feedback loops provide the regulation required (the
first two loops are shown in Fig. 1.4.1). The first loop stabilizes the dc current to the required accuracy
by maintaining a constant current through the transistor bank. The second loop stabilizes the system by
providing voltage feedback from the output terminals and causing the transistor bank to dynamically filter
the ripple present in the output. The third loop (Fig. 1.4.2) reduces the dissipation of the regulator by
maintaining a constant voltage across the transistor bank; this increases the efficiency of the system.

The plug-in boards are used to allow versatility of the regulator system - components shown on them
are conceptual and do not represent any particular supply. All circuit differences between supplies

ary to make the regulator operate are accomplished by varying components on these boards.necess
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Table 1.4.1. ORIC Magnet Power Supplies

Quantity

Required

Maximum

Amperage

1200

800

500

250

Maximum

Voltage

28

36

48

25

Fig. 1.4.1. A Current Stabilizer and Ripple-Cancellation Loops.

Power Rating

(kw)

33.6

28.8

24.0

6.25
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1.5 GEIGER-MUELLER SURVEY METER

F. M. Glass

Geiger counters have a characteristic that has caused much concern about their reliability as safety
monitors or survey meters. When placed in a high gamma field, the ion sheath reduces the potential
gradient until the counter no longer functions as a Geiger counter. Although the counter continues to de
liver pulses, they may be reduced in amplitude as much as three orders ofmagnitude. If the detection
system is to continue functioning at high gamma levels, the associated electronic circuitry must have
sufficient sensitivity to detect and count these small current pulses and yet be capable of functioning
properly when the counter is operating in the Geiger region. Most of the available survey meters do not
have this capability, and none have all the features desired by the Health Physics Division at Oak Ridge
National Laboratory.

AGeiger-Mueller survey meter (model Q-2092A) was designed and fabricated to work in gamma in
tensities up to 500 r/hr. It is powered by a permanent-type battery with a built-in charger. There are
four ranges providing full-scale calibrations of 500, 5,000, 50,000, and 500,000 counts/min. This corres
ponds roughly to 0.2, 2, 20, and 200 mr/rir. The over-all accuracy, considering the cumulative effects of
battery voltage, temperature, and nonlinearity, is within 7% or better. The calibration shifts only 1% as

13
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a function of battery voltage over the range from 10% of full charge to the full charge. The average tem
perature coefficient is +0.1% per °C over the range 20 to 45°C. The sensitivity is adequate to detect
gamma pulses in a field of 500 r/hr. The resolving time at 500,000 counts/min and at 50,000 counts/min
is determined by the counter dead time. Because of the high counting losses at 500,000 counts/min, the
calibration is a rough approximation. At 5000 counts/min the resolving time is 150 fisec plus one-half
the counter dead time, and at 500 counts/min it is 1500 /xsec plus one-half the counter dead time. The

circuit linearity is 2.5% of full scale.

1.6 FAST-NEUTRON SURVEY METER

F. M. Glass

Atransistorized portable survey meter for detecting fast neutrons in a moderately high gamma field
was developed for making radiological surveys around reactors, accelerators, and large neutron sources.
This instrument replaces an older model known as "Rudolph" and performs basically the same functions.
The new design was needed in order to reduce the size and weight and to improve stability and reliability.

The fast-neutron survey meter (model Q-2047) is an all-transistorized count-rate meter calibrated in
milliroetgens per hour. The detector, FN2/3, made to Harwell design, has a series of cylindrical poly
ethylene-lined cells placed in line and is filled with methane and argon. It operates in the proportional
region and delivers current pulses corresponding to (5.5 +2.5) x 106 ion pairs for neutron energies of 0.1
Mev. The sensitivity varies with neutron energy in such a way that the pulse rate is proportional to the
dose rate. The instrument is compact and weighs only 6 lb 12 oz, complete with batteries. It features

permanent-type batteries with a built-in charger.

The instrument has three count-rate ranges, having full-scale calibrations of 25, 250, and 2500 mrem/hr.
Amechanical register is used for the fourth range. One count per second corresponds to 5 mrem/hr. When
properly calibrated, the instrument has an accuracy of within 10% or better over the entire operating range
between temperatures of 15 and 45°C with a battery charge between 10 and 100% of full charge. The sen
sitivity is adjustable from 10~13 to 10~12 coulomb by means of a gain control. The detector delivers a
pulse charge of 3.6 x 10~13 to 8.9 x 10" 13 coulomb at the gamma threshold in a 3-r/hr gamma field from
a Co60 source. There is no zero drift, and the calibration drift is less than 10% from the combined effects

of temperature and battery-voltage changes.

The resolution is the same for all ranges. The full-scale counting loss is 1.75%. The over-all de

parture from linearity caused by counting loss, meter movement, and circuit nonlinearity may be as high
as 8%, with the average being 6%. When properly calibrated, the meter will read correctly at half scale
and will average 3% low at full scale.

14
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1.7 PORTABLE GAMMA MONITOR FOR AERIAL SURVEYS

F. M. Glass

The Office of Civil and Defense Mobilization required a radiation monitoring instrument for use by
radiological civil defense personnel in measuring high levels of radiation resulting from a nuclear dis
aster. The instrument is to be used in light aircraft to survey areas that have ground dose rates too high
for survey by radiological personnel on foot or to survey large areas quickly. The development specifi
cation called for an instrument that is sensitive to gamma radiation only, is capable of measuring ground-
level intensities between the limits of 0.1 to 500 r/hr, and that indicates the radiation level by a meter
calibrated in roentgens per hour or by an external strip-chart recorder or tape recorder.

A portable gamma-monitoring instrument, the civil defense aerial monitor (model Q-2192), was de
veloped for this service. The instrument has a stability of ±3% over the life of the battery (end point,
1.3 volts per cell). Special scales that compensate for dead-time losses ensure an accuracy of within
±3.5% over the entire scale. Ground-level intensities within the range of 15 mr/hr to 220 r/hr can be
measured from an airplane flying up to 100 mph at an altitude between 300 and 900 ft. At 1100 ft altitude,
a ground-level intensity of 440 r/hr can be measured. The actual calibrations on these scales are 0.1,

1, and 10 r/hr. Ground-level radiation intensity is calculated by using the air-attenuation factor.
Four decades are covered with the accuracy and stability of a good linear count-rate meter without

the necessity of switching ranges. An audible tone having a frequency of 100 cps in normal background
increases in frequency one octave per decade. This allows the pilot to take meter readings only when
the tone changes, thereby permitting him to devote most of his attention to flying.

The monitor (14.5 x 6 x 6 in.) features simplicity of operation, light weight (10 lb), and low battery
drain. Ordinary D-size flashlight cells will give up to 100 hr of continuous service in normal background
and 50 hr of service in a 5-r/hr field.

Three halogen-type Geiger-Mueller tubes of varied size in a three-channel meter were employed as
detectors; this made it possible to obtain fast response with good statistics. Geiger-Mueller tubes were
chosen in preference to scintillation counters because the tubes had better temperature stability and re
quired less-critical high-voltage stability.

1.8 LINEAR-LOGARITHMIC GEIGER-MUELLER-TUBE RADIATION MONITOR

J. T. DeLorenzo

The secondary cooling system of the Oak Ridge Research Reactor required a radiation monitor having
normal operation at low gamma dose rates and large over-range capabilities. Furthermore, the device

must display little or no turndown in much higher gamma fields. High reliability is necessary since the
monitor may be required to actuate reactor control circuits. The sensing unit must be capable of operating

15
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outdoors with varying temperature and humidity and of driving as much as 500 ft of cable. Although the
ORNL model Q-1916 radiation monitor1 meets many of these requirements, a lack of down-scale alarm and

the use of vacuum tubes limit its reliability. It is a three-decade logarithmic device and is somewhat

lacking in the necessary dynamic range.

A simple and rugged Geiger-Mueller-tube radiation monitor that has separate linear and logarithmic
tput signals was developed for this service. The linear output signal covers the range from 0 to 10
/hr and actuates a transistorized, high and low off-normal monitor. The high and low alarm levels are

adjustable within the linear range. The logarithmic output actuates a recorder to record abnormal excur
sions above the linear range at dose rates ranging from 10 mr/hr to 100 r/hr. Only a slight turndown in
the logarithmic output signal is observed at gamma dose rates exceeding 10 r/hr. The off-normal monitor
will sound an alarm when a circuit component fails.

The instrument uses the integrated current from the Geiger tube as a measure of radiation dose rate

(Fig. 1.8.1). The Amperex 160G Geiger-Mueller tube is linear up to about 10 mr/hr and generates about
0.4 pta mr-1 hr-1 in this range with about 300 v of overvoltage. The integrated current of the Geiger tube

ou

mr,

1J. L. Blankenship, Instrumentation and Controls Div. Ann. Progr. Kept. July 1, 1948, 0RNL-2647, p 50.
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is logarithmic from about 10 mr/hr up to about 1 r/hr, where the tube begins to saturate. For a logarithmic
response above 1 r/hr, a second, smaller Geiger tube, Amperex 18509-02, is used. The currents from the
two tubes are summed and constitute the logarithmic signal. The second tube extends the logarithmic re
sponse to 100 r/hr, where it begins to saturate. The anode resistors of the Geiger tubes are chosen such
that each tube contributes about 25 pa to the logarithmic output signal.

Some current amplification is needed before the linear signal can be used to operate meters and alarm
devices. The amplification of the linear range of the 160G tube is accomplished by an Amperex Z70U
cold-cathode trigger tube. The charge generated by the Geiger tube is deposited on the capacitance of
the starting electrode. When the voltage on this capacitance equals the ignition voltage, the trigger tube
is fired. This charges the anode capacitance (0.001 /if) to a voltage equal to the difference between the
trigger-tube supply voltage and the resting anode voltage of the trigger tube when in the ignited state.
With a 300-v trigger-tube supply voltage, about 2 x 10-7 coulomb is delivered to the anode capacitor on
each firing. If the starting electrode capacity is kept small, so that the trigger tube fires with each Geiger-
tube avalanche, the charge gain and the current gain are about 40. This is based on the assumption that
each Geiger avalanche generates 5 x 10-9 coulomb.

Circuit Details

Sensing Unit. - The sensing unit consists of two Geiger-Mueller tubes, a Z70U trigger tube, and two
corona-regulator tubes. The regulator tubes permit the entire sensing unit to be operated from one regu
lated, negative 900-v high-voltage supply. A400-v regulator tube keeps the 18509-02 Geiger-Mueller tube
at an operating voltage of 500 v. A600-v regulator keeps the Z70U at an operating voltage of 300 v.

The Z70U requires a small priming current to stabilize its operation. This current represents a con
stant drain of about 10 fia on the high-voltage supply and is bled through a 20-megohm resistor connected
to the priming electrode. This current is suitably "bucked out" in the linear measuring circuit.

Meter Circuits. - The logarithmic metering circuit consists of a 20-/ua meter which measures the
summed current from the two Geiger-Mueller tubes. A resistor-capacitor (RC) network associated with
the meter serves as the smoothing time constant. A500-ohm resistor in series with the meter provides a
signal for a 10-mv recorder.

The 20-/ki meter can be switched to read: (1) the logarithmic output current, (2) the linear output cur
rent, (3) a voltage which is the measure of the high-level alarm point, and (4) a voltage which is the meas
ure of the low-level alarm point.

The zero of the linear meter can be checked by breaking the circuit to the Geiger-Mueller tubes. This
removes the input current to the starting electrode of the trigger tube.

High and Low Off-Normal Monitor. - The signal for the off-normal monitor is the voltage developed
across the linear RC network. The impedance of the RC network is matched to the impedance of the off-
normal monitor by two cascaded emitter followers, Ql and Q2.

The off-normal monitor includes a difference-amplifier comparator (Q3 and Q4), adjustable negative
and positive clamps (D2, Dl) for high-and low-level adjust, square-wave multivibrator (Q6, Q7), ac am
plifier (Q8), and a relay driver (Q9, Q10).

17
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The dc signal from the cascaded emitter followers is fed to one input of the difference amplifier. The
clipped square wave of the multivibrator is fed to the other input. The square wave is clipped in both
positive and negative directions by Dl and D2, respectively. So long as the dc-level input falls between
the two levels of the square-wave input, a square-wave output signal is obtained from the difference am
plifier. This signal is amplified by the ac amplifier for greater sensitivity.

18



2. Nuclear-Radiation Detection and Monitoring

2.1 SILICON SURFACE-BARRIER NUCLEAR-PARTICLE DETECTORS1

J. L. Blankenship C. J. Borkowski R. J. Fox

Silicon surface-barrier detectors with sensitive areas of 25 mm2 and 1cm2 have given a resolution of
13.5 kev (full width at half maximum) and 17 kev, respectively, for 5.5-Mev alpha particles. Detectors
2.6 cm in sensitive area that were made from an entire ingot section have given a resolution of 40 kev,
which was limited by noise due to diode current.

Surface barriers, as usually produced, have a severe potential gradient at the edge of the gold. Sur
face conductivity measurements were used as a guide to diode modifications which have yielded break
down voltages in excess of 4000 v with 6000-ohm-cm re-type silicon.

Thin silicon surface-barrier detectors suitable for dE/dx application were fabricated with areas rang
ing from 0.1 to 2 cm2 and ihicknesses down to 75 /n. Alpha-particle resolutions of 22 kev are typical of
0.5-cm units, and the sensitive region can be extended to within approximately 10 // of the rear surface.

An amplifier system has been designed specifically for use with silicon diode detectors to achieve th

optimum pulse-height resolution. The noise with a capacitive load of 20 and 180 picofarads on the ampl
fier input is approximately 3.5 and 10 kev respectively. The system, including the window amplifier, h
a drift rate of less than 300 ev/hr and a line-voltage sensitivity of less than 250 ev per line volt wh
analyzing a charge pulse on the input equivalent to 5.5 Mev.

Abstract of paper given at Conference of Nuclear Electronics, sponsored by the International Atomic Energy
Agency, Belgrade, Yugoslavia, May 15-19, 1961.

e
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2.2 SURFACE-BARRIER DIODE ASSEMBLY FOR FAST-NEUTRON SPECTROSCOPY

R. E. Zedler

In a spectrometer unit, two silicon diodes are positioned face to face and closely spaced. One diode

is coated with Li6F. Aneutron-Li6 reaction produces an a-T pair, both particles simultaneously produc
ing pulses in one or both of the diodes. The sum of pulses from both diodes is proportional to the neutron
energy.
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A surface-barrier diode unit for fast-neutron spectroscopy, as used by Love and Murray, was devel

oped, and construction and assembly techniques were worked out.
The diode assembly was built without the incorporation of hydrogenous materials to prevent n-p reac

tions with hydrogen and needless distortion of the neutron spectrum because of neutron thermalization.
The diodes are fastened in an aluminum mount and can, the dimensions of the assembly being about 1 by

1 in.

Diodes with reverse bias currents of less than 1 fia at 50 v and resolutions of 50 kv or less at a 50-v

bias are considered acceptable. The diodes must also be able to stand a 100-v bias without an excessive

increase (more than 10%) in noise or breakdown.

Construction

Silicon Diode Preparation. -The diodes are made from +2000-ohm-cm re-type silicon. The initial size
of the diode is approximately 9 by 11 mm by 0.5 mm thick. The silicon wafers are lapped on both faces
with 1000-grit emery to remove deep scratches and then are cleaned in ethyl alcohol and distilled water.
They are then nickel plated by the electroless process. Aflat-head 0-80 screw is centered and soldered
with Cerroseal to one face. After the soldering flux is removed, this surface is coated with three succes

sive applications of a fluorcarbon wax (Kel-F 200 dissolved in trichloroethylene) to protect the area from
the etching solution.

The diodes are centered on fluorothene disks (3/# in. in diameter by V,6 in. thick) and fastened there
with a 0-80 nut to which has previously been spot welded and soldered a 2-in. length of 0.01 O-in.-diam

nickel wire.

The diodes are given a preliminary 1- to 2-min etch in a modified CP-4 solution to remove the nickel
from the front faces and edges, rinsed off in water, and dried. The final etch is done in freshly prepared
modified CP-4 solution [modified CP-4 etch: 50 cc of HN03, 45 cc of acetic acid, 26 cc of HF (48%), and
15 drops of bromine]. The reaction rate (it should be gentle) of the etch on the silicon is controlled by
moving the diode in and out of the etching solution, always keeping the diode face down. The etching
time is 4 to 5 min. The diode is rinsed in acetic acid and then in distilled water. Care is taken to pre

vent the etching solution and acetic acid from running over the back side of the fluorothene disk and
contacting the brass screw and nut. After the distilled-water rinse, the diode is turned face up (for the
first time) and excess water is gently blown off with an air stream from a hand-operated rubber bulb. The
diodes, 0.020 in. thick initially, usually etch down to about a 0.015-in. thickness.

Deposition of Gold and Li6F. - In preparation for the deposition of gold, the diodes are temporarily
mounted in Teflon holders fitted with Mylar masks having an opening of 7 by 10 mm. This leaves an un-

coated strip about 1 mm wide around the edge and on the face of the diode. The gold is evaporated on
the diodes in a vacuum-coating system (D.P.I. LC1-500), using the appropriate amount of gold and sur

face area to produce a film of 50 /ig/cm .

]T. A. Love and R. B. Murray, IRE Trans, on Nuclear Sci. NS-8(1), 91 (1961).
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After making the electrical contacts to the gold, the diodes to be coated with Li6 F are put in mounts

as above, but the mask opening is approximately 6 by 8.5 mm. The Li6F powder (about 0.26 g) is placed

in a V-shaped, 10-mm-thick tantalum boat (165° included angle by 2 in. long), and the diodes are located

about 25 cm above it in the vacuum-coating system. The boat shape has a "focusing" effect on the dep

osition of the Li F; the factor for this boat is about 4.5. The Li6F film deposited has a film thickness

of about 150 ^g/cm . Both evaporations are done at a pressure of less than 5 x 10~5 mm.

Making Electrical Contact to Diode Face. -After the diodes have been gold coated, an electrical

contact is made to the gold. One end of a short piece of O.OOl-in.-diam gold wire is fastened down to a

corner of the gold film by applying a drop of Aquadag with a syringe. The other end is fastened to the

fluorothene disk with a drop of Du Pont No. 4817 silver paint. The wire must not touch the uncoated

edge of the silicon because this results in excessive diode noise.

Assembly in Mount. -In the aluminum holder, an Li6F-coated and an uncoated diode are mounted face

to face, with a Teflon washer 0.002 in. thick separating them. The washer touches the uncoated corners

of the diodes and prevents the diode faces from contacting each other; contact results in diode noise.

The diodes are cemented in place with a few drops of the silver paint, which is also used to ground the

gold wire to the holder. The nickel wires are bent and soldered to the Teflon terminals. Figure 2.2.1

shows a completed assembly.

2S ALUMINUM CAN

Li6F COATING
150/xg/cm2

GOLD COATING

50/i.g/cm2

SILICON DIODE

AQUA DAG CONTACT

TEFLON TERMINAL

UNCLASSIFIED
ORNL-LR-DWG 63219

FLUOROTHENE DISK

FLUOROCARBON
WAX FILM

SILICON DIODE

TEFLON WASHER

24S ALUMINUM MOUNT

SILVER PAINT

O.OOt-in. GOLD WIRE

Fig. 2.2.1. Silicon Diode Assembly for Fast-Neutron Spectroscopy.
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A table of the approximate weights of the main parts composing a diode spectrometer assembly is

given below:

Main Parts Weights (g)

Silicon (after etching) 0.17

Fluorothene disks 1.90

Brass (screws and nuts) 0.4

Teflon terminals 0.2

Aluminum 24S mount and 2S cap 4.67

Nickel wire and solder 0.03

Total 7.37

2.3 INVESTIGATION OF LIGHT-PIPER THICKNESSES FOR ALPHA SCINTILLATORS

M. M. Chiles

The use of a Lucite plate (4V4 x 4^ x V2 in. thick) as a light piper for use in an alpha-survey probe
was described in a previous report.1 It appeared that the alpha-survey probe could be designed with a

larger-area phosphor by using a thicker light piper, thereby increasing the area being surveyed per unit

time and decreasing the total time required to survey.

The light-piping characteristics of three thicknesses (1, 1V2, and 2 in.) of Lucite blocks, each 6 by
6 in., were investigated. A cylinder, 8 in. in diameter and 4 in. thick, was also tested. The amplitude

of pulses received from an alpha source placed 3>2 in. from the center of the phosphor was compared
with the amplitude of pulses received with the source at the center of the phosphor.

The test indicated that with a lk-in. thick light piper, the pulse amplitude at 3/2 in. from the center
of the piper was approximately 35% of the pulse amplitude at the center (Fig. 2.3.1). With proper selec

tion of voltage on the photomultiplier tube and appropriate electronic gain, this pulse amplitude ratio is
adequate to receive a uniform alpha-count-rate response over the 36-in. phosphor and still discriminate

against gamma radiation. Some light attenuation in the thicker light pipers was noted but was insignificant.
For testing, each Lucite block and the cylinder were sprayed uniformly on one face with ZnS phosphor

(20 mg/cm2). Each block was placed inside a lighttight box which had a white reflective coating on the
inner surfaces. The side of the box that covered the ZnS surface consisted only of an aluminum-coated

Mylar window, which permitted the alpha particles to enter. A2-in. photomultiplier tube,(RCA 6655A)
was optically coupled through a hole in the box to the center of the Lucite face that was opposite the

side coated with phosphor.

]M. M. Chiles and R. K. Abele, Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1960, ORNL-3001,
pp 55-57.
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2.4 VACUUM CHAMBER FOR ALPHA-PARTICLE ENERGY DETERMINATIONS

R. E. Zedler

Alpha-particle energy measurements made with silicon diodes are usually done under vacuum, because

removal of air from between the alpha source and the diode eliminates alpha-particle energy loss and

scattering in the air, which otherwise would degrade the resolution of the system. To serve this purpose

a vacuum chamber was fabricated.

The objective was to utilize available materials and equipment to construct an inexpensive vacuum

chamber that would accommodate the silicon diode, the diode mount, the alpha source, and the geometry

stand and would maintain a vacuum of less than 1 mm Hg.

A Fisher Filtrator, used as the vacuum-system base plate, has a two-way valve for opening the sys

tem either to the vacuum pump or to the air (Fig. 2.4.1). The Filtrator was modified by removing the flat

rubber gasket and drilling holes for electrical lead-throughs (ceramic or glass-to-metal seals) in the vac

uum plate and for mounting connectors in the base. The diode voltage and signal filter network was

installed under and inside the Filtrator base.
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Fig. 2.4.1. Silicon Diode Vacuum Chamber.

A 1-liter stainless steel beaker was used as the vacuum chamber. The rolled lip of the beaker was

cut off to make a loose fit in the top of the Filtrator, and rubber channel-gasket was cemented around the

rim of the beaker to vacuum-seal the beaker to the Filtrator. The beaker was electrically grounded by a

spring contact fastened to the top plate of the geometry stand.

A modified aluminum mica-window stand served as the source-plate holder and locator. To minimize

the accumulation of recoil particles on the diode1 (contamination), a potential gradient is applied between
the source and diode; the side plates were insulated from the Filtrator base by flat Bakelite strips. A

coupling, "k-in.-ID glass pipe, cemented to the aluminum top plate holds the diode.

The cost per unit for labor, materials, and overhead was less than $150.

]A. Chetham-Strode, J. R. Tarrant, and R. J. Silva, IRE Trans, on Nuclear Sci. NS-8(1), 59 (1961).
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2.5 PERSONAL RADIATION MONITOR: STATUS REPORT

R. H. Dilworth C. J. Borkowski

The general description of the Q-2041 personal radiation monitor was reported earlier in this series.1

Since the previous report the circuit of the instrument has been modified to use the Geiger-Mueller counter

tube in the conventional self-quenched mode rather than the unorthodox externally quenched mode first

used. The manufacturer of the tubes has had difficulty in meeting his own specifications for background
counting rate. Since these specifications are given only for self-quenched operation, it is difficult to

assess the cause of tube failure in any other mode of operation. The use of the tubes in the externally

quenched mode previously reported would probably aggravate the difficulties with background count.

Until the manufacturer completely solves the problem, the conservative approach of conventional self-

quenchedoperation has been chosen so that production of the instrument in quantity can proceed as soon

as the manufacturer can supply tubes meeting his own specifications.

The change to self-quenching of the Geiger-Mueller counter required some circuit changes, including

the addition of a fourth transistor. The performance was improved in that the sound output of single

chirps is louder and more uniform. Disadvantages incurred were a severe loss of neon-lamp output except

in very high radiation levels and an increase in battery current to about 1.4 ma. A full description of the

modified circuit has been prepared.

R. H. Dilworth and C. J. Borkowski, Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1960, ORNL-
3001, p 22.

2
R. H. Dilworth and C. J. Borkowski, Personal Radiation Monitor, ORNL-3058, to be published.

2.6 WHOLE-BODY COUNTER

V. A. McKay F. R. Duncan H. J. Stripling, Jr.

Through the process of ingestion, inhalation, penetration, activation, and surface contamination, man

can become contaminated with radioactivity. Many techniques are available for detecting the radioactivity

in a subject when his gamma-ray activity is high or when his body retention is short for the radioisotopes.

Unfortunately, the body has high retention for many isotopes. Some radioisotopes localize in certain tis

sues, whereas others distribute themselves throughout the body. The distributed as well as the low-

intensity concentrated isotopes are quite difficult to detect. A very sensitive device is necessary to

quantitatively detect these latter cases.

The Health physics Division has established a spectrometric facility for in vivo determination of

gamma-ray spectra. Sodium iodide spectrometers will be used to determine the long-term uptake and re

tention of radioisotopes by personnel in a normal laboratory and home environment as well as the short-

term uptake that other personnel may experience in unusual or accidental radiation events. Spectrometric
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measurements of this nature must be performed in an environment having a gamma-ray background that is

low compared with the natural potassium activity in the human body.

The Instrumentation and Controls Division provided the instrumentation for the whole-body counter.

The facility is basically composed of a shield room, an 8-in.-diam by 4-in.-thick Nal(TI) crystal spec

trometer, and an RIDL 200-channel analyzer.

The shield room, probably the largest of its kind, is a cube having a 10-ft internal side. Internal
scattering is minimized by the large size of the room and by the ^-in.-thich nonradioactive lead lining on
the walls, ceiling, and floor. The room is entered through an air interlock which retains aged air in the
room; air is continuously circulated through the shield room for breathing and cooling. Between the two
doors of the interlock is an access door to an antechamber that is 3 x 4 x 5 ft. The outer shield, in

cluding antechamber, is 14-in.-thick prewar steel armor plate.

The antechamber, which has 14 in. of steel between it and the shield room, provides an adjacent and

independent room where background activities may be monitored by a 4- by 4-in. Nal(TI) spectrometer
head connected to a single-channel analyzer. The background in the vicinity of the facility may be sub
ject to short-term transients that can distort the spectrum of the subject being measured. By monitoring
the background during a subject count, a transient would be detected; hence, data would be provided
either for correcting the subject's spectrum or for rejecting it. It is believed that this is the only facility

of its kind that has this provision.
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2.7 LOW-LEVEL BETA-GAMMA PERSONNEL MONITOR

R. J. Scroggs

An instrument was developed for monitoring personnel to help ensure that they are not contaminated

with material that emits hard beta or gamma radiation. The instrument alarms on small rapid increases in

the counting rate, but the much larger normal changes in the background counting rate cause no alarm.

The instrument monitors people while they are walking. This method of monitoring is very convenient at

portals, building entrances and exits, cafeterias, etc., where many people must be monitored in a short

time. A photocell inhibits the normal alarm function unless there is a person walking past the detector.

This inhibitive action reduces alarms that are caused by sources being moved in the proximity of the

detector. A separate alarm is energized when the counting rate exceeds a preset level. A panel meter

and recorder output are provided so that the relative background activity can be observed and recorded.

The instrument lends itself to a compact package since it uses all-transistor circuitry.

Laboratory tests with this instrument have been very satisfactory, although extensive field-service

experience is not yet available. The unit was set to alarm on the passage of a 1.9-microcurie source of
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Co60 within 1 ft of the detectors, a dose rate of approximately 0.028 mr/hr. The instrument alarmed con

sistently on the passage of the source; no false alarms were recorded. The alarm trip-point increased

3.8% for a temperature change from 20°F to 90°F.

No shielding of the detector is necessary if it is located in areas having a uniform background. Some
shielding may be necessary if radioactive sources are located in such a manner that the counting rate

would suddenly change as people walk between the source and the detector.

A plastic phosphor (National Radiac Scintilon) is used as the scintillator (Fig. 2.7.1). In the proto

type, the 2-in.-diam phosphor rod was divided into two pieces, one 3 in. long and one 2 in. long. These

were mounted directly on separate RCA 6655A photomultiplier tubes. In future models the phosphor will

be left as a 5-in.-long rod and mounted directly on a single photomultiplier. The resultant volume of 15.7

in.3 provides sufficient sensitivity at normal background levels that good statistical counting results are

obtained.

The pulse amplifier is a noninverting amplifier with a maximum voltage gain of 4700. The amplifier

output stage is normally biased off and includes a dc restorer, thereby eliminating undershoots caused

by large overload pulses. This tends to increase the dynamic range of the system.

The pulse shaper is an emitter-coupled univibrator with a 2% duty cycle. Range changing is accom

plished by changing the value of the coupling capacitor in the univibrator. A negative pulse of 0.95 v is

necessary to trigger the circuit.
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Two count-rate circuits are fed from the pulse shaper. The count-rate circuits are identical except for
the value of the capacitor in the tank circuit. Since the count-rate circuits are fed from the same pulse
shaper, the amount of charge per pulse delivered to each count-rate tank circuit is equal. With different

values of capacitance and equal charge dumped per pulse, there will be a voltage transient on the arrival
of each pulse. When a large number of pulses arrive in a short time, the tank circuit with the shorter time

constant assumes a substantial positive voltage differential with respect to the slower tank circuit.

A Schmitt trigger circuit compares the output voltage of the tank circuits. When the fast-tank-circuit

voltage exceeds +2.0 v with respect to the slow tank circuit, the trigger circuit switches to its new state.

When the trigger circuit switches, it triggers the delay circuit on. The delay circuit holds one input to

the alarm AND circuit active for approximately 5 sec. If the light beam on the photocell is broken while

the delay circuit is holding, the AND function is satisfied, and the alarm will be activated.

The slow-count-rate circuit is monitored by a meter relay. If the total counting rate exceeds the level
set on the meter relay, the alarm will be energized.

2.8 CONSTANT-FLOW-RATE MONITOR FOR ALPHA-EMITTING AIR-BORNE PARTICLES

H. N. Wilson C. C. Courtney G. A. Holt

A monitor for detecting alpha-emitting particles in air was developed to replace an older design, model

Q-1950. Specifications for the new instrument required that it monitor such air-borne alpha particles with

out provision for the rejection of alpha counts from the normal radon and thoron in the air.

The instrument, commonly referred to as an Alpha Constant Air Monitor (model Q-2340), consists of

an aspirating system, a paper-tape filter, a scintillation detector, a linear count-rate meter, a recorder,

and visible and audible alarms. The air flow through the filter is controlled at 3 cfm by a Roots blower.

A sample of alpha-emitting particles is collected on the paper-tape filter (collected-sample diameter of

\% in.). The collection time per sample may be one day or one week, depending on the timer installed,

or the tape may be advanced manually at any time by the operator. The detector, which counts the sample

as it is being collected, is a silver-activated zinc sulfide scintillator having an effective detector diam

eter of 1/£ in. The detector window (nominal thickness of 1 mg/cm ) is lighttight. The count-rate meter

is a linear duty-cycle type utilizing a single range and having a high-voltage supply as an integral part.

The normal range is 0 to 1000 counts/min, but ranges of 0 to 250, 0 to 2500, 0 to 5000, and 0 to 10,000

counts/min at full scale may be obtained by relocating two jumper wires under the chassis. The input

voltage sensitivity of the rate meter is 200 mv. The over-all accuracy of the rate meter, including the

effect of long-term drift, is within 5%. The corona-regulated high-voltage supply is nominally 900 v

with ±150 v adjustment. The maximum load current is 20 fia.
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The rate meter has adjustable high-level and caution alarms and puts out a 1-ma full-scale signal to

drive an integrally mounted Rustrak recorder. The caution alarm is adjustable over the range of approxi

mately 2 to 58%, and the high-level alarm is adjustable from the caution-alarm set point to full scale. The

caution alarm is an electronic circuit employing a dual triode and plate relay with potentiometer adjust

ment. The relay is energized below the trip point and is de-energized by current transfer from one triode

to the other by a diode coupling the cathode circuits. Hysteresis is approximately 4% of full scale. The

high-level trip is accomplished by the high contact on a contact-making meter. The associated high-level
relay is de-energized below the set point. Upon reaching the set point, the meter contacts and relay are

locked in and can be released only by the depression of the release pushbutton. There is a low-level

pointer on the panel meter, but it has no contacts and is to be used only as a visual indicator. The

pointer should be set at the level corresponding to the caution-alarm set point.

The instrument has an alarm panel with four lights, a bell, and a buzzer. When the caution set point

is reached, an amber light comes on and the buzzer is energized. There is no switch to silence the

buzzer, and the operator is normally expected to advance the tape when this point is reached. When the

high-level trip point is reached, a red light comes on and the bell rings. The bell can be silenced by a

toggle switch, and when this is done, an amber neon indicator comes on.

Filter-tape breakage is also indicated. When a tape breaks, a red neon indicator is energized, and

the caution circuit is energized through a flasher. The amber neon bulb burns continuously, and the cau

tion light and the buzzer come on intermittently. If a tape breaks and at the same time the caution alarm

sounds, the tape-break neon light, the caution light, and the buzzer would be on continuously. A test

pushbutton permits checking the alarm panel by simultaneously simulating tape break and high-level alarm

signals.

2.9 CONSTANT-FLOW-RATE MONITOR FOR BETA-GAMMA-EMITTING AIR-BORNE PARTICLES

G. A. Holt C. C. Courtney H. N. Wilson

An instrument to monitor air-borne beta-gamma-emitting particles was developed to replace an obsolete

design (model Q-1740). Commonly referred to as a Beta-Gamma Constant Air Monitor (model Q-2240), the

instrument is similar to the Alpha Constant Air Monitor (Sec. 2.8) except for the detector, size of sample,

and ranges of the count-rate meter.

The detector is a halogen-type Geiger-Mueller tube. The size of the collected sample is 1 by 2/2 in.
The count-rate meter has a normal range of 0 to 5000 counts/min at full scale, and ranges of 0 to 250,

0 to 1000, 0 to 10,000, and 0 to 25,000 counts/min are available.
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2.10 CONTAINMENT INSTRUMENTATION

D. J. Knowles J. H. Holladay R. L. Shipp

All reactor and chemical-operations facilities at Oak Ridge National Laboratory are required to be

capable of containing all radioactive gases and particulates within the building in the event that the max

imum credible accident postulated for the facility should occur. In existing facilities, the building and

air handling systems are being revised to comply with this criterion. Intake air is shut off to the building

by manual or automatic controls (except for inleakage), and the outflow is allowed to pass only through

the cell or building ventilation equipment with its air-cleaning equipment.

In the original plans to revise these facilities, the Instrumentation and Controls Division assisted in

the development of instruments that automatically detect air contamination and in the design of controls

that connect the detection instruments to air-handling equipment. Later, this participation was expanded

to include

1. development of special instrumentation for automatic actuation of containment equipment,

2. tie-in of health physics instrumentation for building operations control and containment, and

3. consultation on the design of new facilities.

The fission Product Development Laboratory (FPDL) (Sec 4.2) is an example of an existing facility

that was revised to meet containment standards. The building was remodeled to make the outside walls

a second line of defense against leakage from the processing cells. Air now enters the building through

a single intake with filters. All entrances are air locks having interlocked doors. If radioactive gases or

particles are released within the building, a single electrical contact will actuate instrumentation to shut

off the normal air intake, sound the process-control-alarm air horn, turn on exterior alarm lights, and lock

outside doors to incoming personnel. This contact is closed by manually operated pushbuttons located

throughout the building or automatically by a system of air monitors paralleling the manual system. For

particles, a special air monitor that has a large aperture was developed for the FPDL. By means of an un

shielded high-volume (Staplex) blower running at reduced speed in a sound-reducing cabinet, the monitor

pulls air through a filter paper. Particulate matter collected on the filter paper is detected by a Geiger-

Mueller tube that feeds model Q-1267 count-rate meters (Quintectors).

Unless a special instrument is required, available health physics instruments, such as the Beta-

Gamma Constant Air Monitor (model Q-2240) and the Monitron (model Q-1154), will be used for future

containment requirements. The health physics functions and alarm levels of these instruments will not

be altered.

Since physical containment will require compartmentation of buildings, new projects will include a

central instrument panel in each building. Each health physics instrument will continue to indicate, re

cord, and give a visible and audible alarm as originally designed, but instrument failure, abnormal oper

ation, or a radiation alarm will also be indicated by visible and audible alarms at the central panel.

Suggestions for instrumentation and for structural details on new filter pits for future instrument needs

have been given to the design section of the Engineering and Mechanical Division and for the design of
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the High-Flux Isotope Reactor. Design of the High-Radiation-Level Examination Laboratory containment

instrumentation is almost complete, and a new plug-in module combining central display and recording is

being developed for this and future control panels.

2.11 MODERNIZATION OF THE MONITORING SYSTEM FOR PROCESS WASTE WATER

D. J. Knowles T. M. Gayle F.E.Gillespie R. L. Shipp

Improvement of the Laboratory disposal system for waste process water has been in progress since

early 1960. Process water originally is nonradioactive and clean for use as cooling water, etc., but may

become contaminated in use. The underground piping system has been improved and expanded by the

Engineering and Mechanical Division to provide more than double the number of monitoring stations (man
holes) together with appropriate piping modifications to identify the source should the system become

contaminated by radioactive waste water from among ten separate buildings or areas. Newly developed

water monitors designed by the Instrumentation and Controls Division are being installed at each moni

toring station. Each monitor will transmit flow and radiation readings to a central location. In this man
ner, the entire process waste system will be monitored automatically and continuously, and the time re

quired to determine the extent and source of contamination will be minimized.

Complete water monitors are being installed at the field locations and will operate local alarms and

recorders until the central facility is completed. One monitor is being tested and is transmitting its sig

nals to a test station. Four of the flow and sampling units were operated without the circulating pump.

The telemetering units have been recording flow and collecting proportional samples in the waste-disposal

area for several months with satisfactory results.

Each water monitor consists of two modular cabinets: one containing flow-measurement and sampling

equipment and the other containing instruments for measuring the radioactive-contamination level.

The flow module continuously measures the total water flow by use of pneumatic dip tubes for deter

mining the height of water behind a weir. The level is recorded as a flow rate, and the flow rate is inte

grated on a digital counter. The flow rate is continuously telemetered, by use of a conventional time-

impulse system, to the central monitoring station. A sample (approximately a gallon per day) proportional

to the flow rate is taken by means of a small displacement pump connected to the instrument integrator

system. A 0.7-gpm displacement pump in the flow module provides a water sample for the radiation de

tector, and a small air compressor may be added if an instrument air line is not available.

The radiation module consists of a Geiger-Mueller detector and a lead-shield assembly (external to

the cabinet). The sample from the flow module passes directly through the radiation detector. A count-

rate assembly (model Q-2091) in the radiation cabinet provides an output signal up to 10 mv dc to drive

an indicating (or recording, if desired) potentiometer which contains the same type of time-impulse trans

mitter used for the flow-rate telemetering.
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The two modules are enclosed in weatherproof steel cabinets and may be used either together or sepa
rately, as desired.

The diversion box, where contaminated waste process water is automatically diverted from the settling
basin to the treatment plant, will be instrumented with a monitor, a continuous pH monitor, and a contin
uous alpha monitor.

2.12 MONITORS FOR THE ORNL GASEOUS-EFFLUENT DISPOSAL SYSTEM

D, J. Knowles T. M. Gayle J. H. Holladay

At the Laboratory fume stack 3039, four ducts collect cell-ventilation air, and a pipe collects process-
vessel off-gases discharged from several buildings. Normally, the concentration of radioactive particu
lates in these gas streams does not vary appreciably, and the gases are safely discharged from the stack.
However, if the concentration should increase suddenly, the system could become overloaded and fail to

maintain a safe concentration of particulates in the stack discharge. A monitor was required to sample

and measure the concentration of particulates in the air within the stack and within the ducts and pipe.
Tracerlab, Inc., carried out a study to design a sampling system and instrumentation for stack moni

toring. All field work for this study was done by the Instrumentation and Controls Division, and later

when a Laboratory interdivisional committee was formed to study this problem, the field tests were con

tinued by this Division. Experimental work is being continued to design a sampler and monitor for stack

off-gases.

Air flow through the ducts to the stack is being measured by new anemometer-type instruments and is
being read out in the stack area. Beta-Gamma Constant Air Monitors (model Q-2240) will be installed in

the ducts and pipe to provide continuous monitoring of the air streams. They will sound an alarm at the

waste monitoring building. Small self-contained particle samplers will be installed in the cell ventilation

and off-gas lines from several buildings to pinpoint sources of unusual amounts of radioactivity.

35



3. Data Handling and Computation

3.1 SPECTROPHOTOMETER DIGITAL-OUTPUT SYSTEM

Daniel Hampel1 B.J.Moore J. W. Woody

The output information from a Cary model 14 PM recording spectrophotometer is in the form of a con

tinuous chart recording of absorbancy vs wavelength. Before this data can be processed by a computer,

the information must be taken manually from the strip-chart recording and prepared for computer use. An

automatic, digital data-readout system was designed to prepare the output data from the spectrophotometer

for computer processing. The instrument is in the checkout stage of its development.

The objectives of the digital output system were to achieve fast and accurate data preparation and to

have the data in such a form that it could readily be inspected and interpreted. Extreme reliability of the

digital system was a chief objective.

To ensure long-term reliability, no tubes were used. Active circuit elements were magnetic cores,

transistors, and semiconductor diodes.

The data is punched on IBM cards by an I3M 26 printing punch. This permits preliminary data reduc

tion on IBM-card peripheral equipment prior to computer processing, simplifies the amount of logical cir

cuitry due to the "Read-In, Read-Out" controls built into the punch unit, and presents the data in a form
that most of the computers at Oak Ridge will accept.

The diagram of the system is shown in Fig. 3.1.1. The wavelength output is obtained from a photo

cell circuit which provides a pulse for each angstrom traversed. These pulses are accumulated in a five-

decimal-digit preset counter. The counter is composed of commercial, one-core-per-bit magnetic shift

registers. The transfluxor buffer circuits "follow" the counter until a punching operation begins, at

which time the buffer circuits hold the last count and allow the counter to continue operation. At the

end of punching, the buffer circuits are changed to agree with the counter, if it has changed. (The spec

trophotometer does not stop traversing the wavelengths during the punching operation.)

The digitized absorbancy information is obtained from a slide-wire potentiometer coupled to the drive
mechanism of the spectrophotometer strip-chart recorder. This "transmitting" potentiometer is energized

with a precision voltage source (1000 v); the sliding tap feeds a digital voltmeter. Decimal output sig

nals from the digital voltmeter are routed to the buffer and gating circuits for recording on the IBM 26.

On loan from RCA Service Company.
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The digital information from the wavelength counter and the digital voltmeter is punched serially in

accordance with a prepared program in the IBM 26 printing punch. This program is punched on a standard

IBM card and inserted on a drum in the machine.

The recording interval can be adjusted in wavelength intervals of 1 to 1000 A in a 1-2-5 series. The

maximum traversing speed is determined by the recording interval. This speed in angstroms per second

is equal to the recording interval. For example, for a data point at 10-A intervals, the maximum permissi

ble speed is 10 A/sec.
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Fig. 3.1.1. Diagram of Spectrophotometer Digital-Output System.

3.2 AUTOMATIC DATA HANDLING

R. K. Adams C. D. Martin, Jr.

In many laboratory-scale experiments and test programs in which a multitude of data must be recorded

and further processed, an automatic system of data recording and computation would be a useful tool. For

single-channel handling of laboratory data, only an analog-to-digital converter, appropriate translation

equipment, and a tape punch would be required. Tapes from many such experiments can be handled by a

central computing and processing facility.

In a program of testing and evaluating strip-chart potentiometer recorders (Sec 4.8), an automatic sys

tem was used to record the data and prepare it for computation by the Oracle. The cost of this applica

tion was determined. The time required for automatic data handling and computation was compared with

the time for manual recording and computation.

For each instrument being tested, a miniature Giannini encoder was coupled to a logger and installed

on the recorder (Fig. 3.2.1).

A total of 1086 cases (a case consists of a calibration run upscale and downscale and requires 22

readings) was made with the data-logging system to read out the instruments and punch the readings on
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paper tape. The paper tape was processed through the Oracle, which computed the errors of the test in

strument as test conditions were varied; determined the maximum error per case; computed the error in

per cent of span; tabulated all readings, errors, and errors in per cent of span (Table 3.2.1); and produced

a photographic curve plot (Fig. 3.2.2) of per cent error vs scale reading.

Table 3.2.1. Test and Evaluation of Strip-Chart Potentiometers

Time Rec.No. Range Max^Dev. Variable

1229 3 2C00 „904l667e+02 115 volts - 70 cps

True

ol000000e+03

O2000000e+03

„4000000e+03

O6000000e+03

O8000000e+03

.l000000e+04

„1200000e+04

„l400000e+04

„1600000e+04

,180000Oe+04

.1900000e+04

.1900000e+04

„1800000e+04

.1600000e+04

,1400000e+04

„1200000e+04

.l000000e+04

O8000000e+03

,6000000e+03

„4000000e+03

,2000000e+03

.1000000e+03

Actual

e1000000e+03

,1979167e+03

,3956522e+03

.5936170e+03

„7895833e+03

,9916667e+03

.1189583e+04

.1387500e+04

.1580851e+04

.1782609e+04

.1881818e+04

„1898849e+04

,1947727e+04

„1952273e+04

,1929787e+04

.1918750e+04

,190204le+04

„1900000e+04

„l922917e+04

O1982609e+04

,1982609e+04

„1908333e+04

Dev.

,0000000

-,2083333e+0l

-,4347826e+0l

-„6382979e+0l

-„!04l667e+02

-.8333333e+01

-„104l667e+02

-o12500CCe+02

-.19l4894e+02

-.1739130e+02

-81818182e+02

-,1151316e+0l

Ol477273e+03

„3522727e+03

,5297872e+03

„7187500e+O3

,9020408e+03

.H00000e+04

,1322917e+04

,1582609e+04

,1782609e+04

.l808333e+04

^Dev.

.0000000

-.1041667

-.2173913

-.3191489

-.5208333

-.4166667

-.5208333

-.625C000

-.9574468

-.8695652

-.9090909

-.5756579e-0l

.7386364e+0l

.1761364e+02

.2648936e+02

.3593750e+02

,45l0204e+02

.5500000e+02

.66l4583e+02

.7913043e+02

.8913043e+02

,904l667e+02
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The equipment used was purchased a number of years ago for another application and was relatively
slow and unsophisticated. However, it was determined that with a few modifications it was adequate for
this application. A Flexowriter typewriter, which was used directly on-line to type the data and punch the
paper tape, was replaced with a Teletype tape punch and a separate Teletype printer. In addition, the
original equipment included electromechanical stepping switches to provide digitization and point selec
tion. One of these had operated on a high-duty cycle and was replaced by solid-state equipment.

The equipment is in use, and the pilot-plant data section was assisted in writing and debugging com
puter programs for processing the logged data by the Oracle. Some examples of these programs are:

1. photographic curve-plotter output,

2. printup of the complete log in engineering units (Tables 3.3.1 and 3.3.2),

Table 3.3.1. Volatility Pilot Plant Data-Logger Values, Pneumatic Instruments

Time Log

1100 3

Hy Off Gas
(FR 1009-1)

SLM

Hy Off Gas
(PR 1009-1)
Ins./Water

Process OG

(FR X124-1)
SCFM

Process OG

(PR X124-1)
Ins./Water

.6044327e'0l .3158646e>-02 .1173919e+02 .1721092e+02

Fluor Flow
(FR xlOO)

SLM

Fluor Press

(PR XlOO)
Psig

Fluor Press

(PR 161)
Psig

Fluor Press
(PR 162)

Psig

.6371505e+01 .6861868e+0l •4408963e+02 .l060537e+02

Hydrofluor
Pressure

(PR 1000)
Psig

Hydrofluor
Level
(LR 1000)
Ins./water

Fluorinator
Level

(LR 100)
Ins./Water

Fluorinator
Density
(DR 100)
Sp. Gr.

.1270903e+02 .65350l3e+0l .3640l72e+02 .4486000

Vapor Gen
Pressure

(PR 1207)
Pslg

Vapor Gen
Level

(LR 1207^
Ins./Water

HF Recycle
Level

(LR 1006)
Ins./water

Neutralizer

Level

(LR 1009)
Ins./Water

.3438715e+02 .4897490e+0l .5880656e+0l .2294303e+02

HF Flow

(FR 2207)
Gm. Min.

N. He Man

(PR He N)
Psig

S. He Man

(PR He S)
Psig

He Flow

(FR He)
SLM

.9449404 .5389319e+0l .9449404 •5389319e+0l

Freon Return

FR F 1006-1
GPM

Freon Return

FR F 2005-3
GPM

Water Return

FR CWR 2004-1
GPM

Water Return
FR CV/R 2004-3

GPM

.5061488e+0l .5716931e+0l .9449404 .9449404
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3. summary of corrosion for a run,

4. material balance for the dissolution step,

5. calculations of salt compositions from analytical values,

6. hypothetical salt-composition calculation,

7. F, utilization calculations.

Programs 5, 6, and 7 are auxiliary, used for calculations on analytical data not obtained from the logger.
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Table 3.3.2. Volatility Pilot Plant Data-Logger Values, Temperature Recorders (Temperature in °C)

Time Log

1100 3
Rec. No.

3

.3161468e02

.3341127e 02

.l025044e^-03

Rec. No.

4

.2349638et02

.2364808ei-02

.2228317e+02

Rec. No.

5
.2783107e+02
.7213608e+02
.4486000

Rec. No.

6

.3083759e+02

.3083759e+02

.2929913e+02

Rec. No.

7

,4540755e+02
•3279495e+02
.5524864e+02

Rec. No.

8

.4583767e+02

.5186809e+02

.5186809e+02

Rec. No.

9
.5354871e>-02
,4049263e+02
.43l0850e+02

Rec. No.

10
.2370278e+02
.5726312e+02
.5965809e+02

,2981115e'02
3341127e-02
l025044et-03

-.6152190
.2364808e+02
.2653207e+02

.3049367e+02

.5816095e+02

.2167451e+02

.6756635e+02

.6908866e+02

.2929913e+02

.4610960e+02

.4751410e+02

.6229396e+02

,5186809e+02
.3014832e+02
.30l4832e+02

,5875497e+02
,5354871e+02
,4049263e+02

,2370278e+02
,6085548e+02
.53670l3e+02

.3408330e+02

.3341127ei02

.23437l0e+02

,6152190
,4190 684e-02
,2653207e+02

.3174240e+02

.2072117e+02

.2735991e+02

,8957696e+02
,2929913e+02
,2929913e+02

, 5243419e+02
,3489381e+02
.4821656e+02

,5186809e+02
,30148326+02
30l4832e+02

,5875497e+02
,4310850e+02
.43l0850e+02

.5846064e+02
,5846064e+02
.4498180e+0l

,3408330e 02
.4895757e+02
,383200le+02

,2258641e+02
,2319302e+02
,2349638e+02

.5786113e+02
,4485339e+02
,1464321e+02

.7517145e+02

.2929913e+02

.584190 2e+0 2

.3559372e+02

.4470564e+02
,4821656e+02

.3014832e+02

.5066218e+02

.30l4832e+02

,5875497e+02
,43l0850e+02
,4049263e+02

,5726312e+02
, 5846064e+02
,2490238e+02
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3.4 USE OF A SPECIAL-PURPOSE ANALOG COMPUTER WITH THE FLOW EXPERIMENTS
FOR THE HRT CORE MODEL

S. J. Ball

The measurements made in the HRT core-model flow experiments of Lawson provided output data

which generally would have required extensive mathematical processing for meaningful results to be ob

tained. A small, three-amplifier, special-purpose analog computer was used to operate on the output sig

nals and thus provide useful computed results, which were recorded concurrently.

The objectives of the experiment were to use a full-scale model of the reactor core to predict the ef

fect of the flow kinetics on the nuclear power, and the temperature distribution of the fuel in the core.

Lawson's approach to both problems involved the use of fast-response conductivity probes which

monitored the effects of salt solutions judiciously injected into the model. To determine the effect of

flow kinetics, a probe measured the oscillations in the position of the jet stream in the core. Such os

cillations caused variations in the amount of inlet fluid short-circuiting the core, which in the reactor

would cause fluctuations in the nuclear average temperature and, consequently, in the reactor power.

The linearized heat-balance and neutron-balance equations were reduced to transfer functions relating

computed reactivity and nuclear power to jet-stream behavior. These transfer functions were set up on

the analog computer. Since the transfer-function coefficients vary with mean reactor power level, a selec

tor switch was provided to change the computer circuit to correspond to various power levels. A multi

channel Sanborn oscillograph recorded the probe signal and the two computer output signals simultaneously.

The similarity between the computed power from the experiment and the power measurements made during

HRT operation indicated that the HRT power oscillations (for reverse flow) were due to hydrodynamic ef

fects.

Calculation of the predicted fuel-temperature distribution required the time integral of the difference

between two probe signals. Through the use of a multipole switch, the same computer amplifiers used in

the power computations were used as integrators in the temperature-distribution computation.

'a G. Lawson, HRP Quart. Progr. Rept. July 31, 1960, ORNL-3004, p 29.
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4. Process Control and Instrumentation

4.1 INSTRUMENTATION FOR THE HIGH-RADIATION-LEVEL EXAMINATION LABORATORY

C. S. Lisser

G. W. Allin M.M.Franklin D. J. Knowles

V. A. McKay R. L. Shipp T. F. Sliski

The High-Radiation-Level Examination Laboratory1 (HRLEL) is designed for post irradiation dis
assembly and examination of fuel elements and structural materials. Samples, suitably prepared in the

shielded cells, are remotely inspected by means of metallography, mechanical property determination,

x-ray diffraction, ultrasonic scanning, and activity measurements. A typical HRLEL cell has been

mocked up in Building 4501 for the cold testing of in-cell devices and remotely actuated tools.

Instrumentation and Controls Division responsibilities for this facility consisted in, first; providing

assistance to the Metallurgy Division in the supervision of work by the architect-engineer and the general

contractor. This involved checking drawings and specifications of instrumentation applied to the general

building services, such as controls for building and cell ventilation, manipulators, doors, and crane.

Second; design, procurement, and consultation services were supplied to achieve an integrated instru

ment design throughout the building. A common system of sealed service connectors allows most devices

to be moved from cell to cell, and on the other side of the 3-ft biological shield the control panel was re

located in the operating area. In addition, building-wide intercommunication and radiation instrumentation,

as well as a closed-circuit TV system, were provided.

Third; instrument design for the remote operation of all the special in-cell apparatus is being supplied

as shown in Table 4.1.1. The adaptation of ultrasonic scanning and gamma-ray spectrometry to HRLEL

application is of particular interest.

The spectrometer (Fig. 4.1.1) was wholly designed by the Instrumentation and Controls Division, in

cluding collimator, shield, dolly and track, and sensing-to-readout instrumentation. The 70-in.-thick

shield and dolly assembly weighs about 4 tons and is designed to permit sealing of the cell shield port

with an 0-ring of k-in. cross-section diameter. The tungsten collimator aperture can be varied from
4 x 10-4 in.2 to 4 x 10~6 in.2 to produce the desired attenuation of 103 to 105; 256 channels of infor

mation are available for specimen analysis.

Metallurgy Division Staff, Technical Function and Operation of the High Radiation Level Examination Labora
tory, ORNL CF-61-l-75(Jan. 31, 1961).
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Devi

Powermet mounting press

Cutoff machine

Syntron vibratory polishers

Ultrasonic cleaners

Cathodic etcher

Ultrasonic scanner

Carbon replication

Kentron microhardness tester

Electroplater

Gamma-ray spectrometer

Defi Iming pot

Grinder

PERIOD ENDING JULY 1, 796 7

Table 4.1.1. In-Cell Instrumentation for the HRLEL

Instrumentation Provided for Remote Operation Status

Actuation of double-ram hydraulic pressure system, tern- Completed

perature-indicating control, pressure indication and

timing

Actuation of spindle, specimen clamp and transport,

shield travel, and coolant flow

Actuation, timing, and power supply

Power supply

Control and indication of vacuum, coolant, gas flow and

pressure, etching voltage and current; a 10-kv, 50-ma

power supply

Actuation of probe translation along two horizontal and

one vertical axes and probe rotation about the two

horizontal axes; automatic scan, limits, interlocks,

and position indication

Vacuum indication and control, interlocks and coolant

control, power supply

Actuation of weight changes, trips and locks; photocell

power supply; transfer mechanism control

Temperature, level, and air purge control and indica

tion; plating power supply and control

Original design, which includes gas seal, sensing ele

ment, two-position collimator, shield, dolly and track,

amplifier, 256-channel transistorized analyzer, print

out typewriter and curve plotter

Air clamp, temperature and level control and indication

Actuation

Completed

Completed

Completed

Completed

Completed

Fabrication almost

completed

Fabrication completed

Design and procurement

completed

Design completed

Condenser discharge welder Actuation

Design completed

Preliminary design

completed

Preliminary design

completed

Preliminary design

completed

Preliminary design

completed

Disa-pol electroetcher

Balphot microscope

Power supply and instrumentation for remote actuation

from panel

Power supply and instrumentation for remote position

ing from panel

The ultrasonic-scanner tank (Fig. 4.1.2) will accommodate samples of various shapes and sizes,

cylindrical specimens being rotated with a motor-driven chuck. The bridge-mounted ultrasonic probe

has been instrumented to allow

1. manual scan, at speeds of 5/^ to 132 in./min over the 44-in. length of the tank,
2. manual scan, at 18 in./min, over the 28-in. width of the tank,
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3. manual adjustment of probe height (0-6 ±0.005 in.) and probe tilt (43° plus and minus, in both a

longitudinal and a transverse plane),

4. automatic scan, with long-axis travel adjustable from 2 to 44 in. per scan, and transverse travel,

adjustable from 0.010 to 0.990 in. per offset.

Additionally, the chuck rotation may be varied (from 14 to 258 rpm), and a variety of travel limits is

provided.

4.2 INSTRUMENT ADDITIONS AND MODIFICATIONS FOR THE FISSION PRODUCTS
DEVELOPMENT LABORATORY

A. H. Malone

The Fission Products Development Laboratory (FPDL), built in 1957,1/2 underwent a number of
changes in 1960. Approximately 20 ft of graphic instrument panel and instrumentation for four cells

were added to the processing equipment, and additions were made in the manipulator cell area. The

changes were necessitated by the following:

1. new safety standards of ORNL, requiring that all radioactive process equipment be doubly enclosed

(contained),

2. modification and expansion of the FPDL unloading facilities to handle new types of shipping con

tainers transporting fission products from Hanford, Washington, to ORNL,

3. a demand for a radioactive source in the form of pressed pellets in a welded container.

Safety and Containment

Part of the processing for the FPDL had been carried on in other than the main building (3517). To
meet the new safety standards it was necessary to consolidate all the outlying processing into cell 10

of the main building. Figure 4.2.1 shows the new panel board provided for this equipment.

To provide double containment of the main building, both the building and cell ventilation systems
had to be modified to permit the building to function as a secondary enclosure. As part of this alteration,

instrumentation was provided for maintaining cell pressures negative with respect to building pressure,

and building pressure negative with respect to atmosphere. Alarms are included for alerting personnel

to abnormal radiation and pressure conditions.

Cell 20 was added to the building and equipped with an acid scrubber, a caustic scrubber, and filter

units to remove any entrained particles from the process off-gases. A graphic operating panel was pro

vided to facilitate its remote operation.

B. Lieberman and L. A. Scott, Instrumentation and Controls Div. Ann. Progr. RepU July 1, 1957, ORNL-2480,
pp 48-49.

2B. Lieberman et al., Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1959, ORNL-2787, p 82.
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4.3 DEVELOPMENTS IN THE USE OF SHEATHED CHROMEL-ALUMEL THERMOCOUPLES

W. W. Johnston, Jr.

Sheathed Chromel-Alumel thermocouples are used extensively at ORNL and elsewhere because they

are particularly suited for high-temperature measurement and nuclear applications. To ensure that the
thermocouple assemblies purchased from vendors would possess thermoelectric stability and mechanical
integrity, nondestructive test methods and qualitative standards were studied for inclusion in specifica
tions governing the acceptance of the materials.

A sheathed assembly consists of the Chromel-Alumel thermocouple pair insulated with crushable
ceramic beads inside a metal sheath. The assembly is swaged to a tight compact unit. The manufac

turing and assembly operations must be closely controlled to produce acceptable assemblies. Some of
the more important points requiring control are the following:

1. The wire, insulators, and inner part of the tube must be clean in order to produce an assembly
free from contaminating elements. The metallurgical behavior of Chromel-Alumel is not completely un
derstood, but it is known that even traces of certain elements can produce shifts in calibration. Carbon
(usually in the form of a hydrocarbon) will produce large shifts in calibration at high temperature, and
particular care must be taken to exclude it from the assembly.

2. Moisture must be excluded from the sheath because it can cause difficulty in welding, pressure

buildup which at high temperature ruptures the sheath, electrical leakage between wires and from wire
to sheath, and metallurgical changes that shift the thermoelectric output.

3. The maximum possible density of the insulator should be obtained. There is ample experimental
evidence to show that the higher the degree of compaction of the insulator, the lower the rate of thermo

electric drift.

4. The insulators should be free of faults. Manufacturing procedures are such that it is not unusual

for there to be weak points in the insulation or variation in the wire spacing which can affect the cali

bration of the assembly.

5. Calibration shifts due to cold work should be minimized. The procedure for fabricating the

sheathed thermocouple assembly requires that the thermocouples be subjected to cold working with an
accompanying shift in calibration. This shift can normally be annealed out but, for unknown reasons,
products from certain manufacturers have not returned to the original calibration.

Four tests, believed to be sufficient to check for all five of the above-mentioned problems, were

developed: electrical leakage test, flame-scan test, helium-flow test, and special initial calibration

test. Some of the tests check for two or more faults, and the sum of all tests will establish the quality

of the product and which faults (if any) are present.

The electrical leakage test consists in impressing 500 v dc (plus and minus) between the wires and

from each wire to the sheath at 23, 500, and 1000°C. Low resistance indicates moisture on faults in the

insulator or contaminants inside the sheath. Shown in Table 4.3.1 are typical resistance values for ther

mocouples from five different manufacturers. The increase in resistance between 25 and 500°C for manu

facturers A, B, and C is assumed to be due to excessive moisture, which was driven off at 500°C.
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The flame-scan test was devised because it was not practical to subject each foot of the sheathed ther

mocouple wire to the 500 and 1000°C electrical leakage test. The flame scan is made by connecting the

thermocouple pair at one end of the assembly to a 1-mv recorder and leaving the other end open. As the

flame is moved along the length of the assembly, weak points in the insulation produce a hot junction of

sufficiently low resistance to be measurable on the recorder. By this method questionable areas may be

located and subjected to the electrical leakage test.

The helium flow test is used to determine the density of the insulator by applying 2000-psi dry helium

to one end of the assembly and measuring the resultant flow rate at the other end. Shown in Table 4.3.2

are the flow rates obtained from testing six different manufacturers' products.

Table 4.3.1. Results of Electrical Leakage Test of Thermocouples

from Five Manufacturers

Manufacturer
Resistance of Thermocouple (ohms)

At 23°C At 500°C At 1000°C

A 1.12 X 107 1.28 x 108 1.23 x 105

B 1.50 x 106 1.40 x 108 1.46 x 104

C 1.32 x 106 1.08 x 107 1.25 x 104

D 1.22 x 107 1.38 x 106 1.34 x 103

E 1.22 x 108 1.34 x 107 1.60 x 104

All thermocouple sheaths were L in. in outside diameter.

Table 4.3.2. Results of Helium Flow Test of

Thermocouples from Six Manufacturers

Manufacturer
Flow Rate

(ml/min)

A 7.5

6.0

20.0

B 0.45

0.33

C 0.000

D 0.03

E 0.10

F 0.40

All tests were made with separate, Z-in.-OD sheathed,
o

20-ft-long assemblies except that the 20.0-ml/min flow

rate was obtained with a 12-ft-long assembly.
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For the special initial calibration test the thermocouple assembly is calibrated as received, and after
undergoing a 10-hr heat soak at 1000°C, the assembly is recalibrated. If the wire has been improperly an
nealed or subjected to other manufacturing irregularities, a rapid shift in calibration will occur during the

heat soak.

4.4 THERMOCOUPLE FOR MEASURING THE CENTRAL TEMPERATURE OF HOLLOW

U02 PELLETS IN THE GCR-ORR CAPSULES

N. H. Briggs

To provide information on the heat-transfer characteristics of nuclear reactor fuel elements, the meas

urement of their central temperature is important. During the past year a method was developed for meas

uring the central temperature in hollow U02 pellets in a prototype EGCR fuel capsule irradiated in the
ORR.1 A tungsten-rhenium thermocouple with beryllium oxide insulators, all contained in a tungsten well,

was used. The more familiar swaged tantalum-sheathed, beryllium oxide-insulated, tungsten-rhenium ther

mocouple was not used because of anticipated problems with a leak-tight braze joint between tantalum and

stainless steel.

The objective for the past year's work was to design a thermocouple assembly that would measure tem

peratures in the range 3000 to 3500°F. The following points were considered:

1. selection of thermocouple wire materials and the method of joining them to form a hot junction,

2. selection of material from which to make a thermocouple well, based on the compatibility of the ma

terial with UO, and its ability to be brazed to stainless steel,

3. design of a method for encapsulating the thermocouple wires and well to provide double containment

against release of fission gases.

A thermocouple assembly was designed and installed in one of the prototype EGCR capsules (Fig.

4.4.1). Although the expected temperature of 2500°F for the capsule was not reached, the thermocouple

assembly provided eight months of operating data at a temperature level of 1800 to 2000°F. Since the
outer wall of the capsule is not maintained at a constant temperature, it is almost impossible to deter

mine whether the thermocouple exhibited any drift with time. Except for the last month of test, the tung

sten-rhenium thermocouple followed the changes in capsule-wall temperature.

The assembly is composed of tungsten and rhenium wires in a type 304 stainless steel sheath with

magnesium oxide insulation. The wires in the hot zone are beaded with beryllium oxide insulation (Fig.

4.4.2) and contained in a tungsten well.

Since the ratio of the linear thermal expansion coefficient of rhenium to tungsten is approximately 1.5

to 1, the tungsten-rhenium hot junction required a special design. The rhenium wire was cut off slightly

shorter than the tungsten wire, both wires being 0.025 in. in outside diameter. A short length of 0.020-

]F. R. McQuilkin, GCRP Quart. Progr. Rept. Dec. 31, 1960, ORNL-3049, p 238.
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Because thermocouples are unreliable above 1400°C and lack long-term stability at a considerably lower
temperature, entirely different methods of temperature measurement are needed.

The pneumatic temperature-measurement system utilizes the dependence of the rate of mass flow
through a restriction on the gas temperature and pressure. Nozzles (Fig. 4.5.1) operating at sonic flow
rates are used because the flow rate depends only on upstream pressure and not on the differential pres

sure across the restriction. Two such nozzles are connected in series (Fig. 4.5.2). Hot gas enters the

first nozzle and is cooled before entering the second. At equilibrium, with no gas leakage between noz

zles, the flow rates are equated, giving the equation describing the operation of the device:

T, =C[AK BT Ez Fk (d/d2)*] (p/p2)2 Tr

where

d,, pi, T\ = nozzle diameter, upstream pressure, and temperature at the hot nozzle,
d2, p2, T2 =nozzle diameter, upstream pressure, and temperature at the cold nozzle,

C= experimental coefficient, equal to unity for all conditions in which the equation adequately
describes the behavior of the device,

A = ratio of squares of the flow coefficients of the nozzles, (K ,/K2) ,
B_ = correction for thermal expansion of nozzle diameter,
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Ez = a function of gas compressibility, that is, deviations of the gas from a perfect gas,
Fk ~ a function °f the variation of gas specific-heat ratio with temperature.

While factors E and F seldom exceed 1% for most operating conditions, factors Aand S may cause de
viations of 5% or more over a temperature span of 1000°C. The thermal expansion B is easily and accu
rately accounted for in terms of temperature and the known expansion rate of the nozzle material. The

flow coefficients contained in A, however, are more complicated functions due to the dependence of Rey
nolds number on pressure, temperature, and gas composition. In tests with nozzles the coefficients varied

over a wide range depending on the nozzle being tested (Fig. 4.5.3). Also, accurate values over a wide

Reynolds-number span are not easily obtained, especially in the low Reynolds-number region, where rela
tively large flows of helium or a similar gas are required. Further, there is evidence of an instability in
the coefficient curve of the hot nozzle.

Asingle pair of nozzles was tested. The hot nozzle was made of sapphire, simply convergent, with a
throat of 0.025 in. in diameter, and was sealed with a ceramic cement into an Inconel disk. Sapphire is
highly desirable as a nozzle material because of its hardness and radiation resistance; however, the sap
phire nozzle is difficult to mount in the metal setting without leakage occurring. This problem is being

1.02

REYNOLDS NUMBER

UNCLASSIFIED

ORNL-LR-DWG 63230

Fig. 4.5.3. Variation of Nozzle Flow Coefficient with Reynolds Number for Two Nozzles: Nitrogen and Helium.
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worked out, although the present technique of using a ceramic cement may eventually prove to be com

pletely satisfactory. The cold nozzle was of stainless steel, with a 0.035-in. throat diameter and a di
vergent discharge section to improve pressure recovery.

Figure 4.5.4 shows the test results for helium and nitrogen. Although the test points have been

omitted for clarity, precision of the data is good, with nearly ail points lying within /2% of the curves
shown. While the data for both nitrogen and helium are fairly well grouped, minor variations with pres

sure did occur, as well as a 3% discrepancy between the average experimental coefficients for the two
gases. These deviations can probably be accounted for by insufficient accuracy in the knowledge of the
flow coefficients, especially for the helium data where these coefficients have been largely extrapolated.

The nitrogen data at 150 psia were determined at the start of the tests and repeated at the end, with
no observable shift having taken place after about a dozen temperature cycles and some 60 hr of operating
time. It should also be noted that the nitrogen data are plotted without the correction F for specific-heat-

ratio variation. This would amount to an additional coefficient increase of 1/£% at 1000°K. It appears that
the thermodynamic processes involved are relatively insensitive to specific-heat-ratio changes with tem
peratures and that the "effective" value is constant and close to that at room temperature.

300 600 700 800 900

UPSTREAM TEMPERATURE AT THE HOT NOZZLE l°K)

UNCLASSIFIED
ORNL-LR-DWG 63231

1100

Fig. 4.5.4. Variation of the Experimental Coefficient with Temperature for Nitrogen and Helium at Various
Pressures.
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4.6 MEASUREMENT OF SALT LEVEL IN THE MOLTEN SALT REACTOR EXPERIMENT (MSRE)
PUMP BOWLS

J. W. Krewson R. L. Moore

A sensing element was needed for the continuous measurement of the level of molten salt, over a 5-in.

range, in the fuel and coolant salt pump bowls of the MSRE. Because no satisfacotry device existed, a

development program was undertaken to produce a prototype element capable of operating for extended
periods of time under conditions of high temperature (1200°F) and high-level nuclear radiation. Some

considerations affecting the selection of this level-sensing element were containment of the molten salt

and cover gas, corrosion, temperature and pressure effects on the zero and range of the instrument, long-

term material damage from temperature and radiation, possible effects of zirconium oxide accumulations,

gamma- and beta-heating effects on materials in the gas space, simplicity of construction, and compati

bility with commercially available receiving instruments. A further restriction in the selection of the

level device is the relatively low electrical conductivity of the fuel and coolant salts used in the MSRE.

The first sensing element designed and tested for a similar application was one that measured a re

sistance change as a function of salt level.1

The ball float type (Fig. 4.6.1) previously developed was adapted for this service but has not been

tested. In this device the position of a float is measured and transmitted electrically to a receiving in

strument located outside the reactor containment vessel. Suspended below the float in a containment tube

will be an iron core (either Armco iron or cobalt) clad with INOR-8 for corrosion protection. A differential

transformer located outside the containment tube will detect the position of the core through the nonmag

netic wall of the tube and transmit the salt level.

A solid graphite float is being designed for service in the fuel system to withstand the high tempera

ture of the fuel salt and the still higher temperature resulting from beta heating. The submerged portion

of the float will be cylindrical, and the unsubmerged portion will be spherical. This shape will result in

a minimum float diameter with minimum surface exposed to beta heating. The density difference between

graphite and the fuel salt is calculated to be sufficient to produce the desired excess buoyancy when al

lowance is made for absorption of fuel salt in the graphite. The solid graphite float cannot be used in the

coolant salt system because the density of the coolant salt is too low. Since the float will not be sub

jected to beta heating, a hollow INOR-8 ball float can be used.

A differential transformer was selected for the position-sensing device in preference to the tapered-

core, variable-inductance sensing element previously used, because the differential transformer is less

affected by temperature, is compatible with commercial receiving instruments, and has a lighter core and

the cylindrical shape of the core eliminates the need for guide bushings.

R. F. Hyland, Tests of a Resistance-Type High Temperature Sensor for the Continuous Measurement of Salt
Level in Molten Salt Fueled Reactors, ORNL CF-61-3-25 (Mar. 1, 1961).

2
A. L. Southern, Closed Loop Level Indicator for Corrosive Liquids Operating at High Temperatures, ORNL-

2093.
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Fig. 4.6.1. Continuous-Level-lndicating Device for Pump Bowl.

Detail design of the float, core assembly, and vessel has been completed, and a prototype unit is

being fabricated. Development of a differential transformer suitable for this application is continuing.

A mockup of the transformer was constructed and tested at low temperature. The sensitivity was 40 mv

v~ ' in." ', and deviation of the transmitted signal from linearity was less than 2%. Development of a

transformer suitable for continuous operation at high temperatures is in progress. The major problem is

to select wire and insulating materials that will retain their physical and electrical characteristics under

continuous operation at high temperature and to design a coil and an insulation configuration that will

either eliminate or withstand the stresses produced by differential expansion of various materials in the

transformer. A number of wire materials have been investigated. Nickel-plated copper, silver, and platinum

are unsuitable because of adverse metallurgical changes or an excessive temperature coefficient of resis

tivity. Nickel, Hastelloy, and Inconel appear to be most promising. The latest design uses nickel for the

primary winding and Inconel for the secondary. Several high-temperature transformer assemblies have been

constructed and tested; all failed mechanically at temperatures below 1100°F.
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4.7 LIQUID-NITROGEN-LEVEL CONTROLLER

C. Brashear

A liquid-nitrogen-level controller, which will lend itself to commercial production as an inexpensive

package system, has been designed and used on a recent reactor experiment. A level-control system meet

ing the following criteria was required: (1) The sensing element must function at the temperature of liquid

nitrogen (-195°C), must withstand the high-level radioactivity of the experiment, and must be located with

in the biological shield, remote from the indicator and controller; (2) the system must be simple, reliable,

and of reactor-instrumentation quality and must provide an adjustable set point and differential band.

As shown in Fig. 4.7.1, the experiment requires level control in a liquid-nitrogen trap used to ensure

containment of fission products. The control system, as designed, consists of three parts: the sensor,

SETPOINT

ADJUSTMENT

PRESSURE

^DIFFERENTIAL

ADJUSTMENT

UNCLASSIFIED

ORNL-LR-DWG 63232

LIQUID-NITROGEN

SUPPLY

Fig. 4.7.1. Liquid-Nitrogen-Level Control System.
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a small-bore stainless steel tube (k-in. OD) filled with dry nitrogen gas; the controller, a pressure switch
O

with variable setpoint and differential; and the pressure-gage indicator.

The basic operating principle of the system is that the liquefaction (or boiling) temperature increases

with increasing pressure (Fig. 4.7.2). In this system a pressure of 3 atm was selected for the sensing

tube. This resulted in a liquefaction temperature about 10°K higher than the temperature of the nitrogen

in the liquid-nitrogen trap, which is maintained at 1 atm.

With an increase in the level of the trap and a corresponding immersion of the tube, the nitrogen in the

tube is liquefied to the same level as the nitrogen in the trap. The pressure is reduced proportionally as

the depth of immersion is increased until sufficient nitrogen in the tube is liquefied to reduce the pressure

to 1 atm.

As the pressure falls toward 1 atm in the system, the controller will act to close the liquid-nitrogen

fill valve. Upon a fall in nitrogen level in the trap, the progressive exposure of the tube tip will vaporize

the nitrogen in the tube with a commensurate rise in pressure, causing the controller to open the fill valve.
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4.8 TEST AND EVALUATION OF STRIP-CHART RECORDING POTENTIOMETERS

C. D. Martin, Jr.

An evaluation program was instituted to provide a basis for the selection of strip-chart recording po
tentiometers. Full-case recorders were considered only if they could be obtained both as single-point and

multipoint instruments. One each of all such recorders available (six) was put on test, as were five mini

ature recorders.

Tests were designed to determine the general reliability of the potentiometers and the influence ofvar

iables such as line voltage and frequency, ac interference, burn-out circuits, source resistance, ambient

temperature, humidity, and gain. Where applicable, the American Standards Association Specification ASA

C39.4-1956 was used as a guide for the tests.

The performance of the various manufacturers' instruments will be detailed in a separate report. How

ever, some general conclusions applicable to the strip-chart recorders tested can be drawn:

1. The use of rotary solenoids is undesirable because of the shock that they impart to the instrument.

2. Power-line frequency variations from 45 to 70 cps do not adversely affect the instruments.

3. None of the instruments tested met the ASA specification for both transverse and longitudinal interfer

ence.

4. Electrical synchronization is not as reliable as mechanical synchronization.

5. Input selector switches of the etched or printed circuit type are not reliable.

6. Instruments employing a single-sided (SPST) chopper are so seriously affected by ac interference that

they are not satisfactory for ORNL applications.
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5. Reactor-Controls-Systems Development and Design

5.1 SECOND GENERATION OF ORNL REACTOR-CONTROL INSTRUMENTS

S. H. Hanauer J. L. Anderson J. C. Gundlach
L. C. Oakes M. S. Waugh R. E. Wintenberg2

A new group of second-generation reactor control instruments is now under development. It is expected

that development of new instruments to be included in this group will continue for at least a year longer.

The reactor-control instruments now in use at ORNL, and widely applied elsewhere, were developed at

ORNL during 1947-1950 for the MTR.3 In the succeeding years, operating experience with these instru
ments has been generally satisfactory. Problems which have more recently become apparent with the ORR

instruments, studies of the requirements of high-performance testing and power reactors, and the desire to

use more modern techniques and components have all stimulated the development of these new instruments.

The new instruments are not one-to-one replacements for the earlier ones; rather, new systems or com

plexes of instrumentation (e.g., a safety system) have been devised.

General Concepts

System Logic. - Redundant instruments are used throughout, arranged in parallel independent chan

nels so that no single failure can render the system inoperative. In order to make testing simpler and
false operation less likely, the channel outputs are arranged in coincidence so that concurrence of two

or more instruments is required to initiate any action. These three concepts - redundancy, coincidence,

and testing - are basic to the systems. The redundancy must be as nearly complete as possible, with no

avoidable interaction between channels or common elements. The coincidence element, in which the de

cision is made on action to be taken by the system, is coupled as directly as possible to the process under

control, since any intervening devices will be common to all the channels (not redundant). Common ele

ments are subject to both paralysis and false action on single failures. A system in which the coincidence

elements are directly coupled to the process has also been described by Siddall.

Present address: Reactor Controls Co., Oak Ridge, Tenn.

Present address: Tennessee Valley Authority, Oak Ridge, Tenn.

3T. E. Cole, E. E. St. John, and S. H. Hanauer, The MTR Safety System and Its Components, ORNL-1139 (Apr.
4, 1952).

4E. Siddall, Highly Reliable Control Systems for a 200-Mw Power Reactor, AECL-685 (July 1958).
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In-Process Testing. —In the system being described, a single channel of instrumentation, up to the

coincidence element, is tested by simulating the process condition(s) upon which action is to be taken.

The test is most nearly complete if the test signal is a local perturbation of the process variable which

can be detected only by the sensing element in the channel under test. Examples are a removable neu

tron shutter in front of an ionization chamber, and a nozzle through which hot process fluid can be directed

against a thermocouple well. In all cases only one channel is tested at a time, and the coincidence logic

prevents false action by the system.

The advantage of this approach lies in the ability to apply the simple static test at any time, con

firming as a result that a signal reaches all coincidence elements. In this system, the coincidence ele

ment is a magnet with special characteristics, and the test de-energizes one of its coils. Thus the test

encompasses the entire channel, excepting only the ability of the rod to drop. This is in contrast to other

available coincidence safety systems, which require complicated and expensive pulse equipment for test

ing and for which the testing can check only some of the electronic components.

Power Supply. - In plants where the expense is justified by the cost of false actions, the power

source for instruments and other vital services should be redundant, so that a single power failure (e.g.,

blowing a branch fuse) will not require the plant to be shut down. For the electrical instruments this

redundancy is rather easily accomplished with multiple batteries; for other services real redundancy has

in the past been difficult or impossible to obtain. Operating experience has demonstrated that the power

source can be a persistent source of trouble in otherwise reliable systems. The instrumentation systems

described in this report are designed to operate from 32-v storage batteries.

Safety System

The new reactor safety system has a special magnet as its coincidence element. Sensing elements,

amplifiers, and trip circuits complete the system (Fig. 5.1.1).

Coincidence Magnet. —In order to reduce the noncoincidence part of the system to a minimum, the

coincidence element is the magnet which supports the safety rod or actuates the scram mechanism. (Fig

ure 5.1.2 shows a prototype magnet in which a saturation magnetic shunt is used to obtain the desired

operating characteristic, and Figs. 5.1.3 and 5.1.4 give its performance curves.) Energizing one of the

three identical magnet coils will result in negligible lifting force on the rod because of the shunt. Ener

gizing a second coil will saturate the shunt, permitting the magnet to exert the rated force. Energizing

the third coil will not substantially increase the force, because of saturation in the magnet armature. The

magnet is thus a two-out-of-three coincidence element, holding the rod if any two of the three coils are

energized, and dropping the rod whenever any two coils are de-energized. The technique is applicable

to magnets containing different numbers of coils.

The release time of the prototype magnet, tested with a load of 300 lb being held with a force of 600

lb, has been measured as 4.1 msec when all three coils are de-energized simultaneously, and as 8.1 msec

when two of the coils are de-energized and the third one remains energized; the latter case simulates a

single failure. The performance of the prototype coincidence magnet is thus quite satisfactory.

67



INSTRUMENTATION AND CONTROLS PROGRESS REPORT

MOTOR-OPERATED

NEUTRON ATTENUATORS.

@ —-""--"" ~(M) @
• IONIZATION/^ f^l

CHAMBERS M | |

OTHER f
RAMETERS I

FLUX

AMPLIFIERS

COINCIDENCE MAGNET

UNCLASSIFIED
ORNL-LR-DWG 60096

_^_ _| HOT WATER
RESERVOIR

AND/OR GATES

Fig. 5.1.1. Block Diagram of Safety System.

Transistor Magnet Amplifier. —A new transistor switching circuit has been devised for controlling

magnet currents in safety mechanisms. In contrast to other available solid-state instruments for this

service, this circuit permits realization of the fast-release capabilities of the magnetic circuit in the

controlled device. This is achieved by permitting the inductive voltage surge which appears when the

current is turned off to rise to a controlled maximum, which may be as high as 200 v. Limiting this surge

with a nonlinear device (a Zener diode) protects the instrument and the magnet coil insulation while al

lowing the magnetic field to decay very rapidly. The instrument controls currents up to 1.5 amp and is,

therefore, applicable to low-impedance magnet windings for which the voltage surges are compatible with

the 200-v limiter. Numerous experiments, including the measurements whose results are given in Fig.

5.1.4, have shown that the release times obtainable with this instrument are comparable to the best that

can be attained with previously used vacuum-tube equipment, since in both cases the available speeds are

apparently limited by residual eddy currents in the magnetic materials.
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Reset Flux Amplifier. —In many reactor systems the relationship between the signal from an ioniza

tion chamber and the reactor power is not a constant proportionality. Changes in core flux distribution

with time occur because of fuel burnup, poison buildup, and rod motion, and the leakage flux in which

the chamber is located will necessarily reflect these changes and cause an apparent change in chamber

calibration. Fig. 5.1.5 shows a block diagram of a flux amplifier in which the gain is varied by a servo

system so that the "reset" output of the amplifier is required to match the reactor power as measured by

coolant flow and temperatures. The servo is made very slow so that during a fast accident the system

will have effectively constant gain. A slow servo is adequate to correct for the slow core changes which

cause the apparent chamber calibration error.

The safety amplifier of Fig. 5.1.5 is an example of the complicated scram signals required by high-

performance reactors. In this application the plant can operate with variable coolant flow but must be

shut down if the ratio of reactor power to coolant flow exceeds a safe value. A rate scram is also pro

vided.

Ionization Chambers. —Figure 5.1.6 shows an exploded view of the type RC-300 multiple-section

ionization chamber. The active sections are composed of parallel circular plates with small (~l-mm)

spacing. The plates may be coated with B for use as a neutron-sensitive chamber, with U for use

as a fission chamber, or left uncoated for use as a chamber sensitive principally to gamma radiation.

Use of alternate plates coated and uncoated and of different connections will give a gamma-compensated

neutron-sensitive chamber.

The various types of active sections may be combined as needed to assemble multisection, multi

purpose detectors for different reactor applications. Different sections in the same chamber assembly
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Regulating System

The regulating system is based on the multiple servo concept of Mann and Weaver. ' A multiplicity

of identical independent servo systems (at least three) have their outputs added algebraically. Examples

are (1) velocities added in a triple-input mechanical differential and (2) matrices of servo valves. Fail

ure of any one servo system will not interrupt the process, since the others will always be able to over

power" its saturated output in either direction. Simple tests and observations reveal easily which system

is in trouble. Any trouble in the common element between the output adder and the process will perturb

the process.

A model triple-servo system using small motors and gears and transistor amplifiers has been assembled

and has been tested on the ORNL Reactor Controls Analog Computer. For this test the process variable

was a reset neutron-flux signal similar to that shown in Fig. 5.1.5. The calculations of Weaver were

borne out by the performance of the model, both in normal operation and with simulated failures.

Startup System

The startup system channels are realizations of the wide-range channels described by Anderson and

Wintenberg. The miniature fission chamber and in-pile preamplifier are described elsewhere (Sec 5.2).

E. R. Mann, private communication.

6C. H. Weaver, Multiple Controllers for a Single Process, ORNL CF-61-1-82 (Jan. 25, 1961).
J. L. Anderson and R. E. Wintenberg, Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1960, ORNL-

2787, pp 145-50.

5.2 MINIATURIZED FISSION CHAMBER AND PREAMPLIFIER

FOR USE IN HIGH-FLUX REACTORS

E. Fairstein F. E. Gillespie G. C. Guerrant
S. H. Hanauer J. L. Kaufman D. P. Roux

A pulse channel was developed to meet the special requirements of high-flux reactors, such as the

ORR and HFIR, and of power reactors. In high-flux reactors the thermal-neutron-source level is high,

and a relatively small and insensitive chamber can be used. This is an advantage, because high-perfor

mance reactors have difficult access and shielding problems. Since, however, a relatively insensitive

chamber has to operate in a high gamma flux, special care must be taken to optimize the ratio of thermal

neutron sensitivity to gamma sensitivity in order to minimize the gamma pileup.

Consultant.
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The new system was designed according to the following operating criteria:

1. Shape and Size. —A cylindrical geometry with the maximum diameter of -^ in. was chosen. An
articulated structure with maximum sectional length of 1 ft permits the use of a guide tube, bent as re

quired for the particular reactor to which this system may be applied.

2. Electrical. —Experience with noise pickup has indicated that the separation between chamber

and preamplifier should be as small as possible and that a single-point ground is required. The minimum

separation is dictated by the permissible radiation damage to the preamplifier in a one-year period of

continuous use; typical separation lengths are 4 to 5 ft. In order to override noise, the pulse height of

the preamplifier output signal is 150 mv into 500 ft of cable, for 50-Mev fission fragments. The range
of the system is to extend to 10 counts/sec, with a counting loss of no greater than 10%.

3. Environment. —The surrounding medium can be air or water at a maximum temperature of 100°C;

therefore the entire assembly has to be waterproof.

Fission-Chamber Design

Water is the preferable shielding medium around the fission chamber, especially if the servo fission-

chamber principle is used. An experiment performed in the Bulk Shielding Reactor has shown that the

thermal-neutron-flux perturbation in water produced by a chamber of the dimensions used in this design

is less than 10%; therefore the data of Maienschein et ah, may be used. Because the thermal-neutron-

flux attenuation in water is much larger than the gamma-flux attenuation, it follows that a chamber length

exists which represents the best compromise between sufficient neutron sensitivity, a high ratio of neu

tron to gamma sensitivity, a relatively flat plateau, and a low saturation voltage.

The chamber developed here has a sensitive length of 3 in., is coated with 1 mg/cm2 of U235, and
has a filling gas of 97% argon-3% C02 at 25 psia. Figure 5.2.1 shows the integral pulse-height curve
measured for this chamber. At the discrimination level which gives 0.1 alpha count/sec, the sensitivity

is 0.026 count/sec per neutron cm" sec- . At twice the preceding discrimination, with 6 ft of cable,

the neutron sensitivity is lower by only 6%. This represents a much flatter plateau than exists in larger

and more sensitive chambers. The saturation voltage curve is given in Fig. 5.2.2. The collection time

is less than 0.08 /isec. For resistance to the effects of radiation and temperature, only metals and cera

mics were used in the chamber.

2
J. L. Anderson and R. E. Wintenberg, Instrumentation and Controls Div. Ann. Progr. RepL July 1, 1960, ORNL-

2787, pp 145-50

F. C. Maienschein et ah. Attenuation hy Water of Radiations from a Swimming Pool Type Reactor, ORNL-1891
(Sept. 7, 1955).

J. L. Anderson, unpublished memo, Aug. 1, 1956.
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Fig. 5.2.1. Fission-Chamber Integral Pulse-Height Curve.

Preamplifier Design

The high temperature and radiation levels precluded the use of transistors; subminiature vacuum

tubes, derated 80%, were used instead. The preamplifier is 12 in. long. All its components and insu

lators are known by tests made at ORNL or by catalog specifications to withstand an operating tempera

ture of 125°C and an accumulated gamma dose of 108 r. In general the preamplifier is much less damaged
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by thermal and fast neutrons than by gamma rays, because the neutron flux at the preamplifier location is

much attenuated.

The circuit, shown in Fig. 5.2.3 consists of two feed-back groups: a charge-sensitive input con

figuration followed by a voltage-sensitive group with a push-pull output stage. The charge-sensitive

stage makes the output signal relatively insensitive to changes in detector and connecting cable capa

city. The push-pull output stage permits the use of a balanced signal cable, thereby reducing the sensi

tivity of the system to electrical noise pickup. The balanced output is converted to single-ended output

by a pulse transformer located at the input of the main amplifier. This transformer also differentiates

the preamplifier output signal.

Input pulses are doubly differentiated with 0.15-^sec time constants to minimize the effects of pile-

up, duty-cycle shifts, and low-frequency noise pickup.

Figure 5.2.4 shows an oscillogram of the output pulses from the preamplifier, having the input con

nected through 6 ft of cable to the fission chamber.

Because of the small size of the preamplifier, potting is used to hold the components and to improve

heat transfer. Since repairs will be impracticable, all components will be tested and screened before

assembly. Aged and tested tubes are used throughout.
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5.4 CONTROL AND INSTRUMENTATION FOR THE FAST-BURST REACTOR

L. C. Oakes C. F. Holloway

The Fast-Burst Reactor (FBR) is designed to produce short, intense bursts of fast neutrons. The

target burst will yield approximately 10 neutrons with a half-power pulse width of 38 /xsec. Further,

the reactor may be used as a steady source of fast neutrons by continuous operation at power levels

ranging from a few milliwatts to 1 kw. The reactor will be used primarily by the Health Physics Division

for experiments relating to their field.

When the reactor is operated in the steady-state mode, conventional reactor control methods apply

(Fig. 5.4.1). A counting channel provides wide-range information, and a linear channel combined with a

servo regulates the power at any preset level from 1 kw down to a few milliwatts. Level scrams protect

against sustained high-level operation which might overheat the core. The period scram is provided to

protect sensitive experiments against high-power overshoots resulting from misoperation.

The operation of a reactor that has the reactivity periodically stepped above prompt critical requires

control and instrument techniques that have not been employed previously at the Laboratory. Several

methods have been proposed for operating in the pulsed mode. In the method presently proposed for the

FBR, it is necessary to operate in a manner which violates some fundamental criteria of safe reactor op

eration: first, reactivity is changed without the source level being sufficient for monitoring of the multi

plication, and, second, reactivity is increased in a manner which generates reactor periods much shorter

than can be controlled by the electromechanical safety system. The method of operation involves, in ef

fect, a criticality experiment before each run of the reactor: in order to determine the exact rod position

required, the reactor is first operated with a neutron source at the lowest power level at which criticality

can be measured in a reasonable time. The low power-level restriction assures minimum disturbance in

core temperature and hence minimum temperature effect on the calibration. After the criticality measure

ment the reactor is shut down by removing fuel from the core and waiting until neutron activity has almost

completely decayed (approximately 30 min). With the source removed, the core is then reassembled to

k = 1.00. The burst control rod, having been adjusted to the proper reactivity worth for the desired pulse

yield, is then inserted rapidly into the core and a pulse of neutrons is produced.

The reactor power as a function of time during a typical pulse is shown in Fig. 5.4.2. For the pulses

represented by this curve the burst rod (worth, $1,076) was inserted at time /Q. After time intervals vary
ing between 0 and 45 sec, the reactor power rose with a positive period of 13 fjsec. The peak power of

approximately 63,000 Mw was reached 200 /xsec later. (The mechanism of reactivity reduction is the

prompt negative temperature coefficient, modified by inertial effects.) The power declined after the peak

until a low value of approximately 1 Mw was reached. A redistribution of temperature in the core and the

appearance of delayed neutrons caused the power to rise again and would have raised the core tempera

ture to an asymptotic average of 1050°C if no corrective action had been taken. Considering nonuniform

]A. Stathoplos et al., p 5 in Preliminary Design of the ORNL Fast Burst Reactor, NDA 2136-1 (July 30, 1960).

2J. A. Auxier, memo to H. P. Yockey, Jan. 27, 1959.
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Fig. 5.4.2. Reactor Power vs Time During a Typical Pulse.

temperature distribution, there would probably be temperatures within the core high enough to cause melt
ing. In the FBR, shut-down action is initiated by the safety system as the power rises above 1500 w.
This value was chosen so that the safeties would need no readjustment to accommodate both the pulsed

and steady-state modes of operation. Since the magnet has a delay time of 4 msec, the useful part of the
neutron pulse will be over before the scram can occur. The scram thus provides safety only against a

slow meltdown occurring after the fast pulse is over. The magnet is much faster than needed for the
safety function which it performs, but the fast scram action helps to reduce the objectionable residual

neutrons.

Another means of accomplishing the scram has been proposed: a piece of U-Mo fuel is loosely at

tached to the outside of the core and is hurled away by the forces generated during the pulse. There

are many obvious objections to this proposal. However, possible advantage of such a device as a peak
limiter of the neutron pulses was considered: that the piece of U-Mo might be forced away from the core
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only if an abnormally high-yield pulse should be started. Figure 5.4.3 shows the calculated forces3 act

ing on such a block during a pulse. From this curve it is obvious that no peak limiting occurs, since the

force on the block, which is proportional to dp/dt, is in the direction to force it away from the core only

after the peak of the pulse has occurred. These calculations illustrate a worrisome fact about the FBR

safety: once a damaging pulse is begun we see no means of limiting the magnitude of the excursion.

A. Stathoplos et aL, pp 81-83, 86 in Preliminary Design of the ORNL Fast Burst Reactor, NDA 2136-1 (July
30, 1960).
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The conditions required to produce pulse yields of 5 x 1016 and 1x 1017 fissions are tabulated below:

Burst yield, fissions

Total temperature coefficient, $/ F

Initial reactivity insertion above prompt critical, <f

Peak power, Mw

Total leakage neutrons

Initial reactor period, /(sec

Burst half-width, /(sec

Maximum temperature rise, F

Average temperature rise, F

5x 1016 1x 1017

0.11 -0.11

5.7 7.6

25,000 63,000

7x 1016 1.3X 1017

18 13

50 38

370 740

180 360

Only 1.9 cents of reactivity need be added to change the yield by a factor of 2, while the period is 30%

shorter for the larger burst. Due to the increasing importance of core inertial effects at shorter periods,

the addition of another 1.9 cents gives an increase in the yield greater than a factor of 2. These facts

emphasize the importance to safety of variables which might result in even slight increases in reactivity

during the 30-min wait between the criticality run and the initiation of the pulse. It is obvious that no

test to determine that k = 1.00 can be performed after reassembly and prior to insertion of the burst con

trol rod. Such a test would defeat its purpose, inasmuch as it would repopulate the core with neutrons.

We therefore have a reactor which can easily be inadvertently started on a damaging excursion; we know

of no mechanism which can be applied after a pulse has started which could limit its amplitude.

The second proposal which has been considered for pulsed operation is to start from a low, but meas

urable, power level. This would ensure that the pulse is always started at k = 1.00, and some of the in

herent hazards of the cold, clean start would be eliminated. However, the required speed of insertion of

the burst control rod would be extremely high, and an unwieldy mechanical system might be needed to

achieve the required velocities. Very little experimental data are available on operation of fast reactors

in this manner. Certain experimental results4 with Godiva II indicate that peak limiting, although some

what unpredictable, occurs when pulses are initiated from a measurable source level. Plans are being

made to investigate this effect with the FBR.

Figure 5.4.4 shows a view of the reactor and its associated auxiliary equipment. Some items of in

terest are the core assembly, which consists of U-Mo alloy; the safety block (U-Mo), which is the scram

mechanism for the reactor; the mass-adjust rod, not shown in the figure, which in conjunction with the

control rod provides regulating and shim action for the reactor; the burst control rod, which is used to

produce the pulses of neutrons; the ion chamber; the fission chamber with thermalizer and shield; and the

source and drive.

Private communication, T. Winett to L. C. Oakes.

82



PERIOD ENDING JULY 1, 7967

FISSION CHAMBER(F)

PNEUMATIC DRIVES

BURST ROD W)

NEUTRON SOURCE (6)

UNCLASSIFIED
ORNL-LR-DWG 59985A

ION CHAMBER (£")

ELECTRO-MECHAN
ICAL DRIVE

SNUBBER

ELECTRO-MECHAN
ICAL DRIVE

CONTROL ROD (C)

CORE ASSEMBLY [/})

SAFETY BLOCK (0)
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5.5 PROPOSED PROCESS INSTRUMENTATION FOR THE MOLTEN-SALT REACTOR EXPERIMENT

J. R. Brown

G. H. Burger

R. L. Moore

P. G. Herndon

B. Levenson

B. Squires2
J. R. Tallackson

The Molten-Salt Reactor Experiment (MSRE) is a circulating-fuel, low-pressure, high-temperature re
actor. The major objectives are to demonstrate the safety, dependability, and serviceability of such a
reactor and to obtain additional information about graphite and fission product gases in the environment

On loan from Lockheed Aircraft Corp.

On loan from Burns and Rowe, Inc.

S. E. Bell, W. L. Breazele, and B. W. Kinyon, Molten-Salt Reactor Experiment Preliminary Hazards Report
ORNL CF-61-2-46 (Feb. 28, 1961).
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of an operating molten-salt reactor. It is designed for a heat generation rate of 10 Mw. The fuel salt is
the tetrafluoride of enriched U235 (UF4) dissolved in an LiF-BeF2 carrier, with ZrF4 and ThF4 additions.
The coolant salt is an LiF-BeF, mixture without additives. The cover gas for both the fuel- and the
coolant-salt systems is helium.

In addition to the reactor and coolant systems the plant has such auxiliaries as drain tanks for fuel
and coolant salts, equipment for sampling the fuel in the reactor, a helium cover-gas system, facilities
for handling radioactive wastes, and the usual nuclear and process control instrumentation and plant

services.

Instrument Requirements

Fuel-Salt System. - Nuclear instrumentation will be required for measurement and control of the re
actor flux level and for detection of radiation hazards.

The reactor has a negative, isothermal temperature coefficient of 9 x 10~5 Sk/k and a power coeffi
cient of -0.02% Sk/k per megawatt. As a consequence, the reactor is virtually a slave to its load and
will meet all power demands. Control of power is, therefore, effected by control of the heat rejected to
the surroundings. Analog simulation has demonstrated that in the full-power region the system is ex
tremely stable and will require little or no control. In the low- and medium-power region, reactor power
with manual control will be unsteady and will experience low-frequency drift; therefore servo control will
be required to maintain constant-power operation in this region.

Control rods will be used to provide mean core temperature control at operator command. Reactivity

changes requiring this control stem from xenon buildup, xenon and fuel penetration into the graphite mod
erator, and burnup between fuel additions. All these are relatively small changes in reactivity.

Since the excess reactivity is strictly limited, a fast-acting, ultrareliable safety system is not re

quired.

Other fuel-salt-system measurements required are pump-bowl level, loop pressure, and a large number
(several hundred) of temperature measurements. Wherever possible, all primary sensing elements utilize
electric signal transmission and are located outside, but in areas adjacent to, the containment vessel.
Electrical signals simplify the input requirements of a proposed data logger.

The level of fluid in the pump bowl is measured with a float-actuated differential transformer (Sec
4.9). Agas-purged dip-tube level measurement will be used as a calibrating device only. All pressure
measurements on salt systems are made in lines connected to the space above the salt level in the ves
sels. Electric pressure transmitters, seal-welded for leak tightness and enclosed in containers which
will be vented to the off-gas system and which will be located outside the containment vessel, will trans
mit the pressure measurements.

Reactor loop pressure is regulated by controlling the flow of cover gas from the fuel pump bowl. The
cover-gas system not only covers the salt with an inert gas but also supplies gas for pressurization of
the fuel and coolant system and for pressure transfer of salt between components. The flow rates of the
cover gas are very low, and special techniques and possibly development of special valves will be re
quired.
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Temperatures are measured with mineral-insulated, Inconel-sheathed, Chromel-Alumel thermocouples
connected to locally mounted, remotely operable disconnects. Glass-insulated thermocouple lead wires

encased in a copper sheath extend from the disconnects to a junction point outside the containment vessel.

Thermocouples and disconnects are coordinated so that every component is free for removal when all dis
connects are separated.

All fuel, coolant, and transfer-system storage tanks will be weighed for inventory purposes with com

mercial pneumatic weighing systems. Only the load cells mounted as an integral part of the tank support

structures are located inside the containment pit. Other associated equipment is located immediately

outside the containment area. Conductance-type probes also provide high and low, single-point, drain-
tank level indications.

The fuel drain tanks, each of which can hold an entire fuel charge, must be cooled at a rate of 100 kw

to prevent the excessive temperatures which result from afterheat after sudden draining of the fuel from

the reactor loop. Each tank is provided with a closed-cycle evaporative cooling system consisting of

bayonet tube assemblies installed in the tank, a water-cooled condenser, and a reservoir tank. Heat is

removed from the tanks by flashing water into steam in the bayonet tubes. Pressure, level, and flow in

struments of the conventional industrial type are applied to this part of the system.

Coolant-Salt System. - Although the radiation problem is less severe and penetration requirements

are simpler, the instrumentation requirements of the coolant-salt system are essentially identical to those

of the fuel-salt system. The same types of level and pressure measurement instruments discussed in con

nection with the fuel loop are applied to the coolant-salt loop.

The thermal energy of the reactor is rejected to the atmosphere by means of a salt-to-air radiator. A

measurement of the mass flow rate of cooling air through the radiator along with inlet and outlet air tem

peratures and pressures is required for the calculation of the net heat power output of the reactor. A

second heat power measurement is continuously computed from measurements (using an electronic multi

plying system) of the coolant-salt flow and the differential temperature across the heat exchanger. The

coolant-salt flow rate is obtained from measurement of the differential pressure developed across a Venturi

flow element. A NaK-filled, slack-diaphragm differential pressure device will be used for this applica

tion. Although not associated with nuclear safety, it is essential that the fuel and coolant salts do not

freeze in the reactor piping and particularly in the salt-to-air radiator. The radiator is isolated by verti

cally sliding doors on which are mounted tubular electrical resistance heaters. During normal operation

the doors can be raised and lowered by a motor-driven mechanical drive and may be used to control air

flow across the radiator as a control on the reactor load. Emergency closure is effected by de-energizing

a magnetic clutch in the drive system. A number of electrical control and safety interlock circuits are re

quired. A power-driven remotely operated damper located in the radiator bypass duct provides for cooling-

air flow adjustments.

The coolant-salt system components, industrial-type devices seal-welded for leak tightness, are ac

cessible for maintenance or replacement during reactor shutdowns.

Auxiliary Systems. - A number of measurements are required on the helium cover gas, lubricating oil,

cooling water, and containment ventilation systems. In most instances the primary elements are located
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outside the reactor containment vessel, and standard industrial type instrumentation is applicable. Seal-

welding will prevent the escape of radioactive fission product gases.

Astudy of the data-handling requirements indicates that possibly two types of data systems will be
required. One system is a temperature scanner and alarm, and the other is a data processor or logger.
The temperature scanner and alarm system will indicate the temperature of reactor components and sys
tem piping during startup and shutdown. Atemperature profile of the system obtained from the tempera
ture scanner and displayed on an oscilloscope will enable the operator to maintain even temperature dis
tribution and rates of temperature change, thereby limiting thermal stresses in the reactor components and

connected piping.

Closed-circuit television systems will provide a view of the operating areas from the central control
room and from the maintenance control room.

Layout

The layout of the instrumentation and controls is designed to permit all routine operations to be per
formed in the main control-room area. Agraphic display will be on the main control board, where only
those instruments and controls necessary for operation of the reactor will be installed. Other information

will be read out by a data logger or on instruments located in an adjacent area.
All electrical and pneumatic signal lines originating within the contained areas will be brought out

through specially designed leak-tight penetrations in the wall of the containment vessel. Thermocouple
and electrical signal leads will be terminated in junction boxes located in a tunnel adjacent to the reac
tor. Standard control cable and thermocouple lead wire will be contained in open trays from the tunnel
to the main and auxiliary control areas. All thermocouple leads will be brought through a patch panel
located in the auxiliary area adjacent to the main control room. Pneumatic signal lines will be brought
through the tunnel to an auxiliary instrument area adjacent to the reactor. Some of these lines will termi
nate at equipment such as weigh-system control panels, solenoid valves, and pneumatic receivers mounted
on auxiliary panels in this area. Other lines will continue through the auxiliary area to the main control
area.

Relays for the safety control circuitry will be contained in a relay cabinet in the main control area.

5.6 PROCESS INSTRUMENTATION FOR THE HIGH FLUX ISOTOPE REACTOR

A. M. Billings S. J. Ball R. L. Moore

AHigh Flux Isotope Reactor (HFIR)1 is being designed which will produce neutron fluxes of about
3 x 1015 nv. These high-flux levels are desired for the production of californium as well as for nuclear

experiments and research. The reactor core is cylindrical and is so designed as to produce flux peaking
in the center of the core. At full power the reactor will generate 100 Mw of heat.

't. E. Cole, High Flux Isotope Reactor: AGeneral Description, ORNL CF-60-3-33 (Mar. 15, 1960).
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The major process systems are primary coolant system, secondary coolant system, primary coolant
cleanup system, and pool water system. The primary coolant system for the reactor is a closed-loop de-
mineralized-water system. Heat will be removed from the reactor by circulating water in this loop at
15,000 gpm. The loop will be pressurized to prevent boiling of water in the core, and the control point
for the pressure will be adjustable over the range 300 to 900 psig. Heat will be transferred from the

primary to the secondary system through three heat exchangers. In the secondary system, water will be

circulated at 22,000 gpm in a loop from the cooling tower basin, through the heat exchanger secondaries,
and back to the cooling towers.

A cleanup loop will be installed to remove contamination and to maintain the pH of the demineralized
water in the primary coolant system loop. During normal operation 200 gpm of water will be let down to

the cleanup system, where it will be deaerated, filtered, and demineralized. The water will be pumped
back into the primary system by centrifugal-type pumps.

To facilitate maintenance and to provide shielding, the reactor vessel will be immersed in a pool of
water. Auxiliary pools will also be provided for storage of used fuel elements. A separate system will
be provided for filtering and demineralizing the water in the reactor and auxiliary pools.

Basic Control Criteria

Reactor operation will be controlled by two integrated systems of instrumentation: nuclear and proc
ess. The nuclear instrumentation will initiate, monitor, and control nuclear reactivity in the reactor. The
process instrumentation will monitor and control operation of the reactor primary, secondary, and pool
coolant systems.

In addition, a tie between the nuclear and process instrumentation will be provided by output signals
from the process heat-power computers, which will be used to reset the reactivity control channels of
the nuclear instrumentation. Signals from other variables of the primary coolant system, that is, primary-
coolant flow and pressure and cooling-water differential temperature across the reactor vessel, also will
be integrated with the nuclear instrumentation to provide information to the nuclear instrument channels.

Reactor Heat-Power Calculator

Reactor heat-power will be computed automatically from the primary-coolant temperature differential

across the reactor and from the primary-coolant flow rate. Six channels of heat-power measurement will

be provided. Three heat-power channels will use electronic instruments of all-solid-state construction to

provide signals to the nuclear reactivity control channels. Components of the electronic heat-power chan
nels are being tested and evaluated.

Signals from the three additional heat-power channels, which use pneumatic instruments, will be used

to provide information to the nuclear instrumentation safety channels. Gas-fiNed-bulb pneumatic tempera

ture transmitters and pneumatic multipliers of special design are being tested and evaluated for this ap

plication. Methods for safety-testing the gas-fi Ned-bulb safety channel temperature transmitter are being
adapted to the HFIR mockup loop.
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Primary-Coolant Flow Measurement

AHerschel standard Venturi meter calibrated to \% accuracy will be used for measuring primary-
coolant flow. The Venturi tube will be provided with three separate sets of piezometer rings, to each of

which will be connected one pneumatic and one electronic differential pressure transmitter.

The pneumatic differential pressure transmitters, which provide information to the nuclear instrumen
tation safety channels, will be safety-tested by opening a normally closed valve connected between the
high and low sides of each transmitter. The test valve will be sized to produce a 50% flow signal from
each transmitter.

Primary-Coolant Pressure

Primary-coolant pressure will be controlled by the inherent characteristics of the centrifugal pres-
surizer pumps and by a single pneumatic controller modulating simultaneously three parallel letdown
valves, that is, one from each heat exchanger. Each valve will be sized for 150 gpm with a differential
pressure of 300 psi across the valve. Valve trim with equal-percentage flow characteristics will be used
to provide greater stem travel at low flows, thus minimizing erosion in the seating region of the valve
plug. Analog studies have shown that this method of control will be satisfactory.

For conformance to the "two-out-of-three coincidence philosophy" for reactor safety channels, three

pressure switches will provide information to the nuclear safety circuits. For safety-testing of each
switch, a restrictor will be installed between the switch and the primary pipe attachment. An apparent
low-pressure signal can be obtained from each switch by venting the volume between the restrictor and

the switch.

Secondary and Pools Systems

In general the instrumentation of the secondary coolant system and the pools system will consist of
standard industrial instruments. No evaluative testing of components for these applications is planned.

For the cooling tower, analog studies of methods for controlling tower outlet water temperature are being

made. Preliminary studies indicate the necessity of providing a trough in the cooling tower for monitor
ing off-tower water temperature before the water enters the tower basin. This arrangement eliminates the
large time constant which would be encountered in controlling by sensing temperature changes downstream
of the tower basin. Further analog studies are being made to assist in establishing a control system which

will minimize the cycling of the tower fans.

Present Status of HFIR Design

The design of all piping and vessels and all components attached to the system piping and vessels is
almost complete. Instrument components such as thermocouple wells, orifice plates and flanges, sight
glasses, pressure gages, and variable-area flow meters are included. The design of all process instru
mentation, including sensing elements, all wiring and tubing, junction boxes, and auxiliary panels, and
the main-control-room graphic panels is under way.
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6. Support for the High-Voltage Accelerator Program

6.1 PULSED TERMINAL FOR THE 5-Mv VAN DE GRAAFF

W. T. Newton

A pulsed terminal was constructed and installed in the 5-Mv Van de Graaff. This terminal, which

takes place of the original dc beam terminal, pulses a dc positive ion beam from an rf ion source at a

rate of 4.5 millicycles and should give pulses of around 4-nanosec duration. Due to tight scheduling

of machine time, only preliminary testing of the pulsing equipment has been possible.

The peak-pulse current was approximately equal to the maximum direct current of 30 to 40 jia instead

of 200 fia as hoped. The limiting of the current is thought to be due to the condition of the vacuum in the

beam tube at the source end. The next step will be to install ion-type vacuum pumps in the terminal, which

should double the pumping speed at the source.

The new terminal has several improvements over the one it replaced. Included in the terminal is

a complete set of meters for checking all the components when it is being serviced. Another set of

12 meters is mounted so that they can be seen by means of a telescope when the machine is in op

eration. Since the terminal is operated at potentials as high as 5.5 Mv above ground, it is necessary

to adjust the controls remotely. This is done by using ten Lucite rods, each 12 ft long. The rods re

place a very troublesome system of strings that was used on the old terminal. All components of the

terminal were installed in such a manner'as to be easily and quickly removed for maintenance.

6.2 FORCED COOLING AT HIGH VOLTAGE

J. P. Judish

The 3-Mv Van de Graaff terminal components are now routinely and reliably cooled with circulated

trichlorotrifluoroethane. A sealed centrifugal pump and water-cooled heat exchanger outside the Van

de Graaff tank are linked with the Van de Graaff terminal with Teflon tubing. Those components in the

terminal that must be cool are constructed with a pressure-tight jacket through which the coolant flows.

Almost 1000 hr of trouble-free running has been logged with the Van de Graaff terminal at 2 to 2.5 Mv

and tens of hours have been logged at 2.5 to 3.0 Mv. No evidence of Teflon insulator breakdown has

been observed. Operation at 3 Mv puts an average gradient of 50 kv/in. across the active length of the

Teflon.
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With a coolant circulation rate of about 1̂ liters/min, a load of 300 w(the present load) raises the
coolant temperature about 10°C. The coolant is kept at the same pressure as the Van de Graaff tank gas

(usually about 150 psig); at this pressure its boiling point is about 14CPC. This indicates that a consid
erably larger amount of power could be carried off by the coolant without burdening the present system.

6.3 INTEGRATED LITHIUM EVAPORATOR AND TARGET

J. W. Johnson

To improve the neutnn yield of lithium targets for nuclear cross-section studies requiring 30-kev neu

trons, an integrated molecular-beam lithium evaporator and target assembly was designed and constructed.

Improvements by factors of from 2 to 5 are expected from deposition of a dense layer of metallic lithium on

the target backings and using the targets without removing them from the vacuum system. Since the vacuum

system must have a minimum of hydrocarbon or other organic vapors in the residual gas the assembly was

constructed with metal seals, dynamic as well as static, and all-metal valves.

6.4 SYNCHRONIZED POST ACCELERATION PULSING OF THE ORNL 3-Mv VAN DE GRAAFF

R. F. King W. M. Good1

With ion-beam pulses produced in the terminal of the 3-Mv Van de Graaff, fundamental limitations pre

vent the production of beam bursts at the target shorter than about 6 nanosec. These limitations are due

partly to energy spread introduced into the beam in the process of deflection and partly to space-charge

spread.

To achieve the needed shorter burst time and still retain the great advantages of terminal pulsing, a

system of synchronized postacceleration pulsing has been designed and built.

This second deflection system uses sine-wave rf voltage, variable in amplitude up to 18 kv peak at

a frequency six times the terminal pulsing frequency, or 12 Mc. It contains no oscillator, but is a driven

string of wide-band amplifiers, frequency multipliers, and power amplifiers. The driving signal is obtained
by inductive pickup from the passage of the nominal 10-nanosec, terminal-produced pulse. Manually con
trolled phase shift from 0 to 360° at the final 12-Mc frequency makes it possible to time the arrival of the

pulse at the deflector plates to correspond with any desired phase relationship.

Ion-beam burst durations of less than 3 nanosec have been produced with the final amplifier running

at about 30% of its maximum voltage. The system is also capable of producing bursts shorter than 1

nanosec.

Physics Division.
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6.5 DUOPLASMATRON ION SOURCE FOR THE ORNL 3-Mv VAN DE GRAAFF

J. W. Johnson J. P. Judish R. F. King

A duoplasmatron ion source and beam pulser was installed in the 3-Mv Van de Graaff terminal.1 As

sociated power supplies, oscillators, amplifiers, and other components required a new terminal structure
and shield housing which would provide more space. The beam pulsing technique is new in that different
but harmonically related rf deflection voltages are applied to two pairs of deflection plates. The ion source
and pulser can deliver to the accelerator tube a 3-ma proton pulse of 3-nanosec duration. Output of masses
2 and 3, normally about 50% of the total, is completely eliminated.

]C. D. Moak et aL, Rev. Sci. Instr. 30(8), 694 (1959).
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7. Miscellaneous

7.1 HIGH-TEMPERATURE CALIBRATION FURNACE

W. W. Johnston, Jr. H. J. Stripling, Jr.
F. R. Duncan

The fuel-element development program for gas-cooled reactors required the development, testing,

and calibration of temperature-sensing elements that would operate up to 2200°C. It was essential
that a high-temperature furnace be available for this work. The criteria for the furnace were

1. small over-all size,

2. a heated zone large enough to accommodate thermocouple assemblies,

3. fast response,

4. modest power requirements,

5. test assemblies to be operated in a high vacuum,

6. provision for using an optical pyrometer as a calibration standard.

Furnaces that meet these criteria are in use at Battelle Memorial Institute and the National Bureau of

Standards, designed and built by these institutions for lack of commercial units.
A high-vacuum, resistance-heated furnace was designed and constructed (Fig. 7.1.1). The heating

element (a 6^-in.-long, l-in.-OD tube with a 0.040-in.-thick wall, Fig. 7.1.2) was fabricated from tan
talum because of its high melting point, good electrical resistance, and machining and welding char
acteristics. A k ,-in.-diam hole in the heating-element wall and a quartz window in the shell permit

1 6

calibration-temperature measurement with an optical pyrometer. Heat conduction losses are minimized
by vacuum insulation. Tantalum shields surround the heating element to minimize heat losses by ra
diation. A water jacket surrounds the assembly.

The power supply consists of a variable autotransformer (440 v) and a step-down transformer (440
to 5 v ac). The supply has a capacity of 20 kw, but only about 8 kw has been used. The vacuum sys

tem can maintain 1 x 10~5 mm Hg pressure with the furnace at temperature.

The furnace has been in operation for several months, and temperatures up to 2200°C have been ob
tained. Calibrations have been performed on tungsten-rhenium thermocouples to 2000°C. The 0-ring

seals in the hot sections of the vacuum system have caused some problems above 2000°C, and the ther

mocouple entry supports are not completely satisfactory.

The assistance of R. L. Simpson is acknowledged.
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7.2 HIGH-TEMPERATURE ADIABATIC CALORIMETER FOR AQUEOUS SYSTEMS

T. M. Gayle G. W. Allin C. D. Martin, Jr.

An adiabatic calorimeter is being developed for the Reactor Chemistry Division to measure the heat

evolved when a dry chemical is combined with a liquid. The calorimeter will determine heat quantities

of about 0.006 j by measuring temperature differences as small as 20 microdegrees centigrade at tempera

ture levels as high as 250°C. In the opinion of a number of calorimetry experts this is an extremely dif

ficult problem at 250°C. Although similar work has been done at low temperature (about 25°C), no one has

been successful in obtaining this degree of precision at elevated temperatures. It is believed, however,

that the approach used is theoretically sound and that close to the desired degree of accuracy will be ob

tained.

In order to obtain the desired sensitivity, temperatures will be sensed with thermopiles, each made of

24 copper-constantan thermocouples. Of these, 12 junctions will be connected to each of two surfaces be

tween which the temperature difference is to be measured. This arrangement will produce at least 0.01 (iv

for a temperature difference of 20 microdegrees centigrade over the range of operating temperatures. A

Beckman amplifier has been chosen to amplify the microvolt signal before it is recorded.

Many commercial amplifiers are available but only a few have high sensitivity, low internal noise, and

good stability. Four amplifiers that seemed best suited for this application were subjected to preliminary

tests, and the two best amplifiers were then tested extensively for internal noise, zero drift, and gain sta

bility. These were the Beckman model 14 breaker amplifier and the Keithley model 149 mi llimicrovoltmeter.

A recording potentiometer with a 1-mv span and a balancing speed of 2 sec was used to record the results

of the tests. This gave results comparable to those which will be obtained in the actual application of the

amplifiers. Data from the two instruments are tabulated in Table 7.2.1. The Beckman amplifier has a

higher ac rejection ratio than the Keithley due to the 8-cps breaker.

Table 7.2.1. Comparison of Two Amplifiers

Beckman Keithley

Range, /iv 0-0.01

Output, v 0-0.5

Chopper frequency, cps 8

Zero suppression Mercury

Warmup required, hr 0.5

Noise (peak to peak with 0.015a

input shorted), flv

Zero drift (8 hr), fiv 0.001

Drift due to gain stability 0.05

(8 hr), uv

Speed of response (10 to 90% 1.5

of span), sec

0-0.01

0-10.0

120

Zener-diode regulated

4

0.0015

0.03

0.04

1.5

With a larger output filter capacitor the noise was 0.0015 jlv, and the speed of response was 5.0 sec.
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The calorimeter will be of the bomb type. The dry sample will be enclosed in a glass bulb, which will

be broken by a hydraulically operated mechanism to start the reaction (Fig. 7.2.1). The bomb will be lo
cated inside an evacuated adiabatic shield, which will in turn be enclosed by a vacuum jacket. The entire

assembly will be submerged in an oil bath maintained at the temperature (±0.01°C) of the experiment (Fig.

7.2.2).

A constant-reference temperature will be maintained by a reference block located in the lower section

of the vacuum jacket. From the reference block, thermocouples will be connected to the adiabatic shield

and to the calorimeter bomb. These will give readings of temperature differences between the block and

the bomb and between the block and the shield. The ultimate readout of data will be made from the bomb-

to-reference-block thermocouple system.

A small electric heater, located in the bottom of the calorimeter bomb in the area where the reaction

will take place, will be used for electrical calibration of the calorimeter and will permit conversion of

the ultimate readout to joules.
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The reference block will be spherical and constructed of alternate hemispherical shells of copper

and an insulating material. Twenty-five thermocouple junctions will be located in the center of this
block. Twenty-four of the couples will be used in the differential temperature measurements, and one
will be used to measure the absolute temperature. A heater wound on the outside of the sphere will be
controlled by a proportional controller having a resistance thermometer as a sensing element. The tem
perature stability of this reference block should be excellent.

Another thermopile will measure the temperature difference between the bomb and the adiabatic shield.
The signal from this thermopile will actuate a proportional controller to maintain the adiabatic shield at
the same temperature as the calorimeter bomb. Whenever the temperature of the bomb exceeds the tempera

ture of the shield (as in an experiment) heat will be added to the shield.

It is anticipated that the complete system will require about 24 hr to reach equilibrium. The equilib
rium determination will be made by using a six-dial "double-microvolt" potentiometer to read the outputs

of the differential thermocouple pile assemblies. When these readings are steady, equilibrium will exist
and an experiment will be started. An electrical calibration will be performed before and after the experi
ment. The duration of the actual experiment part of a run will be 15 to 20 min.

During the past year a considerable amount of design and testing was done on both the mechanical
features and the instrumentation. Construction drawings are being prepared and most of the instruments

have been ordered. Fabrication of mechanical parts will commence as soon as the detailed drawings are

completed.

7.3 STABLE MILLIVOLT REFERENCE SUPPLY

C. D. Martin, Jr.

It is frequently desirable to record experimental data with a low-millivolt-range (for example, 0 to 1 mv)

recorder. Since the signal to be measured is often above 1 mv, as is the case with thermocouples operating

above ambient conditions, some means must be employed to bring the reading within the range of the re

corder. The usual means is a laboratory-type potentiometer in series opposition to the signal source to

suppress part of the signal, which allows the reading to be made on a 1-mv recorder. The disadvantage of
this system is that the laboratory-type potentiometer drifts because of battery discharge, causing irregular
ities in the reading and requiring frequent standardization.

To provide a suppression unit not having the disadvantages of the battery-powered potentiometer, a

stable millivolt reference supply was required. Since no commercial unit was available with the desired

characteristics, such a supply was developed. This unit consists of a commercial Zener-diode regulated

power supply and a simple voltage-divider network (Fig. 7.3.1). AMinneapolis-Honeywell constant-voltage
supply,1 which operates from a 115-v, 60-cycle source, eliminates all batteries. The voltage-divider net-

1J. L. Horton, Instrumentation and Controls Div. Ann. Progr. Rept. July 1, 1960, ORNL-3001, pp 58-61.
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work is comprised of two precision resistors and a multiturn potentiometer. Care was taken in the selection

tion of resistors to provide a low temperature coefficient of resistance and a low thermal emf with copper.

In addition, the potentiometer must have excellent linearity to permit accurate setting of the output voltage

by use of the dial on the instrument. The output of the power supply (Q-2156-1) is 0 to 50 mv and is con

tinuously adjustable.

Under reasonably constant ambient-temperature conditions (+5°F) and with constant input voltage (115±

2 v), the normal drift after 1-hr warmup will not exceed 2 fxv/day and is noncumulative. The output voltage

may be set precisely with a laboratory potentiometer, or it may be set within 35 (iv by using the dial on the

unit. Tests are being conducted on a multiturn potentiometer having improved linearity, which should re

duce the dial setting error to less than 10 fiv.

MINNEAPOLIS-HONEYWELL

PART NO. 365389-1

9.091

-AAAMAr

— 50 mv -

10 TURN

100

-AAMAA—

I,

OUTPUT

Fig. 7.3.1. Stable Millivolt Reference Supply.
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