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1. Basic Instrumentation 

1.1 SEMICONDUCTOR RADIATION-DETECTOR RESEARCH 

J. L. Blankenship 

Until recently,  i t  was  difficult  t o  make x- and 
gamma-ray spectroscopic  measurements at ener- 
g ies  below 200 kev, b e c a u s e  t h e  responses  of 
the avai lable  detectors  were inadequate to re- 
so lve  energies  i n  th i s  range. Now, however, 
s i l i con  diodes made with a lithium-ion drift c a n  
resolve t h e s e  energies  and make low-energy 
measurements practical .  In Fig.  1.1.1, t h e  re- 
s p o n s e  of a large-volume, lithium-drifted sil icon- 
diode detector is compared with t h e  response 
of a n  NaI(T1) scinti l lat ion spectrometer for C057 
gamma rays. (The energies  for CoS7 gamma rays 
a re  122 and 136 kev.) This  s i l icon diode h a s  an 
ac t ive  volume 2.3 c m  i n  diameter and 1.2 c m  thick 
and was  operated at a 300-v b i a s  a t  77OK. With 
t h i s  diode, the  C057 gamma-ray spectrum is 6.8 
kev fwhm, but with a n  NaI(T1) spectrometer, t h e  
same C057 gamma-ray spectrum is 16 kev fwhm. 
The  net  improvement in  resolution is a factor 
greater than 2. 

The resolution of a l i thiumdrif ted diode with a 
volume 2.3  c m  i n  diameter and only 5 mm thick 
was  5 kev  fwhm for t h e  59.6-kev Am241 gamma 
ray. T h i s  smaller-volume detector required only 
a 30-v b i a s  and was  operated at temperatures up 
to  200°K. T h e  spectrometer no ise  was  contributed 
primarily by t h e  electronics ,  virtually none by the  
detector.  

Earlier diffusion techniques for producing a 
lithium-drifted diode gave  poor resul ts ,  mainly 
because  they yielded thick dead layers  (-100 p)  
on both the  lithium-doped N and the  undoped, or 
undrifted, P f a c e s  of t h e  detector.  Still, s u c h  a 
diode could de tec t  charged par t ic les  incident on 
i t s  s i d e s .  
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Fig .  1.1.1. Cobalt-57 Gamma-Ray Spectrum Deter- 

mined with Two Detectors. The  2.3- by 1.2-cm detec- 

tor was operated at  a 300-v bias and at  77OK. 

Present ly ,  dead layers  as  thin as 1.3 p can  b e  
produced on t h e  lithium-doped face. ' * 2  A surface-  
barrier contact  may b e  applied to t h e  intr insic  
s i d e  of t h e  drifted diode, which is reached af te r  
the undrifted P material is removed by lapping. 

'J. L. Blankenship and C. J. Borkowski, IRE Trans. 

J. L. Blankenship and C. J. Borkowski, Rev. S c i .  2 
N u c l .  S c i .  9(3),  1 8 1 - 8 9  ( 1 9 6 2 ) .  

Instr. 3 3 ( 7 ) ,  7 7 8 - 8 0  ( 1 9 6 2 ) .  
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Diode detectors  so produced exhibit dead layers  
whose depth is determined primarily by the thick- 
n e s s  of the gold layers  evaporated onto them,3'4 
namely, " 50 pg/cm2. 

A number of programs for drifting lithium into 
silicon-diode detectors are available.  The  prop- 
erties which these  programs produce in detectors 
are  summarized in the following discussion.  

The  constant-temperature-voltage program re- 
produces drift depths within -5%. Th i s  program 
is most useful for shallow drifts  ("3 mm). T h e  
drift-depth parameters can  b e  determined from a 
nomograph and a family of curves; '  however, a 
nomograph h a s  been devised which eliminates the 
need for the family of curves (Fig.  1.1.2). 

T h e  constant-power drifting program * 9 3  produces 
deep drifts  in short  t imes,  but suffers from poor 
reproducibility, when compared with the  constant-  
temperature-voltage program. The constant-power 
program ut i l izes  a servo '  and appears  to  be more 
efficient in t i m e  than the fluorocarbon evaporative- 
cooling bath and constant-power program3 in  pro- 
ducing drifts  up to  1.2 c m .  T h e  latter program is 
useful for whole-ingotdiameter diodes after the  
drift depth exceeds -5 mm, although complete 
drifts  can b e  made. 

To redistribute the lithium uniformly throughout 
a detector after i t  h a s  been subjected to a high- 
power drift (50 w a t  176OC), the  detector is main- 
tained at a lower temperature (100OC) with a high 
b ias  voltage across  i t  for about 10  hr. 

T h e  saturation reverse current per unit volume 
for the  b e s t  detectors  of e a c h  s i z e  of lithium- 
drifted diodes is the same,  5 x lo-' amp/mm3 
k 2% a t  23OC; hence,  with t h i s  value of satura- 
tion current and a given noise  figure requirement, 
a small-volume detector will operate  a t  room tem- 

3G. L. Miller, D.  B . 'Pate ,  and S. Wagner, IRE Trans. 

4C. Chasman and J. Allen, NucJ. Znstr. Methods 24, 
N u c f .  Sci.  lo( l ) ,  2 2 0 - 2 9  ( 1 9 6 3 ) .  

2 5 3 - 5 5  ( 1 9 6 3 ) .  

perature. However, it is still necessary to cool 
the  detector t o  achieve the combination of lowest  
noise  performance and largest  act ive region. 

The  surface s t a t e s  of lithium-drifted s i l icon-  
diode detectors are  sens i t ive  t o  changes in their 
environment; consequently,  means t o  passivate  
the  detector surfaces  were investigated.  One 
technique is t o  grow an  oxide layer on the  detec-  
tor surface.  Diodes protected by an  oxide layer, 
atmospheric steam-grown and 3000 A thiEk, showed 
virtually no measurable response (< 1% over a long 
time) to  changes in  ambient; that  is, from vacuum 
to dry oxygen and from room air (50% relat ive 
humidity) to  ammonia vapor. However, the  steam- 
grown oxide induces a strong N-type surface con- 
ductance on t h e  diode; consequently the  reverse 
current is 100 t o  1000 t imes higher than for an  
unprotected lithium-drifted diode. 

A technique was  developed for producing a 
highly compensated surface a t  the silicon-oxide 
interface. Hansen compensated the oxide layer 
on conventional diffused-junction diodes by dif- 
fusing gallium, a P-type dopant, into the  s i l icon 
surface before performing the s team oxidation. 
T h i s  process requires rigid control over the  gal- 
lium diffusion. At ORNL, a gallium diffusion hot 
enough t o  overcompensate t h e  e f fec ts  of the  oxide 
is performed (the actual  s h e e t  res is tance is not 
cri t ical) .  Lithium is then drifted into a diode 
made of th i s  material. During the drift process  
the  lithium, an N-type dopant,  very nearly com- 
pensates  all the  e x c e s s  gallium (P-type) dopant. 

The  N-type surface of an  ordinary oxide-pro- 
tected diode cannot be compensated by the  lith- 
ium, because lithium i t se l f  is an N-type material. 
Such diodes have much smaller reverse currents 
than diodes protected only by the steam-grown 
oxides ,  but not as small a s  for unprotected ordi- 
nary lithium-drifted diodes.  

5W. L. Hansen, F. S. Goulding, and R.  P. Lothrop, /. AppJ. Phys. 34(5), 1 5 7 0 - 7 1  ( 1 9 6 3 ) .  
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1.2 MEASUREMENT OF DELAYED LIGHT FROM PLANTS AT 1 0 - ~  to 1 0 - ~  sec 

AFTER ILLUMINATION 

J. B. Davidson 

For  severa l  minutes af ter  illumination, green 
plants  emit a dim, red light from the  first  exci ted 
s t a t e  of chlorophyll.’ I t  h a s  been shown that  
t h i s  delayed light (measured at t i m e s  longer than 
0.1 sec after illumination) comes from chlorophyll, 
the  agent  which is act ive i n  photosynthesis, and 
that  th i s  light is also c lose ly  assoc ia ted  with the 
mechanism of quantum energy conversion. 

The  present work is a n  extension of t h e  meas- 
urement of t h i s  delayed l ight to shorter t imes,  in 
which a direct  display of t h e  light decay is ob- 
tained along with a measure of t h e  relative inten- 
s i t i e s  of delayed l ight and of plant fluorescence. 
P lan t  fluorescence is more in tense  and h a s  t h e  
same emission spectrum as t h e  delayed l ight,  but 
decays  within a few nanoseconds after t h e  exci- 
tation is removed. 

Two schemes  were devised for making measure- 
ments in the  time region of to  lo-’ sec. 
In t h e  first  scheme (Fig.  1.2.1) a disk with two 
illuminating holes  and a two-bladed sector  a r e  
mounted on t h e  shaf t  of a variable-speed motor 
having a maximum speed  of 8000 rpm. T h e  sample 
c o n s i s t s  of a suspension of t h e  one-celled organism 
Chlorella i n  a nutrient solution contained i n  a 
2-ml plast ic  tube. (The tube was  carefully se- 
lected for i t s  lack of a n  afterglow when s t ruck by 
light.) While t h e  sample  cells a r e  illuminated 
through one  of t h e  holes  in  t h e  front d i sk ,  t h e  
propeller-shaped sec tor  b locks  t h e  excit ing l ight 
from t h e  photomultiplier tube which is used  to  
measure the  delayed light. At  t h e  same time, t h e  
sec tor  turns and e x p o s e s  t h e  cells to t h e  photo- 
multiplier tube  for approximately 130° of rotation. 
During th i s  time the  output of t h e  photomultiplier 
tube is amplified and displayed on an  oscillo- 
scope.  Two decay  curves a r e  displayed for e a c h  
revolution of t h e  shaf t .  

T h e  pinhole in one blade of the  sector  a l lows a 
small ,  experimentally determined, fraction of t h e  

‘ORNL Biology Division. 

‘B. Strehler and W .  A. Arnold, J. Gen. Physiol.  34, 
8 0 9  ( 1 9 5 1 ) .  

3W. F. Bertsch, Proc. N a t l .  Acad. Sci. U.S. 48, 
2 0 0 0 - 2 0 0 4  ( 1 9 6 2 ) .  

W. A .  Arnold‘ 

much stronger f luorescence emitted only during 
illumination to  s t r ike  the photomultiplier. T h e  
f luorescence is s e e n  as a s p i k e  on t h e  oscillo- 
s c o p e  j u s t  before t h e  s t a r t  of the  decaying de- 
layed-light s ignal .  From t h e  amplitude of the  
sp ike ,  t h e  ratio of t h e  in tens i t ies  of fluorescent 
to delayed l ight is obtained. At maximum disk  
speed ,  it is possible  t o  measure t h e  delayed light 
at 0.5 msec  af ter  the  illumination is blocked. 

Because  the  intensity of t h e  delayed l ight con- 
tinued to  r i se  sharply at 0.5 msec,  and b e c a u s e  
th i s  time represented the limit of the  s p e e d  of t h e  
rotating-disk instrument, a new shutter was  re- 
quired t o  obtain da ta  a t  shorter  than  the  0.5-msec 
limit. 

With t h e  device  shown i n  Fig.  1.2.2, measure- 
ments were made a t  50 p e c .  The  device  c o n s i s t s  
of a metal block with a 45O face, through which 
two intersect ing holes  a r e  dril led a t  right angles  
to  e a c h  other. A third hole,  into which t h e  sample 
tube is placed, in te rsec ts  one  of t h e s e  holes .  A 
piece of 0.25-mil-thick, aluminum-coated Mylar 
film is arranged so that  it c a n  b e  blown over the 
illuminating aperture with a b las t  of compressed 
CO,. The  film, serving as a shut ter ,  c u t s  off 
the  exci t ing light. I t  remains over t h e  aperture 
for severa l  milliseconds; during t h i s  t ime, i t  re- 
flects the  delayed light from t h e  plants  onto the  

EXCITING ?fi LIGHT 
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UNCLASSIFIED fluorescence s ignal ,  which is normalized to  1.0. 
The  points a t  0.6 m s e c  and longer times were 
taken with t h e  rotating-disk shutter.  T h e  points 
for the  shorter t imes were taken with the Mylar 
f i l m  shutter.  The  solid curve is a decaying ex-  
ponential function with a t i m e  constant  of 1.7 x 
lo-'  sec. Th i s  value is t h e  lifetime for the 
fluorescence of Chlorella as given by Tomita and 
Rabinowitch. 

CELLS IN SAMPLE TUBE The  shortest  measurement time achieved with 
the Mylar f i l m  shutter was  50 psec ;  th i s  appears  

PATH DELAYED L,GHT to b e  its limit. To clarify the relation between 
AFTER SHUTTER fluorescence and delayed light even further, 

faster measurements are  required. To th is  end, 
electronic shut ters  a re  being investigated,  

DRN L-DWG 64 - I  I87 

RED FILTER I 

4G. Tomita and E. Rabinowitch, Biophys. J .  2, 483 PHOTOMULTIPLIER TUBE 
(1962). 

! 

Fig .  1.2.2. F a s t  Shutter far Measuring Delayed L ight  

a t  50 psec.  

r OG 

photomultiplier. The result ing photomultiplier 
s igna l  is amplified and photographed on the osci l -  
loscope. By replacing the  Mylar shutter with a 
partially si lvered mirror, the  cells can  b e  excited 
and a known fraction of their  f luorescence will  
b e  reflected onto the  photomultiplier. Again, the 
ratio of the delayed-to-fluorescent-light intensity 
can be determined in t h e  same manner as with the 
disk shutter.  

Figure 1.2.3 shows a decay curve for delayed 
light from Chlorella a t  25OC. The delayed-light 
s igna ls  are plotted as fractions of the s teady-state  
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Fig. 1.2.3. Decay of Delayed Light  from Chlorella 
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2. Electronic Systems and Components 

2.1 TUNNEL DIODE AND TRANSISTOR LOGIC CIRCUITS USED 
IN THE ORNL SPACE PROGRAM 

N. W. Hill’  
J. T. DeLorenzo F. M. G las s  R. J. Scroggs 

Modular circuits employing tunnel diodes a r e  
used extensively in the complex of e lec t ronics  
assoc ia ted  with the  various high-energy particle 
experiments for the Neutron P h y s i c s  Division 
s p a c e  shielding s tudies .  T h e s e  tunnel diodes are 
inherently high speed ,  can  be  operated over a wide 
range of temperatures, and are res i s tan t  t o  radia- 
tion damage. Because  their current-vs-voltage 
response (Fig. 2.1.1) is unique, they are useful 
in  nanosecond logic circuitry as current-sensing 
and ac t ive  memory-switching elements.  Various 
applications of tunnel diodes to high-speed cir- 
cuitry have  been described in  the  literature (see 
Bibliography, t h i s  section). 

In the  present work’ a detailed study was  made 
of the response of severa l  circuit  modules, all 
employing tunnel diode elements,  t o  variations in 
operating temperature and input-signal magnitude. 
These  modular circuits,  which include c i rcu i t s  
designed for discrimination, coincidence, and anti-  
coincidence functions, were used in gamma-ray 
spectrometers, high-energy recoil proton tele- 
scopes ,  time-of-flight experiments, and sca le r -  
driver applications. 

The  slow-discriminator module (Fig. 2.1.2), 
based on a design by Whetstone [described i n  
Ref. (4) of Bibliography], operates on pulses  from 
a photomultiplier and performs as a lower-level 
discriminator, pulse shaper,  or as a “fan-out” 
for counting purposes. Performance data for the 
discriminator a re  summarized in  Table  2.1.1. 

‘The authors acknowledge the contribution of D. D. 
Walker, W. H. Williams, W. H. Houston, and A. E. Ball  
to various phases of this work. 

’The results are described in detail i n  Neutron 
Phys ic s  Div. Ann. Progr. Rept. Aug. 1, 1963, ORNL- 
3499, vo l .  11. 
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Fig. 2.1.1. Typical Current vs Voltage P l o t  for a 

Tunnel Diode. 

For  experiments i n  which the  pulse-pair resolu- 
tion of the s low discriminator was ’  inadequate,  
the discriminator was  modified with the “nonlinear 
biasing” technique. 3--5 T h e  usua l  res i s t ive  load 

3J. Amodei and W. F. Kosonocky, RCA Rev. 22, 669 

4R. H. Bergman, M. Cooperman, and H. Ur, RCA Rev. 

’V. Radeka, Nucl. Instr. Methods 22, 153 (1962). 

(1 961 ). 

23, 152 (1962). . 
6 



7 

(13 ohms, Fig.  2.1.2) in the  tunnel diode univi- 
brator was  replaced by a nonlinear load (such as 
the 2N976 transistor diode clamp shown in  Fig.  
2.1.3). A comparison of the two biasing tech- 
niques for a 10-ma GaAs tunnel diode is displayed 
in Fig.  2.1.4. Also shown is the comparatively 
high resis tance of the transistor clamp when the 
tunnel diode switches over the peak and i t s  higher 
conductance after switching than is afforded with 
the l inear load. Thus,  the t ransis tor  clamp does  
not a c t  as a shunt during switching, and therefore 
requires less current for the s lower rise-time 
inputs.  Since the voltage across  the inductance,  

V ,  (Fig.  2.1.3), is much larger than i t  is with the 
l inear load, the t i m e  required for recovery to the 
original b ias  point is much less with nonlinear 
loads; and because t ransis tors  a re  more nearly 
idea l  switching devices ,  the recovery time is more 
eas i ly  defined. When the univibrator is in i t s  
high-voltage s ta te ,  where V ,  is much smaller for 
the nonlinear load, the output pulse  width is longer 
for a given value of L; thus,  the nonlinear load 
provides faster  recovery for a wide pulse .  

Comparison of the performance da ta  of the two 
discriminators in Tab le  2.1.1 shows that  for fas t  
input pulses ,  the f a s t  discriminator requires 2.4 

UNCLASSIF IED - - O R N L - D W G  63-6103 -12v  

1 1 1 1 
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1 w .' T I n 
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R G  174/U 
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Fig. 2.1.2. Circuit  for a Slow-Discriminator Module. 
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Table 2.1.1. Performance Data for Fast and Slow Discriminators 

Slow Discriminatora F a s t  Discriminator 

Threshold output (fwhm) 

Pulse-pair resolution for input 10% 

above threshold 

Pulse-pair resolution for input 2 
times threshold 

Pulse-pair resolution for input 3 
times threshold 

Delay change of output with input 
amplitude change 

Width change of output with input 
amplitude change 

Amplitude change of discriminator 

output with input amplitude change 

Threshold stabil i ty with temperature 

Change of output (fwhm) vs  tempera- 
ture 

Amplitude change of output vs  t em-  
pera ture 

50 mv, 4.2 nsec  for L = 0.33 ph, 
-13 nsec/ph 

55 nsec  or -14 times fwhm of 
output pulse 

41 nsec 

39 nsec  

4.5 nsec  from threshold to  120 
times threshold 

-2.5 nsec  for 2 t i m e s  thresh- 
old to 120 t i m e s  threshold 

2.6 nsec  increase from thresh- 
old to  120 t imes threshold 

20% increase from threshold to 

120 times threshold 

-0.5 mv/'F 

+5% from 0 to 120°F 

+6% from 0 t o  120°F 

120 mv, 3.8 nsec  for L = 0.27 ph, 
4.6  nsec  for L = 0.33 e, -14 
nsec/ph 

15 nsec  or -14 t i m e s  fwhm of out- 
put pulse 

12 nsec 

10 nsec  

2.9 nsec  from 1.25 times threshold 

to  15 times threshold 

-1 .0  nsec  for 2 times threshold to 
15 times threshold 

0.5 nsec  increase from 1.25 t imes 
threshold to  20 times threshold 

27% increase from 1.25 t imes thresh- 
old to 15 t imes threshold 

- 0.83 mv /OF 

-1.5% from 0 t o  120'F 

-11% from 0 to 120°F 

ashown in  Fig. 2.1.2. 
bShown in  Fig. 2.1.3. 

t i m e s  more input amplitude than the slow d is -  
criminator. (This disparity in input amplitude 
requirement h a s  been reported to disappear when 
the value of L is raised above 0.5 ph.) 

Since the nonlinear load r e su l t s  in recovery 
t i m e s  shorter than 1 0  nsec ,  ca re  must be exerc ised  
to ensure  that broad input pu lses ,  espec ia l ly  from 
overloads, do  not induce multiple pulsing. In the 
circuit  shown in Fig.  2.1.3, the termination of 
the  125-ohm input by the  2:4 ra t io  transformer 
reduces such  multiple pulsing at some sacrifice 
in sensit ivity.  The  low-frequency response of 
the  transformer is insufficient to couple the slower 
components of the input pu lses .  

6A. L. Whetstone, Rev. Sci. Instr. 34(4), 412 (1963). 

Circuit  diagrams for slow- and fast-coincidence 
modules employing tunnel diode univibrators a re  
shown in F igs .  2.1.5 and 2.1.6 respectively.  
Standardized pulses  from su i tab le  discriminators 
a re  added l inearly at the input univibrator. The  
input univibrator can  be  biased to  trigger on  a 
s ingle  pulse, on any two of three pulses ,  or on 
all three input pu lses  in  coincidence. Since the  
input pu lses  from the  discriminators a re  e s sen -  
t ially triangular in  shape ,  the coincidence reso- 
lution can  be  varied over severa l  nanoseconds 
without single-pulse feedthrough. Typical de- 
layed-coincidence edges  for pu l se s  from a pulse 
generator a re  2 0 . 1  nsec  wide. 

T h e  behavior of a slow-coincidence circuit  and 
dual discriminator combination. a s  a function of 
temperature is summarized in  Tab le  2.1.2. For 

. 
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Tab le  2.1.2. Response of Coincidence Module 

at Various Temperatures 

Half-Fire Point 
(nsec) 

(OF) Lower Pulse Upper Pulse (nsec) 
Edge Edge 

Resolution Temperature 

20 12.35 19.12 6.77 

40 12.57 19.30 6.73 

60 12.69 19.45 6.76 

80 12.81 19.70 6.89 

100 12.93 19.95 7.02 

120 13.07 20.15 7.08 

a change in  temperature from 20°F to  120°F, the 
variation in  resolution is about 4%, while the 
change in  edge  timing is about 1 nsec.  

A circui t  diagram of a s low-  anticoincidence 
module is shown in Fig.  2.1.7. T h e  anticoinci-  
dence  function is performed by a discriminator 
that  feeds a modified s c a l e r d r i v e r  module. The  
width of th i s  scaler-driver pulse  is accurately 

controlled by a delay line; that  is, two 10-nsec, 
4-v pulses  with 4-nsec edges  can  be produced 
within a period of 30 nsec.  T h i s  resolution is 
more than adequate to  meet the resolution require- 
ments (240 nsec) of the experiments in  which i t  
was  employed. 

At each  logic s t ep  in the modules described 
above, a tunnel-diode fan-out is provided for 
counting purposes. T h e  nominal 1-v pulse  of the 
GaAs tunnel diodes,  when used with an  isolat ing 
coupling diode, was  insufficient to  operate com- 
mercially avai lable  s c a l e r s  reliably. Fo r  th i s  
reason, as  well as t o  m e e t  the 240-nsec  resolution 
requirement, several  scaler-driver modules were 
designed to  operate s c a l e r s  from ei ther  posit ive 
or negative tunnel-diode pulses.  T h e  positive- 
output s ca l e r  driver (Fig. 2.1.8) del ivers  a 4-v 
pulse  with 4-nsec edges  into 125 ohms, whereas 
the negative-output s ca l e r  driver (Fig. 2.1.9) 
del ivers  a 4-v pulse with 7-nsec edges  into the 
same load. Both sca l e r  drivers can  be  operated 
with delay-line width control to produce accurate  
and s t ab le  output pulse  widths for u s e  in  such  
logic functions as shown i n  Fig.  2.1.7. Output- 
pulse  widths, controlled by delay l ines ,  have 
ranged from 10 to 90 nsec. More generally, how- 
ever, the output-pulse widths have been controlled 
by the  collector t i m e  constant i n  the  trigger pair  
(Figs.  2.1.8 and 2.1.9). T h e  behavior of both 
positive- and negative-output s c a l e r  drivers as 
a function of temperature is dependent on the 
output-pulse width. Performance data  for t h e s e  
sca l e r  drivers are  shown in Tab le  2.1.3. Since 
precise  widths and amplitudes of the output pulses  
from the normal s c a l e r  drivers were not necessary,  
no attempts were made to  provide additional tem- 
perature compensation. For the negative-output 
s ca l e r  driver, the lack of temperature compensation 
produces a very s l ight  negative s lope  on the peak 
of the wave form at temperatures above 10O0F. 

When the  discriminator driving both the positive- 
and the  negative-output s ca l e r  drivers,  with and 
without delay l ines ,  was  subjected t o  120 t i m e s  
overdrive, the delay change (-4.5 nsec)  in the 
output of the sca l e r  drivers was  observed to  b e  
dependent on delay changes or “walk” in  the 
discriminator alone. However, the delay change 
of the scaler-driver output as a function of a 
temperature change of 120°F was  approximately 
2 n s e c  for both polarity sca l e r  drivers,  as com- 
pared t o  a 0.3-nsec “walk” in the discriminator 
alone. 
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Table  2.1.3. Performance Data of a Positive-Output and o Negative-Output Scaler Driver 

With and Without Delay L ines 

Posi t ive Output Negative Output 

Output amplitude 

Rise and fall time of output 

Width change for 120°F change 

Amplitude s tabi l i ty  for 120°F change 

Delay change in  output for 120°F 
change 

Width change for 120°F change 

Amplitude s tabi l i ty  for 120°F change 

Without Delay L ines 

+ 4  v 

4 nsec  

1 9  nsec,  or 0.16 nsec/OF, for 
60-nsec width a t  75OF 

53 nsec,  or 0.44 nsec/OF, for 

490-nsec width a t  75’F 

2% for 60-nsec width at  75OF 

3.3% for 490-nsec width a t  75OF 

2.3 nsec  (0.3 nsec  due to dis-  
criminator “walk”) 

With Delay  L ines 

0.75 nsec  for 122OF change for 

a 17-nsec width 

5% for 122OF change for a 17- 
n sec  width 

-4 v 

7 nsec  

13 nsec,  or 0.11 nsec/’F, for 
50-nsec width a t  7S°F 

92 nsec,  or 0.77 nsec/OF, for 

460-nsec width a t  75’F 

‘“7% for 50-nsec width a t  7S°F 

-7% for 460-nsec width a t  75OF 

2.6 nsec (0.3 nsec  due to dis-  
criminator “walk”) 

1.0 nsec  for 18-nsec width 

2.4% for 18-nsec width 

In order to sa t i s fy  the 240-nsec resolution re- 
quirement for the countihg equipment, it was 
necessary to modify the  input gate,  l i m i t e r ,  and 
pulse  shaper  of the s c a l e r s  (Computer Measure- 
ments Corp.) used in t h e s e  experiments.  T h e  
circui t  designed t o  serve  t h i s  modification is 
shown in Fig.  2.1.10. When t h i s  circuit  is used 
with input A, the  s c a l e r s  have a pulse-pair reso- 
lution of less than 40 n s e c  for input pu l se s  .with 
widths ranging from 6 to  20 n s e c  and r ise  t imes 
ranging from 2 to 8 nsec.  T h e  input-pulse ampli- 
tude required for a 15-nsec-wide pulse  of ei ther  
polarity is 1.5 v. With input A, a continuous 
counting rate i n  e x c e s s  of 1 2  Mc is possible ,  and 
pulse  amplitudes in e x c e s s  of 20 v can  b e  tol- 
erated and gated out. However, th i s  circuit  d o e s  
not respond t o  pulses  with r i se  t i m e s  slower than 
1.5 pec; therefore, input B was  developed. W i t h  
th i s  modification, the circuitry is capable  of a 

pulse-pair resolution of less than 35 n s e c  for 
input pu lses  with widths ranging from 6 t o  20 n s e c  
and r ise  t i m e s  ranging from 2 t o  8 nsec .  T h e  
amplitude required for a pulse  of ei ther  polarity 
and 20 n s e c  wide is 1.0 v. Modification B a l s o  
permits operation in e x c e s s  of 12 Mc,  and permits 
sca l ing  sine-wave inputs wel l  below 60 c p s .  
(Amplitude requirements to scale s i n e  waves down 
to 17 c p s  a r e  less than 2.5 v peak.) 

For those experiments requiring resolving t imes 
of 10 nsec ,  the circuit  shown in Fig.  2.1.11 was  
designed. T h i s  scaler-driver module, in  con- 
junction with the nonlinearly loaded univibrators 
described earlier,  was  capab le  of pulse  quintupli- 
c a t e  (pulse train with f ive pu l ses  separated -10 
nsec) resolution a t  a rate  of 50 k c  and del ivers  
an -4-nsec pulse  of 3.5 v into a 50-ohm load. 
Figure 2.1.12 shows the behavior of one such  unit  
as a function’of ambient temperature. 



a. 8 

I 

CER. 
SCALER 

-x 

8 

UNCLASSIFIED 
ORNL-DWG 6100R 

. 

2N976 
3008 2N955 

IO08 
62 8 

-56" 

+- 
(INPUT E l  

I 

EXT. 
GATE 

MEYTd 

-5" Y 
OFF- c 

GATE SW. 

1 
t5.6~ 

ALL RESISTORS 4 W UNLESS 

NOTED OTHERWISE 

+ 5:6 Y 

I 
Fig. 2.1.10. Input Gate, Pulse  Shoper, and L imi ter  for Computer Measurements Corporation Scaler. 



18 

- $ 3.2 

r 2.8 

0 5  

z 

0 

a/‘’ 
PULSE RISE TIME 

0 0- 
€3; .’ - 
w 2.4 I 

a 
W 

UNCLASSIFIED 
ORNL-DWG 63-6101 

IOph 
-12- 

INPUT FROM 
TUNNEL DIODE 
UNlVlBRATOR 

IOph 
+ 6 4  m :: 

t12 

Fig. 2.1.1 1. Circuit for 100-Mc Scaler-Driver Module. 

UNCLASSIFIED 
ORNL-DWG 63-6102 

Bibliography 

Fig. 2.1.12. Variation of Pulse Rise Time, Pulse 
Amplitude, and Pulse Width of 100-Mc Scaler Driver 
with Temperature. 

H. Ur, “Tunnel Diode High-speed Circui ts ,”  
p. 4 5  in Proc. Intern. Conf. Instr. Kigh Energy 
Phys., Berkeley, Calif. ,  Sept. 12-14, 1960, 
Interscience,  New York, 1961. 
R. H. Bergman, “Tunnel Diode Log ic  Cir- 
cui ts ,”  IRE Trans. Electron. Computers 9(4), 
430 (1960). 
G. Infante and F. Panda rese ,  “The  Tunnel 
Diode as a Threshold Device: Theory and 
Application,’’ p. 29 in Nucl. Electronics, 
Collective Vol. 111, IAEA, Vienna, 1962. 
A. Whetstone and S. Kounosu, “Nanosecond 
Coincidence Circuit  Using Tunnel Diodes,” 
Rev. Sci. Instr. 33(4), 423  (1962). 
A. L. Whetstone, “Survey of Nanosecond Tech- 
niques,” IRE Trans. Nucl. Sci. 9(3), 280 
(1 962). 
M. J .  Morgan, “Comparison of Tunnel  Diode 
Monostable Multivibrators, ” Sernicond. Prod. 
5(7), 9 (1962). 
M. Cooperman and R. H. Bergman, “Tunnel 
Resis tor  - New Device to  Speed Up Tunnel 
Diodes,” Electronics 36(28), 42 (1963). 



19 

2.2 INSTRUMENTATION OF A GAMMA-RAY PAIR SPECTROMETER TO REJECT 
NEUTRONS BY TIME-OF-FLIGHT TECHNIQUES 

R.  J .  Scroggs 

T o  measure only the gamma-ray energy spectra  
result ing from the bombardment of elemental  tar- 
ge ts  with pulsed monoenergetic 150-Mev protons, 
a multicrystal  gamma-ray spectrometer uti l izing 
nanosecond circuitry was  designed as part of the 
Experimental Space Shielding Program of the Neu- 
tron P h y s i c s  Division. Previous spectrometers 
were characterized by a large detrimental neutron 
background, attr ibutable to  the neutrons produced 
during proton bombardment. In these  earlier spec-  
trometers, bulk shielding w a s  used to  reduce the 
background generated by scat tered neutrons. The  
present spectrometer a l s o  ut i l izes  bulk shielding 
to reduce the background due t o  scat tered neu- 
trons, but in  addition employs electronic  time-of- 
flight techniques to  discriminate against  neutrons 
generated during the fixed-duration proton burst; 
thus,  the high-energy neutron background is re- 
duced - ideal ly  by the t ime  ratio of proton burst  
duration t o  repetition rate. 

T h e  nanosecond circuitry (ORNL model Q-2525- 
23A) is designed to  open a ga te  when the proton 
beam s t r ikes  a target and holds the gate open for 
the duration of the beam, nominally 7 nsec.  Th i s  
gate act ion permits a n  energy ana lys i s  to be per- 
formed on the gamma rays arriving a t  the spec-  
trometer a s  a result  of the primary protons s t r iking 
the target, but the a s soc ia t ed  slower-moving 

~~ ~ 

'W. Zobel, F. C. Maienschein, and R. J. Scroggs, 
Spectra of Gamma Rays  Produced by the Interaction of 
-160-Mev Protons with Be, C, 0, AI. Co, and Bi, 
ORNL-3506 (to be published). 

secondary neutrons and protons arrive a t  the spec-  
trometer after the gate c l o s e s  and are  rejected 
from analysis .  

To de tec t  the primary proton beam, a 2-mm 
plast ic  scinti l lator coupled to  a 56AVP photo- 
multiplier tube is inserted into the beam, normal 
to the beam flight path and about 1 2  in.  before 
the target (Fig.  2.2.1). The  current pulse  gen- 
erated by the photomultiplier tube is transmitted 
through 200 ft of transmission l ine into one input 
of the  coincidence detector where i t  is fed directly 
into a tunnel-diode limiter-discriminator-shaper cir- 
cuit .  The output of the shaper  feeds one input 
of the tunnel-diode twofold coincidence circuit .  
The other input of the coincidence detector is fed 
from the anode of a second 56AVP photomultiplier 
tube which is coupled to  a n  NaI(T1) crystal .  T o  
prevent multiple pulsing from the s low decay of 
the NaI(T1) crystal ,  the  current pulse  is clipped 
by a 13-nsec delay line. The  clipped s ignal  is 
fed through a limiter-discriminator-shaper circuit ,  
identical  to  the one previously mentioned, and 
into the second input of the tunnel-diode twofold 
coincidence circuit. The  resolution time of the 
coincidence circuit  can  easi ly  be made as small 
a s  5 nsec; by simple adjustment of b ias  current, 
the  resolution t i m e  can  be trimmed +SO% from any 
given value. 

In these proton bombardment experiments,  the 
neutron rejection rates  varied from (59 t- 1)% for 
carbon to (77 t 1)% for water. For  an  assumed 
constant-energy neutron spectrum, the maximum 
rejection ratio is limited by the machine to 83%. 
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2.3 NANOSECOND PULSE PILE-UP DISCRIMINATOR FOR TIME-OF-FLIGHT MEASUREMENTS 

R. J. Scroggs 

Th i s  discriminator (ORNL model Q-2525-32) is 
one component of a time-of-flight system for study- 
ing the energy of secondary neutrons and protons 
emitted from an elemental  target when it is bom- 
barded with a pulsed monoenergetic 150-Mev proton 
beam. The  time-of-flight measurement in th i s  
system is based on the assumption that  one, and 
only one, primary proton s t r i k e s  the target during 
an  analysis  period. ' The  pile-up discriminator 
was designed to  add support  to  the realization of 
the experimental conditions predicated by th i s  
assumption. 

T h i s  support is realized by interrogating t h e  
primary proton beam with a Spectrum Plastic Scin- 
t i l lator (Semi-Elements, Inc.) optically coupled 
to  a photomultiplier tube whose output is a voltage 
pulse.  T h i s  voltage pulse is sui tably amplified 
and shaped and then fed into one input of a d c  

'R. W. Peele  e t  al . ,  Flight Time Spectroscopy for 
Neutron and Proton Y i e l d s  from Nuclei Bombarded by 
Protons, ORNL-3360 (Sept .  1, 1962), p .  286. 

tunnel-diode amplitude discriminator. Because  
one primary proton may be accompanied by addi- 
t ional scat tered par t ic les  whose combined act ions 
in the scint i l la tor  can  produce voltage pulses  
great enough t o  trigger the discriminator, a second 
interrogator system is employed. I t s  output is 
fed in  coincidence with the output of the f i rs t  
system, with the result  that  two constraints  are 
placed on the primary proton beam: one is time 
coincidence; the other, amplitude discrimination. 
If both constraints  a r e  violated, the instrument 
produces an output s igna l  indicating pulse  pile-up. 

T h i s  instrument w a s  used successful ly  i n  the 
time-of-flight experiment at the  Harvard University 
Synchrocyclotron. Detai ls  of the circuitry and 
performance character is t ics  are published else- 
where. 

2R. W. Peele  e t  a l . ,  Neutron P h y s i c s  Div.  Ann. Progr. 
Rept .  Aug. 1 ,  1963, ORNL-3499, v o l .  XI, p .  73. 

3N. W. Hill and R. J. Scroggs, Tunnel Diode Logical 
Circuitry and Assoc ia ted  Instrumen'tation for the Apollo 
Shielding Program o f  the Neutron Phys ics  Division, 
ORNL-TM-615 ( t o  be published). 

2.4 IMPROVEMENTS IN THE SNIP-SNAP SINGLE-CHANNEL ANALYZER 

R. W. Peelle' T. A. Love '  

P u l s e  - shape  discrimination in  accelerator ex- 
periments by pulse crossover timing requires a 
double-delay-line amplifier and a zero-crossing 
detector capable  of processing the large range of 
energies  encountered. In preparation for a neutron 
time-of-flight experiment to be conducted a t  the 
Harvard proton accelerator,  zero-crossover pulse- 
shape  discrimination was used to  separate  gamma 
rays (- 150 kev to  -, 8 M e V )  from neutrons (- 1 to 
-14 M e V )  in  experiments at the ORNL Neutron 
P h y s i c s  and Shielding Laboratory (Building 3010). 

'ORNL Neutron Phys ics  Division. 

T h e s e  radiations were detected in an  NE-213 
liquid scinti l lator,  which is designed t o  produce 
the optimum difference in shape  between pulses  
generated by neutrons (recoil protons) and gamma 
rays (electrons). T h i s  shape  difference is inherent 
in the  decay character is t ics  of the scint i l la t ions 
produced by light and heavy charged particles.  
Since the ratio of slow to fas t  optical  decay com- 
ponents changes with incident radiation energy, 
the range of gamma-ray (electron) energies  de-  
tectable  through shape  difference is approximately 
30  t o  1. (The slow-decay-light-to-total-light ratio 
for the higher- energy heavy par t ic les  approaches 
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the ratio produced by electron excitation. T h e  
lower l imi t  of 150 kev for the gamma-ray energy 
was chosen arbitrarily, and the dynamic range 
may, in  fact ,  be  greater than 30 t o  1.) 

The  original design of the “snip-snap” single- 
channel analyzer2 proved to  have reliable zero- 
crossing detection over a narrow range of 
amplitudes; for example, when used with a double- 
delay-line amplifier, th i s  circuitry exhibited 
6-nsec “walks” over amplitudes from 0.5 to  10 v 
when tes ted with a mercury pulser (ORNL model 
No. Q-1212). Th i s  range of 20 to 1 in voltage 
amplitude was obtained only after careful select ion 
of 2N1289 transistors (no longer manufactured) for 
Q19 and 4 2 0  in Fig.  2.4.1; however, small varia- 
t ions in  the transistor parameters produced zero- 
level  variations, for which there was  no adequate 
adjustment, i n  the lower-level discriminator. In 
addition, comparable transistor-parameter varia- 
t ions produced hysteresis  leve ls  that  caused 

’T. L. Emmer, Instrumentation and Controls Div. 

3R. L. Chase,  I R E  Trans. Nucl.  Sci.  8(3), 45 (1961). 
Ann. Progr. R e p t .  J u l y  1 ,  1961, ORNL-3191, p. 8. 

severe  zero-crossing-time differences from unit  
to  unit. Thus,  the 2N1289 transistors were se- 
lected t o  offset  the s l igh t  variations in  the other 
t ransis tors  in the lower-level discriminator. 

T h e s e  problems were eliminated by the addition 
of the potentiometer R89A (Fig.  2.4.1) to furnish 
a “zero-set,” by the addition of transistor Q24A 
and potentiometer R94A, and by the reduction of 
the collector load of Q19 to 180 ohms t o  permit 
adjustment of the hysteresis .  Moreover, these  
modifications permit the u s e  of unselected 2N2432 
and GA568305 (Texas Instruments) to replace the 
2N1289 transistors.  (The lower value of the 
reverse base-to-emitter-voltage rating of these  
two transistor types does  not permit operating 
at b ias  leve ls  above 5 v for the lower discrim- 
inator.) With a modification t o  the standard 
amplifier to permit 12-v output amplitudes, th i s  
combination of amplifier and snip-snap single- 
channel analyzer exhibi ts  “walks” of less than 
6 nsec  for pulser amplitudes of 0.15 to  12 v. The  
t i m e  of zero crossing is independent of pulse- 
generator amplitude over a range of approximately 
80 to 1. 

2.5 ISOLATED SIGNAL DETECTOR 

N. W. Hill  R. W. Peelle’ J. W. Madison 

In the  application of time-of-flight techniques to 
the study of the energy spectrum of secondary 
radiation produced in targets  by accelerated par- 
t ic les ,  i t  is of interest  to  analyze only those 
secondaries  whose time of origin is uniquely 
known. Secondaries of different energies  created 
by primaries of different t i m e  origins could give 
rise to the  same measured “ t i m e  of flight”; con- 
sequently,  an instrument capable  of dist inguishing 
a primary event  sufficiently isolated in time from 
other possible  primary events  is highly desirable.  

The  proton beam from a synchrocyclotron occurs 
in bursts.  Since the beam is extracted only when 
the frequency of the accelerat ing voltage is within 

‘ORNL Neutron Physics Division. 

narrow limits of the operating frequency, a burst  
structure,  called macrobursts, occurs  a t  the 
modulation frequency of the cyclotron. Macro- 
bursts a t  the Harvard cyclotron, for instance,  occur 
a t  288 bursts /sec with a duty cyc le  from 2 t o  6%. 
A s tudy of the f ine detai l  of these  macrobursts 
shows that a t ime  distribution of protons occurs 
within the macrobursts. T h i s  substructure,  cal led 
microbursts, occurs  a t  the rf accelerat ing fre- 
quency. The  period between bursts is about 42 
nsec.  Delayed coincidence of the burst  widths 
with resolving t imes of 3.5 to 6.2 n s e c  gave 
delayed coincidence curves of 4.5 to 6.3 nsec.  
Visual observations and photographs of micro- 
structure detai l  for many rf cyc les  show no protons 
outs ide this t ime  domain. 
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Instrumental se lec t ion  of a suitably i so la ted  
proton is accomplished in  the following manner. 
F a s t  current pu lses  from the 1-mm-thick p l a s t i c  
scinti l lators,  A and A’, in  F ig .  2.5.1 are fed to 
tunnel diode discriminators shown in Sect. 2.1, 
Fig. 2.1.3. T h e  output of t hese  two discrimi- 
nators is then applied to a fast (2-nsec resolving 
t i m e )  coincidence circuit  shown in Sect.  2.1, F ig .  
2.1.6. Th i s  coincidence system collimates the 
beam to  be analyzed by determining i f  the detected 
proton passed  through both counters. Delayed 
coincidence curves made at Harvard indicate that 
this  circuit  operated with a coincidence efficiency 
in e x c e s s  of 99%. The  dead t ime  (pulse-pair 
resolution) of the tunnel diode univibrators used  
i n  this  “isolated s igna l  detector” is 1 0  nsec ,  
which means that two protons in the  same rf micro- 
structure burst cannot be resolved, whereas those  
in adjacent rf cyc le s  always generate coincidence 
pulses.  T h e  isolated s igna l  sys tem shown i n  
Fig.  2.5.2 was  fabricated with tunnel diode and 
transistor circuit  elements. Outputs a t  each  logic 
level i n  the instrument a re  provided for counting 
purposes. Before the da ta  on any detected sec- 
ondary particle can  be stored, pu lses  from the 
fast ( A A  ’) coincidence must survive inspection 
by the  isolated s igna l  sys tem,  which also inc ludes  
a pulse  pile-up anticoincidence network. 

Fo r  operation at Harvard, the  i so la ted  s igna l  
detector w a s  adjusted to  eliminate any grouping 
of protons within a train of pu l ses  fall ing within 
115 nsec  of each  other. (Synchronizing de lays  
D,, D,, and D, of Fig.  2.5.2 account for circuit  
dead t i m e s  and delays,  but a re  not e s sen t i a l  to 
the bas i c  understanding of the operation of the  
circuitry.) The  pulse s torage  de lays ,  I and 11, 
were set at the desired i so la t ion  interval (115 
nsec ,  in this  case) .  An isolated-coincidence input 
pulse fired both binaries and r e se t  them at the  
end of the  isolation t ime ,  giving a n  output via the 
“trail ing edge coincidence” shown in Fig. 2.5.2. 
When two input pu l se s  were too c lose ly  spaced, 
the f i rs t  input pulse set binary I and then rese t  
i t  after passage  through pulse  storage de lay  I. 
The second input pulse was  therefore eliminated 
by binary I, which was  already s e t  by the f i r s t  
input pulse.  The  first  input pu lse  itself was then 
eliminated by the  action of the second input pu lse  
which had already r e se t  binary II. Prac t ica l  
circuit  de lays  were important because  binary dead  
t i m e s  were about 5 nsec ,  while the rese t  and 
output coincidence c i rcu i t s  had * 3-nsec  resolving 

times. When tes ted  with a pulse-train generator 
that produced three and four pu l ses  whose t i m e  
separations were adjustable,  the finite pu lse  
widths, the resolving times of the  included co- 
incidence circuits,  and the inherent circuit  de lays  
limited the proper operation of the sys tem about 
a narrow t i m e  region, -2 nsec  wide. Th i s  limita- 
tion occurred for pu lse  t ra ins  whose individual 
pu lses  were centered on or about the  se lec ted  
i so la t ion  period (115 nsec). In ac tua l  operation, 
such  a pulse  train represents an  unlikely event ,  
based on s t a t i s t i c s  and the observed microstructure 
periods (41.2 to 44 nsec). 
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2.6 TIME-TO-PULSE-HEIGHT CONVERTER 

F. M. G l a s s '  

To measure time intervals shorter than 1 p e c  
electronically,  it is currently necessary to rely 
on a transformation of the timing information from 
the nanosecond to the microsecond time domain, 
where electronic t ime  processing c a n  take place 
using a voltage-pulse lengthener, ramp generator, 
comparator, and oscil lator countdown technique. 
The  transformation involves the conversion of two 

fiducial  s igna ls  which mark the edges  of a given 
timing interval into a voltage amplitude directly 
proportional to  the duration of the timing interval. 
The device which performs the conversion is a 
time-to-pulse-height converter. 

A s  part of the Neutron P h y s i c s  Division effort 
in obtaining data  about the behavior of neutrons, 
a time-to-pulse-height converter was designed 

'The author acknowledges the ass i s tance  of W. H. 
Williams in laying out and constructing the instrument. 

2F. J. Walter e t  al . ,  P h y s i c s  Div. Ann. Progr. Rept. 
Jan. 31, 1962, ORNL-3268, p. 55. 
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and fabricated to measure time in te rva ls  as short  
as 0 to 50 nsec  in a neutron time-of-flight spec-  
trometer. Severe electronic des ign  restrictions 
must be m e t  in  measuring such  short  t i m e  in- 
tervals.  All the de t a i l s  of fast-circuit require- 
ments must be considered. To t h i s  end, tunnel 
diodes are employed in the s t a r t  and s top  d is -  
criminators and in  the  fast-gate circuit. Fast 
transistors are employed i n  all other circuits,  
and the  outout s igna l  is appropriately shaped for 
ana lys i s  i n  a n  RIDL model 34-12 (or 34-128) 
400-channel analyzer. 

The  converter incorporates a variable de lay  l ine  
through which the output s igna l  can  be delayed 
from 0.2 to  2.2 psec; during th i s  time, the circuit  
logic c a n  reach dec is ions  about the s t a t u s  of 
assoc ia ted  experimental constraints.  Additionally, 
the converter provides a fast-rise gating s igna l  
as well  as a s igna l  tha t  ind ica tes  the total  open 
t ime  of the fast gate. 

Double-sided printed-circuit techniques were 
employed in fabricating the converter. A fiber- 
g l a s s  base  board, '/* in. thick, h a s  0.0028-in.-thick 
copper foil epoxyed to it .  One s i d e  of the board 
se rves  as the front panel and the copper foil 
assoc ia ted  with it s e rves  as the HQ (high quality) 
ground and power distribution ground only (Fig. 
2.6.1). Printed s t r ip  l ines  provide c l ean  power 
distribution with minimal decoupling and by- 
passing, because  every effort was  made to  a s s u r e  
balanced currents along all feed l ines;  for ex- 

UNCLASSIFIED 
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Fig. 2.6.1. Typical Ground Side of  Double-Sided 
Board. 

ample, the power ground return is connected to 
the HQ ground a t  only one  point. Similarly, power 
l ines  on the opposite s i d e  of the board are fed 
as nearly a l ike  as poss ib le .  All input and output 
connectors are mounted directly on the  HQ ground. 

0 to 
5 0 . n s e c ,  0 to 100  nsec ,  and 0 to 150 nsec.  I t s  
sens i t iv i ty  is 1 m a  or 50 mv for both discrimi- 
nators. The  integral linearity is 0.5%, while the  
walk is 0.7 n s e c  for 50 times overdrive. The  
input impedance of t he  s t a r t  and s top  discrimi- 
nators is 50 ohms; the input impedance of  the 
inhibit gate is 125 ohms. All output impedances- 
are 10 ohms. 

T h e  converter spans  three timing ranges: 

2.7 TIME-TO-PULSE-HEIGHT CONVERTER 

J. L. Lovvorn 

An improved time-to-pulse-height converter was  
developed for the Neutron P h y s i c s  Division to 
help obtain more reliable da ta  from neutron t ime-  
of-flight measurements. The  timing circuitry 
u t i l i zes  transistors of high s tab i l i ty  and fast 
switching response. A toggle circuit  ultimately 
controls the s t a r t  and s top  of a constant current, 
which charges a capacitor for the time-to-ramp- 
voltage conversion. A univibrator circuit  in  the 

s t a r t  l ine h a s  an  80-psec dead  t i m e  which inhibits 
succeeding  pulses  from retriggering the s t a r t  
circuit  until the maximum t i m e  period of the con- 
verter has  elapsed. Either a s top  s igna l  or the 
automatic dump circuit  acts to dump the charge 
on the capacitor to r e se t  the  converter for the 
next event. A Darlington pair  (double emitter- 
follower circuit) on the  output provides a low- 
impedance output to feed a modified Nuclear Data 
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multichannel analyzer.  P u l s e s  su i tab le  for driving 
the s t a r t  and s top  inputs of a t ime-interval m e t e r  
a re  provided coincident with the s ta r t  and s top 
pulses  of the time-to-pulse-height converter. The  
ent i re  timing system covers  three dis t inct  ranges 
of 0 to  4 pec ,  0 to 8 psec ,  and 0 to  8 0  psec ,  and 
has  a s tabi l i ty  of 5 channels  in 250. T h i s  s tabi l i ty  
factor is not all attr ibutable t o  the time-to-pulse- 
height converter i tself ,  but represents  the s tabi l i ty  

factor of the entire timing system, including a 
modified multichannel analyzer. 

A similar unit  is being constructed for use in  
a mass  spectrometer in  which the arrival times 
of electrons and ions  formed during the  bombard- 
ment of a gas  with x rays will form the start and 
s top s ignals .  In this  s e n s e ,  the time-to-pulse- 
height converter will  ac t  a s  a coincidence unit. 

2.8 AMPLITUDE-CORRECTING CIRCUIT FOR TIME ANALYZER 
IN THE NANOSECOND RANGE 

W. H. duPreez’  

Time shi f t s  caused by the variation of s ignal  
amplitude i n  the s ta r t  and s top  channel of a t ime-  
to-pulse-height converter c a n  ser iously deterio- 
rate the t ime  resolution of a neutron time-of-flight 
spectrometer.’ A circuit  (Fig.  2.8.1) was  designed 
which corrects the output of a time-to-pulse- 
height converter by adding to  the output a s igna l  
dependent on the amplitude of the s ta r t  pulse.  In 
the present application, the s igna l  used to  s top  
the converter is a constant-amplitude s ignal  
derived from the pulsed beam of a Van d e  Graaff 
accelerator,  so  that  th i s  “amplitude effect ,” or 
“walk,” occurs only in the start channel.  

T h e  start-pulse amplitude information is brought 
to the antiwalk circuit  through a s low s i d e  channel 
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Fig. 2.8.1. Diagram of Amplitude-Correcting Circuit. 

C. W. Will iams 

of the spectrometer. T h i s  l inear s ignal  is com- 
pared with a standard reference s ignal ,  and the 
difference is added t o  the output of the time-to- 
pulse-height converter. A su i tab le  s ignal  from 
the s i d e  channel is used t o  trigger the reference 
generating circuit .  Means are  provided to  change 
the position in the pulse-height spectrum below 
which the corresponding t i m e  s igna ls  are linearly 
corrected. The amplitude of the correction s ignal  
can  also be adjusted before i t  is added to the t ime  
s ignal  from the converter. 

T h e  circuit  was  tes ted by measuring the  width 
of an N a Z 2  prompt y-y coincidence line. A narrow 
s i d e  channel (from approximately 135 to 225 kev 
electron energy) was  used in  the s top  s i d e  t o  
limit i t s  contribution to the  time spread. A time 
spectrum obtained with a wide window (for ap- 
proximately 4 5  t o  340 kev electron energy) in  the 
s ta r t  s i d e  channel and with the antiwalk circuit  
switched off was compared with the same time 
spectrum with the antiwalk circuit  switched on 
and with the s a m e  windows and accumulation time 
(Fig. 2.8.2). It is concluded that  th i s  circuit  
makes i t  possible  to  obtain excel lent  t ime  reso- 
lution while using almost the total  Compton 
spectrum to s t a r t  the converter. 

‘Visitor from the South Africa Atomic Energy Board, 

’P. Huber et al . ,  Nucl. Instr. Methods 14, 131 (1961). 
Pretoria, South Africa. 
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2.9 FAST DOUBLE PULSER 

F. M. Glass  

In evaluating time-to-pulse-height converters 
and fast-coincidence circui ts ,  a need for a multi- 
parameter double pulser a r i ses .  To sa t i s fy  th i s  
need, a fast double pulser  (ORNL model Q-2525-4) 
was  developed. 

two simulta- 
neous negative pulses ,  two delayed negative 
pulses ,  and one delayed posit ive pulse .  T h e  
delay is 0 to 100 nsec.  P u l s e  rise time is 0.9 
nsec,  and fall t i m e  is 2 nsec .  The  pu l se  width 
a t  10% value is 4 nsec.  T h e  amplitude is 15 v, 
and the overshoot is 1%. 

A 2N491 si l icon unijunction t ransis tor  in a 
variable-frequency relaxation osci l la tor  suppl ies  

The outputs from the pulser  are: 

. L .. 

trigger pu l se s  over a frequency range from 1 to  
10 kc. T h e s e  pulses  trigger an avalanche tran- 
s i s tor  (SM1569 or 2N2219) which del ivers  fast 
negative pu l ses  through parallel  networks to a 
pair  of connectors.  Additionally, th i s  same tran- 
s i s t o r  provides a trigger for a second comparable 
avalanche transistor;  however, t h i s  trigger s ignal  
is "delayed'  from 0 to 100 n s e c  by a continuously 
variable delay line. T h e  second avalanche tran- 
s i s t o r  del ivers  two negative pu l ses  and a posit ive 
pulse  through parallel  networks. All outputs have 
50-ohm terminations; no reflection or ringing i n  
any output occurs  from c a b l e  mismatch at the other 
outputs. 

. 
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2.10 DEVELOPMENT OF TIME-INTERVAL METER WITH 1-nsec RESOLUTION 

J. L. Lovvorn 

The  b a s i c  limitation to  t h e  measurement of 
nanosecond time intervals  h a s  been the response 
t imes of standard c i rcu i t s  and vacuum tubes.  To 
circumvent this  limitation, timing information i n  
the nanosecond t i m e  domain is presently trans- 
formed to  the microsecond time domain, where 
conventional techniques a re  relatively simple,  via  
a time-to-pulse-height converter. However, recent 
e lectronic  advances have suggested t h e  possibi l i ty  
of a nanosecond clock, whereby short  time in- 
tervals  could b e  measured directly;  consequently, 
specif icat ions for a 2-nsec-resolution, digital-type 
t i m e  interval meter were formulated. Development 
of the meter was  undertaken under contract  by 
Eldorado Electronics ,  Berkeley, California,  and 
the development h a s  been completed. Performance 
of the  meter meets or e x c e e d s  the  contract  specifi-  
cat ions.  

The  time interval of the meter is 1 n s e c  to 0.1 
sec with a n  accuracy of 1 n s e c  and resolution of 
k 0.5 nsec.  The  deviation of the.  l e a s t  significant 
digi t  (where the  indicated digit  f luctuates  between 
two numbers) is only 30 psec.  The  clock s tabi l i ty  
is 5 parts  in  lo6  parts,  short  term. Input is 1 v 
minimum to 10 v maximum, either polarity, with 
4-nsec pulse  width minimum in to  50 ohms. The  
s lope  of the input is 0.2 v/nsec, or  more. Suc- 
ceeding  s ta r t  pu lses  a r e  prevented from triggering 
the instrument by a lockout feature which holds  
until the  instrument is reset .  R e s e t  is ei ther  
automatic, manual, or remote. T h e  output is 
displayed by Nixie tubes and is binary-coded 
decimal (BCD) for recording. 

2.1 1 INSTRUMENTATION FOR MULTIPARAMETER FISSION-FRAGMENT 
ENERGY -CORR E LA TI  ON MEASUREMENTS 

C. W. W i l l i a m s  

H. W. Schmitt' F. J 

Experiments for correlation of fission-fragment 
energies  have been conducted a t  ORNL for some 
time. 3 , 4  Although the electronic  system for t h e s e  
experiments is conceptually simple,  i t  is qui te  
complex in  operation. The  system (Fig.  2.11.1) 
is presently limited to  three parameters with 128  
by 128 by 16 channels  of memory i n  an  event-by- 

'Physics Division. 
*Formerly with the Phys ics  Division; now with Oak 

3H. W. Schmitt et a l . ,  Phys .  Rev. Letters 9,  427 

4F.  J. Walter et al . ,  Fragment Mass Distribution for 
Thermal- and Resonance-Neutron-Induced Fission of 
Pu239, ORNL-3425, p. 79. 

Ridge Technical Enterprises Corp., Oak Ridge, Tenn. 

(1 962). 

Walter' . J. H. Neiler' 

event  punched-paper-tape acquisit ion system. A 
new analyzer being procured will  have a 256 by 
256 by 256 channel  memory with provisions for 
adding a fourth parameter. 

Conventional charge-sensitive preamplifiers hav- 
ing high feedback factors  a re  used with large-area 
sol id-s ta te  detectors.  Each  output of the  double 
delay-line clipped amplifiers is fed in parallel  to  
a single-channel analyzer  and crossover  pick-off 
and through a delay to one of the analyzer analog- 
to-digital converter (ADC) inputs.  The  outputs of 
the crossover  pick-off uni ts  a re  fed to a fas t  
coincidence unit, whose resolving time is adjusted 

, 

5T. L. Emmer, IRE Trans. Nucl. .Sei. 9(3), 305-13 
(1962). 
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Fig. 2.11.1. Instrumentation for Fission-Energy Correlation Measurements. 

to be 40 nsec; this  is about three t i m e s  the system contains  an  inspector  circuit  which reduces 
minimum t i m e  necessary for operation of the the pile-up t i m e  by approximately a factor of 4. 
circuit .  The f iss ion spectra  from two of t h e  preamplifiers 

Reduction of the coincidence resolving t i m e  a re  inspected,  and a l l  noncoincident events  within 
reduces the effective gate-open time but cannot the inspector resolving t i m e  are removed by pre- 
reduce the effect  of pile-up (multiple pulses  venting the coincidence-enabling s igna l  from 
arriving within the amplifier resolving time). T h i s  reaching the analyzer. 

2.12 NEUTRON TIME-OF-FLIGHT SPECTROMETER FOR NEUTRON ENERGIES 
OF 100 kev OR MORE 

C. W. Williams R. K.  H. Wagner’ P. D. Miller’ 

To invest igate  the spin-spin interaction term in of approximately 2 n s e c  and an  efficiency of 
the optical-model potential ,  a n  experiment has  approximately 20% for 350-kev neutrons. 
been scheduled in which polarized neutrons ob- 
tained from the Li7(p,n)Be7 reaction a re  to  b e  
scat tered from a polarized Ho l6 ’  sample.’ A t  
5l0 and 350 kev neutron energy, the polarization 
is 55%.3 A spectrometer (Fig.  2.12.1) was de- 
signed for th i s  experiment to give a time resolution 

‘Physics  Division. 

’R. K. H. Wagner et al . ,  “Scattering of Polarized 
Neutrons from Polarized H O ’ ~ ~ , ~ ~  submitted t o  me 
Physical Review. 

’A. J. Elwyn and R. 0. Lane, Nucl .  P h y s .  31, 78 
(1962). 
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Fig. 2.12.1. Diagram o f  Time-of-Fl ight Spectrometer for 350-kev Neutrons. 

To reduce the effect  of photocathode noise  and provided the time reference. With a start-level 
to maintain good detection eff ic iency,  two photo- range of 6 t o  60 kev electron energy, the time 
tubes view the  same scint i l la tor  and require a f a s t  resolution was  measured t o  be 1.6 n s e c  fwhm. 
coincidence between their  outputs.  The  system, The  neutron energy corresponding to this  lower 
incorporating antiwalk correction (Sect. 2.8), was  Experiments with 
tes ted with an  N a Z 2  source and a third tube,  which 

level  is approximately 75 kev. 
unpolarized neutrons are  now in progress.  

2.13 INDICATING AND LOGIC MODULES 

J. H. Todd 

A s e r i e s  of modules (ORNL model No. Q-2563) widely scat tered instruments or combination. of 
was  developed to monitor the outputs of various instruments.  The  modules a re  actuated by s i g n a l s  
instruments.  These  modules perform logic  func- with two d iscre te  s t a t e s .  Although the modules 
t ions t o  indicate  certain combinations of s igna ls ,  were designed specif ical ly  to recognize the opening 
as wel l  as to  indicate,  both local ly  and at a remote of a c losed  contact ,  an  analog s igna l  can  be used 
central  point,  the  condition of any number of j u s t  as eas i ly .  
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The modules were developed because  no  commer- 
cial modular annunciators could be accommodated 
in the s p a c e  avai lable  in the reactor control rooms. 
In addition, available uni ts  did not provide the 
flexibil i ty needed for instal la t ion of s u c c e s s i v e  
sys t ems  that were similar,  but with requirements 
for different logic functions. 

All modules are  35.8 mm by 1 2 0  mm on the front 
panel and 115 mm deep. T h e s e  dimensions are  
derived from a CERN publication. T h i s  modular 
system is being considered for adoption a s  a 
standard a t  ORNL. 

Four modules were constructed and tested: (1) a 
three-channel indicating module with outputs (dc 
level  and pulse), (2) a six-input “and” matrix 
module with relay outputs,  (3) a three-channel 
remote indicator, and (4) an  audible annunciating 
module with a twelve-input “or” matrix. 

Module 1 contains three ident ical  channels.  The  
only common feature is a common ground. T h e  
two possible  states of each  channel a re  indicated 
visually on the front of the module by an incan- 
descen t  lamp operating a t  e i ther  a low level  or 
a t  full brilliance. A 0-v or +24-v d c  s ignal ,  corre- 
sponding respectively t o  the low level  or full- 
bri l l iance level  of the lamp, is avai lable  a t  the 
connector terminals of the module (Fig. 2.13.1). 
In addition, a posi t ive 24-v pulse  is generated 
when the  module changes s t a t e  from the low leve l  
to  the  high-brilliance level.  T h i s  pulse is used  
to energize module 4. The  d c  s igna ls  a re  used 
to  perform logic functions with module 2. Pro- 
vision for adding a memory to  e a c h  channel  h a s  
been provided in t h e  module. 

Module 2 (Fig.  2.13.2) provides the “logic” in  
the system. A six-input “and” matrix accep t s  
from one to  s i x  s igna ls  from module 1 (the +24-v 
dc  signal) .  An internal connection made before 
installation of the module determines the number 
of t h e s e  s i g n a l s  required t o  energize the module 
and the internally contained relay. The  contacts  
of the relay are  avai lable  at the  module connector 
terminals . 

‘CERN 19-lnch Chass i s  S y s t e m ,  CERN Report No. 
62-9. 9 

Module 3 (Fig.  2.13.3) is a remote indicator of 
module 1 for instal la t ions where a second,  o r  a 
central ,  observation s ta t ion is required. T h e  
three channels  are  controlled by the three channels  
in module 1. The  0-v or +24-v d c  output s ignal  
of e a c h  channel in module 1 controls the corre- 
sponding channel in module 3. A remote reset 
that  will  reset  the controll ing module 1 is included 
in the module. 

PIN 

PIN 

PIN 

6 

UNCLASSIFIED 
ORNL- OWG 64 - 4 (96 

t 2 4 v  
PIN 15 

I RESET 

Fig. 2.13.3. Three-Channel Remote Indicator Module. 
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Module 4 (Fig. 2.13.4) is energized by the +24-v supply an audible s ignal  which indicates  a change 
pulse  produced by module 1. Through additional in one channel of a connected module 1. 
matrices,  any number of inputs c a n  be used. Any Operation of the lamps in  the on condition, but 
posit ive pulse  on the input will  c a u s e  the  module at different leve ls  of intensity,  e l iminates  the 
to  be energized and locked in until  the  module is possibil i ty of missing a visual  s ignal  caused by 
manually reset .  The  purpose of the module is to the failure of a bulb. . 

2.14 LINEAR COUNT-RATE METER 

J. H. Todd 

A l inear count-rate meter (ORNL model No. 
Q-2515-14) was designed t o  count random pu l ses  
and to  display a time-averaged s ignal .  Th i s  unit 
gives  a paired-pulse resolution of 200 nsec,  which 
is superior to  the resolution of 1 psec  or more 
obtained with presently avai lable  units. 

T h e  range of the unit can  be s e t  at 0-10, 0-100, 
0-1000, 0- lo4,  or 0-lo5 counts /sec,  and each  

range can  be multiplied by a factor of 0.25, 0.5, 
or 1. An integrating time constant of 0.5, 1, or 
10 sec c a n  be selected.  

Either posit ive or negative pulses  from 1 to 10 v 
may be discriminated by connecting separa te  in- 
puts  to separate ,  independent discriminators, or 
both inputs  may be used simultaneously to  total ize  
the count rate from two sources .  
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A boot-strapped diode pump in  conjunction with 
a field-effect transistor is used a s  the  digital-to- 
analog converter. 

The  count ra te  is displayed b y  a front-panel 
meter. A remote meter and a 10-mv recorder c a n  
be connected t o  the count-rate meter. 

Nonlinearity does  not exceed  3%, except  o n  t h e  
lowest  scale. Zero drift  w a s  not detectable  over 
a period of one week. The  instrument is contained 
in a s tandard 19-in. c h a s s i s ,  3?$ in.  high. 

2.15 REMOTE-CONTROL CONSOLE FOR THE 300-kv LINEAR PROTON ACCELERATOR 

J. H. Todd 

Previously,  when aligning and adjust ing the  
accelerator beam, personnel performed the opera- 
t ions by means of controls  on a portable console  
ins ide  the beam and target  room. As  long as the  
beam was  interrupted by a quartz viewer, t h e  
radiation level  a t  the console  w a s  negligible; 
however, when the  viewer was  removed and the 
beam was  allowed to s t r ike  the  target,  t h e  per- 
sonnel  were exposed to  radiation. To eliminate 
this  source of radiation exposure, a remote-control 
console  (ORNL model No. 4-1820) was  designed 
and instal led outs ide the  beam and target room. 
T h e  console  also permits personnel to monitor 
and optimize the beam during a long run with the 
machine without entering t h e  target room. 

The  new console ,  connected in parallel  with the  
portable console ,  dupl icates  a l l  control functions 
of t h e  portable console .  Seven synchro trans- 
mitters, paralleled .with seven  synchro trans- 
mitters on the portable console ,  control two Einze l  

l e n s e s ,  a beam focusing magnet, a beam probe 
control, and a deuterium control. Two additional 
synchro transmitters were instal led on both con- 
soles to  control potentiometers for c o a r s e  and f ine 
adjustment of high voltage. On and off swi tches  
for high voltage were instal led.  

Repeaters  of all indicat ing meters located on 
the ex is t ing  console  were instal led on the  new 
control panel.  T h e s e  repeaters  indicate  target 
current,  high-voltage output, current output,  and 
vacuum. All meters,  except  t h e  high-voltage out- 
put meter, were connected i n  s e r i e s  with the 
meters of the exis t ing console .  T h e  high-voltage- 
output-metering circuit  was  located i n  t h e  feedback 
circuit  of the high-voltage regulator. Pickup or 
unwanted s i g n a l s  and noise  on the long l e a d s  re- 
quired for the repeater of the  high-voltage meter 
caused  the  sys tem to b e  unstable .  Consequently, 
these  leads  were isolated by a source-follower 
configuration incorporating a field-effect tran- 
s is tor .  



3. Radiation Monitoring Systems 

3.1 MODERNIZATION AND EXPANSION OF ORNL RADIATION 
MONITORING AND CONTROL SYSTEMS 

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

T h e  programs for t he  expansion and moderniza- 
tion of ORNL radiation and control sys t ems  were 
d i scussed  in previous reports. ' Although the 
overall s c o p e  of t he  work is essent ia l ly  as re- 
ported previously, s eve ra l  changes  in detail  were 
made. 

Work completed inc ludes  the  new radio communi- 
ca t ions  systems, expansion of the  local a i r  moni- 
toring system, and the  cent ra l  alarm display of the 
process  was te  water system (Fig. 3.1.1). 

Work in progress, which is scheduled for comple- 
tion by December 31, 1963, inc ludes  the Fallout 
Measurement System, the  gross-gamma monitor at 
the top of the  3039 s t ack ,  and the  Radiation Warn- 
ing  and Control System in s i x  buildings. 

Operations Div is ion Systems 

The  s t a t u s  of sys tems superv ised  by the Opera- 
t ions Division at the  Waste Monitoring Control 
Center (Building 3105) is as follows: 

Process Waste Water System. - T h i s  system h a s  
been expanded. A monitor is be ing  ins ta l led  on 
the was te  effluent from Building 3525 (HRLEL), 
and when construction of Building 2531 and the 
High Radiation Level  Analytical  Laboratory is 
completed, water monitors will also be  installed.  

'D. J .  Knowles e t  al., Instrumentation and Controls 
Div .  Ann. Pro&. Rept .  July I, 1961, ORNL-3191, 
pp. 34-35. 

2D. J. Knowles et al . ,  Instrumentation and Controls 
D iv .  Ann. Progr. Rept .  Sept.  1 ,  1962, ORNL-3378, 
pp. 22-26. 
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J. E. Inman 
J. A:Russell 
J. H. Todd 

Stream Monitors. - At the present t i m e  there are 
seven  stream monitors in operation. New are 
the  flume s ta t ion  on White Oak Creek southeas t  of 
the se t t l ing  basin and a s ta t ion  still farther up- 
stream, which monitors both the  White Oak Creek 
branch and t h e  Fifth Street  storm drain. T h e s e  
s t a t ions  telemeter radiation l eve l s  and/or flow 
information to Building 3105 and a l so  t ake  samples  
of the  water. A portable s t r eam monitor equipped 
to measure and telemeter radiation leve l  and to 
allow t h e  collection of grab samples  is also opera- 
tional. 

Stack Monitoring Systems (Building 3039). - A 
new 1 1 3 '  monitor (Sect. 3.3) h a s  been operating on 
the  s t ack  for about four months and will eventually 
replace the present device. A device  to allow the  
positioning of a gross-gamma detector near the  top 
of the  s t ack  is complete and a developmental de- 
tector i s  being designed. 

Auxiliary System. - The  liquid-level transmitters 
on 15 intermediate leve l  was t e  tanks  were replaced 
with new transmitters. T h e  remaining tanks  will be  
sea led ,  and a different type of liquid-level trans- 
mitter will b e  installed.  T h e  l iquid l eve l s  at 
was te  d isposa l  trenches 5, 7a, and 7b  are now 
being telemetered to  Building 3105. 

Health Physics Division Systems 

T h e  s t a t u s  of sys tems supervised by the Health 
P h y s i c s  Division at Building 4500s is as follows: 

L o c a l  Ai r  Monitor System. - TweIve additional 
s t a t ions  were ins ta l led  and a re  operational. 
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Fal lout  Monitoring Net. - T h e  system 
complete and is scheduled for completion 
31, 1964 (Sect. 3.2). 

is 40% 
on Jan. 

Laboratory Radiation Warning and Control Systems 

T h e  s t a t u s  of t h e s e  programs is a s  follows: 
Radio Communications. - T h e  new high-frequency 

narrow-band FM radio equipment h a s  been in- 

. 
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s ta l led  and is operational. One channel is for ex- 
c lus ive  u s e  by the Laboratory Protection Division, 
with the option of direct  communications on the 
common AEC frequency. A repeater channel for 
routine communications can b e  operated a s  part  of 
the Laboratory Protection System during emer- 
gencies.  

Central Display Panel. - An illuminated map of 
the  P r o c e s s  Waste Water System showing the con- 
dition of all monitoring s ta t ions  h a s  been instal led 
at the Emergency Control Center (Building 2500). 

Table 3.1.1. Status of Instal lat ion of Faci l i ty  Radiation and Contamination Systems 

Faci l i ty  

Control Systems 
Building Being Installed Percent of 

No. Completion 
Radiation Contamination 

Oak Ridge Research Reactor 

Low Intensity T e s t  Reactor . 

Phase l a  

3042 Yes  

3005 . Yes 

High Radiation Level  Examination Laboratory' 3525 Yes 

Phase 1Ia 

Yes 

Yes 

Yes  

Yes 

Yes 

Yes 

80 

50 

90 

Yes 

Yes  

Yes  

10 

10 

10 

Neutron Phys ics  and Shielding Laboratory 3010 

Graphite Reactord 3001 

Chemical Processing Pi lot  Plant' 3019 

Phase Ille 

Rolling Mil l '  3012 Yes  No 0 

Source and Special Materials' 3027 Yes  No 0 

Special Materials Machine Shop' 3044 Yes  No 0 

Transuranic Laboratory' 3508 Yes  Yes 0 

Fiss ion  Products Pi lot  Plantg 3517 Yes  Yes 0 

High Radiation Level  Chemical Development'" 4507 Yes  Yes 0 

Metals and Ceramics LaboratoryC 4508 Yes  Yes 0 

Solid State Laboratory 3025 No Yes  0 

Source Garden 3597 Yes  No 0 

aScheduled for completion Dec. 31, 1963. 
bOperates containment controls on alarm. 

'Neutron detection (criticality) capability included. 
dDesign only was  completed. Faci l i ty  now on standby. 

'Proposals being prepared. 

'Containment system exists. 

Neutron detection (criticality) capability only. 
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T h i s  display ut i l izes  a new alarm telemeter sys-  
t e m  (Sect. 3.6). Spare panel s p a c e  in the  same 
cabinet  will b e  used to  display alarm information 
originating in the Faci l i ty  Radiation and Contam- F a c i l i t y  Radiation and F a c i l i t y  Contamination 
ination Systems and for alarm information now at Systems. - A brief description of the  sys t ems  
other locat ions in the  Building 2500 control con- being instal led in each  building and the  s t a t u s  of 
sole. instal la t ion a r e  summarized in T a b l e  3.1.1. 

Area Mapping System. - T h i s  system h a s  been 
deferred indefinitely as a low-urgency project. 

3.2 FALLOUT MONITORING SYSTEM 

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

R. K. Abele 
T. F. Sliski 

T h e  Fallout Monitoring System a t  ORNL was  de- 
signed to  measure deposit ion of radioactive 
par t ic les  which could originate at the Laboratory 
from a nuclear incident or from failure of air- 
c leaning components, such  as f i l ters  in a gaseous 
was te  disposal  system, and to  give warning when 
a preset  tolerance leve l  h a s  been reached. Fo r  
years,  fallout had been col lected on gummed paper 
held in t rays  at various locat ions at the  Laboratory 
site. T h e  paper was  replaced periodically and the  
samples  were taken to  a counting room for scan-  
ning and analysis.  T h e  obvious problems of 
handling such  large amounts of s t icky paper and 
the  time delay in  obtaining useful information out- 
moded th is  method. A new system w a s  designed 
and is being installed.  T h e  design of th i s  system 
was  guided by the following criteria: 

1. Collect  fallout continuously and measure the  
alpha and beta-gamma radioactivit ies emitted by 
the  particles.  

2. Transmit the count da ta  to a central  receiv- 
ing s ta t ion and give warning when a tolerance 
leve l  h a s  been reached. 

3. Record count data  when the tolerance level  
h a s  been reached. 

4. Give suff ic ient  information for determining 
the  source of t h e  fallout, i f  i t  is a local  source.  
T h e s e  cri teria were to b e  me t  with a system that 
would b e  simple and which could be instal led and 
maintained a t  a reasonable cost .  

A network of 22 collector-detector a s sembl i e s  
with s ignal  transmission and receiving equipment 

G. A. Holt 
H. J. Stripling 

is being instal led throughout the  Laboratory and 
its environs. An assembly will b e  placed on top 
of each  local air monitoring s ta t ion,  s i n c e  t h e s e  
s ta t ions  a re  already located in s t ra teg ic  posit ions 
on the b a s i s  of meteorological s t u d i e s  of airflow 
and dispersion patterns of s tack  effluent in the 
surrounding valley. At each  s ta t ion,  a lpha and 
beta  particles and gamma rays emitted by col lected 
par t ic les  a re  counted, and t h e  information is 
transmitted over telephone l ines  to  a central  re- 
ceiving s ta t ion (Building 4500S, Health P h y s i c s  
Division, Fig. 3.1.1). 

Co I I ector-Detector Assembly 

In t h e  collector-detector assembly (Fig. 3.2. l), 
a disk covered with aluminum foil rotates  a t  1 rpm, 
with 50% of the  disk area always exposed to col- 
lect fallout. 

Ordinary, heavy-duty 18-in.-wide household- 
type aluminum foil is used  t o  cover t h e  disk.  
T h i s  is a convenient and inexpensive covering for 
the disk. T h e  foil cover is eas i ly  removed from 
the disk and serves  a s  a convenient container for 
carrying the  fallout particles to a laboratory for 
further analysis .  

A s  the  disk rotates,  i t  carr ies  the  par t ic les  under 
a shielded GM tube, which counts  the beta-gamma 
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Fig. 3.2.1. Collector-Detector Assembly for Fallout Monitor. 

radioactivity, and under a scintillation-type probe, 
which counts the  alpha radioactivity. 

The  assembly was designed to  achieve low 
production cos ts ,  all-weather protection of the  
components, and simple, low-cost servicing in the 
field. T h e  shield for the  GM tube is c a s t  s teel .  
A molded rubber seal was  developed to hold the 
GM-tube socke t  and to seal the  tube and cable  
connector from moisture. Routine replacement of 
the aluminum foil keeps  t h e  background count 
ra te  of the disk a t  a low level.  

‘M. M. Chiles and R. K. Abele, Instrumentation and 
Controls Div. Ann. Progr. Rept. J u l y  1, 1960, ORNL- 
3001, p. 55. 

Signal  T r a n s m i s s i o n  

Two analog s ignals ,  corresponding to the  alpha 
and beta-gamma radioactivit ies col lected on the 
disk,  are generated by the count-rate meters 
(Fig.  3.2.2). The  s igna ls  a re  transmitted via  tele- 
phOne l ines  to  a central  location. Continuous in- 
formation, indicating whether the  act ivi t ies  are 
below or above a preselected alarm level,  is a l s o  
generated and transmitted over these  same tele- 
phone l ines .  All alarm s igna ls  are continually 
monitored and a choice of 12 dc  “activity” level  
s igna ls  can be monitored through a patch panel. 

Each s ta t ion contains two ORNL model Q-2191A 
count-rate meters.  Recorders, one integrally 
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Fig. 3.2.2. Fallout Monitoring System. 

mounted on each  count-rate meter, were  removed 
and replaced by tone generators, ORNL m o d e l  
4-2367-10. After t h i s  modification the telemetry 
output of the count-rate meter is a 0- to 1-ma 
analog s igna l  and a 2.5-kc tone - together t hese  
two s igna l s  es tab l i sh  a “nonalarm” condition. At 
the  receiving station, t he  absence  of the 2.5-kc 
tone ind ica tes  either tha t  an  alarm leve l  of activity 
h a s  been reached, that  a phone l ine  h a s  opened, or 
tha t  power h a s  failed at the  monitoring station. 

Two lamps a re  located at the  receiving end of 
each  station - one lamp indica tes  t he  condition 
of the  beta-gamma monitor alarm and the  other 
ind ica tes  the  condition of the  alpha monitor alarm. 

Any 12  of the  44 analog s igna l s  can  be  con- 
nected to a 12-point Brown recorder by means of a 
patch panel. 

The  combination of two lamps will give warning 
if  tolerance is reached by either alpha or beta- 
gamma activity or both. In such  an event,  the re- 
corder can be connected to record beta-gamma 
count s igna ls  from 12  s ta t ions ,  or alpha count 
s igna l s  from 12  stations,  or both beta-gamma and 
alpha s igna ls  from 6 stations.  

Specifically, the 2.5-kc tone modulates the light 
intensity of an  incandescent bulb. The  presence 
of tone c a u s e s  the lamp to  glow at a lower-than- 
normal intensity.  With the  absence  of the tone, 
the  lamp glows a t  full intensity. 

. .. . 
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3.3 IODINE MONITOR FOR RADIOACTIVE EXHAUST GASES 

R. L. Shipp R. K. Abele  D. J. Knowles 

Iodine is t h e  only radioactive g a s  l ikely to p a s s  
in hazardous quant i t ies  through the  bank of abso- 
lute  f i l ters  in t h e  exhaus t  duct  from t h e  High 
Radiation Level  Examination Laboratory (HRLEL), 
even should a maximum credible  accident  occur. '  
A new monitor (Fig. 3.3.1) was designed for con- 
tinuous survei l lance of th i s  off-gas stream. The  
design overcomes two disadvantages of a pre- 
viously described ORNL monitor: the  new monitor 
is more sens i t ive ,  and replacement of t h e  charcoal  
trap is easier .  One detector was  instal led a t  the  
HRLEL and one  was  instal led and tes ted  a t  the  
Radioisotope Stack Area (3039 Stack). 

At the  HRLEL, a s i d e  stream of off-gas is with- 
drawn from t h e  exhaus t  duct downstream from the  
absolute  filters. T h e  g a s  sample p a s s e s  through a 
paper-tape fi l ter  in a particulate monitor and then 
through an  activated-charcoal trap in  the iodine 
monitor, where iodine and other  g a s e s  a r e  adsorbed 
on the  charcoal. T h e  g a s  sample from the  iodine 
monitor is returned to  t h e  off-gas duct. T h e  de- 
tectors  in  both monitors a r e  GM tubes; in  t h e  iodine 
monitor, a ring of GM tubes surrounds the  trap,  and 
the  t rap and tubes  a r e  enclosed in  lead to shield 
t h e  tubes from background radiation. T h e  GM tubes 
in both monitors feed a common circui t  to a count- 
ra te  meter, an alarm, and a recorder. 

Since frequent trap replacement is essent ia l  to  
maintain a low background and high sensi t ivi ty  in  
the  iodine monitor, a n  important feature of the new 
monitor is t h e  simplicity with which the trap is 
replaced. , T h e  charcoal is contained in a dis- 
posable p l a s t i c  j a r  which may b e  removed af ter  t h e  
detector assembly is lif ted off t h e  jar. T h e  trap is 
replaced when t h e  gamma count ra te  of the  char- 
coal reaches  a n  operationally determined l imit  
peculiar to  each  exhaust  system. 

At the  3039 Stack, a correlation between t h e  
response of the  iodine monitor and iodine proc- 
e s s i n g 3  was  observed. (The particulate monitor 
and the  iodine monitor feed separa te  alarms and 

'Personal communication from G. W. Parker, ORNL 
Chemistry Division. 

2F. J. Manneschmidt, Equipment and Procedures for 
Stack Gas Monitoring at ORNL, paper presented at the 
Seventh Air Cleaning Conference, Oct. 10-12, 1961, 
Brookhaven National Laboratory. 

3By the ORNL Isotopes Division. 

recorders.) At the s ta r t  of processing, radioactive 
xenon was  released and temporarily held in the  
trap. T h i s  produced a not iceable  sharp peak on the  
recorder chart. La ter  in the  process ,  as  radio- 
ac t ive  iodine escaped  to the  s tack ,  the  iodine was  
retained in  the  trap. On the recorder chart ,  the  
count ra te  increased to  a maximum and then de- 
c reased  a t  a rate  consis tent  with the  radioactive 
decay of the  mixed radioactive-iodine isotopes.  
Spectral  ana lys i s  of the gamma activity of a trap 
showed that  radioactive cesium, in addition to 
iodine, was  retained. 

UNCLASSIFIED 
ORNL-DWG 64-1200 

Fig. 3.3.1 Iodine Monitor Detector. 
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3.4 SMALL RADIATION-MONITORING SYSTEMS 

D. J. Knowles 

J. L. Kaufman 

A vehicle  monitor was  designed .for se rv ice  a t  
ORNL Burial Ground No. 5. Detectors, mounted 
on posts ,  monitor outgoing trucks a s  they p a s s  
through the  ex i t  gate,  and a n  alarm is sounded i f  
the  truck is contaminated. T h e  detectors  a r e  sen-  
s i t ive  to  a contamination level  of 5 mr/hr at con- 
tact. 

A system to de tec t  airborne radioactivity in  the 
ventilation a i r  i n  t h e  off ice  portion of Building 
3025 was  designed and is being installed.  T h i s  
system protects  t h e  office portion of the building 
aga ins t  t h e  spread of airborne contamination by t h e  
air-conditioning equipment. Based  on modules of 
the  ORNL model Q-2240 a i r  monitor, the  system is 

T. A. Lewis  

s e n s i t i v e  to the  maximum permissible concentra- 
tion (MPC) leve l  of beta-gamma part iculates  and 
will  s h u t  off t h e  in take  blowers when t h e  alarm 
point is reached. Identical  un i t s  will b e  ins ta l led  
a t  the  ORIC to  monitor the exhaus t  a i r  from t h e  
experimental a reas .  

A particulate sampler  uti l izing a fi l ter  w a s  de- 
s igned for u s e  on off-gas l i n e s  which normally 
operate  at  approximately 20 in. H,O vacuum. T h e  
device  a l lows  t h e  insertion and removal of 2-in.- 
diam f i l ter  papers  in  the usual ly  contaminated off- 
g a s  duc ts  without opening the duct to t h e  atmos- 
phere. 

3.5 LABORATORY CONTAINMENT PROJECTS 

D. J. Knowles 

J. E. Inman J. H. Holladay R. L. Shipp 

Prior to t h e  implementation of the  Laboratory 
radiation warning and control projects,  ORNL had 
under way severa l  containment programs. l o 2  A 
s t a t u s  report of t h e s e  projects  is presented in 
Table  3.5.1. T h e  b a s i c  concept  of t h e s e  sys-  
tems requires, f irst ,  a central  display panel in- 

'D. J. Knowles e t  af . ,  Znstrumentation and Controls 

'D. J. Knowles et al . ,  Instrumentation and Controls 
Div .  Ann. Progr. Rept. Sept. 1, 1962, ORNL-3378, p. 25. 

Div-  Ann. Pro&. Rept. J u l y  1, 1961, ORNL-3191, p. 33. 

dicat ing the  alarm condition of most of the  heal th  
phys ics  monitors in  a given facil i ty.  Second, the 
concept  requires a control output from the  system 
when a given combination of a i r  monitors reaches 
the alarm condition in  coincidence. In practice,  
the  control output will  change  the  air-handling 
equipment to  a n  emergency condition. T h i s  de- 
s ign concept  is compatible with the design con- 
c e p t s  of the  newer radiation safe ty  and  control 
s y s t e m s  (Sect. 3.1), and the  containment sys tems 
a r e  be ing  incorporated into t h e  radiation safe ty  
and control s y s t e m s  a s  necessary.  

. 
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Toble 3.5.1. Status of Instal lat ion of Containment Instrumentation 

Building Percent of 
Completion Location Description No. 

Radioisotope Production Laboratory (A) 3028 Building being revised to 75 
accommodate a new program. 

Existing containment system 
being expanded 

Radioisotope Production Laboratory (B) 

Radioisotope Development Laboratory 

Fiss ion Products Development Laboratory 

High Radiation Level  Examination Laboratory 

High Level  Radiochemical Laboratory 

3029 Air monitor alarm actuates 

containment 

3047 Air monitor alarm actuates  

containment. Expansion con- 
templated 

3517 Air monitor alarms actuate 
containment 

3525a Air monitor alarms and radia- 
tion monitor alarms actuate 
containment 

100 

100 

100 

100 

4501 Supervision only; no automatic 100 
containment 

High Radiation Level  Chemical Development Laboratory 4507' Air monitor.alarms actuate , 100 
containment 

aIncluded in Phase  I of Laboratory Radiation and Contamination System. 

'To be  included in Phase  I11 of Laboratory Radiation and Contamination System. 

3.6 TONE TELEMETRY SYSTEM 

J. H. Todd 

To maximize the utility of an instal led telephone 
system, a tone telemetry system was  designed tha t  
permits t h e  transmission of a two-state s ignal  over  
a pair of telephone l i n e s  without disruption to or 
interference with an  analog s ignal  already present  
on the  same lines.  T h i s  system h a s  been instal led 
and is presently in  u s e  with t h e  P r o c e s s  Waste 
Monitoring System a t  ORNL. A slightly modified 
system is be ing  instal led in t h e  ORNL Fal lout  
Monitoring System (Sect. 3.2). 

The  t e l e m e t q  system is composed of three units: 
(1) a tone transmitter with a self-contained 115-v 
ac power supply; (2) a receiver system, with an  
amplifier and detector,  which provides a d iscre te  

A. L. C a s e  

two-level d c  output signal;  and (3) a memory cir- 
cui t  and lamp driver. 

T h e  transmitter produces a 2.500-cps sine-wave 
output, which is adjustable  from 0 t o  6 v in  ampli- 
tude into a 600-ohm load. T h e  receiver is fre- 
quency se lec t ive  and h a s  a bandwidth of 150 c p s  
centered a t  the  2500-cps frequency. T h e  presence 
or a b s e n c e  of t h e  2500-cps tone on the  input of the 
receiver produces, respectively, a 0- or a -12.5-v 
d c  signal.  T h e  lamp driver l ights  e i ther  of two 
lamps. When a 0-v s ignal  is received, one  lamp is 
l i t  and remains s o  (because of the memory circuit) 
even though t h e  0-v s ignal  no longer is present. 
When a -12.5-v s igna l  is received, t h e  f i rs t  lamp 
goes  out and a second lamp is lit and remains so  
until  a 0-v s igna l  is received. 



4. Radiation-Detection Instruments and Components 

4.1 AIR ALPHA PROPORTIONAL COUNTER INSENSITIVE TO ATMOSPHERIC HUMIDITY 

A. M. R. Ferrari' 

A conventional alpha proportional counter which 
u s e s  air as t h e  counter gas  is sens i t ive  to high 
relative humidity of th i s  air and generates  spurious 
pulses  that  cannot be distinguished from ac tua l  
a lpha pulses .  It h a s  been found possible to op- 

'Abstract of paper published in Rev. Sci. Instr .  
33(10), 1047-50 (1962). 

'Formerly on loan from Instituto d e  F is ica  de San 
Carlos  d e  Bariloche, Argentina. 

C. J.  Borkowski 

erate s u c h  a counter satisfactorily with a i r  a t  
high relat ive humidity by pass ing  a small current 
(-15 ma) through the center wire. In th i s  manner, 
the center  wire is heated and t h e  relative humidity 
of the  surrounding shea th  of a i r  is reduced suf- 
f iciently so that  operation of the  counter with ai r  
a t  high relative humidity is comparable t o  op- 
eration with dry air. Two different mechanisms 
a r e  proposed for the formation of spurious pulses  
in such  a counter filled with air a t  high relative 
humidity. 

4.2 VARIABLE-APERTURE ALPHA PROPORTIONAL COUNTER 

W. T. Clay 

A gas-flow proportional counter (ORNL model 
Q-2541) was designed t o  measure the  uniformity 
and thickness  of a n  alpha-emitting isotope being 
electroplated either onto a flat plate  or inside a 
small-diameter cylinder. Periodic measurements 
on the extent  and uniformity of the deposit ion can  
be made during short  interruptions in the electro- 
plating process;  therefore, one can  readily con- 
verge upon the  desired deposition. Counter 
resolution was  not a major design criterion. N o  
detector that  met  all the  requirements of th i s  
application was commercially avai lable .  

T h e  detector  is coaxial  with a n  indexed cylin- 
drical  collimator, which can  b e  rotated t o  provide 
any one of s i x  different apertures (Fig. 4.2.1). 
Since the  measurements were t o  be made inside a 
contaminated cell, the collimator was  fabricated 
of s t a i n l e s s  s t e e l  to  simplify decontamination. 
T h e  s e a l e d  window into the  sens i t ive  volume of 
the detector is 0.00025-in.-thick, doubly alumi- 
nized Mylar fi lm. T h e  cost of fabrication and 
checking the detector is approximately $400. 

T h e  proportional region of operation was  chosen 
for the  detector,  because  there was  a need to 

4 6  
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Fig.  4.2.1. Variable-Aperture Alpha Proportional Counter. 

discriminate against  beta and gamma backgrounds, cm-*  plate  sou rce  through the smallest  aperture 
and a large range of act ivi t ies  could b e  handled. (f/64-in.-diam hole). Reproducible count ra tes  
T h e  detector  operating voltage is 1000 v when (+ lo%)  have been obtained with a t e s t  source.  
a gas  mixture of 90% Ar and 10% CH, is used 
a t  a low flow rate. T h e  plateau region is 300 The  electronics  for the  detector system includes 
to  400 v wide with a typical s lope  of 0.8% per a n  A1D linear amplifier, a posit ive high-voltage 
100 v. T h e  detector output was -2 x l o 3  supply, and a decade scaler (ORNL models Q- 
counts /sec when exposed t o  a 4 x 10' d i s  sec-' 1326A2, Q-2057, and Q-1743B respectively).  

4.3 ALPHA OR BETA-GAMMA RADIATION MONITOR 

F. M. G las s  E. E. Waugh 

T h e  ORNL model Q-2277 alpha or beta-gamma ra- 
diation monitor is a transistorized version of a pre- 
vious vacuum tube instrument (ORNL model 4-2091). 
Like i t s  predecessor,  the model 4-2277 instrument 
(Fig. 4.3.1) provides a 1-ma telemetering s ignal ,  
a 10-mv strip-chart-recorder s ignal ,  a n  alarm- 
control s ignal ,  and a n  audible indication of 
counting rate. A charge-sensit ive amplifier at 
the input eliminates the need for preamplifiers for 
remotely located detectors.  T h e  monitor performs 
equally well  with either Geiger-Mueller counters 

or alpha scint i l la t ion probes over a wide range of 
temperatures. 

Six ranges of the  monitor provide full-scale 
calibrations of 500, 1000, 2500, 5000, 10,000, 
and 25,000 counts/min. The  accuracy of the  
panel meter is +2.5% of full scale a t  2 5 T .  Circuit  
accuracy is +0.5%, excluding the  meter.  There 
is no measurable drift in the zero sett ing.  T h e  
calibration drift a s  a function of the l ine voltage 
is less than 0.1% per 20-v change and as a 



Fig. 4.3.1. Alpha or Beta-Gamma Radiation Monitor. 

function of temperature is l e s s  than O.l%/OC. 
T h e  charge sensit ivity is 5 x lo- '  coulomb/psec. 

s c a l e  counting lo s s  is nil for randomly spaced  
pulses  on a l l  ranges except  t he  20,000-count/min 
range. Th i s  range h a s  a counting loss of 2.25% 

a t  full sca le .  Circuit linearity is 0.2% for ran- 
domly spaced  pulses  on a l l  ranges except  t he  

Because  of spec ia l  compensation, t he  full- 20,000-count/min range, which has  a 2.25% de- 
parture from true linearity. For evenly spaced 
pulses,  t he  departure from true linearity is 1.5% 
(overcompensated) on a l l  s ca l e s .  

1 

. 

I 
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4.4 GAMMA-RAY MONITOR 

R. J. Scroggs 

. 

J. H. Todd 

A s  a supplement t o  the  ORNL Area Safety 
Program, a n  instrument was  developed that  
measures  both the  dose  rate  and  integrated dose  
in a gamma radiation field. T h e  instrument has  
two separa te  sec t ions :  a dose-rate monitor with 
an  alarm which can  b e  s e t  at any dose  rate f rom 
1 t o  12 r/hr, and a n  integrating dosimeter with 
fixed alarm points at 2 0  and 100  mr. 

The  dose-rate monitor (ORNL model Q-2274-1) 
is a gamma-sensitive, ionization-chamber-elec- 
trometer bridge circuit. T h e  monitor is powered 
by nickel-cadmium bat ter ies ,  which a re  kept 
continuously on trickle charge by line power. 
T h e  bat ter ies  provide power for continued short- 
term operation of the monitor whenever l ine power 
is disrupted and a l s o  render the  instrument port- 
ab le  for operation in  a reas  without l ine power. 
The  dose  rate  a t  which the  monitor will ac tua te  
an a l a rm is se lec ted  by se t t ing  a pointer on a 

H. N. Wilson 

me te r  relay mounted on the  front panel. Low- 
level  contac ts  i n  the  meter relay ac tua te  an  
alarm to warn of “instrument failure” if the  in- 
ternal c i rcui t  of the  instrument should fail.  

T h e  integrating dosimeter (ORNL model Q- 
2274-2) is a combined integrating ionization 
chamber and  a counting circuit. The  chamber 
produces one  pulse  per 0.2 mr of dose.  These  
pulses  a re  counted by scaler glow tubes,  and a t  
preselected values  of counts, the  20- and 100-mr 
a larms a re  actuated. The  alarm points can  b e  
s e t  a t  severa l  values  by changing the  connectors 
t o  other calibrated terminals on a terminal s t r ip  
on the  chass i s .  The  t i m e  period during which 
the  dose  is integrated can continue indefinitely, 
or it can  b e  set to  integrate the dose  for a de- 
s i red period of time, af ter  which i t  wi l l  be  reset 
automatically. Normally, the  dose  is integrated 
for success ive  8-hr periods. 

4.5 GAMMA-BACKGROUND INTEGRATOR 

R. W. Ingle 

A gamma-background integrator, ORNL model 
Q-2595, was  developed for monitoring a reas  of 
relatively low radioactivity. A prototype was  
fabricated and is now being evaluated for u se  in  
the  Laboratory perimeter air-monitoring system. 

T h e  instrument is a modification of the  portable 
a lpha counter, model Q-1975A.’ T h e  detector  is 
an  Anton 114/6993 halogen-quenched Geiger- 
Mueller tube, which may be  mounted within the  
c h a s s i s  or mounted remotely and connected t o  the  
c h a s s i s  by a coaxial  cable. Each  pulse  from the  
detector  records one count on a six-digit Sodeco 

. IF. M. Glass ,  Instrumentation and Controls Div .  
Ann. Progr. Rept .  J u l y  1 ,  1960, ORNL-3001. p. 8. 

mechanical register, and the counts  are con- 
tinuously totaled by the  register. Because  the  
paired-pulse resolution is approximately 30 m s e c ,  
counting l o s s e s  will b e  -1% for a normal (0.4 
count /sec)  background rate, but will b e  large 
(approaching 50% for 30 counts /sec)  i f  the  count- 
ing rate  exceeds  10 counts /sec.  

The  electronic  c i rcui t  is completely t ransis-  
torized. T h e  housing is similar to, but a l i t t l e  
larger than, the  housing for the  portable a lpha 
monitor. Nickel-cadmium bat ter ies ,  continuously 
recharged by l ine  power, supply electr ical  power 
for the  instrument and  provide continued short- 
term operation of the  instrument during electr ical  
outages.  T h e  bat ter ies  a l s o  provide for portable 
operation of the instrument. 
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4.6 PERSONAL RADIATION MONITOR: STATUS REPORT 

R. W. Ingle 

Because  of the  relatively short  battery life (2 
to 4 weeks)  of t h e  Personal  Radiation Monitor 
(PRM), ORNL model 4-2041, a new model (Fig. 
4.6.1) was  developed t o  achieve  a longer battery 
l ife and to  improve other character is t ics  of t h e  
monitor. Several units were constructed and a r e  
being evaluated. 

The  monitor currently in u s e  a t  ORNL requires 
a n  idling current of 1.5 to  2.5 ma.  T h i s  current 
drain required frequent battery replacement. Re- 
cently,  the  availabil i ty of low-cost s i l i con  t ransis-  
tors  makes poss ib le  t h e  design of a n  instrument 
with a n  idling current of 130 pa over a tempera- 
ture range of 0 to  1 3 0 T .  As  a result ,  the  battery 
l i fe  is extended to nearly 1 yr. 

T h e  physical  size and appearance of t h e  PRM 
were not changed from t h e  original model, and the 
principle of operation is the  same. T h e  changes  
which were made a r e  descr ibed in t h e  following 
discussion.  

In t h e  blocking-oscillator power supply, a s i l i con  
t ransis tor  is used  for Q1 instead of a germanium 
transistor.  With th i s  replacement, a reduction of 
t h e  no-signal osci l la tor  frequency from 100 to  
15  c p s  is possible .  Since t h e  average current 
(dc) required by a blocking osci l la tor  is a func- 
tion of its operating frequency and load condi- 
t ions,  and s i n c e  t h e  load requirement in t h e  
a b s e n c e  of radiation is nearly zero,  the  frequency 
may  b e  profitably reduced to 15 cps without a 
decrease  in instrument sensit ivity.  Another ad- 
vantage gained by t h e  u s e  of the  s i l icon t ransis tor  
is the improvement in t h e  temperature s tabi l i ty  of 
t h e  oscil lator;  temperature s tabi l i ty  i s  inherent in 
a s i l i con  transistor.  T h e  high leakage current of 
a germanium transis tor  makes i t  necessary t o  u s e  
temperature-sensitive components for s tabi l i ty  over 
temperature extremes. 

In t h e  original PRM, t ransis tors  91, 9 2 ,  9 3 ,  
and 9 4  of Fig. 4.6.1 were P N P  germanium tran- 
s i s tors ,  but  in t h e  new model, Q1 and 9 4  a r e  
s i l icon t ransis tors  ( 9 2  and Q3 a r e  s t i l l  germa-. 
nium). Furthermore, in  the  new model, only 93 

'R. H. Dilworth and C. J. Borkowski, Znstrurnenta- 
tion and Controls Div .  Ann. Progr. Rept. July 1. 1960, 
ORNL-3001, p. 22; R. H. Dilworth and C. J. Borkowski, 
Znstrurnentation and Controls D i v .  Ann. Progr. Rept.  
J u l y  1,  1961, ORNL-3191, p. 25. 
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Fig. 4.6.1. Low-Current Personal Radiation Monitor. 

is a P N P  type, while 91, 92 ,  and  Q4 a r e  NPN 
types.  T h e  lower cost of NPN transis tors  makes 
their  u s e  more economical, even  though their  u s e  
requires reversal  of t h e  high voltage from a nega- 
t ive t o  a posit ive 520 v as wel l  as reversal  of t h e  
GM tube connections. 

Two emitter followers, used in  t h e  original 
PRM as  a triggering device,  were replaced by a 
monostable multivibrator 93 and Q4, which re- 
quires  no  current unti l  triggered. With t h i s  multi- 
vibrator, severa l  advantages a r e  realized: 

1. T h e  new instrument is more sens i t ive ,  be- 
c a u s e  it c a n  produce a n  output s i g n a l  for each  
GM tube pulse.  In t h e  previous model, 20 GM 
tube pulses  were required for each  output s ignal .  

2. Because  t h e  output voltage from the  multi- 
vibrator is the  same for a s ing le  input s i g n a l  as 
for a saturat ing s igna l  (approximately 10 r/hr), 
t h e  audible  alarm frequency does  not change  with 
radiation intensity.  Only the  alarm rate  changes.  

3. Since the  audible  alarm frequency does  not  
chaiige with radiation intensity,  tuning is e a s i e r  
and is accomplished by adjust ing R2 for a n  
audible  alarm frequency of approximately 2800 
cps .  In t h e  original PRM, both R1 and  R2 were 
adjusted and  tuning was  more difficult  because  
the  audible  frequency changed when the  radiation 
intensi ty  increased.  

. 
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4.7 PARALLEL-PLATE FISSION CHAMBER FOR DETERMINATION OF a FOR U235 

M. M. Chi les  

T h e  value of a (the ratio of the neutron-capture 
c r o s s  sec t ion  to  t h e  neutron-fission c r o s s  sect ion)  
for U 2 3 5  and other f iss ionable  materials is im-  
portant t o  progress in  nuclear reactor technology. 
Several experiments a r e  planned a t  ORNL’ to  
determine this  ratio for U235, U 2 3 3 ,  and PuZ3’ 
a t  neutron energies  ranging from 1 e v  to 20 kev. 
A 5-in.-OD parallel-plate f iss ion chamber was  
designed and fabricated for t h e  experiments with 
~ 2 3 5  

T h e  f iss ion chamber was  placed ins ide  a large 
l iquid-scinti l lat ion gamma-ray detector,  and the 
values  of a were determined a t  severa l  neutron 
energies  within t h e  range previously mentioned. 
With th i s  device,  a can,  in principle, b e  deter-  
mined by analyzing t h e  gamma-ray pulses  from 
t h e  scint i l la t ion detector that  a r e  anticoincident 
with f iss ion pulses  from the f iss ion detector,  and 
the  gamma-ray pulses  that a r e  coincident with t h e  
f iss ion pulses.’ The  values  for a determined with 
this  chamber a r e  in  close agreement with the  
values  determined by independent invest igators  
employing comparable techniques. W e  bel ieve 
that the  accuracy of the  measurement c a n  b e  im- 
proved with a shorter chamber (to be made with 
c loser  spac ing  between electrodes),  which will  
reduce the  neutron transit  time through t h e  cham- 
ber. For  future experiments, s u c h  a chamber is 
being designed. Also, other chambers a r e  being 
designed to determine a f o r  U 2 3 3  and PuZ3’. 

The  f iss ion chamber was  irradiated by a 4-in.- 
diam beam of neutrons centered on the  a x i s  of 
the  chamber. To reduce the  error caused  by 
neutron capture in  nonfissionable material within 
this  4-in. diameter, the  plates  and end windows 
were made thin; that  is, the  p la tes  were fabri- 
cated from s p e c i a l  0.005-in. 1145-alloy, H-19 
aluminum foil, whereas the  end windows were 

~~~ ~~ 

‘By the ORNL Neutron Physics  Division. 

‘G. de Saussure et al . ,  Neutron Physics  Div. Ann. 
Progr. Rept. Sept. 1,  1961, ORNL-3193, p. 177. 

3G.  de Saussure et al . ,  Neutron Physics Div. Ann. 
Progr. Rept. Aug. 1. 1963, ORNL-3499, vol. 1,  p. 3. 

made 0.020 in. thick from 1100-alloy aluminum. 
Design and fabrication were complicated in that 
t h e  electr ical  connector, the gas  fi l l ing tube, 
O-ring seals, screws ,  and other such  components 
had to b e  located within the annulus between the  
4-in. and the  5-in. diameters of the  chamber, 
because  the  materials in these  components a r e  
characterized by relatively high neutron-capture 
c r o s s  sect ions.  During t h e  gas-filling process ,  
both s i d e s  of each  thin end window were evacu- 
a ted  a n d .  then fi l led along with the chamber 
volume to  prevent a pressure differential  from 
developing a c r o s s  the  windows. The chamber 
was  fi l led with a 97% Ar-3% CO, g a s  mixture to 
a pressure of 72 c m  Hg abs.  

In the  chamber, 30 plates  a r e  electrically con- 
nected in  parallel  (Fig.  4.7.1), 28  a r e  coated on 
both s i d e s  with highly enriched (99.888%) UZ3?,  
and t h e  two end plates  a r e  coated only on the 
inside.  To prevent oxidation of the aluminum 
while immersed in  t h e  electroplating bath,  a very 
thin z i n c  coat ing was  deposited on the  plates  
before t h e  U 2 3 5  was electroplated.  T h e  U 2 3 5  
layer  w a s  approximately 1 mg/cm2. A total  of 
4.534 g of U 2 3 5  was used in the chamber. 

Because  the  range of alpha particles from U Z 3 ’  
is greater than the  electrode spacing, the  elec-  
tronic pulses  from alpha particles a r e  not pro- 
portional to t h e  total  a lpha energy; hence, this  
design feature a i d s  in  discriminating aga ins t  the  
alpha particles.  However, if alpha par t ic les  
emitted from t h e  outer edge of a plated surface 
e s c a p e  beyond the  edge  of a n  adjacent  plate,  
they will  have  a longer ionization path and give 
r i se  to  a n  electronic pulse  equivalent t o  a pulse  
from a f iss ion particle. (This  is referred to  as 
edge  effect.) To minimize edge  effect ,  the  4- 
in.-diam layer  of U 2 3 5  was centered on the  4”/1- 
in.-diam plates ,  leaving a ?3 ,-in.-wide uncoated 
edge  on each  plate.  

Even though t h e  alpha pulses  a r e  a t tenuated as 
a resul t  of the electrode spacing,  t h e  natural  
alpha emission rate  is high enough to  c a u s e  a 
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uded spac ing  should b e  0.250 in. in combination with a 
with gas  pressure of 1 atm abs. Th i s  combination of 
:rode electrode spac ing  and gas  pressure yielded the  

best fission-fragment detection with the  optimum 
)RNL discrimination aga ins t  alpha pulse  pile-up. T h e s e  
ribed values were used  in the  design of this  new Ann. 

chamber. 
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NTER FOR THE 5- TO 35-kev ENERGY RANGE 

R. E. Zedler  

the  
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cathode counter is 8 in., and the  ins ide  diameter 
is 2% in. T h e  maximum outside length, including 
the  connector caps ,  is 10% in., and the  cathode 
outside diameter is 2'/2 in. T h e  anode is a 4-mil 
tungsten wire. T h e  counter is filled to a pressure 
of 73 c m  of xenon and 6 c m  of methane. 

Four beryllium windows, '/4 by '/2 in. and 0.010 
in. thick, a r e  vacuum sea led  to the  counter with 
epoxy cement. Two of these  windows a re  mounted 
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diametrically opposite each  other and in the  
center  of t h e  s i d e  of t h e  cathode. T h e  other two 
windows a r e  mounted axially opposi te  each  other 
and in  the  end  plates  of the  counter (Fig.  4.8.1). 

To obtain maximum resolution for t h e  5- to  
14-kev range, the  counter is oriented s o  that the  
beam enters  a s i d e  window. To obtain t h e  higher 
absorption efficiency (Fig. 4.8.2) needed for t h e  
14- t o  35-kev range, the  counter is rotated 90° 
s o  that  t h e  beam enters  a n  end window. T h e  
second window of each  pair s e r v e s  a s  a n  ex i t  
for unabsorbed x-ray photons. T h e s e  photons 
p a s s  through the  window and do  not produce any  
background of fluorescent radiation. 

The  length of field tubes in proportional counters 
is usual ly  made equal  t o  the  ins ide  diameter of the 
counter. When the  proper voltage is applied t o  the 
field tubes relative to  that of the  anode  wire, the  
g a s  amplification factor for e lectrons produced by 
the  ionizing events  is uniform over the  exposed 

'A.  R. Lang, J. Sci. Instr. 33(3), 96 (1956). 

anode  wire. However, no  electrons a r e  col lected 
from t h e  volumes defined by the length of the  
field tubes.  . T h e  field tubes in  this  counter 
a r e  made very short  (t6 in. long) to  eliminate 
th i s  dead s p a c e ,  which would result  in  a large 
l o s s  in detection efficiency when t h e  x-ray beam 
travels  axially through the counter. Because  the  
field tubes  a r e  short  relative t o  the inside diameter 
of the counter, the  gas  amplification factor is not 
uniform over t h e  ent i re  length of the anode wire. 
Nevertheless, the  practice is t o  ad jus t  the  field- 
tube potential  unti l  maximum resolution is achieved 
with t h e  x-ray beam pass ing  axially through t h e  
counter. T h e  exac t  field-tube potential  d o e s  not 
affect  the  resolution of the  detector when t h e  beam 
p a s s e s  through the  s i d e  window, because  the ioni- 
zat ion is confined t o  a smal l  region over which the 
g a s  amplification is uniform and is independent of 
t h e  field-tube effect. 

T h e  counter h a s  a resolution of about  13.5% 
for t h e  5- to  35-kev energy range when used as 
descr ibed above, and may be operated a t  counting 
rates  of up to 50,000 counts/sec. 

. 
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4.9 NEW GAMMA IONIZATION CHAMBER 

H. R. Brashear 

A new gamma ionization chamber was  designed 
and fabricated commercially according t o  ORNL 
spec i f ica t ions  for u s e  a t  ORNL. Th i s  chamber, 
ava i lab le  in ORNL Stores, complements the  ORNL 
standard 2-in.-diam chamber (ORNL model No. 
Q-2045), but has  better saturation charac te r i s t ics  
(5 to  1000 v applied chamber voltage) (Fig. 4.9.1) 
and h a s  a useful range of 25  mr/hr t o  l o 5  r/hr. 

The  chamber is filled with 4.37 atm of xenon 
over a 5-in. ac t ive  length, which yields a sens i -  
tivity of 4 x lo-" amp/r/hr. Phys ica l  dimen- 
s ions  a re  0.937 * 0.005 in. OD and 7 2  in. in 
length, including the  cable  connector. The  cham- 
ber housing is made of s t a in l e s s  steel, with all-  
welded construction. An O-ring seals the  s ing le  
two-pin connector aga ins t  moisture. The  cos t  of 
the chamber is less than $300. 

R. K. Abele 
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4.10 ION CHAMBER FOR DEPTH-DOSE MEASUREMENTS IN A WATER PHANTOM 

M. M. Chi les  

In connection with t h e  ORNL Space  Program, 
experiments were performed by the  Neutron P h y s i c s  
Division t o  invest igate  t h e  radiation exposure 
that would b e  experienced in a manned spacecraf t  
from high-energy proton radiation. A 42-cm-diam 
s h e l l  made of methyl methacrylate (Lucite) was  
filled with water and exposed to  t h e  primary 
(160-Mev) proton beam from the  Harvard University 
synchrocyclotron and to the  secondary radiation 
from targets  of different shielding materials 
(water, aluminum, carbon, copper, and  bismuth) 
which were placed in t h e  proton beam. The  ion 
chamber descr ibed in this  a r t ic le  was  located a t  
various posi t ions inside the spherical  water-filled 
phantom (Sect. 4.12) t o  measure t h e  radiation d o s e  
from both the  primary and the  secondary radiations. 

All e lectrodes and components in  the  vicinity 
of t h e  radiation detector cavi ty  were constructed 

‘F. C.  Maienschein and T. V. Blosser, The Depth- 
Dose Distribution Produced in a Spherical Water-Filled 
Phantom b y  the Interactions of a 160-Mev Proton Beam, 
ORNL-3457 (June 7, 1963). 

of materials similar t o  water in  atomic structure,  
for example, methyl methacrylate or polyethylene. 
T h e  electrodes were coated with a carbon-particle 
suspens ion  (‘dag’) for e lectr ical  conductivity. 
Connectors and other metal par ts  were located 
approximately 5 in. behind t h e  center  of the de- 
tector t o  minimize contributions to t h e  d o s e  
measurements from nonhydrogenous materials. 

T h e  internal volume of the  ion chamber is 
21.6 cc and is spherically shaped  for isotropic 
effect  (Fig.  4.10.1). 

Four ion chambers were constructed; two were 
filled with ethylene g a s  and two with a 97% 
Ar-3% CO, g a s  mixture. T h e  gas pressure was  
75 cm Hg a b s  in all four chambers. 

Gas  diffusion occurred through the  0.125-in. 
Luci te  wal l  and was  accompanied by a continuous 
decrease  i n  sensi t ivi ty  of the  detectors.  To 
correct for t h e  decrease  in sensi t ivi ty ,  the  cham- 
bers  were calibrated aga ins t  a known standard 
source  before e a c h  experimental run. 
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4.11 TARGET AND COUNTER HOLDER FOR RADIATION SHIELDING EXPERIMENT 

T. F. Sliski 

T h e  Neutron Phys ic s  Division is conducting, as 
part of t he  Space  Shielding Program, experiments 
in neutron and proton spectroscopy. These  ex- 
periments a r e  aimed at providing experimental 
data  for validating theoretical  calculations on the 
design of radiation shielding for s p a c e  vehicles.  
In t h e  experiments with protons, a cyclotron is 
used as  t h e  proton source. Three  design criteria 
were required of the apparatus t o  execute  t h e s e  
experiments: (1) a means for locating the  proton 
beam from the cyclotron, (2) a means for holding 
various targets  in and concentric with the  proton 
beam, and (3) a means for positioning different 
detectors in  a polar coordinate sys tem about the 

H. J. Stripling, Jr. 

target. A target and counter holder was  designed 
and fabricated t o  sa t i s fy  these  three requirements. 

The  device (Fig. 4.11.1) cons i s t s  of a cross-  
shaped frame which is positioned f la t  on the 
floor and is fitted with level-adjusting sc rews  a t  
the four extremities of the cross.  A socke t  is 
at tached t o  the frame at the intersection of the 
c ros s  members. The  socket  accep t s  the center  
post  and allows i t  to  pivot about a horizontal and 
a vertical  axis .  It a l s o  allows for vertical  adjust-  
ment of the center post  over a range of 4 in. T h e  
outs ide diameter of the center post  is s tepped  t o  
provide for vertical  location of three detector 
arms which may b e  positioned at any horizontal 

Fig. 4.1 1.1. Target and Counter Holder for Radiation Shielding Experiment. 
. 
. 

I 
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angular position about the  center  post. Each arm 
is fit ted with a s l i d e  for mounting detectors and 
for adjust ing the  radial  d i s tances  of the detectors 
relative to the target. 

T h e  target is. placed in a target holder, which 
fits a socke t  a top the center post .  At e i ther  end 
of the longer frame member, a n  end post  is at-  
tached to t h e  frame by a s l i d e  with which the  
position of the  end post  c a n  b e  adjusted along 
the frame member. Two s l i d e s  mounted a t  the  
top of e a c h  end post provide 4 in. of vertical  and 
4 in. of horizontal (crosswise the  longer f r ame  

member) adjustment for different fixtures a t tached 
t o  the  top s l ide.  T h e s e  fixtures include photo- 
graphic f i l m  holders, a profile te lescope,  and 
pivoted cradles  which c a n  be used with a n  align- 
ment bar when aligning the center  post. 

T h i s  device was  used in numerous experiments 
at the Harvard University synchrocyclotron. It 
h a s  s i n c e  been fi t ted with shorter center  and end 
pos ts  for u s e  a t  the  Oak Ridge Isochronous Cy- 
clotron. T h e  modifications were required because  
the  proton beam a t  Oak Ridge is located about 
6 in. lower than the  one a t  Harvard. 

4.12 DOSIMETER FOR SPACE SHIELDING STUDIES 

T. F. Sl iski  

In the Space Shielding Program, proton-induced 
reactions in sh ie lds  a r e  a major concern (Sect. 
4.11). One a s p e c t  of the  problem involves meas- 
urements of the  ionization produced in a t i s sue-  
l ike material by secondary particles result ing 
from proton reactions with various targets.  A 
dosimeter was  designed and fabricated for making 
t h e s e  measurements. 

The  dosimeter cons is t s  of four principal com- 
ponents.  The  f i rs t  component is a water-filled 
methyl methacrylate spherical  phantom, 42 c m  in 
diameter (Fig. 4.12.1). This  phantom simulates  a 
man in terms of density,  total  weight, and the way 
primary radiations a re  attenuated and secondary 
radiations are produced. T h e  second principal 
component is an  ion chamber (Sect. 4.10). Third 

H. J. Stripling, J r .  

is a remote-control positioner for locating the ion 
chamber a long a diameter of the sphere.  Fourth 
is a positioner for locating the sphere relative to  
a target held in alignment with a proton beam from 
a cyclotron. T h i s  positioner is at tached to the 
center  post of the  target and counter holder (Sect. 
4.11) which holds the  target in alignment with the 
proton beam. 

T h e  sphe re  positioner provides five degrees of 
freedom, two translational and three angular: the 
sphere may be moved vertically on a l ine parallel  
t o  the vertical  a x i s  of the  target, i t  may b e  moved 
horizontally in a radial  direction relative to  the 
target, it may b e  moved in a horizontal orbit 
about the  target, and i t  may be rotated about i t s  
own horizontal and vertical  axes .  
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Dosimeter for Space Shielding Studies with Dummy Rod Inserted in  Place of ton Chamber. 
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4.13 LITHIUM-DRIFTED SILICON RADIATION DETECTORS 

R. E Zedler  

Because  they p o s s e s s  properties which can be 
profitably exploited in beta particle and high- 
energy heavy particle (e.g., proton) spectrometry, 
lithium-drifted s i l i con  radiation detectors a r e  
being produced for u s e  a t  the Laboratory. 

The  fabrication process and equipment a re  
s i m i l a r  t o  those  described by Blankenship and 
Borkowski. 'p2 Silicon wafers 2.1 c m  in diameter 
(ingot diameter) and 4 mm thick a re  lapped on 
both surfaces .  A heavy layer of lithium is evapo- 
rated on one face. T h e  lithium is alloyed into 
the s i l i con  a t  4 5 0 T  for 15 min in an  argon- 

- 

'J. L. Blankenship and C. J. Borkowski, Znstrurnen- 
tation and Controls D i v .  Ann. Progr. Rept. Sept. 1,  
1962,  ORNL-3378, p. 21. 

2Section 1 .1  of this report. 
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atmosphere furnace. The  result ing s h e e t  re- 
s is t ivi ty  is 0.6 ohm/cm2. T h e  lithium is then 
drifted completely through the  wafer a t  a tem- 
perature of 115% and a t  400 to  500 v applied 
across  the  wafer. Approximately 0.015 in.\ is 
then lapped off the back face. The  remaining 
s l i c e  is heated to  3 0 0 T  for 15 min to  restore 
the junction and is then heated a t  8 5 T  and with 
500 v reverse b ias  for 1 hr to  redistribute the  
lithium. 

Detectors prepared a s  described are  characterized 
by resolutions of 19 kev for the 0.972- and 1.045- 
Mev conversion electrons of B i 2 0 7  at liquid- 
nitrogen temperature and 130 v reverse bias .  
T h e  1.68- and 1.75-Mev conversion electrons of 

a r e  measured with a resolution of 27 kev. 
Figure 4.13.1 shows a typical spectrum for 

~ i 2 0 7  

~ i 2 0 7  
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Fig.  4.13.1. Bismuth-207 Spectrum Determined with Lithium-Drifted Diode. 



5. Data Handling and Computation 

5.1 DIGITAL ANALYZER SYSTEM FOR NEUTRON TIME-OF-FLIGHT STUDIES 

J. W. Woody 

Oak Ridge National Laboratory participation in 
the SNAP ' program includes neutron time-of-flight 
s tudies .  One component of the  data-acquisit ion 
complex is a n  analyzer system whose time span  
is readily adjusted with a knob sett ing.  A digital  
system w a s  se lec ted  to accommodate th i s  feature 
because  it is more compatible t o  the u s e  of com- 
mercially avai lable  components. 

T h e  time-of-flight measurement is ultimately 
based on a 10-nsec-resolution time-interval meter ,  
which is gated on and off by a n  appropriate nu- 
clear event. T h e  output of the time-interval m e t e r  
is fed into a small BCD (binary coded decimal) 
ari thmetic unit. I t  is this  BCD arithmetic unit 
which lends t h e  analyzer  system t o  time-span 
expansion or contraction. T h e  output of the t i m e -  

'Space Nuclear Auxiliary Power. 

J. L. Lovvorn 

interval meter i s  simply divided by a n  appropriate 
factor before i t  is fed t o  the  BCD arithmetic unit. 
A Technical  Measurements Corporation 400-channel 
analyzer  memory is used as the  system memory; 
hence,  the  b a s i c  time span  is 4 p e c ,  s i n c e  the  
t imer  resolution is 1 0  nsec.  Because  the  number 
of channels  is fixed, expanding t h e  t i m e  span  by 
a given multiple reduces the  effect ive sys t em 
resolution by the s a m e  factor. 

T h e  present analyzer  system can  b e  made to  
operate with a 10,000-channel memory without 
any major a l terat ions t o  t h e  data-acquisit ion 
complex. T h e  corresponding channel widths would 
be narrowed accordingly. 

Recently,  a time-interval meter with a 1-nsec 
resolution w a s  obtained. It will  replace t h e  
present 10-nsec-resolution timer and will  yield 
a tenfold increase in resolution. 

5.2 X-RAY SCANNER 

J. W. Reynolds 

B. E. Fos te r '  R. W. McClung' T. F. Sl iski  
S .  D. Snyder' K. E. Toomey' 

Because  heat  transfer values and neutron flux each  fuel plate;  consequently,  the fuel distribution 
levels  a r e  very high in the HFIR, close l i m i t s  in each  fue l  plate  must b e  measured after the  
must b e  placed on the fue l  distribution within plate  h a s  been fabricated.  Conceptually, t h e  

measurement is accomplished by scanning the  
plate  with collimated x rays and detect ing those  
which a r e  transmitted through t h e  plate. F u e l  
densi ty  variations a re  manifested a s  variations 

'Metals and Ceramics Division. 

'Plant and Equipment Division. 
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in the  absorption of the transmitted xrray beam. tection system. It will  be  used t o  examine fuel 
Resul ts  to  da te  indicate that the  prototype system plates  for the HFIR crit icali ty experiments and 
will  perform with an  accuracy of % 1%. to provide t h e  ultimate manufacturer of the fuel 

A pilot model is under construction and will in- elements with a production prototype. 
corporate a n  ion-chamber and electrometer de- 

5.3 NONLINEAR LEAST-SQUARES FITTING APPLIED TO GAMMA-RAY 
SCINTILLATION DETECTOR RESPONSE FUNCTIONS’ 

R .  0. Chester  R. W. Peelle’ F .  C. Maienschein’ 

Pulse-height spectral  response functions for 
three gamma-ray scint i l la t ion spectrometers have 
been fi t ted t o  empirical interpolation functions, 
using a nonlinear least-squares method. An IBM 
7090 was used  t o  determine the solut ions t o  the  
normal equat ions which arise in the  i terative 
procedures required to  obtain the  fi t t ing param- 
eters. Th i s  work was undertaken in an  effort t o  
obtain objective f i ts  t o  experimental response 
functions,  including plausible error es t imates  on 
output parameters. 

T h e  pulse-height spectra  were obtained as part 
of a n  experiment t o  determine the prompt gamma- 
ray spectrum assoc ia t ed  with the thermal f iss ion 
of U Z 3 ’ .  A single-crystal  (1 in. by 12 in. diam) 
spectrometer was  used for the  energy range below 
400 kev. T h e  energy ranges above 400 kev were 
covered by pair and Compton scint i l la t ion spec -  
trometers. 

Calibration pulse-height spectra  for the spec-  
trometers were taken with sources  of known dis- 
integration rates  placed in the region occupied 
by the U235 f iss ion chamber during the  experi- 

‘Abstract of paper presented at  the Symposium on 
Applications of Computers to Nuclear and Radio- 
chemistry, Gatlinburg, Tenn., October 1962; Proc. 
Symp. A p p l .  Computers Nucl. and Radiochem., NAS- 
NS-3107, pp. 201-12. 

’Neutron Physics  Division. 

ment. Source strengths were determined with a 
477 ionization chamber standardized by coinci-  
dence measurements. 

Each  response function approximates in a s ingle  
complex formula the counts per pulse-height 
interval a s  a nonlinear function of the  pulse 
height, the input gamma-ray energy, and a set of 
empirically determined parameters. T h e  form of 
the response function was se lec ted  to  minimize 
the number of parameters needed for a fi t  to the 
data. Consideration was given t o  physically 
reasonable extrapolation of the response function 
to  input gamma-ray energies outs ide the  range of 
avai lable  data.  

A modified Gauss-Seidel method of ana lys i s  was 
employed to  determine the fi t t ing parameters. That  
is, the  response function was  approximated by the 
value of the response function a t  a previously 
estimated set of parameters plus the first-order 
terms in a Taylor s e r i e s  expansion in  parameter 
differences. Set t ing the  derivatives of the  weighted 
residual sum of squa res  to  zero gave a correction 
to  the  estimated set of parameter values.  T h i s  
process  was i terated until there was no noticeable 
improvement to t h e  residual sum of squares .  

Included in the  response function a r e  t h e  param- 
e te rs  which descr ibe the  spectrometer peak effi- 
ciency as a function of gamma-ray energy; thus,  
spectral  s h a p e  and efficiency problems a r e  solved 
in one operation. 
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5.4 APPROXIMATE MODELS FOR DISTRIBUTED-PARAMETER HEAT TRANSFER SYSTEMS' 

S. J. Bal l  

T h e  u s e  of dimensionless-parameter frequency the sur face  of a semi-infinite sol id  due t o  t e m -  
response diagrams t o  determine accuracies  of perature fluctuations of an  adjacent  fluid; and 
lumped-parameter approximations is demonstrated the  response of a counterflow heat  exchanger t o  
by two examples: calculation of the heat  flux a t  inlet  fluid temperature perturbations. Dimension- 

l e s s  system parameters make it possible  to u s e  
a function of t h e  frequency of perturbation. Such 

'Abstract of paper presented at  1963 Joint Automatic plots are directly appl icable  to  control-system 
stabi l i ty  problems, where the highest  frequency of 

Control Conference, University of Minnesota, June 
19-21, 1962; Preprints of Technical Papers, Fourth 
Joint  Automatic Control Conference, AIChE, pp. 131-9. interest  is usually apparent. 

5.5 APPLICATION OF DATA-LOGGING SYSTEMS 

R . K .  Adams C. D. Martin R. E. Whitt 

Two data-logging sys t ems  were instal led and 
severa l  others were modified, as follows: 

1. A single-channel (punched paper tape)  data  
logger was  instal led to  record quantitative spectral-  
ana lys i s  data from the Analytical  Chemistry Divi- 
s ion  Quantometer. 

2. A 30-channel punched-paper-tape logger was  
installed'  to  invest igate  data acquisit ion and re- 
duction techniques at t h e  GCR-ORR Poolside 
Capsule  Faci l i ty  (Sect. 6.4). 

3. A 60-channel punched-paper-tape logger was  
modified for the  Chemical Technology Division 
(Fig. 5.5.1). 

4. A spectrophotometer logging system was ex- 
panded to record data from two spectrophotometers. 

5. A single-channel (punched paper tape) data  
logger is being constructed for application t o  
optical-spectrum data reduction. 

6. A 100-channel, medium-speed da ta  system 
(CSC MILLISADIC) is being renovated for appli-  
cation t o  t e s t  engineering experiments which re- 
quire data  acquisit ion rates  up to 400 channels /sec.  

All  the  above equipment is operational;  however, 
the ultimate success fu l  u se  of s u c h  sys t ems  de- 
pends on the  development of input programs which 
will  al low the  logged data to  b e  fed directly into 
digital-computer data-analysis programs without 
intermediate manual treatment. Input programs for 
each  of t h e  s i x  sys t ems  above have been or a re  
being written (Sect. 5.7). 
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a 

Fig. 5.5.1. Modified 60-Channel Punched-Paper-Tape Data Logger. 
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5.6 DEVELOPMENT OF DIGITAL COMPUTER CODES FOR SYSTEMS ANALYSIS 

S. J. Ball  

Analytical frequency-response methods a r e  often 
not attempted in complex problems of sys tems 
control and  ana lys i s  because  of the prohibitive 
amount of hand calculat ing which must b e  done; 
consequently, severa l  computer codes  have  been 
written t o  exploit  these  analyt ical  methods. 

“Samulon’s method,” an  accurate  means of 
computing frequency-response plots from s tep-  
response data ,  is useful for experimentally de- 
termining instrument and component character is t ics  
as  wel l  a s  the  character is t ics  of a complete system. 
A FORTRAN code was  written which c a n  accom- 

1 modate up t o  200 points of s tep-response data and 
ca lcu la tes  magnitude, ratio, and phase a s  a func- 
t ion of frequency. 

It is known that  frequency-response plots a r e  
useful in  es t imat ing t h e  frequency-dependent 
accuracy of lumped-parameter approximations of 
distributed-parameter systems by comparing ana-  

lyt ical  solut ions of the  Laplace-transformed, dis-  
tributed system equations with typical  lumped- 
parameter transfer functions. T h e  approximate 
models for particular components or sys tems - 
with their  l imitations exposed - c a n  then be used 
in the  simulation of t h e  entire system on a n  analog 
or digi ta l  computer. Such codes  have been written 
for slab-geometry diffusion problems and for 
counterflow hea t  exchangers. Codes for other 
typical  sys tems a r e  planned. 

To aid in a frequency-response ana lys i s  of a n  
ent i re  system, a code was  written which computes 
the  closed-loop frequency response of arbitrarily 
complex multiloop systems,  given the  frequency 
responses  of the  components and the  form of the  
closed-loop equation. 

A simple code h a s  been written which computes 
the  frequency response of the  l inearized neutron 
kinetic equations with s i x  delayed neutron groups. 

5.7 INTERFACE PROGRAMMING 

R. K. Adams E. G. Davisson C. D. Martin 

Exis t ing automatic data-acquisit ion sys tems ex- 
hibit  a high degree of reliability; however, errors 
of two bas ic  types occasionally occur. T h e  

format error” is a machine-generated error in  
the  data-acquisit ion system output (number of 
characters  per word, word separator symbols, 
number of words per block, block separator  symbol, 
etc.). Such errors a r e  particularly troublesome 
and c a n  resul t  in the  premature termination of a 
digital-computer data-analysis program, usually 
before any  resul ts  a r e  obtained, so  that  even 
one  error in  many thousands of data  words is 
intolerable.  In addition to  format errors, t h e  da ta  
sys tem may record “wrong numbers” because  of 
sys tem malfunction or process  noise.  Wrong-number 
errors do  not lead to  premature termination of 
t h e  da ta  ana lys i s  program, but the accuracy of the  

r r  

analys is  is adversely affected i f  such  errors a r e  
not detected and eliminated. 

Computer programming techniques a r e  needed 
which recognize the  primary sensor  l imitations,  
physical  experiment design factors,  and da ta  
system restrictions (speed, accuracy, etc.), and 
which attempt to d o  error correcting and da ta  
edit ing.  T h i s  type  of programming may b e  ca l led  
r c  data  acquis i t ion system interface programming,” 
because  i t  provides the  interface between t h e  ex- 
periment (and da ta  system) and t h e  digi ta l  com- 
puter. Interface programming provides for rec- 
ognition of format errors and corrects  the  format, 
or eliminates t h e  particular data  item which is 
affected by t h e  error; wrong-number errors a r e  
accommodated by provisions in the program which 
ana lyze  da ta  trends and discard wild points. 
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T h e  portion of interface programming which in- read-in program for the 60-channel, Chemical 
volves data  edi t ing is widely recognized a s  a Technology Division, Unit Operations data  logger 
difficult  problem. Nevertheless,  several  s u c c e s s -  and the program for t h e  Volatility P i lo t  P lan t  data 
ful  programs have been written which recognize logger. T o  da te  no success fu l  generalized data 
the specif ic  character is t ics  and error tendencies  editing, correcting, and checking programs have 
of a particular data-logging system and accom- been devised; nevertheless work on generalized 
modate format errors via a n  edi t ing procedure. methods is being continued. 
Two of these  in present u s e  are the CDC-160A 

5.8 PROPOSED METHOD OF DATA REDUCTION FOR EGCR CONTROL-ROD-PROTOTY PE TESTS 

R. K. Adams C. D. Martin 

t 

A computer program was  required t o  process  
data  acquired by a digital  magnetic-tape system 
for the  evaluation of velocity and acceleration 
character is t ics  of reactor control rods.’ In an  
ini t ia l  phase of th i s  study, a curve-fitting proce- 
dure was  developed for smoothing the digital  data 
and putting i t  in a form that  could be eas i ly  
manipulated to obtain the  control-rod velocity and 
accelerat ion character is t ics .  Th i s  procedure was 
applied t o  the  scram retarder system originally 
proposed for the  EGCR by AIlis-Chalmers.* T h e  
position-vs-time character is t ic  derived from a math- 
ematical  model of this  system is shown in Fig.  
5.8.1. However, the retarder system was  modified 
in the course of development to  such  a n  extent 
that  t h i s  computer program could not be used. A 
graphic plot of position vs time for the modified 
system (Fig. 5.8.1) shows that  the  rod is retarded 
momentarily a t  a position about 38 in. from the  
crash s top  during a scram from 175 in. T h i s  re- 

J. W. Reynolds, Instrumentation and Controls Div. 
Ann. Progr. Rept. Sept. 1, 1962, ORNL-3378, p. 38-9. 

’Allis-Chalmers Manufacturing Company, “Study 
I1 - 401 Control Rod Drive System, Description and 
Design Criteria, Experimental Gas Cooled Reactor, 
June 9, 1961.” 

1 

tardation occurs in drops from any height down 
to a few inches,  and is the main factor in the  
modified system that  voids the original program. 

A general  purpose program was  written which is 
designed t o  accommodate a l l  data obtained by 
the digi ta l  magnetic-tape system, regardless of 
the retardation scheme used. Curve smoothing 
and derivative extraction are accomplished by a 
numerical convolution method which f i ts  a third- 
order polynomial t o  the  data by the least-squares 
criterion. 
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Fig.  5.8.1. Scram Tests of EGCR Control-Rod Drive. 
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5.9 THERMOCOUPLE CALIBRATION COMPUTER PROGRAMS 

C. D. Martin 

A computer program was  developed for cali- 
brating thermocouples in the  Standards Laboratory 
(Sect. 7.10) of this Division. T h e  program requires 
inputs of standard-thermocouple emf, standard- 
thermocouple temperature correction, and t e s t -  
thermocouple emf. The  computer converts t hese  
e m f  va lues  to  temperature, us ing  the  appropriate 
tab les  from NBS Circular 561; corrects the  
standard temperature; and computes the test-ther- 
mocouple error. The  standard temperature, test- 
thermocouple e m f  and temperature, and t e s t -  
thermocouple error are then printed out by the  
computer. The  cos t  of the program is about 7~ 
per calibration point, including keypunching the  
data on IBM cards.  The  program is currently 
operational on both the IBM 7090 and CDC-1604A 
computers. 

From th i s  work the  following guide on the  u s e  
of NBS thermocouple tab les  was  developed: 

1. T h e  NBS thermocouple tab les  represent a 
compromise average of the emf-temperature rela- 

R. K. Adams 

tion of thermoelectric materials; therefore, for 
work where accuracy greater than +0.75% is re- 
quired, spec ia l  calibration of the  thermocouple is 
needed. 

2. The  precision of the NBS tab les  in Circular 
No. 561 is not cons is ten t  from table to  table. 
For ins tance ,  the  values expressed in Tables  1, 
3, 5, 7, and 9 are rounded interpolated values ob- 
tained from the  corresponding Cels ius  (centigrade) 
Tab le s  2, 4,  6, 8, and 1 0  respectively. The  
Fahrenheit  t ab les  a re  calculated from the Cels ius  
tab les .  Therefore, the  Cels ius  even-numbered 
tab les  in  P a r t  I of NBS Circular 561 are  preferred. 

Another computer program has  been developed 
which accep t s  inputs of platinum res i s tance  
thermometer cons tan ts ,  and computes and prints 
a table of res i s tance  vs  temperature for 1' in- 
crements from - 2 4 9 T  to  + 4 9 9 T .  Th i s  program 
will be  incorporated in the  thermocouple calibra- 
tion program to  accommodate platinum res i s tance  
thermometers as  standard temperature sensors .  
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6. Process Instrumentation and Control Systems Engineering 
6.1 SYSTEMS DESIGN GROUP ACTIVITIES 

Bernard Lieberman 

During th i s  report period, t he  Systems Design Manpower for design and engineer- 
Group was  ac t ive  on 22 projects  (Table  6.1). The 
cos t  of instrumentation ranged from $2000 to Separate reports on a few of these  projects are 
$360,000; the  total cos t  of the  22 projects was  given in  the following sect ions.  

$1.4 million. 
ing of these  projects totaled 150 man-months. 

Table 6.1. Summary of Systems Design Group Act iv i t ies  

Project 

Percent Comple- 
tion on July 1 

Cost of Engineering 
Instrumentation and Drafting 

Total Cast 
(dollars) 

(dollars) (man-months) 1962 1963 

Nuclear Safety Pilot Plant 450,000 100,000 11.25 0 50 

TRU production facility 8,700,000 360,000 50 10 30 

ORR scrubber improvemente b 12,000 2.25 100 100 

LITR process instrument system b 40,000 8 0 100 

updating 

ORR drawings and specifications b 3,500 3 0 80  

updating 

Desalinization reactor, fuel fabrica- 0.75 100 

tion study 

Radiochemical processing and Kilorod b 30,000 8.5 0 100 

Pilot Plant modifications 

Source fabrication facility 340,000 10.000 

Rover Program, Bldg. 3503 100,000 25.000 

In-pile loop instrumentation b 15,000 

Th-U fuel cycle development 7,000,000 350,000 

Metals and Ceramics. move to new 1,000,000 (approx.) 60,000 
building 

Pot calcination, Cell 1 180,000 15,000 

Vacuum pit instrumentation and alarm 
system revisions. Bldg. 4047 

b 2,000 

Low-Level Waste Treatment Pilot 60,000 

Plant 

Waste treatment improvements 1,700,000 

Transuranium development facility 750.000 

Harvard foam tests  62,000 

Containment control instrumentation b 

for Bldg. 3019 

Poblside facility in ORR 80,000 

In-pile experiment a t  the E T R ~  60,000 

Volatility Pilot Plant modifications b 

2.7 0 85 

2.25 0 100 

8 0 80  

2.5 0 10 

5 65 100 

3 

0.75 

20,000 5 

80,000 8 

46,000 

13,000 

17,000 

50.000 

26,000 

65,000 

6 

2 

7.5 

0 75 

0 100 

0 100 

0 60 

0 95 

0 100 

0 80  

1.75 0 95 

4 90 100 

8 c C 

sNot previously reported. 
*Instrumentation was installed in an existing facility. 
‘This is E continuing, open order. 
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6.2 INSTRUMENTATION FOR ORNL EXPERIMENT 41-8 AT THE ENGINEERING TEST REACTOR 

A. H. Malone 

An instrument system was designed and fab- 
ricated for the Reactor Chemistry Division experi- 
ment 41-8, conducted in the  Engineering Test 
Reactor (ETR) at Idaho Falls. The  console  in- 
strumentation (Fig. 6.2.1) was subjected to ex- 
tens ive  tests and evaluation using analog simula- 
tion of t h e  experimental sys tem before be ing  
shipped to the  ETR. 

Experiment 41-8 cons is ted  of a number of beryl- 
lium oxide samples  encapsulated and placed in  
the  radiation field of t h e  ETR. The  experiment 
was  divided into four channels,  each  channel con- 
taining four sample capsules .  The  instrumentation 
for each  channel is identical ,  although the  operat- 

B. C. Duggins 

ing conditions for individual channels  vary wit1 
the  type of sample. 

The  sys tem was  designed to measure and contro: 
t he  temperature of these  capsu le s  with changes 
in reactor power level. The temperature of thc 
capsu le s  is controlled by varying the  ra t io  ol 
helium to argon in a gas  mixture surrounding thc 
test samples.  The  resulting change in  the  thermal 
conductivity of th i s  mixture is used  to  regulatc 
t he  rate of hea t  transfer from the  sample to the 
reactor cooling water. The  instrument systerr 
cons i s t s  of gas-flow recording instruments, tem. 
perature recording and controlling instruments, 
pressure recording instruments, and high- or low- 

- 

I Fig. 6.2.1. Panel Board for Experiment 41-8. 
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limit alarms. All  a larms are  annunciated a t  the  
panel  and may, as required, b e  incorporated in  

, the  reactor alarm and safe ty  circuit .  Provision 
was  made to  monitor all temperatures on t h e  cen- 
tral  data-logging system of t h e  ETR. 

A physical  analog-part e lectr ical  analog com- 
puter simulation of experiment 41-8 was  connected 
to t h e  instrument panel board for the  experiment 
t o  evaluate  t h e  performance of t h e  temperature 
control instrumentation and to allow a preinstal- 
lat ion check-out and adjustment of t h e  instruments 
(Fig. 6.2.2). For  t h i s  simulation, a tubing net- 
work which approximated the  restriction t o  g a s  
flow in a channel housing the experiment was  
connected to the helium-argon piping a t  the  panel  
board, and a desk-top analog computer t o  s imulate  
the  thermal response of a s ingle  specimen was  

connected t o  the  panel board temperature control 
instruments through appropriate transducers.  
Since each  experiment channel  was  t o  b e  entirely 
independent of all others,  i t  was  possible  t o  check 
out and ad jus t  all the  instruments on the  panel 
board by uti l izing the  above scheme and working 
with one channel  at a time. 

After t h e  system was  instal led a t  t h e  ETR by 
Phi l l ips  Petroleum personnel, s tar tup a s s i s t a n c e  
was  provided by t h e  Instrumentation and Controls 
Division. The  instrument se t t ings  developed 
during the  analog simulation permitted a very 
smooth s tar tup and essent ia l ly  eliminated t h e  
problems usual ly  assoc ia ted  with the s tar tup and 
adjustment of an  in-pile experiment. The  system 
h a s  been operating successfu l ly  for about a year. 

UNCLASSIFIED 
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Fig. 6.2.2. Diagram of Simulated Experiment 41 -8. 
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6.3 OXYGEN SEPARATION PLANT 

L. H. Chase  

The  instrumentation and control sys tem for the  
Oxygen Separation P l a n t  was  designed and in- 
s ta l led  in 1961-62; t h e  plant is now i n  routine 
operation and h a s  reached approximately 50% of 
isotopic  equilibrium. During t h e  past  year, four 
extremely low-range (0 to  20 and 0 to 300 ml/day) 
flowmeters were instal led,  and a n  instrument 
system was  added to record the  power to the  steam 
generators.  

The  plant separa tes  0” from natural  oxygen 
by t h e  isotopic  dis t i l la t ion of water in  a s ix-  
column ,disti l lat ion cascade ,  followed by a 13- 
column gas-phase thermal-diffusion cascade .  
Since 1 to  2 y r , i s  required for the plant to reach 
isotopic  equilibrium, the b a s i c  instrumentation 
problem was  t h e  need for 100% reliability. 

Reliabil i ty considerat ions led t o  t h e  u s e  of 
manual control i n  all appl icat ions where automatic 
control was  not essent ia l .  For  example, manual 
control va lves  and flow indicators  were used for 
regulating the  flow of feed and reflux s t reams and 
for controll ing t h e  two product s t reams,  e a c h  
flowing at a rate  of 2 0  ml/day of isotopical ly  en- 
hanced oxygen gas .  

The  most ser ious component failure that c a n  
occur is failure of the  heaters  i n  t h e  steam gen- 
erators ,  with t h e  attendant loss of the isotopic  
distribution ex is t ing  i n  the dis t i l la t ion columns 
a t  t h e  t i m e  of failure. To reduce the  probability 
of s u c h  a failure,  the  hea ters  a re  energized con- 
tinuously a t  reduced voltage by a control system 
which a c t s  to  maintain cons tan t  s team pressure  
i n  the  boilers.  

6.4 POOLSIDE EXPERIMENTAL FACILITY IN THE ORR 

A. H. Malone 

An instrumentation sys tem was  provided t o  
measure and control the  temperatures of speci-  
mens of structural  mater ia ls  while being irradiated 
i n  t h e  ORR. 

The  facil i ty,  proposed by t h e  Solid State  Divi- 
s ion ,  will  allow the  irradiation of s i x  c a p s u l e s  
containing material  samples .  Res is tance  hea ters  
adjacent  to  each  sample supplement the  radiation 
heat ing and allow control of the sample tempera- 
ture. Because  of t h e  low power (less than 500 w) 
and high speed  of response of these  heat ing ele- 
ments, a temperature controller tha t  could b e  ad- 
jus ted  through a wide range of operating condi- 
t ions was  required; temperature must b e  maintained 
t o  less than 1% of the  full  operating range. 

Special  packaging was  required to ins ta l l  36 
control uni ts  tha t  could b e  e a s i l y  replaced and 
maintained because  the ava i lab le  s p a c e  was  too 
smal l  t o  accommodate s tandard ORNL panel  
boards. A panel of modular construction (Fig.  
6.4.1), requiring access only from the  front,  was  
designed to accommodate 36 L e e d s  and Northrup 
Speedomax-H recorders with current-adjusted tem-  
perature controllers and s i l icon  controlled rec- 
t if ier (SCR) power uni ts  driven by magnetic am-  
plifiers. Space was  inadequate  in  t h e  control 
room to u s e  other types  of proportional controls,  
s u c h  as magnetic amplifier and saturable  reactor. 
T h i s  was  t h e  first  l a r g e s c a l e  attempt at ORNL 
to  apply SCR power controllers.  
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6.5 NUCLEAR SAFETY PILOT PLANT INSTRUMENTATION 

Corbett Brashear 

The  Nuclear Safety Pilot Plan t  is a facil i ty 
for performing experiments to determine the char- 
acteristics of the release,  dispersion, and dep- 
osi t ion of f iss ion products obtained by fusing 
irradiated reactor fuels . '  Such an accident  is 
simulated by directing the jet of a plasma torch 
on fue l  specimens in a flowing gas  s t r e a m  of  
e i ther  helium, nitrogen, argon, oxygen, or air. 
After t h e  fuel specimens have melted and the 
f iss ion products are dispersed in a containment- 
v e s s e l  model, various experiments are performed 
t o  determine where specif ic  types of activity a re  
deposited and to evaluate  the problems associated 
with decontamination of the  containment vesse l .  

The design of the instrumentation and control 
system for the  Nuclear Safety Pi lot  Plant  is 50% 
complete, procurement of instruments and equip- 
ment is 80% complete, and installation is 20% 
complete. 

Among the  unusual problems encountered be- 
c a u s e  of the  spec ia l  nature of  the plant were: 

1. To measure by remote means the temperature 
of melting UO, while being heated by a plasma 
torch a t  about 28OOOC. An automatic optical-  

'L. F. Parsly, Jr., Nuclear Safe ty  Pi lo t  Plant Haz- 
ards Summary Report, ORNL-TM-683 (Oct. 4, 1963). 

brightness recording pyrometer was investigated 
and appears to  be promising. 

2. To maintain, by remote means,  equipment 
located inside the sea led  ce l l  and to s e a l  a l l  
l ines  penetrating the ce l l  walls.  

3. To measure g a s  flow rates through an  extreme 
range from 0.03 to 1000 s c f m  and to measure the  
specif ic  gravity through a range from 0.138 to 
1.38. 

4. To control the release of gas  from the  con- 
tainment-vessel model after completion of an ex- 
periment, at a rate  determined from t h e  concentra- 
tion of radioactivit ies in  the s tack gas.  

5. To sample automatically the atmosphere of 
the  model containment vesse l .  Both the sampling 
period and the time between samples will be ad- 
justable  from the operating panel board. Fallout 
ins ide  t h e  containment vesse l  will b e  sampled 
automaticaIly. 

6. To design the  system in  such a manner that  
any component (even in the sea led  cell) may b e  
replaced with minimum effort. All components 
in the sampling train will be separated by valves 
and flanges. 

The  c o s t  of t h e  instrumentation and control 
system will  b e  about $100,000, or 22% of the  
overall  project cos t .  About $30,000 was saved  
by install ing renovated surplus instruments. 

6.6 INSTRUMENTATION FOR THE HIGH-RADIATION-LEVEL EXAMINATION LABORATORY 

C. S. Lisser 

G. W. Allin J. E. Inman V. A .  McKay 

The  . High-Radiation-Level Examination Lab- tem, an intercommunication system, cabling for 
more than 430 leads  connecting out-of-cell con- 
trol panels  to in-cell  equipment, and two remotely 

oratory (HRLEL), a 13-unit h o t c e l l  facil i ty,  was 
previously described. ' Since that report, 17 de- 
v ices  for remote handling and examination of 
hiehlv radioactive sDecimens were comde ted .  

Y <  

'C. S .  Lisser e t  al.,  Instrumentation and Controls designed' and were such genera' Dive Ann. Progr. Rept.  July  1, 1961, ORNL-3191, 
building faci l i t ies  a s  a radiation monitoring s y s -  pp. 46-50. 
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. 

controlled c l o s e d c i r c u i t  television systems.  
A total  of 170 instrumentation drawings were 
made. Installation and check-out of some of the 
in-cell equipment was  s tar ted and will b e  con- 
tinued until  the  faci l i ty  is operational, probably 
in  l a t e  1963. 

One of the instruments instal led s ince  the las t  
report is the  gamma-ray spectrometer,’ which was  
designed for the  determination of gamma-ray spec-  
tra a t  very high source intensi t ies .  Although the  
detector l i m i t  is lo4  counts /sec,  the high source 
intensi t ies  are  accommodated by a variable-aper- 
ture collimator having a high attenuation factor. 
Preliminary measurements with a 100-mc Co60 
source show that the primary and secondary col- 
limators’ can b e  aligned to allow uncollided 
photons to  reach the detector;  however, experi- 
mental confirmation of the calculated attenuation 
factors cannot be obtained until  a high-intensity 
source is instal led i n  the  HRLEL spectrometer 
cell. A 512-channel analyzer  is being provided 
for the spectrometer readout to  replace the origi- 
nal  256-channel display.  

‘Designed by V. A. McKay and G. W. Allin, Instru- 
mentation and Controls Division. 

Another instrument t o  be installed is a remotely 
operated analyt ical  balance.  A Voland Speedigram 
balance of 200 g capacity and +5 x lo-’ g sen-  
s i t ivi ty  was equipped for remote operation and 
readout. To operate the balance,  10-step/revolu- 
t ion stepping motors and 36O/step rotary swi t ches  
are aligned and coupled t o  each of the  three origi- 
nal  mass control rods of the balance,  and a s tep-  
ping motor and a contact-making digi ta l  counter 
are linked t o  t h e  fine-adjustment chain drive. 
Rear-projection uni ts  display the mass readout 
numbers a t  the panel. The  circuitry of the modi- 
f ied balance will accommodate the addition of a 
tape printer t o  the readout. 

The  cabling installation incorporates a recent 
development in large-size,  heat-shrinkable molded 
boots to  obtain a pressure-tight transition from 
condui ts  to connectors and cables .  The boots 
prevent the exchange of atmospheres between the 
c e l l s  and operation areas .  

For radiation monitoring, 22 monitors were in- 
s ta l led  a t  various locations throughout the  build- 
ing.  Fai lure ,  off-limit conditions, and normal op- 
eration are indicated for each monitor on a central  
panel. 

’ 6.7 EMERGENCY PANEL FOR THE RADIOCHEMICAL PILOT PLANT 

M. B. Herskovitz 

A graphic instrument control panel (Fig.  6.7.1) 
was designed and fabricated and is being instal led 
a t  the Radiochemical Pi lot  P lan t ,  Building 3019. 
T h e  instal led panel, which will cos t  approximately 
$17,000, is 90% complete. 

The  building ventilation functions,  radiation 
levels ,  and certain process variables will  b e  
indicated or recorded on the panel. Cell-ventila- 
tion inlet  louvers will b e  controlled from the panel 
t o  i so la te  and contain contamination from any 
process  mishap. 

The  annunciator portion of the  panel is unique, 
in  that  a large number of monitored variables are  
displayed in a small  area (600 avai lable  points 
i n  1 2  ft’), and the  annunciators can  eas i ly  be 
rearranged t o  meet changing requirements. T h e  
annunciator display cons is t s  of a grid system on 
which geographical portions of the building are  
indicated along the  horizontal ax is  and various 
physical  functions are  displayed a t  specif ic  levels  
along the  vertical  axis .  

A relay-rack portion of the annunciator system 
will b e  remotely located t o  conserve graphic dis- 
play s p a c e  on the  panel board. 
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t h e  f o a m  to decay to  a l iquid residue,  and remove 
t h e  residue which car r ies  away the  entrained radio- 
activity.  

An instrumentation and control system was  de- 
s igned,  fabricated,  and instal led to provide t h e  
following: 

1. controls for sa fe ly  performing the experiments, 
i n  which radioactive iodine and f iss ion prod- 
uc ts  were released i n  the  cel l ;  

2. instrumentation for monitoring and controlling 
t h e  degree of containment during the tes t s ;  

3. controls for removing the  liquid residue and 
gases after the  tes t s .  

Some of t h e  instrumentation removed from the  
Homogeneous Reactor Test Fac i l i ty  (HRT) was  
renovated for u s e  i n  these experiments. Addi- 
t ional funds were s a v e d  by using instruments 
purchased for other projects,  but which were not 
needed until  after completion of t h e s e  experi-  
ments. T h e  total  cost of additional instrumenta- 
tion was  $13,000. The  total cos t  of t h e  project 
was  $60,000. 

6.9’ SCHEDULING 

C. S. L i s i e r  

T h e  considerable increase  i n  the  amount of work 
done annually by the Instrumentation and Controls 
Division led to  a more formalized handling of 
scheduling. 

Beginning in  August 1962, t h e  P r o c e s s  Control 
and Instrumentation Section of the  Division estab-  
l ished a system of work schedul ing based  on a 
modified vers ion of t h e  critical-path method. 
Type-of-work and time coordinates a r e  included 
(Fig. 6.9.1). The  information i n  Fig.  6.9.1 shows 
pictorially the  progress of a s ingle  job. T h e  
es t imates  for al l  j a b s  shown on many modified 
c r i t i ca l  paths  a re  consolidated to  show t h e  sched-  

In t h e  graphic representation i n  Fig.  6.9.2, the 
nonscheduled, routine work load and vacations 
a r e  combined with the scheduled work. 

T h i s  system was  subsequently adopted for the 
whole division, and a full-time scheduler w a s  
added t o  the  staff. Approximately 45 projects  
have been scheduled,  and the schedul ing system 
is considered fully operational.  Additional groups 
of engineers ,  draftsmen, and craftsmen, not lo- 
ca ted  a t  Building 3500, are now being included 
i n  the schedul ing program. Monthly issues of 
all schedul ing information a r e  transmitted to  
interested parties. Steps are  being taken: (1) t o  

uled work load and manpower distribution for each accumulate feedback information to permit deter-  
divisional facil i ty,  s u c h  as a shop, and a s h e e t  mination of scheduling and estimating accuracy 
is prepared, as  shown in  Fig.  6.9.2, for e a c h  from t h e  history of finished projects;  and (2) to 
facil i ty.  provide a computer-processed schedul ing system 
jobs  and the  manpower scheduled for each  job  to generate  work order l is t ings and engineering 

The  tabulation in Fig.  6.9.2 shows a l l  

during a 22-week period for a fabrication shop. load graphs. 1 
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Fig.  6.9.2. A Typ ica l  Manpower and Time Estimate Sheet for a Shop. 



7. Process Instrumentation Development 
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7.1 TELEMETERING OF LIQUID LEVELS IN WASTE STORAGE TANKS 
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! 

T h e  system for telemetering the liquid l e v e l s  in 
24 imtermediate-level was t e  s torage tanks to the 
Central Operating Faci l i ty  (Building 3105) was  
redesigned, and installation is partially complete. 
T h e  system gave dependable serv ice  for 12 yr; 
however, due  t o  increased and extensive mainte- 
nance work required to  keep it in operation, the 
present system is being replaced by a two-wire 
telemetering system and an  improved null-balance 
electronic system of higher accuracy. 

In the  new system (Fig. 7.1.1), a common power 
supply feeds  each  of 24 transmitters through 

I I 23 OTHER UNITS 
I 
I 
I 

S A M E  AS - f  

ABOVE U N I T  

one conductor of a telephone l ine  and a common 
ground. A cascaded  Zener-diode regulating sys-  
t e m ,  with the  final diode temperature compensated, 
regulates the voltage to  the transmitting slide-wire 
a t  1.0 v k 0.2%. T h e  slide-wire is a ten-turn 
potentiometer, which is driven mechanically by the  
tank float movement. T h e  0- to  1.0-v s ignal  is 
transmitted t o  Building 3105 through the  other 
conductor of the  telephone l ine  and the  same com- 
mon ground. Two lZpoin t ,  1.0-v recorders s c a n  
and print out  t h e s e  voltages,  which a re  directly 
proportional t o  tank level.  

\ 

UNCLASSIFIED 
ORNL-DWG 64-4209 

. 

Fig. 7.1.1. Instrumentotion for Telemetering Waste-Tank Liquid Levels.  
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7.2 CONTINUOUS MEASUREMENT OF HEXAVALENT CHROMIUM 

. 

T. M. Gayle  

A method for continuously monitoring the concen- 
tration of hexavalent  chromium in the  effluent 
stream from a Darex process  dissolver  was  devel- 
oped for the  Chemical Technology Division. 

T h e  work of Gens '  on t h e  continuous dissolution 
of zirconium reactor fuels  in  titanium equipment 
showed that e x c e s s  Cr6', whi le  not  necessary  for 
t h e  dissolution reaction, was  required for protec- 
tion of the titanium system aga ins t  corrosion by 
the e x c e s s  fluoride which must  b e  present to 
achieve a sat isfactory dissolution rate. Gens also 
noted that the level  of e x c e s s  C r 6 +  in  t h e  effluent 
was  indicat ive of t h e  reaction ra te  and could be 
used  as a control variable for t h e  addition of sol- 
vent. 

Two methods of ana lys i s  were investigated: 
ultraviolet  absorption in  the  region of 260 mp, and 
oxidation potential  measurements with a gold- 
potassium chloride electrode system. Flow-type 
instruments for both methods were fabricated and 
tested.  T h e  oxidation potential  measurements 
proved the  more successfu l ,  and subsequent  
laboratory demonstrations were made us ing  th i s  
type of measurement. 

Initially, a platinum-calomel e lectrode system 
was  tried in t h e  laboratory; however, poisoning of 
the platinum by components i n  t h e  dissolver  ef- 
fluent was  too rapid for dependable operation. 
Gold was  tried in  p lace  of platinum, wit$ excel lent  
results.  Basical ly ,  the  electrode reaction system 
is represented by: 

assumed to be: 

Cr20 ,  + 6e- + 14H30+  2 C r 3 + +  21H,O ; 

E ,  = -1.36 v . 

T h e  total  potential  is 0.2450 v minus 1.36 v, or 
approximately -1.118 v, which agrees  well with 
the  experimental values.  The  shif t  in  oxidation 
potential  with pH was  not considered, although it 
undoubtedly occurs.  After successfu l  demonstra- 
tion runs, it was  assumed that as long as reagent 
feed composition rat ios  were maintained, the  effect  
of pH on oxidation potential  would b e  entirely 
reproducible. 

Figure 7.2.1 shows  a diagram of a system that  
could b e  used  in  a pilot  plant for continuous con- 
trol. 

UNCLASSIFIED 
ORNL-DWG 64-1210 

FEED 

5 . 5 M  H N 0 3  
0.4M HBFa 

Cr6+ CONCENTRATION 
RECORDER CONTROLLER 

: Liquid : 
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WATER I I  

CONTINUOUS SAMPLE C E L L  WITH DISSOLUTION I ' 
T h e  s tandard half-cell potential  of a saturated 0 . 4 6 5 1  Zr  1 F A u - K C l  ELECTRODES 

2 .8M F calomel e lectrode is 0.2450 v, including the  liquid 3 M H N 0 3  

junction.' The Cr3', Cr6' half-cell potential is F z  5.5MN03 
' 

0.4M B 
0.6M Cr3' 
0.4M Cr6' 

105'C 'T. A. Gens, Continuous Dissolution of Zirconium 
Reactor Fue l s  in Titanium Equipment: Laboratory 
Demonstration, ORNL-TM-395 (Jan. 23, 1963). 

G.  J. Janz and D. J. G. Ives, Reference Electrodes, 
p. 160, Academic Press, New York. 1961. 

Fig. 7.2.1. Automatic Control of a Dorex Dissolver 2 

Based on Oxidation-Potential Measurements. 
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CHROMIUM CARBIDE 

7.3 DYNAMIC GAS THERMOMETRY 

E. W. Hagen 

T h e  investigation of dynamic g a s  thermometry a s  
a method for making in-reactor high-temperature 
measurements was  continued. ',' T h e  system under 
development employs the  predictable temperature- 
pressure relation of a g a s  flowing through two 
nozz les  in  ser ies ,  a t  sonic  velocity,  to  determine 
temperature. T h e  investigation is directed toward 
developing a general-purpose temperature meas- 
uring system which will b e  unaffected by prolonged 
exposure to temperatures in  e x c e s s  of lOOO'F, or 
to radioactivity. T h e  s tudy w a s  init iated when 
application of a pneumatic temperature-measuring 
(PTM) system was  proposed for the  EGCR. Informa- 
t ive da ta  and consul t ing serv ices  were supplied to  
t h e  local PTM-EGCR program. 

A sl ight  change  in  the  physical  character is t ics  of 
a small nozzle  will appreciably a l te r  the flow 
calibration and t h e  accuracy of a dynamic g a s  
thermometer. ' Therefore, three nozzles ,  in addi- 
tion to  those  previously reported, l P 2  were tes ted  
for flow-coefficient s tabi l i ty  by thermally cycl ing 
them from 200 to  1200°F (rise time of 10 min, 
holding time a t  1200'F of 50 min, cooling t ime of 
20 min) and by exposing them to  sonic  flow veloci- 
t i e s  in  a helium atmosphere a t  temperatures from 
1000 to 1600'F for extended periods of time. 

Two of t h e  nozz les  were made from type 304 
s t a i n l e s s  steel, s i n c e  nozzles  made of th i s  mate- 
rial will b e  used  in  the  EGCR-PTM system. As 
expected, the smal les t  nozz le  showed t h e  la rges t  
percentage change  in flow coefficient,  and the  

'H. M. Hochreiter, Instrumentation and Controls Div. 

'E. W. Hagen, Instrumentation and Controls Div. Ann. 

Ann. Progr. Rept. July 1, 1961. ORNL-3191, pp. 57-60. 

Progr. Rept. Sept. 1, 1962. ORNL-3378, pp. 47-48. 

l a rges t  nozzle  showed t h e  smal les t  change  (Table  
7.3.1). Only t h e  total  change in va lue  of flow 
coefficient is shown, because  neither the e lapsed  
time for each  t e s t  nor the  time between calibration 
checks  was  the s a m e  for these tes t s .  In future 
t e s t s ,  nozz les  fabricated from carbides ,  tungsten 
alloys,  and from oxides  and ceramics  of aluminum 
and beryllium will b e  investigated.  

Unlike ear l ier  reported tests on nozzle  material 
stabil i ty,  t h e  s h a p e  of t h e  flow-coefficient curve 
did not  change  during t h e  t e s t  runs. However, 
changes were effected by t h e  welding and brazing 
of t h e  nozz les  into sec t ions  of t e s t  loop tubing 
(Fig.  7.3.1). 

Welding and brazing techniques a re  being investi-  
gated to find a sat isfactory way to fas ten nozz les  
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Fig. 7.3.1. Stability of F l o w  Coefficients for Stainless 

Steel and Chromium Carbide Nozzles. 

Table 7.3.1. Change in F low Coefficients of Nozzles After Thermal Cycling and Sonic F l o w  

Nozzle No. Material 
Hours in Change in 

Sonic Flow Coefficient 
Throat Diameter Number of 

(in.) Thermal Cycles 
(%I 

102 304 s ta in less  s tee l  0.005 20 50 -25 

109 304 s ta in less  s tee l  0.0115 195 62 -8.1 

150 Chromium carbide 0.023 82 393 -2.0 
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of sapphire ,  tantalum, tungsten alloys,  etc., into nozzle  is being calibrated for th i s  system demon- 
s t a i n l e s s  s t e e l  tubing. Mounting the nozzle  strator. 
f irst  into a col lar  of a metal having a n  intermediate 
coefficient of thermal expansion h a s  produced 
promising results.  A chromium carbide nozz le  was  
pressed-fitted into a copper ring, and t h e  uni t  was  
pressed into a type 304 s t a i n l e s s  steel holder 
having t h e  same  wal l  th ickness  as  that of the  
copper ring. T h i s  assembly was  then copper 
brazed. Repeated cycl ing i n  an argon atmosphere 
from 200 to 1200’F produced n o  evidence of leak- 
age,  nozzle  cracking, or deformation of the nozzle  
holder - all of which plagued ear l ier  work with 
cemented carbide nozzles. 

A temperature measuring system util izing minia- 
ture nozzles ,  0.0025 in. and 0.005 in. in throat 

In cooperation with t h e  EGCR-PTM program, a 
l i f e  t e s t  on a one-third-scale nozz le  was  conducted 
in  a n  environment simulating reactor operating 
conditions of pressure, temperature, and g a s  com- 
position. T h e  nozz le  flow coefficient w a s  checked 
and monitored throughout 1300 hr of continuous 
tes t ing,  which is the  equivalent of 17.8 yr of ser- 
v ice  in t h e  proposed PTM system. At t h i s  constant  
temperature of 1050°F, the flow coefficient s ta -  
bil ized’ within 150 hr  and the  final value differed 
from t h e  init ial  value by 0.75%; variations after the  
first  150 hr were not discernible.  T h e  change of 
0.75% amounts to an  error of +25’F. 

diameter and made from type 304 s t a i n l e s s  s t e e l  
welded into >8-in. s t a i n l e s s  s t e e l  tubing, h a s  suc-  
cessful ly  measured furnace temperatures up to  
1600’F. Although the  repeatabil i ty of the system 
was  within 0.1%, the  ratio of the  computed tempera- 
ture obtained from the  system to  the actual  furnace 
temperature w a s  not constant.  It varied linearly 
with t h e  high temperature. T h i s  discrepancy was  
traced to a change  in the effect ive throat a rea  
of the  hot nozzle  ( s e e  nozzle  No. 102 in  T a b l e  
7.3.1) caused  by material instabil i ty and partial  
plugging by foreign particles.  A new probe 
assembly us ing  a 0.005-in. tantalum-tungsten hot 

T h e  requirements for studying the s tabi l i ty  of a 
full-size PTM nozzle  were determined, and tes t ing 
faci l i t ies  both a t  ORNL and at the  nozzle  manu- 
facturer’s plant were investigated.  A performance 
demonstration of t h e  PTM system was  observed a t  
t h e  manufacturer’s plant,  where the  complete PTM 
system operated satisfactorily.  A typical new 
nozzle  of t h e  type recommended by the General 
Electr ic  Company was  obtained and was  subjected 
to metallographic examination a t  ORNL. T h e  
nozzle  flow surface,  a nitrided type 304 s t a i n l e s s  
s tee l ,  showed both longitudinal and t ransverse 
cracks.  

7.4 VACUUM ION GAGE AND CONTROLLER 

J. H. Todd G. A. Holt E. E. Waugh 

A cold-cathode ion gage t o  b e  used as a vacuum 
indicator and controller (ORNL model No. 4-2572) 
was  designed for general u s e  on vacuum sys tems 
a t  the  Laboratory. T h i s  instrument was  designed 
t o  provide a simple, reliable,  and accurate  vacuum 
gage with a control function incorporated. Tests 
have  shown th is  instrument to  b e  at l e a s t  as  
accurate  as ex is t ing  vacuum ion gages, even with 
its simplified circuitry. Also s tabi l i ty  with l ine 
voltage variation is superior to ex is t ing  vacuum 
ion gages. Reliabil i ty is enhanced by t h e  sim- 
plicity of the  circuitry. 

T h e  instrument is cal ibrated in three ranges, 
covering 1 x torr to 1 x torr. An indi- 

cat ion can  b e  obtained from 2.5 x to 1 x lo-’ 
torr. A control s igna l  in  t h e  form of a relay actua- 
tion can  b e  obtained from 0 to 100% of full scale 
on any range. T h e  contac ts  of th i s  relay, rated a t  
5 amp, c a n  b e  used  to  control equipment that  could 
b e  damaged by ei ther  a loss or  decrease  in  vacuum. 

A circuit  monitors the  high voltage and ac tua tes  
the  alarm relay if t h e  high voltage falls below a 
set value. 

T h e  system c o n s i s t s  of a regulating transformer, 
a half-wave rectifier, alarm circuits,  and a meter- 
controller module. 
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POWER CONTROL UNITS 

7.5 PROPORTIONAL POWER CONTROL UNIT EMPLOYING SILICON CONTROLLED RECTIFIERS 

J. L. Horton 

A proportional power control unit employing 
sil icon controlled rectifiers (ORNL model Q-1699- 
G) was  designed and built. Th i s  unit is similar 
t o  the relay-type power control units (ORNL models 
Q-1699-A and -B) now in use.  

Automatic temperature control sys tems for small 
furnaces and experiments a re  used  in great num- 
bers a t  ORNL. Commercially available recorder- 
controllers and ind ica tor tont ro l le rs  require auxil- 
iary equipment to make a complete control system. 
Combining th i s  auxiliary equipment into modular 
units designed for flexibility, as well as safety,  
reliability, and controllability, h a s  provided a 
great sav ing  in engineering and maintenance man- 
power in the p a s t  decade. The  advent of the  sili- 
con controlled rectifier (SCR) h a s  allowed a re- 
duction in size and weight of such  units, as well 
as improved control in some applications. 

Units incornorating the  firing c i rcu i t s  and fuses  

Commercial manufacturers are being encouraged 
to produce an identical  o r  comparable unit. I t  is 
expected that such  a commercial unit  will b e  avail- 
ab le  in the  near future. 

The  unit  designed and built a t  ORNL in small 
quantit ies is for se rv ice  on 120-208-230 v, 60-cycle 
ac systems, for loads  up to 20 amp. Fea tures  
which a re  incorporated include plug-in connec- 
t ions to other system components, circuit  breakers 
for both the  load and t h e  controlling instrument, 
and backup safety relays,  a l l  of which were found 
necessary or des i rab le  in earlier units. The  re- 
quired control s igna l  is 0 to 5 m a  at 0 to 15 v dc. 
Minor modification of the  input allows control from 
almost any commercial proportional controller with 
a dc  output. A running-time meter is optional. 
Figure 7.5.1 shows the  front view of the  rack 
mounting unit. Total enclosure, in a shee t  metal 

Fig. 7.5.1. Rack-Mounting Unit. 
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Fig. 7.5.2. Chassis of Power Control Unit. 

7.6 NOISE PROBLEMS ASSOCIATED WITH SILICON CONTROLLED 
RECTIFIERS USED IN POWER CONTROL 

J. L. Horton 

A study of the  transient and  radio-frequency 
noise  problems assoc ia ted  with si l icon controlled 
rectifiers (SCR) in power control c i rcu i t s  is con- 
tinuing. The  s i z e s  of commercially available SCR 
uni t s  for handling medium and high power a re  very 
attractive for power control. Their increased u s e  
in commercially built equipment, as well as  in 
some ORNL-built equipment, requires that all 

associated problems be  understood and accommo- 
dated. 

T h e  SRC is bas ica l ly  a high-speed switch with 
a turn-on t ime  of 0.5 psec or  less. For  6 0 c y c l e  ac 
power control, t he  usua l  configuration employed is 
two SCR uni t s  connected parallel-inverse (back to 
back) in one  s i d e  of t he  l i ne  between the  supply 
and t h e  load. One SCR fires on each  half cycle, 
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switching on rapidly a t  s o m e  point within the  half 
cycle  and conducting until  t h e  end of the  half 
cycle. The  other SCR repeats  the action on the  
other half cycle. T h e  transient due to  the rapid 
redistribution of energy in  the system during and 
immediately following the  switching of the SCR 
is a source of rf interference. T h e  magnitude and 
character is t ics  of t h e  t ransient  are primarily a 
function of the  system parameters, that  is, volt- 
ages ,  res is tances ,  inductances,  and capaci tances ,  
and their distribution. T h e  switching t ransients  
from an SCR a r e  essent ia l ly  the same a s  those of 
power contactors operating under s i m i l a r  condi- 
tions, except  that  t h e  repetition rate  is much 
greater (120 per second)  and the  switching may 
always occur a t  the  peak of the voltage, thus 
giving maximum transient amplitude. Interference 
is propagated by two means: transmission along 
the supply and load line, and electromagnetic 
radiation. 

T h e  se r iousness  of the interference problem is a 
function of many factors,  for example, the sensi-  

tivity of the  instrumentation and equipment con- 
nected to  and located near  the SCR control equip- 
ment, and t h e  mode of interconnection through 
power and other circuits.  Pulse-counting instru- 
mentation (such as radiation counters and digital  
data  systems)  and wide bandwidth, high-input- 
impedance instrumentation a r e  generally qui te  
sens i t ive  to  the  type of interference considered 
here and must b e  protected. Because  of the  wide 
variety of equipment in u s e  a t  ORNL and the  
diversity of locations,  each  instal la t ion will be 
considered separately.  

From resul ts  of the  study to  date,  i t  appears  that  
no  universally applicable cure-all will b e  available. 
Therefore, it is recommended that each proposed 
SCR power-control installation be thoroughly re- 
viewed during the planning and design s tage.  With 
proper precautions,  and the  application of f i l ters  
and shielding where needed, these  SCR control 
systems can afford unexcelled power control with a 
minimum of interference to  other instrumentation or  
equipment. 

TEST AND CALIBRATION INSTRUMENTS 

7.7 MAINTENANCE TESTING OF AUTOMATIC CONTROLLERS 

W. R. Miller 

Three tes te rs  that  allow maintenance personnel 
to rapidly ascertain whether electronic process  
controllers of specif ic  manufacture meet operating 
specif icat ions were designed and built. T e s t e r s  to 
perform th is  function are not commercially avail- 
able. In the  past ,  a bench mockup of the process  
was required to obtain th i s  information. 

T h e  first tes ter  (No. 1 in Fig. 7.7.1) evaluates  
the  condition of L e e d s  and Northrup three-action 
du ration-adj usting-type (DAT) controllers. T h e  
impulse rate of the  controller is artif icially in- 
creased during the  t e s t  t o  make it possible  to 
rectify, f i l ter ,  and integrate the output pulses;  

th i s  permits  the controller output to be read directly 
on a panel meter. Rese t  and rate  action a r e  tested 
by measuring the  response of the controller during 
a timed period following a s tep  set-point deviation. 

T h e  second tes te r  (No. 2 in Fig. 7.7.1) evaluates  
L e e d s  and Northrup two-action DAT controllers. 
T h e  tes te r  employs an  RC network to s imulate  
the response of a furnace; this  feature permits 
instant  return to  the “cold furnace” condition by 
shorting t h e  RC network with a push-button switch.  
A recorder s e r v e s  as the readout device for the  
controller under test. Chart records produced at 
specif ic  controller se t t ings  a r e  compared to records 
made under ideal  conditions. 

. 

. 
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Fig. 7.7.1. Instruments for Testing Automatic Controllers. 

a 

T h e  third tes te r  (No. 3 in Fig. 7.7.1) evaluates  50 microammeter. A simulated adjustable process  
Foxboro model M-62 electronic-control-instrumenta- signal  permits all controller functions to be  tested.  
tion (ECI) controllers. Set-point, process,  and Rese t  and rate  act ions a re  t e s t ed  by the same 
output s ignals  of 10 to  50 m a  d c  a r e  displayed on techniques a s  described previously for the first  
panel meters. F ine  ba lance  is detected on a 50-0- tester. 

7.8 LOW-VELOCITY-AIR CALIBRATION FACILITY' 

T. M. Gayle A. H. Malone 

A permanent facil i ty (Fig. 7.8.1) was  constructed 
for the precise  calibration of air-velocity meters, 

anemometers, and other such  devices ,  in the range 
of 30 to 1000 fpm. With th i s  facility, portable air- 
velocity meters, used  a t  ORNL for checking air - 

velocit ies in hoods and duc t s  where radioactive 
materials a r e  handled, can  b e  calibrated frequently 

'Planned in cooperation with the ORNL Plant and 
Equipment Division and the Health Physics  Division. 
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Fig. 7.8.1. Low-Velocity-Air Calibration Apparatus. 

to ensure that  t h e  meters are operating properly. 
T h e  character is t ics  of many portable air-velocity 
meters a re  unpredictable and erratic, and frequent 
calibration is required. 

High-pressure air from the  plant system is 
metered to better than 1% (flow rate) and expanded 
into a 12:in.-diam duct sect ion made of acrylic 
plastic.  T h e  sect ion is designed with a long 
diverging cone, straightening vanes,  and equal iz ing 
sc reens  to provide an  extremely uniform velocity 
distribution in the  test section. T e s t  sec t ions  up 

to 2 ft in diameter were provided for in the bas ic  
design. 

T h e  very dry plant air to th i s  facil i ty can b e  
humidified by inject ing steam into the inlet  a i r  
stream. T h e  orifice and the orifice run (15 pipe 
diameters ups'tream and  5 pipe diameters down- 
stream) to b e  used  for long-term work will b e  s e n t  
to the National Bureau of Standards for final cali- 
bration to  better than y4% accuracy in the operating 
range. Consultations with industrial  instrument 
companies and  with the  Hydraulics Section, 
National Bureau of Standards, have confirmed the 
validity of th i s  design and calibration technique. . 
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7.9 NEW EQUIPMENT AND FACILITIES OF THE STANDARDS LABORATORY 

M. H. Cooper W. W. Johnston 

T h e  Standards Laboratory obtained and put into 
serv ice  new freezing-point temperature standards,  
primary voltage s tandards,  and a universal ratio 
set .  T h e s e  items may, to some degree, improve 
the  absolute  accuracy of ORNL standards, but they 
a re  primarily intended to  reduce direct dependence 
on the  National Bureau of Standards. 

T h e  freezing-point temperature s tandards cons is t  
of f ive spec ia l  furnaces, each  containing an NBS 
Certified sample of lead (327.4OC), z inc (419.5OC), 
aluminum (66O.O0C), s i lver  (960.8OC), or copper 
(1083OC). This  facility provides direct reference 
to the international practical temperature scaIe,  
which is defined in terms of known freezing points. 
Previously, ORNL used  NBS certified res i s tance  
thermometers in the  temperature range of -150 to 
50O0C, and spec ia l  NBS certified platinum v s  
platinum-lO% rhodium thermocouples in the  tem- 
perature range of 200 to 1200OC. A check of the 
previous s tandards with the new melting-point 
s tandards h a s  shown agreement within the NBS 
certifying accuracy (0.3OC). 

The voltage s tandard ( a t  t he  right s ide  of the 
table in Fig. 7.9.1) cons i s t s  of a bank of s ix  NBS- 
certified saturated standard ce I l s  in a temperature- 
controIled air bath. Saturated standard ce l l s ,  while 
considered the  ultimate in accuracy, a r e  inconven- 
ien t  and expensive to  have certified by NBS, s ince  
they must b e  hand carried to and from NBS, prefer- 
ably in their constant-temperature bath. T h e  volt- 
age  standard previously u s e d  a t  ORNL consis ted 
of a bank of s i x  specially selected,  temperature- 
controlled unsaturated s tandard cells. The  ac- 
curacy of t h i s  type of standard h a s  been controver- 
s ia l ,  but i t  w a s  found tha t  the unsaturated cells 
agreed with the  new saturated c e l l s  to within 
1.8 ,UV, which is within the  NBS certifying accuracy 
for saturated cells. 

A universal ratio s e t  (at the  left s ide  of the  table 
in Fig. 7.9.1) was  obtained to facil i tate the  calibra- 
tion of ultraprecision and submicrovolt potentiom- 
eters. Potentiometers of t h i s  type cannot be 
calibrated by comparison with other potentiometers, 
and the  calibration must be  made by checking each 
resistor of a l l  voltage-divider networks. 

Fig. 7.9.1. Voltage Standard (on Right) and Universal Ratio Set (on Left) in  Instrument Standards Laboratory. 
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7.10 FACILITY FOR INSPECTION AND CALIBRATION OF THERMOCOUPLES 

W. W. Johnston 

A thermocouple inspection and calibration 
facility was es tab l i shed  for the  inspection of 
thermocouples and thermoelectric materials to be 
used  a t  ORNL. A calibration service for large 
quant i t ies  of thermocouples is now avai lable  a t  
this  facility. T h e s e  inspection and calibration 
serv ices  a re  required because  of the extensive u s e  
of sheathed, ceramic-insulated thermocouples at 
ORNL, and because  of a large increase  in  the  num- 
ber of suppl iers  of thermoelectric material. 

W. R. Miller 

All thermocouple materials procured by this 
Division and ORNL Stores are  inspected (when 
applicable) for conformance to specif icat ions on 
calibration, homogeneity, insulator quality (im- 
purit ies,  moisture, etc.), drift, physical  dimen- 
s ions,  and insulator spacing and twist .  

In the inspection facility, calibration furnaces 
permit the calibration of a relatively large quantity 
of thermocouples in a short  time. 

7.11 AC-INTERFERENCE TESTS OF FOXBORO M63 ALARM SWITCHES 

C. D. Martin J. R. Sutton 

Considerable difficulty was experienced a t  the 
Oak Ridge Research Reactor (ORR) with Foxboro 
M63 alarm switches because  they produced random 
false-alarm and shutdown signals .  Because  a 
sensi t ivi ty  to  external ac interference was sus-  
pected, t e s t s  were made to determine what type, 
amplitude, and frequency of interference would 
produce a false signal.  

Several tests were performed to determine the 
follow in g: 

1. the effect  of l ine voltage variations on set 
point; 

2. the effect  of 60-cycle interference (signal l ine 
to ground) of various phase  angles  with respect  
to l ine  voltage; 

3. the  effect  of high-frequency interference intro- 
duced on 

sens i t ive  to a c  interference. From an analysis  of 
the t e s t  resul ts  and from consultation with the 
Foxboro Company, the following conclusions were 
reached: 

1. A 2.2-mf, 25-v capaci tor  should b e  connected 
from the b a s e  to  the  emi t t e r  of the first  amplifier 
s t a g e  on all s t y l e  B alarm uni ts  now in service.  

2. A 1-mf capacitor should b e  connected across  
the signal-input terminals of all s t y l e  A units. 

3. All emf-to-current converters should be oper- 
ated from a regulated, harmonic-neutralized power 
source (Sola-type, CVH voltage regulator). 

4. Each s ignal  transmission loop should be 
grounded at one  point, preferably a t  t h e  emf-to- 
current converter. If d c  grounding is impractical, 
a 0.1-mf capacitor should b e  instal led from the 
s ignal  l ine to ground. Care must b e  exercised to  
prevent grounding the  s ignal  circuit  at more than 
one point. 

5. Because  of the low impedance (600 ohms) of 
the signal-transmission line, ac pickup from 
adjacent wiring is minimized to  t h e  point that  

No fa l se  s ignal  actuat ions have been reported 
The  resul ts  indicate  that  the s t y l e  B switch s i n c e  the incorporation of these  recommendations 

(a) 10- to  50-ma s ignal  l ine and ground, 
( b )  60-cycle power line, 
(c) relay contact  wiring and ground; 

4. the  e f fec t  of 60-cYcle pickup from adjacent  shielded cable  is not required for the sipgal line. 
current-carrying l ines  on the s ignal  line. 

manufactured prior to February 1963 was  extremely on sys t ems  currently in service. L 
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7.12 HIGH-TEMPERATURE SAMPLING PROBE FOR HELIUM LEAK DETECTION 

T. F. Sliski H. J. Metz H. J. Stripling, Jr. 

A sampling probe (Fig. 7.12.1) was  designed and 
fabricated for helium Ieak detection in  high- 
temperature systems. 

The  probe is primarily a differential screw- 
operated needle  valve of t h e  same general de- 
sign as commerciaIly ava i lab le  sampling probes. 
However, this  new probe is relatively insens i t ive  
to temperature changes  b e c a u s e  of two design 
features. First, the  material in  the  screw assembly 
and housing is Invar. Th i s  material precludes 
differential expansion in the  case of uniform heat- 

ing, and minimizes differential expansion in the  
case of nonuniform heating of the screw assembly 
and housing. Second, the  screw assembly is 
mounted close to t h e  in take  end of the  probe, 
which further minimizes the  effects of differ- 
en t ia l  expansion d u e  to nonuniform heating of 
the  housing and screw assembly. Heating this 
probe from ambient to 300’F (by inserting approxi- 
mately 3 in. o f  the  t ip in to  a furnace and increas- 
i ng  the  temperature over a period of about 30 min) 
changed the  reading of the leak-detector pressure 
gage only 30%, that is, from 0.1 to 0.7 1.1. 

Fig. 7.12.1. High-Temperature Sampling Probe for Helium Leak Detection. 
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ANALYTICAL INSTRUMENTS 

7.13 MODIFIED ANALYZER FOR AIRBORNE FLUORIDES 

E. W. Hagen 

A portable analyzer for airborne fluorides was  
originally developed a t  t h e  Oak Ridge Gaseous  
Diffusion Plan t  to measure fluoride concentrations 
in environmental atmospheres in  t h e  range of 0.1 
to 10 ppm. The  airborne fluorides drawn into the 
analyzer  a re  scrubbed with an  aqueous solution to 
form hydrogen fluoride, which provides the  elec- 
trolyte in a galvanic cell. Although t h e  instrument 
performed as proposed, f ie ld  maintenance was  

difficult; therefore, i t  w a s  redesigned to reduce 
the  quantity of glassware u s e d  in  i t s  construction, 
to eliminate all rubber tubing, and to improve ser-  
v ice  accessibi l i ty .  Materials suscept ib le  to cor- 
rosion were not used  in  construction of the instru- 
ment, and the  readability of the flowmeters was  
improved. T h e  analyt ical  portion of t h e  instrument 
is removable from t h e  case. 

7.14 SENSlT IVE PHOTOMETER FOR EM1 TT ED-LI GH T MEASUREMENTS 

T. M. Gayle  

T h e  tritium used  on many instrument and watch 
d ia l s  emits s u c h  a s o f t  beta particle (18 kv) that 
scint i l la t ion counting is extremely difficult. Com- 
mercially avai lable  photometers lack  both t h e  nec- 
essary  sensi t ivi ty  and the desired opt ical  geometry 
for making usable  quantitative measurements. A 
technique which measures  the  intensi ty  of t h e  
l ight  emitted by the  luminous dial  and relates  this 
value to t h e  amount of tritium present  was  desir- 
able. I t  was  further desired that accura te  l ight  
measurements b e  made at intensi t ies  as  low as 
possible ,  at l e a s t  to  a value of approximately 
5 x lo-’ lumen. Therefore a sens i t ive  photometer 
was  developed for the Isotopes Division for u s e  in 
their  program of evaluat ing commercially avai lable  
instrument and watch d ia l s  containing radioactive 
materials.  

T h e  instrument is now being u s e d  by the  Isotopes 
Division. Measurements a r e  made both on new 
d i a l s  and on uni ts  that  h a v e  been exposed to var- 
ious  environmental conditions of temperature] 
humidity] weathering] fire, or others.  I t  was  

anticipated tha t  dial  sizes from >2 to 5 in. in  
diameter with varying luminescence properties 
would b e  encountered. Preliminary p lans  a r e  being 
made to deveIop a long-term light standard for u s e  
by t h e  Isotopes Division t o  s tandardize the ent i re  
photometer periodically. 

A 3-in. type 6363 photomultiplier tube with peak 
response at 4400 A ($11 response) is used  as the  
photometer detector and is mounted ins ide  a 6-in.- 
diam cylindrical  housing (Fig.  7.14.1), with the  
photocathode facing down. Samples t o  b e  measured 
a re  inser ted in  t h e  lower opening of the  tube and 
a r e  supported by one  of three removable plugs with 
which t h e  samples  c a n  b e  positioned at various 
d is tances  from the  face  of the  photomultiplier. T h e  
plugs a r e  held in  t h e  cylinder by spring-loaded con- 
nectors  and can  b e  inser ted and removed in a matter 
of seconds. T h e  plugs incorporate a lower flange 
sec t ion  and a s l iding O-ring seal ins ide  the  tube to 
make the  inner chamber lighttight. T h e  cylindrical  
chamber is mounted in  a rectangular box assembly 
for mechanical protection and for shielding from 

. 

. 
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Fig. 7.14.1. Photometer for Emitted-Light Measurements. 

m o m  light. tronics, Inc., model DP-1447-HV supply, and the 
aluminum, and all sur faces  a r e  anodized black. readout instrument is a n  E H  Research Laboratories 
The photomultiplier tube  is fit ted with a Mumetal model 202 electrometer amplifier. A Grya type 
sh ie ld  contained ins ide  the  measuring cylinder. CS-51 current calibrator h a s  been used  to buck out 

The  high-voltage power supply for the  photo- the  photomultiplier dark current where extremely 
multiplier is a commercially ava i lab le  P R L  Elec- sens i t i ve  measurements were desired. 

The  en t i re  assembly is fabricated of 

7.15 MICRODOSIMETER READER MODI FlCATlONS 

T. M. Gayle 

A Bausch and Lomb No. 33-66-02 microdosimeter 
reader was modified for t he  Ecology Group of the  
Health P h y s i c s  Division to provide increased 
long-term stabil i ty and approximately 10 to 15 t i m e s  
t he  galvanometer readout sens i t iv i ty  originally 
provided. This modification was accomplished by 
a revision in  the  differential vacuum-tube volt- 
meter circuitry used to drive t h e  galvanometer 
from the  photomultiplier outputs. Over-range pro- 

tection for t h e  galvanometer was increased by 
us ing  back-biased d iodes  from plate to p la te  in  the  
voltmeter circuit. Other modifications included 
replacement of the  No. 6328 reference photomul- 
t iplier tube  with a more dependable 1 P 2 1  type, 
and t h e  u s e  of a ten-turn potentiometer for fine zero  
adjustment. Figure 7.15.1 shows the  circuitry as 
modified. 
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Fig. 7.16.1. Spectrophotometer and Meter. 
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Fig. 7.16.2. Transmittance Measurements for Film-Badge Ampoules. 



Fig. 7.16.3. Quick-Change Holder for Ampoules. 

sensi t ivi ty  for reading small  transmittance changes. 
T h e  external meter c i rcui t  employed a Zener diode 
for zero suppression and  provided a zero-to-full- 
s c a l e  meter reading for the range of ampoules 
normally measured. Mechanical modifications in- 
cluded the  addition of a manual shu t t e r  operator for 
rapid zero checking and  a spec ia l  quick-change 
holder (Fig. 7.16.3) for t he  ampoules to be  tested.  
A holder was designed which simplified the check- 
ing of ampoules. With this  holder, ampoules are  
fed by gravity to  the holder, a r e  quickly checked, 
and are  re leased from the  holder to fa l l  completely 
through t h e  machine to a tray beneath. Th i s  re- 
lease is accomplished by a spring-loaded guillo- 
tine, which is tripped by a handle on top of the  
holder. The  holder w a s  equipped with a very nar- 

row s l i t  to minimize diffraction and  scat ter ing of 
t he  light beam by the  g l a s s  wa l l s  of t he  ampoule. 

Optical  s tabi l i ty  and reproducibility were excel-  
lent,  desp i t e  continued and rapid ampoule chang- 
ing. T h e  original Bausch and Lomb power-supply- 
amplifier c i rcui t  w a s  relatively s t a b l e  and employed 
a sepa ra t e  reference phototube with a four-transis- 
tor feedback amplifier for regulation of t h e  optical  
source. Long-term stabi l i ty  of the vacuum-tube 
readout circuit  was  improved by careful select ion 
of the  No. 5751 dual tr iodes for optimum balance. 
After a 30-min warmup period, the readout drift 
proved to b e  l e s s  than 5% for any l-hr period. T h e  
effects  of normal line-voltage fluctuations, ambient 
temperature, and room light variations were negli- 
gible. 
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7.17 INSTRUMENT FOR MEASURING SMALL WEIGHT CHANGES 

C. D. Martin 

An instrument was  developed for measuring 
weight changes of sol id  samples  being analyzed by 
thermogravimetric methods. Although such instru- 
ments a re  commercially available,  the cos t  of th i s  
locally produced instrument w a s  about half the  c o s t  
of a comparable commercial model. 

In order to obtain the  desired resolution of 10 mg, 
the  millivolt output of a Statham strain-gage, 
bridge-type force transducer, with a range of -3 to 

reference supply) is amplified by a Philbrick P-2 
operational amplifier and fed into a strip-chart  
recorder. One of the  two feedback resis tors  in the 
amplifier is se lec ted ,  by means of a switch,  to  
change t h e  gain; a recorder span  of ei ther  100 mg 
or 250 mg is se lec ted  in th i s  manner. 

T h e  absolute accuracy of the  transducer is about 
BO mg (1% of full scale). 

+3 oz,  i s  suppressed by a s t a b l e  millivolt refer- 

output of t h e  transducer minus the output of the 
ency supply.' T h e  difference voltage (i.e., the 'C. D. Martin, Instrumentation 'and Controls Div. Ann. 

Progr. Rept .  Sept.  1 ,  1962. ORNL-3378, pp. 53-54. 

7.18 ADJUSTABLE APPORTIONIZER 

E. W. Hagen 

An adjustable apportionizer was designed and 
developed as a manually operated device that  would 
simultaneously inoculate up to  ten s te r i le  com- 
partments, one  row of a 10 x 10 array in a contain- 
ment tray, each with an individually se lec ted  and 
metered quantity of fluid. Portions% are adjustable  
from 0.05 to  0.7 cc. 

T h e  inoculating syr inges a r e  individually held 
in socke t s  in a stationary mounting block, and the  

compartmented tray is clamped to a mobile plat- 
form. T h e  tray can b e  positioned so that  each 
compartment can  receive the inoculation in any 
comer. T h e  tray is first raised onto the needles  
before the fluid is dispensed. A s ingle  s t roke of 
the actuator bar completes the inoculation. A frame, 
designed to surround the rear half of the apportion- 
izer,  can support up to ten Erlenmeyer f lasks  
ranging in s i z e  from 125 to  1000 ml. 

7.19 EGCR ANALYTICAL INSTRUMENTATION CONSULTING 

T. M. Gayle 

Consultation with the Engineering Division, Oak 
Ridge Operations, Atomic Energy Commission, was 
held on a number of analytical  instrument problems 
associated with the  Experimental Gas-Cooled Reac- 
tor Project.  A review of spec i f ic  contractor 's  
proposals and d i scuss ions  of general analytical  
techniques and sample handling were carried out 
as part of the  ORNL EGCR program for the  Atomic 
Energy Commission. Designs proposed by contrac- 

tors for t h e  double-loop moisture detection and 
safety system were reviewed. An analys is  of 
sample handling and graphite par t iculate  elimina- 
tion was  offered. Suggestions were made regarding 
the  moisture detection system, the total-hydrocar- 
bons analyzer, the  p rocess  g a s  chromatograph, 
hydrogen analyzers,  and other miscellaneous 
analyt ical  instruments. 



8. Reactor Instrumentation and 
Con t ro Is Systems E ng i nee ri n g 

8.1 STATUS OF INSTRUMENTATION AND CONTROLS FOR THE HEALTH PHYSICS 
RESEARCH REACTOR 

L. C. Oakes C. F. Holloway 

Since the  previous report ' of the  instrumentation cessful ly;  t h e  instrumentation and control sys tem 
and control sys tem for the  Health P h y s i c s  Re- performed acceptably. T h e  reactor w a s  operated 
search  Reactor  (formerly named t h e  F a s t  Burst  a t  s t e a d y  power leve ls  up t o  1 kw and also was  
Reactor), t h e  reactor was  checked a t  t h e  ORNL made to  produce pulses  with yields  u p  to  -5 x 
Crit ical  Faci l i ty ,  operated a t  t h e  Nevada T e s t  10' neutrons. 
Site,  and instal led and operated in  i t s  permanent T h e  reactor is presently being operated at  
location a t  ORNL. ORNL, where one  change h a s  been made in  t h e  

To make u s e  of commercial manpower and  
faci l i t ies  for construction of the  reactor, t h e  
equipment w a s  suppl ied and instal led through 
commercial sources ,  based  on design criteria 
specif ied by ORNL. T h i s  cooperative effort 
was  s u c c e s s f u l  in that ORNL engineering man- 
power was  conserved;  however, during the  first  
cr i t ical  experiments a t  t h e  Cri t ical  Faci l i ty ,  the  
performance of severa l  i tems of equipment was  
wholly inadequate. T h e  performance of counting- 
rate instrumentation, although not t h e  only ex- 
ample, was  particularly poor. Even though a 
great effort w a s  expended to make t h e  apparatus  
perform t o  t h e  minimum acceptable  performance 
level ,  i t  ultimately became necessary  t o  replace 
a large percentage of the  channel  with ORNL 
components. 

safety system. To exploit  the intermittent high- 
power capabi l i ty  of t h e  reactor, the  fas t  nuclear 
sa fe t ies  a r e  s e t  a t  15 kw. Because  t h e  maximum 
allowable core  temperature (600OF) will  b e  ex- 
ceeded on sus ta ined  operation above 1 kw, unless  
the  operator or instruments limit the  to ta l  inte- 
grated reactor power, power-integrating trips 
monitor reactor power over the  range of 1 to 15 kw. 
To apply t h i s  constraint ,  the  two temperature 
channels  tha t  produce scrams when the core tem- 
perature exceeds  600OF were modified and im-  
proved t o  safety-system quality cons is ten t  with 
operation a t  high power transients.  T h e  response 
time of t h e s e  channels  is approximately 0.1 sec. 
Upsca le  burnout (a fail-safe feature) is incor- 
porated in  t h e  equipment, and t h e  channel  op- 
erativity c a n  b e  tes ted  a t  will  by t h e  operator. 
T h e  t e s t  is performed from the  console  by apply- 

After t h e  checkout  was  completed, the  reactor ing current to  a heater  surrounding a n  iron- 
was  shipped to  Nevada for t h e  BREN experiments constantan thermocouple placed in s e r i e s  with 
(Bare Reactor  Experiment - Nevada). During t h e  core  thermocouple. T h e  channel  response is 
t h e s e  experiments t h e  reactor w a s  operated SUC- observed on a recorder. 

J. A .  Auxier et a l . ,  General Correlative Studies - 2 
'L. C. Oakes and C. F. Holloway, Instrumentation 

and Controls D iv .  Ann. Progr. Rept .  J u l y  1 ,  1961 ,  
ORNL-3191, p. 78. Operation BREN, CEX 62.03 (in press) .  
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8.2 STATUS OF INSTRUMENTATION FOR THE MOLTEN-SALT EXPERIMENT 

R. L. Moore 

J. R. Brown 
G. H. Burger 
P. G. Herndon 
D. G. Davis 

Since t h e  previous report,2 b a s i c  cri teria for 
MSRE instrumentation control and  safe ty  were 
establ ished.  Detailed design of t h e  instrumen- 
tation system, purchase of commercially avai lable  
instrument components, and development of 
s p e c i a l  instrument components were continued. 

T h e  performance and instal la t ion requirements 
for control, safety,  and containment were criti- 
cal ly  reviewed during th i s  ’period by Project  and 
Instrumentation and Controls Division personnel. 
Only minor revisions in  the  instrument sys tem 
design were recommended by the  reviewers. Addi- 
t ional revisions were required because  of changes 
in t h e  reactor system design. Although the  number 
of revis ions is not small ,  all c a n  b e  made without 
compromise of safety,  control, or  operational 
requirements. To sa t i s fy  requirements for redun- 
dancy in  safe ty  circuitry, additional commercially 
avai lable  process  instruments will  b e  purchased, 
the  c o s t  of which will  b e  less than 5% of t h e  
total  c o s t  of instrumentation. 

Design Status 

Design of 40 of the 53 panel board sec t ions  was  
completed, and 7 of t h e  remaining 13 ei ther  were 
partly completed or  were held for revision. Some 
preliminary design s t u d i e s  were made for t h e  re- 
maining s i x  panels.  Completion of the panel 
design w a s  delayed pending establishment of 
cri teria for the  nuclear  instrumentation and re- 
actor  sa fe ty  sys tems.  Since sufficient cri teria 
have  been made available,  panel design will  b e  
resumed. 

Design of interconnection tubing for pneumatic 
instrumentation and of interconnection wiring for 
e lectr ical  transmitt ing instruments (Foxboro ECI) 
was  completed. Except  for additional annunciators 

‘See a l s o ,  “Design of MSRE Automatic Rod Con- 
troller,” Sect. 9.9. 

2R. L. Moore et al. ,  Instrumentation and Controls 
Div. Ann. Progr. Rept. Sept. 1, 1962. ORNL-3378, 
p. 74. 

J. R. Tal lackson 

J. L. Redford 
S. J. Bal l  
S. J. Ditto 

required for t h e  nuclear control and safe ty  system, 
annunciator wiring interconnections were com- 
pleted. 

Design of thermocouple installation and  inter- 
connection became more difficult  than was  origi- 
nal ly  expected. Because  of t h e  requirements for 
remote maintenance and the compactness  of t h e  
in-cell reactor system, t h e  location of disconnects  
and routing, a s  wel l  as t h e  point of attachment of 
each  in-cell thermocouple, had to b e  carefully 
selected.  T h e  layout of t h i s  system was  extremely 
sens i t ive  to changes in the  reactor design and to  
additional requirements for in-cell thermocouples, 
and numerous changes were required before t h e  
many conflicting requirements were sat isf ied.  
Layout  of t h e  in-cell thermocouple instal la t ions 
is now considered to b e  firm. Detai l  design of the 
thermocouple system, including interconnections,  
is approximately 80% complete. Scheduled for in- 
s ta l la t ion in the  MSRE system a r e  920 thermo- 
couples ,  of which approximately half (540) will  
b e  instal led inside the reactor containment shel l .  

Requirements for process  radiation monitors 
(which were strongly influenced by t h e  require- 
ments of t h e  reactor safety and  containment 
sys tems)  were determined, and design of th i s  
system, including design of panels  and field 
instal la t ion and shielding, was  completed. 

Requirements for Health Phys ics  instrumenta- 
tion were reviewed and approved, and installation 
design for t h i s  equipment is nearing completion. 

Procurement 

With t h e  exception of some additional instru- 
mentation required by recent revisions and the  
chemical processing system, preparation of speci-  
f icat ions and  init iation of procurement of process  
instrument components were completed. Most of 
t h e s e  components a r e  now on hand, and delivery 
of the  remainder ’ i s  expected within t h e  next  
three months. 



Fig. 8.2.1. Front View of Main Control Panel Board for the Molten-Salt Reactor Experiment. 

AEC approval for purchase of a computer data- 
logging sys tem was  obtained, and proposals re- 
ceived from four vendors a re  being evaluated. 

Most of the  equipment required for t he  process  
radiation monitor system is on hand and the  
remainder is on order. 

Health Phys ic s  instrumentation components a r e  
on order. 

Procurement of nuclear instrument components 
:- is unuer way. 

Installation of 149 thermocouples in  thl 
radiator assembly h a s  been completed, ar 
arations a re  being made for installation of 
couples  on other shop-fabricated componeni 
radiator ins ta l la t ions  were particularly 
to make because  of the  spec ia l  nature 
mechanical attachment to the  thin-wall 
tubes  and  t h e  compactness of the  radk 
sembly. 

. 

e MSRE 
id prep- 
thermo- 
ts. The  
difficult 

of the  
radiator 
ator a s -  

Fabrication and Instal lat ion 
Installation of equipment at the  reactor site was  

Figure 8.2.1 shows some completed sec t ions  of s ta r ted  in June  and  is continuing a t  a rapidly 
the  main control panel. acce le ra t ing  pace. 
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8.3 PROCESS INSTRUMENTATION AND CONTROLS FOR ORR-GCR LOOP NO. 2 

C. M. Burton 

E.  H. Bell  G. H. Burger J. W. Cunningham 
S. W. F iveash '  G. W. Greene C. C. Hal l2  

A. K. Stansberry' 

In July 1963, the  ORR-GCR Loop No. 2, an  in- 
pile experimental facil i ty,  was placed in nuclear 
operation by the ORNL Reactor Division t o  t e s t  
ceramic fuels.  T h e  design, procurement, instal -  
lation, and checkout of instrumentation and 
controls,  which will provide sufficient protection 
and safety while permitting the experiment to  
operate under various conditions,  required more 
than 3.5 yr for completion. T h e  total  c o s t  for 
instrumentation is approximately $500,000. 

Electronic instrumentation which develops 10- 
t o  50-ma d c  s igna ls  was used almost exclusively 

'ORGDP design assis tance.  

'Under contract from Lockheed. 

3J. Z a s l e r  e t  al., In-Pile Gas-Cooled F u e l  Element 
T e s t  Facility, ORNLTM-250 (July 10, 1962). 

for process  measurement and control throughout 
the  facil i ty for t h e  following reasons: 

1. to avoid the backup of radioactive gases  and 
solutions,  which could occur had air-signal 
l ines  and  pneumatic instruments been used;  

2. to  b e  compatible with modern data-handling 
systems;  

3. t o  minimize delay times in s igna l  transmission 
over long distance.  

A total  of 48 such  electronic channels  was  in- 
s ta l led:  7 for pressure,  14 for flow or differential 
pressure,  23 for temperature, and 4 for radiation. 
Only four channels  of pneumatic instrumentation 
were used in addition to  flow, level, and pressure 
switches.  To monitor f iss ion products actually 
released from t h e  tes t  fuel, eleven G-M tubes,  
eight ion chambers, one constant air monitor, 
and two NaI scinti l lat ion detectors were placed 
at se lec ted  locations throughout the  loop facility. 



9. Reactor Instrumentation and Controls Development 

NUCLEAR INSTRUMENTATION 

9.1 MODULAR ELECTRONIC INSTRUMENTS FOR REACTOR CONTROL AND SAFETY 

J .  L. Anderson C. C. Courtney J. T. DeLorenzo 
E. N. Fray S. H. Hanauer Ronald Nutt 

A s  part of the  continuing program in the  de- 
velopment of second-generation ORNL reactor 
control instruments, ' a system of electronic in- 
strument modules h a s  been devised for reactor 
control and safe ty  sys t ems .  Each module is a 
functional unit of one or more solid-state elec- 
tronic or electromechanical instruments. The  
modules plug into the fronts of roll-out c h a s s i s  
drawers, which are replaceable after the coaxial-  
and AN-type plugs are disconnected. The  height 
and depth of each  module a r e  the same, 4.7 in. 
high by 11.6 in. deep, but the  width is variable 
in increments of 1.28 in. T h e  overall drawer 
depth is about 16 in.; th i s  a l lows s p a c e  behind 
the modules for interconnecting wiring and com- 
ponents. T h e  drawers fit standard 19-in. racks 
and a r e  5v4 in. high. T h e  mechanical design of 
the modules is based  on and is compatible with 
a scheme developed a t  CERN.' A typical module 
and drawer arrangement is shown in Fig.  9.1.1, 
and four modules are shown in  Fig.  9.1.2. To 
date,  18 different modules have been designed 
and prototypes built, and severa l  others a r e  being 
developed. All of t h e s e  instruments are designed 

'S. H. Hanauer et al.,  Instrumentation and Controls 
Div. Ann. Progr. Rept. Sept. I, 1962, ORNL-3378, 

2 
' . B. Sagnell, CERN 19 in. Chassis  Systems, CERN 

62-29, Proton Synchrotron Machine Division, European 
Organization for Nuclear Research, Geneva, Switzer- 

pp. 63-67. 

land ( a t .  8, 1962). 

to operate from 32-v s ta t ion  bat ter ies  in con- 
junction with various voltage regulators,  inverters,  
and converters.  To achieve better channel  in- 
dependence in safety and control systems,  s epa -  
ra te  battery sys t ems  a r e  provided for each  channel.  
T h e s e  bat ter ies  provide continuity of operation 
during temporary commercial power outages.  

T h e  f i r s t  application of t h e s e  modules and 
drawers will  be for the  safety,  servo, and counting 
sys t ems  for the  HFIR and MSRE. Some 210 
modules in  39 drawers will  make up the HFIR.  
systems,  and 71 modules in 19 drawers will  make 
up the MSRE systems.  

T h e  present des igns  include the  following units,  
each  identified by a n  ORNL model number. (Some 
of the more s ignif icant  uni ts  a re  described in 
more detai l  in other sec t ions  of th i s  report.) 

(2-2601, Chamber Voltage Monitor and Test Unit 

Eddie Madden J .  L. Anderson 

T h i s  unit provides a variety of test s igna ls  for 
checking reactor safety instruments, ei ther during 
reactor operation or during shutdown periods. An 
undervoltage detector,  which monitors both the  
safe ty  chamber polarizing voltage and the proper 
connection of cables  to the ionization chamber, is 
included. 

100 
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Fig. 9.1.1. Typical Module and Drawer Arrangement. 

I 0 

Fig. 9.1.2. Typical  Modules. 
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Q-2602, Chamber High-Voltage Supply 
and F lux  Amplifier 

Eddie Madden Ronald Nutt 

T h i s  unit combines an  all- transistor,  low-current 
amplifier (Sect. 9.2) with a dc-to-dc converter 
which suppl ies  high voltage for a n  ion chamber. 

Q-2603. Flux Reset Mechanism 

,Ronald Nutt C. C. Courtney 

Th i s  unit contains  a small instrument servo that  
drives a potentiometer which ad jus t s  the gain of 
the  flux amplifier to  force t h e  neutron-flux s ignal  
to agree with a computed heat  power s igna l  
in s t eady  state. T h e  adjust ing or reset t ing speed  
is intentionally slow s o  as not t o  interfere with 
transients.  

Q-2605, Dual  Operational Amplifier 

Electronic Associates ,  Inc. 

Th i s  is a chopper-stabilized high-gain transistor 
operational amplifier, e lectr ical ly  identical  to  
those used in general-purpose analog computers. 
It is used for amplification, differentiation, and 
integration in reactor instrumentation assemblies .  

4-2606, Dual  Signal Converter 

Rochester Instrument Systems, Inc. 

Th i s  is an  amplifier which enab le s  s igna ls  t o  
be fed into and out  of reactor instruments. It c a n  
convert s igna ls  of any of several  standard ranges 
t o  any other standard range, permitting communi- 
cation’ between instruments having different s ignal  
spaces .  

Q-2607, Servo Demand Drive Unit 

J.. L. Anderson C. C. Courtney 

Th i s  unit cons is t s  of a motor-driven se rvo  de- 
mand potentiometer with provisions for electrically 
limiting t h e  output demand s igna l  in accordance 
with a process s igna l  such  as coolant flow. 

3S. H. Hanauer e t  al . ,  Instrumentation and Controls 
Div. Ann. Progr. Rept .  Ju ly  1 ,  1961,  ORNL-3191, p. 70. 

Q-2608, Analog Multiplier 

Systron-Donner Corp. 

The  output of th i s  device is a voltage propor- 
t ional to  xy/lO, where x and y are the  two input 
voltages. The  multiplier u s e s  the  quarter-square 

with feedback t o  compute principle and is used 
ratios.  

4-2609, Fas  

J. F. P ie rce4  

-Trip Comparator 

D. C. Shattuck’ 

Th i s  is a voltage-level comparator with fast 
response and exceptional accuracy and s tabi l i ty  
(Sect. 9.3). 

4-2612, OR Gate 

Ronald Nutt 

Th i s  is a unit u sed  in safe ty  sys t ems  to provide 
a single-action s igna l  output when any one or 
more of i t s  inputs is in an  abnormal s ta te .  

Q-2613, Magnet Control Amplifier’ 

J .  L. Anderson 

Th i s  is a feedback amplifier for regulating and 
switching scram-latch magnet current for reactor 
safety.  

4-2614, Pulse Amplifier and Count-Rate Meter 

J. T. DeLorenzo 

Th i s  unit comprises a transistor pulse amplifier, 
pulse-height discriminator, and logarithmic count- 
rate meter of the  Cooke-Yarborough type. 

Q-2615, 0.1-hp DC Servo Amplifier 

J. T. DeLorenzo 

T h i s  is a servo amplifier for the  fission-chamber 
positioning system of t h e  wide-range counting 
channel. 

4 ~ o n s u ~ t a n t .  

’Graduate student in e lectr ical  engineering a t  the 

‘R. E. Wintenberg and J. L. Anderson, Trans. Am. 

University of Tennessee.  

Nucl.  SOC. 3(2), 454 (1960). 
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Q-2617-5, Fission Chamber and Preamplifier 
DC Power Supply 

Ronald Nutt 

Th i s  unit suppl ies  all necessary  power t o  a 
counting-channel f i ss ioa  chamber and remote, 
vacuum-tube pulse  preamplifier. ' 

Q-2619, Q-2620, and Q-2621, Voltage Regulators 

W. E. Lingar 

These  units supply regulated d c  supply voltages 
to the other instrument modules. The  regulators 
operate directly from batteries;  no inverter is 
used to  i so l a t e  the  source  from the load or to  
transform the  battery voltage to near the  desired 
output potential. The  l ine  and load regulation of 
these  devices is 0.05%, no load to full load a t  
28 to  36 v input. Their temperature coefficient is 
O . O l % / T  from 10 to  55T, and their long-term 
stabil i ty is 0.05% in 8 hr a t  constant temperature. 

Q-2622, Linear Count-Rate Meter 

J. T. DeLorenzo 

Th i s  unit conta ins  the  circuit  to provide a 
voltage proportional to the  counting rate of the  
preceding instrument channel. I t  is used to 
a t ta in  higher precision than is possible from a 
logarithmic counting-rate meter. 

4-2625, Inverter, 32 v DC to 115/6.3 v AC, 
60 Cyc le  

Ronald Nutt 

This  unit converts the 32-v d c  battery mains to 
60-cycle power to  drive s igna l  converters, me-  
chanical choppers,  and other devices  requiring 
ac power. 

7D. P. Roux et al . ,  Trans. Am. Nucl .  S O C .  5(1), 185 
(1 962). 

9.2 LOW-CURRENT TRANSISTOR AMPLIFIER 

Ronald Nutt 

A current-sensitive amplifier (ORNL model No. 
Q-2602) has  been developed specifically for use 
with the  modular reactor instrumentation (Sect. 9.1). 
The  amplifier (Fig. 9.2.1) h a s  a unique combination 
of characterist ics that  makes it readily applica- 
b le  where medium sensit ivity,  good s tabi l i ty ,  and 
a high degree of reliability a re  required. 

The  amplifier is used t o  amplify the  current 
from a n  ionization chamber in  the  range of lo-' 
to lo-' amp. Th i s  range is such  that the u s e  
of a field-effect transistor as the input s t a g e  of 
the amplifier introduces a negligible error in the  
measurement due to  leakage  current of the  input 
s tage .  T h e  Siliconix 2N2607 transistor, which 
is used as  the  input transistor,  h a s  a typical 
leakage current of 5 x lo- ' '  amp. 

The  bias-point instabil i ty of the  input s t a g e  
due to ambient temperature changes had to be  
minimized. The  fact tha t  certain types of field- 
effect transistors,  when properly biased, exhibit 
zero  temperature coefficient over a large ambient 
temperature range was  used  to es tab l i sh  the b i a s  
point of the  2N2607 transistor. The  b ias  point 
was se l ec t ed  so that the 2N2607 transistor would 
exhibit a slightly negative temperature coefficient 
to cance l  a ne t  posit ive temperature coefficient 
due  to the  remaining semiconductor devices  in 
the  amplifier. Changes in dc charac te r i s t ics  of 
the 2N2607 transistor from one unit t o  another 
l imi t  the  effectiveness of the  compensation, but 
for ten different transistors,  the total  amplifier 
drift was  no greater than 0.3 m v / T .  
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Fig. 9.2.1. F lux Amplifier Circuit. 

The  open-loop voltage gain of the  ,amplifier is 
approximately lo4 ;  th i s  c o n s i s t s  of a gain of 
20 in the  field-effect t ransis tor  and a gain of 
approximately 500 in  t h e  differential  stage (T3 
and  T4 in  Fig.  9.2.1). Transis tor  T2 is a n  
emitter-follower which dr ives  t h e  differential  
stage. T h e  s igna l  is taken from the  collector of T4 
and is fed into two power s t a g e s ,  T5 and T6 and 
T7 and T8. T h e  output s t a g e  wil l  del iver  approxi- 
mately 100 m a  into a 300-ohm load with no  ap- 
preciable degradation of the  amplifier character-  
istics. 

T h e  frequency response of the amplifier is 
determined by t h e  ac feedback network from t h e  
b a s e s  of T5 and  T6 t o  t h e  b a s e  of T4. Capacitor 
C1 is added to  minimize the effect  of long capaci-  
t ive  cables  o n  the  frequency response of the  
amplifier. T h e  response of t h e  amplifier t o  a 
unit  s t e p  of current is approximately 50 psec 
t o  r i se  from 0 to 10 v. T h i s  response  is not 
a l tered appreciably with the  addition of 0.005 

pf of capaci tance on the  input with a 200-kilohm 
resis tor  in t h e  feedback network. 

T h e  overall  character is t ics  of t h e  amplifier 
a r e  given in Table  9.2.1. 

Table 9.2.1. Characteristics of Low-Current Transistor 

Amp1 if ier 

Sensit ivity 

Temperature instability 

Output voltage 

Long-term drif t  

Rise  t i m e  

Input leakage current 

Allowable load 

Drift due to  supply voltage 

109 v/amp, maximum 
104 v/amp,  minimum 

0.3 mvPC, maximum 

+12 v, maximum 

1 mv/day, maximum 

50 psec (Cin = 0, 

5 x IO-" amp, typical 

300 ohms, minimum 

R ,  = 200 kilohms) 

0.01 output v/supply v 
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9.3 FAST-TRIP COMPARATOR CIRCUIT 

J. F. Pierce’  

Many operations in reactor control and safe ty  
sys tems are ini t ia ted by the  output s igna l  from 
a voltage comparator c i rcui t  on a go, no-go bas is .  
Such a circui t  compares the  magnitude of two 
input dc  s igna ls  having opposi te  polarities, and 
produces a n  output voltage having ei ther  of two 
possible  values  depending upon which input 
voltage is larger. Usually, a t r ip  circuit contains  
both the  comparator and  the  switching circui ts  
necessary t o  dr ive external  logic and control 
systems.  

*Consultant. 

*Graduate student in electrical engineering at  the 
University of Tennessee. 

D. C. Shattuck2 

A study w a s  ini t ia ted to  es tab l i sh  what criteria 
underlie fast comparators and t o  develop a versa- 
t i le ,  fast-trip t ransis tor  comparator with a n  
accuracy of t 2 5  mv over a range of 1 to  10 v 
and a temperature range of 10 to 55T. 

The  diagram of a prototype model is shown in 
Fig. 9.3.1. T h e  voltage comparator sec t ion  in- 
c ludes t ransis tors  91 through 94  and their a s -  
soc ia ted  circui ts .  T h e  input s t a g e  ( 9 1  and 92) 
is a compound differential amplifier having good 
temperature s tab i l i ty  and a high input impedance. 
Th i s  s t a g e  dr ives  a s imple differential amplifier 
93, which dr ives  a Schmitt trigger c i rcui t  94. 
Al l  t ransis tors ,  af ter  t he  Schmitt trigger, operate  

’ 

UNCLASSIFIED 
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Fig. 9.3.1. Fast-Tr ip Comparator Circuit. 
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in the  switching mode and a r e  e i ther  saturated or 
nonconducting. 

Two electronic outputs a re  provided to drive 
logic c i rcui ts  external t o  th i s  unit and two relay- 
drivers located within the  comparator. Two 
voltages a r e  avai lable  on e a c h  output, -0.2 v 
(0 nominal) and -10  f 0.5 v. When one output 
voltage is zero,  the other output voltage is -10 v. 
T h e  change in voltage from one level  t o  the  other 
is completed in less than 50 p s e c  after the tr ip 
s igna l  occurs.  T h i s  delay can  be reduced t o  
less than 12 p s e c  by adding a capacitor to the  
circuit  of 92 .  

For flexibility, e i ther  relay driver may b e  ex- 
c i ted from ei ther  electronic output. T h e  relays 
can  change s t a t e s  in approximately 10 msec. 
Each relay h a s  one s e t  of contac ts  avai lable  for 
external connections,  and one set t o  perform an 
indicating function on the  front panel. Relay K1 
holds a fault indication after the fault h a s  been 
corrected, and K2 indicates  the immediate s t a t e  
of the circuit .  

When two external s igna ls  a r e  compared t o  
each  other, the  ci rcui t  t r ips  when t h e  difference 
between the magnitudes of the  two s igna ls  is 
10 mv or less over a temperature range of 0 to  
6 0 T .  With only one s igna l  available,  the  com- 
parative s igna l  may b e  obtained from a reference 
Helipot R4. In th i s  mode, nonlinearit ies in the  
potentiometer and circuit  loading degrade the 
accuracy. With the  Helipot dial  se t t ing  used as 
a reference, error performance data for one model 
a re  shown in  Fig. 9.3.2 for two different tem- 
peratures. T h e  errors in this  unit  were less than 
f 2 0  mv over a voltage range of 0 t o  10 v and a 
temperature range of 0 to 60T.  T h e  hysteresis  
varied from 2 t o  4 mv over th i s  s a m e  temperature 
range. Resu l t s  from three other units were 
comparable. 

T h e  prototype model contains a trip t e s t  circuit  
that  may be used to check the comparator while 
in use.  An electronic lockout (optional) is also 
included to hold the  circuit  in the  tr ip condition 
if the fault  pers i s t s  more than 10 msec. 

Several external connections c a n  b e  made which 
allow the  circuit  to  tr ip for a variety of input 
conditions. For  t h e  case of two external s igna ls ,  
A and B ,  tripping act ion can  take  place when the  
magnitude of A is greater than or less than that  

of B ,  provided A and B have opposite polarit ies.  
The  polarity may b e  posi t ive or negative.  Since 
tripping act ion occurs when the  magnitude of the  
s igna l  is equal  t o  the magnitude of the  reference 
voltage, the circuit  can  b e  tripped as  the s igna l  
increases  in magnitude through t h e  tr ip point, 
or as t h e  s igna l  dec reases  in magnitude through 
the tr ip point. 

T h e  resul ts  from two breadboard models and two 
prototype units have been consis tent .  T h e  
accuracy and flexibil i ty of th i s  comparator should 
make it useful in a large number of applications.  
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9.4 PROGRESS IN DEVELOPING A WIDE-RANGE COUNTING INSTRUMENT FOR REACTOR CONTROL 

L INEAR 
COUNT-RATE 

METER PERIOD 
AMPLIF IER 

E. N. Fray J. T. DeLorenzo 

7 

METER AMPLIFIER 

A complete wide-range counting channel,  uti l iz-  
ing newly developed components, was installed in 
the  ORR to establ ish the compatibility of channel 
components and t o  determine the  channel per- 
formance (Fig. 9.4.1). 

A component of particular interest  is the  function 
generator. Because  neutron attenuation in the 
shielding medium about a reactor is a nonex- 
ponential function of position, the  function gen- 
erator is required t o  produce a s ignal  at i t s  output 
which is directly related t o  the  position of the 
f iss ion chamber and the neutron flux a t  that  
position. Fulfi l l ing th i s  requirement makes the 
output of the  log count-rate meter and of the 
function generator a t  the input t o  the summing 
amplifier comparable; thus,  the  output of the  

SUMMING 

'R. E. Wintenberg and J. L. Anderson, Trans. Am. 
N u c f .  SOC. 3(2), 454 (1960). 

- -PREAMPLIF IER 

-FISSION CHAMBER 

POWER PERIOD 
- 

summing amplifier is a direct  measure of reactor 
power. 

A three-part program was  undertaken to  evaluate  
the  complete counting system. Firs t ,  data were 
obtained from t h e  ORR to program the  function 
generator. Second, t i m e  constants  for the log 
count-rate meter and the  period amplifier were 
establ ished t o  yield a n  optimum response t i m e  
relative t o  a 20-sec reactor period aga ins t  a 
tolerable level  of s ta t i s t ica l  fluctuation. Finally,  
the values  of the  parameters governing the servo 
responses  were establ ished;  namely, gain of the  
servoamplif ier  and t i m e  constant of the  l inear 
count-rate meter. To determine the  value of these  
two parameters, an  ana lys i s  w a s  made, based on 
the root-locus method. 

A new set of modular components is being 
fabricated, and present plans call for the  instal-  
lation of a complete wide-range counting system 

Fig. 9.4.1. Servo Fission Chamber. 
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in the Bulk Shielding Faci l i ty ,  u s ing  drive mech- 
anisms designed for u s e  in the  MSRE and the 
HFIR. 

Further experimental work is required to  de- 
termine whether time cons tan ts  of the  log count- 
rate meter will  give sat isfactory transient per- 
formance while the  instrument is behaving a s  a 
conventional (nonservo) log count-rate meter 
channel.  

Reactor power and period were measured during 
severa l  reactor s tar tups,  including a cold s tar tup 
which required the  instrument t o  work over a 
range of eight  decades.  In all cases, the in- 
strument was  capable  of following normal reactor 
periods. At counting rates in e x c e s s  of l o 3  
counts /sec,  it can follow a reactor period as 
short  a s  4 sec. 

9.5 USE OF REACTOR GAMMA RADIATION AS A REACTOR CONTROL AND SAFETY PARAMETER’i2 

D. P. Roux 

Although neutron flux is used universally a s  a 
parameter for reactor control and safety,  the u s e  
of gamma radiation from the core can be advan- 
tageous.  T h i s  is especial ly  true when the  region 
between the detector and the  core at tentuates  
neutrons much more strongly than gamma rays;  the 
most common material having th i s  character is t ic  
is light water. T h i s  case could occur unexpect- 
edly under accident  conditions - for example, i f  
water should leak into the  inters t ices  of a porous 
shield.  

We report in th i s  summary the  resul ts  of severa l  
experiments with gamma-sensitive ionization cham- 
b e r ~ ~  in light-water reactor shields .  Our object 
was  t o  evaluate  the  advantages and l imitations of 
using gamma-sensitive detectors for reactor control 
and safety.  

T h e  principal advantage to be gained by us ing  
gamma radiation is that  the  effects of changes in 
core  and sh ie ld  configurations a r e  greatly reduced. 
T h i s  is because the high neutron attenuation of 
water res t r ic ts  the  effective volume through which 

‘Abstract of published paper: Trans. Am. Nucl. SOC. 
6, 74 (1963). 

*It is a pleasure to acknowledge the authors’ in- 
debtedness to J. C. Gundlach. whose early work with 
gamma-sensitive chambers preceded this investigation. 
W e  a l so  wish to  thank J. R. Tallackson and co-workers 
for permission to use  their unpublished data, and C. B. 
Stokes and 0. C. Cole for technical ass i s tance .  

3C. J. Borkowski et al.,  Instrumentation and Controls 
Div. Ann. Progr. ~ Rept. Sept. I, 1962, ORNL-3378, 
pp. 68-70. 

S. H. Hanauer 

a neutron detector “sees” the  core to a relatively 
narrow region around t h e  path of shor tes t  length. 
A gamma-sensitive detector is not s o  restricted 
and, in general, h a s  approximately equal effective 
sensi t ivi ty  to  gamma rays emitted anywhere in a 
rather large volume. We have observed in  severa l  
configurations tha t  th i s  is indeed the case. 

On the  other  hand, the  u s e  of gamma radiation 
for reactor control h a s  two well-known potential  
limitations: 

1. Approximately 25 to 30% of the  gamma ra- 
diation from t h e  core at full power originates in 
the  radioactive decay of f iss ion products; this  
gives r i s e  t o  a s igna l  that  is not proportional t o  
reactor power. 

2. The  gamma radiation a t  the  detector h a s  a 
component that  originates in (n,y) reactions.  
Those  capture gamma rays formed away from the 
core a re  subjec t  t o  perturbations of the  neutron 
flux. T o  the extent  that  the detector  response is 
due to  such  capture  gamma rays, even a gamma 
detector will  show effects  of perturbations in 
neutron shielding. 

A series of experiments was  performed in  the 
Bulk Shielding Reactor (BSR) pool t o  evaluate  
the two limitations. T h e  f iss ion product com- , 
ponent of the  chamber current w a s  measured by 
scramming the  reactor and observing t h e  current 
decay. T h e  chamber w a s  located a t  d is tances  
between 30 and 100 c m  from the  core surface.  
In each  case, after a small correction w a s  made 
for aluminum activation in the chamber (20 f l)% 
of the  total  current a t  s t eady  reactor power was  

. 
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attributed to the  f iss ion product gamma rays; 
the  decay curves agreed with t h e  integrated da ta  
of Peelle e t  aL4 and t h e  data  of Perkins  and  
King5 for gamma rays of approximately 2 t o  4 
M e V .  Very little c a n  b e  done with the  shield 
energy-dependent attenuation to reduce further 
t h e  component of ionization-chamber current due  
to  the  f iss ion products, because  in th i s  energy 
range the  spec t ra  of prompt f iss ion gamma rays 
and short-lived (<700 sec) f iss ion products a r e  
so  nearly the  same.6 In our configuration, th i s  
short-lived component comprised 80 to 90% of 
t h e  total  fission-product s ignal .  The  prompt 
f iss ion gamma component was  inferred from the  
short-lived fission-product component, using the  
ratio 7.2/5.5 (ref. 6). T h e  reactor capture-gamma 
component was  calculated us ing  t h e  compilation 
of Goldstein’ and the  composition* of the  BSR 
core and reflector. 

T h e  effect  of t h e  neutron-to-gamma ratio w a s  
evaluated by inser t ing various th icknesses  of 
lead between the  core and the  detector.  These  
experiments in the  BSR and a n  experiment in the  
Oak Ridge Research Reactor (ORR) indicate  tha t  
if the  thermal-neutron-to-gamma flux ratio exceeds  
0.2 nv per photon/cm2-sec anywhere along the path 
between the core and the  detector,  a significant 
component of t h e  gamma radiation a t  the  detector 
will  originate in capture gamma rays produced 
far from the  core. The  most l ikely place for th i s  

large ratio to  occur is in  the water,  j u s t  behind a 
heavy gamma shield.  

Experiments with gamma-sensitive chambers dur- 
ing t e s t  reactor excursions at SPERT’ were 
carried out with periods as short  as 3 msec. A s  
expected, the  s i g n a l  from the  gamma chambers 
agreed with t h e  reactor power a s  measured by 
.neutron-sensitive instruments during t h e s e  ex- 
cursions.  T h i s  demonstrates that  gamma radiation 
is a n  adequate  reactor sa fe ty  parameter for t h e  
control of t h e  short-period accidents .  

T h e  resul ts  of t h e s e  experiments and severa l  
years’ operating experience in the  ORR lead to 
the  conclusion tha t  the  u s e  of gamma-sensitive 
detectors  for reactor control and safe ty  is feasible ,  
and sometimes advantageous. 

4R. W. Peelle e t  al.. “The Spectra of Gamma Rays  
Associated with Thermal Neutron Fiss ion  of U-235,” 
pp. 273-97 in Proc. Symp .  P i l e  Neutron Research in 
Phys., Oct. 17-21, 1960, Vienna, IAEA, Vienna, 
1962. 

J. F. Perkins and R. W. King, Nucf. Sci. Eng.  3, 5 

726-46 (1958). 

6H. Goldstein, “Sources of Neutrons and Gamma 
Rays,” pp. 27-32, Reactor  Handbook, 111, Par t  B (ed. 
by E. P. Blizard), Interscience, New York. 1962. 

‘Ibid., pp. 44-62. 

‘R. G.  Cochran e t  al., “Reactivity Measurements 
with the Bulk Shielding Reactor,” ORNL-1682 (1954). 

J. R. Tal lackson e t  al., unpublished data taken a t  9 
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9.6 A NEW CONFIGURATION FOR AN ELECTRICALLY ADJUSTABLE GAMMA-COMPENSATED 
’ IONIZATION CHAMBER 

D. P. Roux 

J. C. Gundlach’ S. H. Hanauer C. B. Stokes . 

Suppression of t h e  gamma-ray sensi t ivi ty  of 
neutron-sensitive ionization chambers is often 
important in nuclear reactor instrumentation, be- 
c a u s e  the gamma radiation is not a lways propor- 
t ional to reactor power. 

A gamma-compensated ionization chamber c a n  
be simply constructed by arranging t h e  electr ical  

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

connections so  tha t  a l ternate  volumes a s  shown 
in  Fig. 9.6.1 have  posit ive and negative polar- 
iz ing fields.  By boron-coating only those  sur-  
f a c e s  i n  one  (usually posit ive) s e t  of t h e s e  
volumes, t h e  output of the  chamber is, in  prin- 
ciple,  proportional only t o  neutron flux, s i n c e  
the  gamma currents from t h e  al ternate  sec t ions ,  
assumed t o  b e  identical ,  cancel .  Pract ical ly ,  
this  cancel la t ion (compensation) is not exact ,  
and ei ther  a certain error must b e  tolerated or a 
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means of adjustment of compensation must b e  
provided. We report in th i s  paper a parallel- 
plate  configuration for which the adjustment of 
compensation c a n  b e  accomplished electr ical ly  
to avoid the  disadvantages of fixed compensation. 

T h e  configuration for the chamber i s  shown 
schematically in Fig.  9.6.1. T h e  s igna l  elec- 
trodes a r e  smaller  than the  high-voltage elec- 
trodes. For equal  posit ive and negative polar- 
iz ing potentials,  the  zero-equipotential surface 
(as shown on the  right s i d e  of Fig. 9.6.1) is an  
extension of the  s igna l  electrode, and the  elec- 
trical field l ines  a r e  straight.  For unequal po- 
larizing potentials (as  shown on the  left s i d e  of 
Fig.  9.6.1), the  field l ines  are distorted and the  
effective collection volumes, which a r e  determined 
by the  field l ines  drawn heavily in  the  figure, 
a r e  changed accordingly. T h e  saturation char- 
ac te r i s t ics  of the  two s i tua t ions  a r e  essent ia l ly  
the same; thus,  adjustment of compensation by 
this  method d o e s  not affect t h e  saturation. In 
the  present configuration, the compensation does  
not vary with flux intensity up t o  100  pa gamma 
current, i f  t h e  polarizing voltages are a t  l e a s t  
as large a s  100  v. 

T h e  t e s t  chambers were designed and fabri- 
cated according to  t h e  foregoing concept,  and 
employed a configuration previously reported. 

'S. H. Hanauer e t  af., Instrumentation and Controls 
Div. Ann. Progr. Rept. July  1. 1961, ORNL-3191, p. 70. 
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T h e  electrodes a r e  made of nickel  plates ,  0.012 
c m  thick, spaced  0.1 c m  apart .  T h e  chambers 
a r e  fi l led with N, a t  800 torrs. Their ac t ive  
sec t ions  contain 16 s igna l  p la tes ,  9 posit ive 
high-voltage plates ,  and 8 negative high-voltage 
plates.  Without gamma compensation, the  chamber 
sens i t iv i t ies  are 4.0 x lo-'' amp/nv and 1.3 x 
lo- '  amp-hr/r. 

Manufacturing tolerances are such  that  init ially 
the  gamma currents cance l  within 3%. Mechanical 
adjustment (sl ight bending of the  s igna l  e lectrodes)  
after assembly permits adjustment of compensa- 
tion t o  better than fl%. Figure 9.6.2 is a curve 
of gamma compensation a s  a function of e lectrode 
voltages.  T h e  s lope  of t h e  curve corresponds to  
1-3% compensation change per 100  v change in 
negative polarizing voltage,  with the  posit ive 
voltage equal  t o  +300  v. 

Experimental resul ts  show the  insensi t ivi ty  of 
the gamma compensation to wide variations in 
intensity,  energy, and geometry of t h e  gamma 
source (Table 9.6.1). 
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Table 9.6.1. Gamma Compensation Obtained for Various Gamma Sources with Fixed Electrode Voltages 

(+300 V, -200 V) 

Deviation from 

(so) 
Gamma Source Source Condition. Shield and Total  Compensationa 

Facility Geometry 

Hot cell, Co60 2000 curies  

Hot cell, Co60 2000 curies 

10 cm air, source a t  
front of chamber 

10 cm air, source a t  
s ide  of chamber 

+ 0.8 

+1.3 

BSR, ' fission products 10 min after reactor scram 2 0  cm of water +0.9 

BSR, ' fission products 90 min after reactor scram 2 0  cm of water + 0.9 

BSR, ' fission products 

BSR,' fission products 

1 week after reactor scram 

1 week after reactor scram 

20 cm of water 

40 cm of'water 

+ 0.6 

+ 0.5 
~ 

t eThe s ign + means undercompensation; that is, I 
'Bulk Shielding Reactor. 

> I -  ( see  Fig. 9.6.2). Y Y  

9.7 A METHOD FOR MEASUREMENT OF NEGATIVE REACTIVITY BY ANALYSIS OF 
NEUTRON FLUCTUATION SPECTRAL DENSITY l S 2  

C. W. Ricker A. L. Colomb E. R. Mann 

T h i s  descr ibes  a method that  will, in principle, If a point reactor model is assumed, the ratio R 
continuously measure the negative reactivity of of two spectral  dens i t ies  as  a function of reactivity 
a shutdown reactor. Instruments for this  measure- p is (where a l l  quantit ies are defined in ref. 6) 

R =  
1 

(1 - P$)  (1 - P$> (0; + A ; )  P, (1 - Pep> j (0: + x i >  

ment have been built, and preliminary experimental 
investigations have been conducted with the  Bulk 
Shielding Reactor (BSR) a t  ORNL. 

'Abstract of published paper: Trans. Am. Nucl. SOC.  
6 c  75-76 (lg63)- 

'The authors gratefully acknowledge the ass i s tance  
and cooperation of K. M. Henry and J. D. Kington for 

T h e  method makes u s e  of t h e  fact that negative the and Operation Of the BSR' 
3P. R. Pluta, An Analysis  of Nuclear Reactor  Fluc- reactivity can be determined by measuring the tuations by Methods of Stochast ic  Processes ,  Ph.D. 
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tuations of the neutron population in a fixed-fuel 4R. E. Uhrig, Trans. Am. Nucl. SOC. 4, 85 (1961). 
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measuring the  ratio of the spectral  densi t ies  in 
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A better insight  a s  to the relationship of R and 
p can  b e  acquired by considering a n  example 
where the  frequencies a r e  greater than 1 c p s  and 
pep << 1. T h e  reactivity c a n  b e  expressed a s  
a function of the  spectral-density ratio by the 
approximate relation 

Since the effective fraction of delayed neutrons 
pe does  not change appreciably with p, and s i n c e  
the  neutron generation time A, to a good approxi- 
mation, is constant  for a subcri t ical  system,6 a 
su i tab le  choice of w 1  and w 2  will  yield a spectral-  
density ratio which is a sens i t ive  measure of 
p. Optimum sensi t ivi ty  can  b e  obtained by se- 
lect ing w 1  a s  near as possible  to the low-frequency 
cutoff of the instrumentation and w 2  a s  c l o s e  as 
possible  t o  the  high-frequency limit imposed by 
detector and amplifier noise.  

Th i s  measurement of spectral-density ratio is 
made without perturbing the  reactor and, therefore, 
offers a means for continuously monitoring shut-  
down margins. A monitor would include two 
fixed-frequency fi l ters and a device for calcu-  
lating the  ratio of the spectral  dens i t ies  in the  
se lec ted  frequency intervals.  

To determine the  feasibil i ty of measuring nega- 
t ive reactivity by th i s  method, a preliminary ex-  
periment was performed with the  BSR loaded with 
cold, c lean  fuel. Spectral  densi t ies  were de- 
termined by filtering, squaring, and t i m e  averaging 
the  amplified signal f r o m  a neutron-sensitive 
ionization chamber placed near the core. Oper- 
a t ional  amplifiers with twin-T networks in their  
feedback loops were used as fi l ters.  React ivi t ies  
were determined by comparing the  measured values 
of R with those calculated using Eq. (1). 

T h e  experimental resul ts  agreed wel l  with in- 
dependent measurements' of negative reactivity 

~ 

'K. M. Henry and J. D. Kington, private communica- 
tion. 

performed with distributed poison (Table  9.7.1). 
T h e  values for the spectral-density method are  
the averages of nine frequency ratios measured 
with different values  of w1 and w 2  in the range 
6 to  100 cps.  

Even though the  instrumentation w a s  not specif-  
ically designed for this  type of measurement, 80% 
of the  data points were within f30% of the meas- 
urements made by the distributed-poison method. 
Because of t h e  l imitations result ing from instru- 
ment noise ,  the largest  value of negative re- 
activity measured was approximately 1 dollar. 

Simple theory indicates  that  the  spectral  densi ty  
in the  100-cps channel a t  -5p will  b e  about one- 
eighth of t h e  spectral  density a t  -1p. It there- 
fore appears  that  increasing the  detection efficiency 
and decreasing the no i se  contribution from the 
detector and amplifiers will  permit measurement 
of -5p. This  is not inconsis tent  with present 
technology. Now under development is special ized 
instrumentation that  should extend the range of 
measurable reactivity to  a t  l e a s t  - Sp without 
sacr i f ic ing the  simplicity of e i ther  the instrumen- 
tation or the  measuring technique. 

Economical and safe operation of power reactors 
may require continuous knowledge of negative 
reactivity, particularly for reactors having s m a l l  
shutdown margins. There is considerable mo- 
tivation t o  develop a shutdown monitor for t h e s e  
reactors,  and t h e  method d i scussed  here  is be- 
l ieved t o  hold considerable promise. 

Table 9.7.1. Experimental Results of Measurement 

of Negative Reactivity (BSR) 

Measurement Method Reactivity (dollars) 

Spectral-density analysis  - 0.27 - 0.66 - 1.1 
Distributed poison -0.28 -0.66 -0.99 

. 

. 
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9.8 LOW-NOISE SOLID-STATE DIFFERENTIAL AMPLIFIER 

F. M. G l a s s '  

A low-noise sol id-s ta te  differential  amplifier 
(ORNL model 4-2591) was  developed to achieve  
long-term gain s tabi l i ty ,  a gain of 10,000, and a 
f la t  response within 1 db from 0.1 t o  1000 cps .  
Such a n  instrument was  needed t o  preamplify 
s igna ls  from a n  ion chamber and drive a multi- 
channel  spectrum analyzer  for s tudy of reactor 
no ise  (Sect. 9.7). 

T h e  amplifier h a s  field-effect s i l icon planar 
t ransis tors  in t h e  f i rs t  two s tages ,  a n  output- 
level  meter, a n  overload indicator, and a built-in 
picoammeter for measuring the  d c  ion current. 

Performance tests of the  amplifier show a maxi- 
mum gain of 10,000, with 3.5 decades  of continuous 
control. The  broad-band frequency response is . 

'The excellent work of W. H. Williams in laying out 
and constructing this instrument is gratefully acknowl- 
edged. 

flat within 0.5 db  from 0.1 to  1000 cps.  High- 
and low-pass fi l ters,  12 db/octave, provide 6-db 
roll-off frequencies (a l l  given in  cyc les  per 
second)  of 0.013, 0.13, 1.3, and  13 (high-pass 
filter), and 35, 350, and 3500 (low-pass filter). 
The  gain is s t a b l e  within +0.1% for 60 hr. With 
the  input shorted the  equivalent no ise  referred t o  
the  input from 6 c p s  and greater is 33,000 ohms. 
The  fl icker no ise  in a bandwidth of 0.013 to 12  
c p s  is 1.8 pv (rms), referred to  the  input. Common- 
mode rejection is 50 db. Input impedances of 
2, 20, and 200 kilohms a r e  provided by a 1- 
megohm resis tor  with current shunts .  

T h e  turn-on 
ringing t i m e  is 3 min. Sixteen ranges of t h e  
picoammeter cover  t h e  current range of 1 x lo-' ' 
to 3 x lo-' amp. Circuit  l inearity of t h e  picoam- 
meter is 0.5%, and the  zero  drift is less than 1% 
per 24 hr af ter  10 min of warmup time. 

The  output impedance is 10 ohms. 

9.9 DESIGN OF MSRE AUTOMATIC ROD CONTROLLER 

E. N. Fray 

S. J. Ditto 

The  s t a r t u p  and low-power operation of the  
MSRE is based  so le ly  on neutron flux considera- 
t ions;  however, a t  power levels  about 1 Mw and 
greater, hea t  generation and its removal from the  
reactor become prime considerations. In order to 
permit orderly operation of the  reactor in both 
t h e s e  ranges, while  reducing the number of op- 
erator manipulations required to a t ractable  few, 
a n  automatic rod controller h a s  been developed, 
based on two s e p a r a t e  modes,of  operation. The  
first ,  cal led t h e  flux mode, ut i l izes  a conven- 
t ional wide-range flux controller and is used  to  
control neutron level  in  s tar tup and low-power 
operation up to about 1 Mw. In t h i s  mode of 
operation t h e  load must b e  ad jus ted  by the  op- 
erator t o  obtain s teady-state  temperature condi- 

D. N. Fry 

t ions,  although a s l igh t  mismatch between the  
reactor power and  load se t t ing  resul ts  in only a 
s low change  in sys tem temperature. The  second, 
ca l led  t h e  temperature mode, is used for auto- 
matically controlling t h e  reactor power level  as 
required to  maintain t h e  fuel outlet  temperature 
a t  a set point s e l e c t e d  by the  operator over a 
range from 1 to 10 Mw. T h e  rod controller complex, 
by s e n s i n g  t h e  temperature of the fuel salt  entering 
the  core  and  the  fuel-salt  outlet  temperature s e t  
point, ad jus t s  t h e  reactor power automatically. 
Thus,  the  reactor power is s l a v e  to  a n  externally 
applied load, while the  fuel outlet  temperature is 
maintained a t  t h e  desired s e t  point. 

Because  t h e  novel features  of t h e  automatic 
rod controller a r e  assoc ia ted  with the temperature 
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mode, only th i s  a s p e c t  of t h e  controller is de- 
scribed. T h e  MSRE reactor sys tem p o s s e s s e s  a 
large hea t  capaci ty  a s  wel l  a s  large thermal time 
l a g s  assoc ia ted  with the temperature measure- 
ments. Consequently, the  direct  u s e  of tempera- 
ture s igna ls  t o  control rod motion can  c rea te  a 
s tabi l i ty  problem i n  reactor control. For  t h i s  
reason, t h e  automatic rod controller is designed 
to  respond to t h e  difference in  neutron flux as 
measured by a n  ion chamber and a flux s e t  point 
determined from temperature information. T h e  
control scheme, in  t h e  temperature mode, is based  
on t h e  one-to-one correspondence between reactor 
power generation and  fuel-  salt core  differential  
temperature in  s teady  s t a t e  a t  the  fixed fuel-salt  
flow. To compute the  flux necessary to operate  
a t  t h e  se lec ted  out le t  temperature, the  reactor 
inlet  temperature is measured and compared with 
the outlet  temperature s e t  point. The  computed 
flux becomes the  s e t  point for t h e  controller. 
P o s s i b l e  calibration errors between flux instru- 
ments and temperature instruments, long-term drifts ,  
and poss ib le  long-term flow changes ,  make i t  nec- 
e s s a r y  to provide a reset  mechanism s o  tha t  t h e  
s teady-state  outlet  temperature will ,  in fact ,  become 
equal  to t h e  s e t  point. T h i s  rese t  is accomplished 
by continuously comparing measured fuel-salt dif- 
ferential  temperature with measured flux and s lowly 

reset t ing t h e  inlet  temperature until  t h e  corrected 
differential  temperature agrees  with t h e  measured 
flux. T h i s  corrected inlet  temperature is used  
in t h e  generation of t h e  flux set point descr ibed 
above. 

The  ORNL analog computer facil i ty was  used  
t o  s imulate  t h e  MSRE to  es tab l i sh  t h e  feasibil i ty 
of t h e  proposed scheme.  A real-time simulation of 
t h e  reactor w a s  used so that  the  controller, us ing  
ac tua l  sys tem components where possible ,  could 
b e  used  in  t h e  study. Response  character is t ics  of 
the  rod-drive sys tem and assoc ia ted  switchgear  
were estimated. 

Resul t s  of t h e  simulation indicate  that  t h e  
outlet  temperature can  b e  controlled within k1OF 
a t  a normal operating temperature of 1225OF during 
normal load changes,  with only a few degrees  
variation for s e v e r e  load t ransients ,  s u c h  as 
scramming radiator doors. Thermal capaci ty  of 
the  fuel  and a n  upper flux limit buil t  in to  t h e  
controller limit the  rate  at which t h e  out le t  tem- 
perature c a n  b e  increased a t  full  load t o  about  
5OF/min. However, t h e  ra te  of t h e  set-point in- 
c r e a s e  wil l  b e  limited t o  about 3 T / m i n ,  at  which 
rate  the  controller c a n  maintain t h e  outlet  tem- 
perature a t  the  set point under all load condi t ions 
from 1 t o  10 Mw. 

. 

9.10 MECHANICAL DRIVE FOR POSITIONING A FISSION CHAMBER IN THE MSRE 

G. W. Allin 

A mechanical fission-chamber drive (Fig. 9.10.1) 
was  developed for t h e  Molten-Salt Reactor Experi- 
ment to provide continuous indication of neutron 
flux and pi le  period from source  level  t o  full 
power with a s ingle  detector. '  In previous reactor 
s tar tup procedures, the  f iss ion chamber is manually 
repositioned when t h e  upper counting limit of t h e  
log count-rate meter is reached. T h e  flux-level 
channel  and t h e  period channel  a r e  disabled 

J. L. Anderson and R. E. Wintenberg, Instrumentation 
and Controls Div. Ann. Progr. Rept. J u l y  1, 1959, ORNL- 
2787, p. 145. 

H., J. Stripling, Jr. 

while the  chamber is be ing  moved and for some 
time afterward, because  the  count-rate meter h a s  
a long recovery time constant .  With the  me- 
chanical  drive, movement of t h e  f iss ion chamber 
will  b e  continuous and automatic. 

One drive was  operated a t  full  s p e e d  and full  
s t roke for 5400 cyc les  under s imulated operating 
conditions (except for neutron flux). T h e  drive 
was  also operated for approximately 1300 hr in  a 
continuously reversing mode; a random s i g n a l  
from a n o i s e  generator was  u s e d  to  s imulate  t h e  
s t a t i s t i c a l  variation i n  t h e  output of t h e  l inear  
count-rate meter under t h e  same environmental 
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conditions. T h e  resul ts  of t h e s e  t e s t s  were within 
design specifications.  T h e  mechanical drive and  
fission chamber will  b e  t e s t ed  in  a neutron flux, 
and the  ac tua l  s igna l  from the  f iss ion chamber will 
be  used as t h e  input t o  t h e  l inear count-rate meter. 

Except  for t h e  motor-drive assembly and the 
position-sensing components, all parts will  operate 
in  a n  instrument penetration tube which is inclined 
approximately 45' from horizontal and is filled 

with water containing 2000 ppm of sodium nitri te 
corrosion inhibitor. T h e  drive is servo-operated 
and can  move t h e  f iss ion chamber a t  a rate of up 
to  72 in./min. A st roke of 90 in. will  provide 
approximately ten decades  of power-level indica- 
tion. 

A ball-bearing lead screw,  turning a t  speeds  
up to  288 rpm, provides the rotational-to-linear 
motion conversion with a n  efficiency of approxi- 

UNCLASSIFIED 
ORNL-DWG 64-4219 

MOTOR DRIVE A S S E M B L Y  

UPPER L I M I T  S W I T C H  

S L I P  C L U T C H  

LOWER L I M I T  SWITCH 

DRIVE TUBE 

_- - 

.~ _ _  ~. - ~ - 

L E A D '  SCREW 

GUIDE B L O C K  

INSTRU M ENT PENETRATION T U B  E 

SIGNAL CABLE HELIX  

THRUST TUBE 

CABLING RIG 

PREAMPLIF IER AND 
F I S SI ON- CHAM BE R AS S E M BLY 

Fig. 9.10.1. Mechanical Drive for Positioning a Fission Chamber. 
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mately 90%. A calcium-complex-base grease  is 
used a s  lubricant for the  lead  screw,  because  it 
is water res is tant  and compatible with the  cor- 
rosion inhibitor being used. T h e  lead-screw nut 
is at tached t o  a guide block which r ides  on nylon 
runners between two aluminum guide rails. T h e s e  
rails a re  mounted within a 33/-in.-OD s t a in l e s s  
steel drive tube. 

A thrust tube connects  the  guide block to  the  
cabl ing rig, which is at tached to the  preamplifier 
and fission-chamber assembly.  The  fission- 
chamber s igna l  cable ,  which is protected from the  
water by a shea th  of Tygon tubing, and music wire 
a re  coiled together t o  form a hel ix  and are held 
together by nylon sp i ra l  wrapping t o  form a spring- 
loaded coiled cord. T h i s  hel ix  provides cab le  
take-up and is coiled loosely around the  thrust 
tube between the  cabl ing rig and the  lower end 
of the  drive tube. The  cabl ing r ig  rides on nylon 
rollers ins ide  the  4-in.-ID instrument penetration 
tube. (The penetration tube is not a part of the  

, positioner assembly.) 

T h e  direct-current dr ive motor with an  integral 
gear reducer and  a tachometer is protected from 
torque overloads by a disk-type s l i p  clutch. T h e  
pos i t i onsens ing  components are connected di- 
rectly to  the  lead-screw shaf t  ahead of the  s l i p  
c lutch by a pair of precision gears. 

T h e  position-sensing train contains  a ten-turn 
position-sensing potentiometer driven through a 
48: l  gear reducer. Th i s  reducer drives a 1 O : l  
gear  reducer which is connected to  a one-turn 
logger input potentiometer. On the  same shaf t  is 
a synchro transmitter for driving a position in- 
dicator on the  console .  

Upper and  lower limit swi tches  a re  tripped by 
rods that  a r e  ac tua ted  by the  guide block a t  each  
end of i t s  travel. T h e s e  rods a re  spr ing  loaded 
and a re  held capt ive in grooves between the  
guide rails and the  drive tube. Th i s  configuration 
accommodates mounting the  l i m i t  swi tches  in the  
motor drive assembly,  where they are readily 
access ib le .  

PROCESS INSTRUMENTATION 

9.1 1 MSRE PROCESS INSTRUMENT DEVELOPMENT 

R. L. Moore 

G. H. Burger D. G. Davis  J. W. Krewson 

Special  instrument components and sys tems re- 
ported previously were tes ted  and redesigned as 
necessary.  

Pump-Bowl Level Indicator 

Test ing  of the  ball-float-type molten-salt l eve l  
transmitter'  was  continued. Two prototype trans- 
mitters were tes ted  for more than 18 months above 

J. W. Krewson and R. L. Moore, Instrumentation and 
Controls Div. Ann. Progr. Rept .  Sept.  1,  1962, ORNL- 

1 

3378, p. 59. 

12009 without failure or degradation of the  per- 
formance character is t ics .  A third transmitter of 
a similar design but with an  INOR-8 metallic bal l  
f loat  ins tead  of a graphite f loat  w a s  fabricated 
and instal led in the  molten-salt pump-test facility. 
The  transmitter wil l  b e  tes ted  under dynamic 
conditions which are ant ic ipated in the  MSRE 
reactor system. Although the  ball-float trans- 
mitter w a s  accepted  for u s e  on the  MSRE coolant  
pump, i t  will not b e  instal led on the  fue l  pump 
unless  se r ious  difficulties are experienced with 
the  bubbler leve l  sys tem during precritical op- 
eration of t he  reactor. 

. 

. 
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Single- Point Mol ten-Sa It L e v e  I Indica tor 

A prototype two-level conductivity-type molten- 
s a l t  level  probe,’ which will  b e  used t o  detect  
molten-salt level  in the MSRE drain tanks,  was 
operated successful ly  for approximately 1 yr. 
Usable s igna ls  were obtained with excitation 
currents as high a s  20 amp at 1 k c  and as low 
as 0.1 amp a t  1 kc. (Higher excitation currents 
a re  feasible  i f  excitation lead res i s tance  is low 
and sufficient power is available.)  T h e  s ignal  
amplitude generated when t h e  salt contacted the 
probe was approximately 50 mv with a n  excitation 
current of 20 amp and varied directly with the 
excitation current strength.  T h e  signal-to-noise 
ratio was greater than 3 t o  1. Attempts t o  improve 
th i s  ratio were unsuccessful ;  however, the 3-to-1 
ratio will  probably b e  adequate  for dependable 
operation. Although the  s i g n a l  level  h a s  drifted 
over a period of time, the drift is not objectionable 
because the output is basical ly  “on-off.” 

F ina l  tes t ing  of the level  indicator will  be done 
in the reactor system during precrit ical  operation, 
because the  probe s igna l  is inherently a function 
of the configuration’of the  v e s s e l  in which i t  is 
installed.  

Temperature Scanner 

T h e  temperature scanner  sys t em described pre- 
viously3 was tes ted  on a molten-salt t e s t  loop t o  
determine t h e  performance and t h e  long-term 
reliability of the sys t em a t  operating conditions. 
Tes t ing  was s ta r ted  in August 1962, and during 
approximately 3000 hr of continuous operation, 

J. W .  Krewson and R. L. Moore, Instrumentation and 
Controls D iv .  Ann. Progr. Rept .  Sept.  1, 1962, ORNL- 

3G. H. Burger e t  a l . ,  Instrumentation and Controls 
Div .  Ann. Progr. Rept .  Sept.  1 ,  1962, ORNL-3378, 
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3378, p. 54. 

p. 57. 

performance was  satisfactory.  After 3000 hr, the  
system developed excess ive  noise  pulses.  Ex- 
amination of the  commutator in the  mercury switch 
revealed mercury oxidation and a bad bearing 
in the  lower deck of the  switch.  T h e  upper deck 
was  in good condition. After the  switch was  
cleaned, repaired, and modified to obtain better 
nitrogen purge of the  lower deck, tes t ing  was 
resumed. Shortly af ter  the s t a r t  of the  second 
t e s t  the  top bearing became noisy,  and the test 
was interrupted t o  permit replacement of the  
bearing. Test ing was  again resumed, and an  
additional two months of sat isfactory operation 
was accumulated before tes t ing was  terminated. 

The  scanner  system with five 99-point scanner  
channels was  accepted for u s e  on the  MSRE, and 
design of the MSRE instal la t ion w a s  completed. 
T o  meet operations requirements during various 
phases  of reactor operations,  the  design will 
permit thermocouple s igna ls  t o  b e  removed from 
serv ice  or moved, either individually or in groups 
of 25, to other scanner  channels.  To minimize 
downtime, all major components, including the  
mercury switch commutators, uti l ize plug-in con- 
struction and are eas i ly  replaceable.  

Closed-Ci rcuit Television 

T h e  feasibil i ty of viewing remote maintenance 
operations a t  the MSRE with a closed-circuit  
television system was  investigated.  The  methods 
investigated included single-channel and two- 
channel s te reo  (three-dimensional) viewing and 
multichannel (one-dimensional) viewing which 
u s e s  two or more cameras to  view the  subject  
from different angles .  

For tes t ing,  both types of s te reo  sys t ems  were 
installed in a remote maintenance t e s t  facil i ty,  
and operation of a multichannel one-dimensional 
system was  observed at the Santo Susano s i t e  
of Atomics  International. Evaluation is continuing. 
F ina l  choice of the  system to b e  used a t  the MSRE 
will  b e  based on resul ts  of these  t e s t s  and on 
the requirements of remote maintenance operations. 
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9.12 PBRE BALL COUNTER 

H. D. Wills 

Because  s a f e  operation of t h e  Pebble-Bed Re- 
actor  Experiment (PBRE) required tha t  the  lo- 
cat ion of t h e  uranium-graphite b a l l s  within t h e  
reactor sys tem b e  known, a device  was  developed 
to de tec t  and count  the  flow of t h e  ba l l s  as they 
p a s s e d  through a s t a i n l e s s  steel pipe. Since t h e  
detector did not penetrate t h e  pipe, i t  did not 
obstruct t h e  flow of t h e  bal ls .  Also, i t  had no  
moving parts. Although the  counter  operated 
successfu l ly ,  if the  P B R E  program is reactivated,  
further development work will  b e  required to make 
the  counter a reactor-grade instrument. 

T h e  instrumentation sys tem (Fig. 9.12.1) con- 
s i s t e d  of a differential  transformer wound on t h e  
outs ide of the  pipe, a n  osci l la tor ,  a demodulator, 
a n  amplifier, and a n  electronic  counter. T h e  dif- 
ferential  transformer cons is ted  of two 150-turn 
secondary windings wound on the  pipe and con- 
nected differentially, and a 300-turn primary wound 
over the  secondary. T h e  primary was  exci ted with 
a n  8-kc s i n e  wave. As  a graphite ball passed  

through the  detector,  a wave w a s  produced a t  t h e  
output of the  demodulator because  of the  change 
in t h e  effect ive permeability of t h e  differential  
transformer. T h e  period of t h i s  wave was  equal  
t o  t h e  t i m e  required for t h e  ba l l  to p a s s  through the  
detector. T h e  amplifier and t h e  counter were ad-  
justed to  count  the  posit ive half of t h i s  wave. 

UNCLASSIFIED 
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DEMODULATOR 

Fig. 9.12.1. Instrumentation for Counting Uranium- 

Graphite Bal ls  in the Pebble-Bed Reactor Experiment. 

9.13 WATER FLOWMETER 

J. H. Todd E. E. Waugh 

A flowmeter (ORNL model Q-2587) was  de- 
s igned to measure water flow ra tes  through the  
s e a t  swi tches  and clutch assembl ies  and t h e  total  
flow rate  of water through t h e  Tower Shielding 
Reactor I1 (TSR-11). Each  module visually dis-  
plays t h e  flow rate  and  h a s  pointers for se t t ing  
t h e  high and  low flow-rate l imits.  When ei ther  
t h e  high or  low flow-rate set point is reached, 
alarm relays a r e  actuated.  T h e  contac ts  of t h e s e  
relays a r e  incorporated into t h e  reactor control 
interlock sys tem and into t h e  “scram” system. 

T h e  flowmeter c o n s i s t s  of four main components 
(Fig. 9.13.1). A transducer,  cons is t ing  of a small 
turbine rotating in close proximity to a magnetic 
pickup, produces output pu lses  which a r e  propor- 
t ional t o  t h e  flow rate. Two different transducers 
a r e  used. One transducer,  at a maximum flow rate  

of 0.53 gprn, produces a n  output frequency of 500 
cps .  A similar transducer,  at a maximum flow 
rate of 9 gpm, produces a n  output frequency of 
290 cps.  

UNCLASSIFIED 
OANL-DWG 64-1224 

LEVEL 

I 

LEVEL 

Fig. 9.13.1. Diagram of Water Flowmeter. 
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The  output s ignal  from e a c h  transducer is pre- The  amplified s igna l  is converted by a digital- 
amplified before transmission over severa l  hundred to-analog converter, a duty-cycle frequency meter 
feet  of cable.  T h e  preamplifier increases  the which is adjustable  over the range of the trans- 
amplitude of the transducer output s igna l  from a ducers used,  and is visually displayed by a 
few millivolts t o  a level  where the  effect of noise  
is negligible. 

control meter. 

COMPONENTS AND MATERIALS 

9.14 TESTS OF STRAIN-GAGE PRESSURE TRANSDUCERS ON IN-PILE EXPERIMENTS 

T. L. McLean 

Measurement of pressure developed in in-pile 
experiments has  not been successful ly  accom- 
plished, because the materials and components 
of pressure-sensit ive dev ices  previously employed 
in th i s  service have not withstood damage from the 
intense radiation. To determine whether strain- 
gage pressure transducers will  offer a practical  
means of making such  measurements, severa l  
transducers were instal led in three in-pile experi- 
ments for t e s t s  under operating conditions. 

Two transducers,  fabricated by Consolidated 
Electrodynamics Corporation, were instal led a t  
the ORR Poolside Faci l i ty’  to measure the gas-  
eous  fission-product pressure buildup inside fuel 
c a n s  located in a neutron-gamma field of approxi- 
mately 1 x l o 9  nvt. Each transducer was  neutron 
shielded with a 2-in.-thick enclosure of cadmium. 
After two weeks of reliable operation, the  trans- 
ducers began to  show errat ic  behavior. Exami- 
nation of t h e  assemblies  in a hot cell revealed 
that  t h e  capillary tubing connecting the  trans- 
ducers t o  the fuel c a n s  had cracked in two places.  

In instal la t ions of th i s  type the  transducer must 
be carefully calibrated with i t s  a s soc ia t ed  “L2 
circuit” Brown recorder before i t  is at tached to  

the  capsule ,  because  once instal led,  it is im- 
possible  to check ei ther  the  zero or the span. 

Standard off-the-shelf transducers were tes ted  
in two other experiments where t h e  radiation level  
was  between 200 and 300 r/hr. Four transducers,  
all of one brand, were instal led a t  the MTR molten- 
salt experiment,’ and two of another brand were 
instal led at t h e  GC-ORR loop No. l.3 Before 
being installed,  each unit  w a s  calibrated in the 
laboratory with the  required length of lead wire 
and under t h e  s a m e  physical  s t r e s s  the  unit  was  
to receive a t  t h e  experiment. At t h e  MTR experi- 
ment, both the zero and the span  could b e  checked 
in place,  but at GC-ORR loop No. 1, only the  zero 
could b e  checked. All s i x  transducers maintained 
a precision of kO.1 ps i  in the  range of 0 to  15 
psi  after several  months’ exposure. 

‘D. B. Trauger and 0. Sisman, Gas Cooled Reactor 
Program Serniann. Progr. Rept. Sept. 30, 1962, ORNL- 

*Molten-Salt Reactor Program Serniann. Progr. Rept. 
Jan. 31, 1963, ORNL-3149, pp. 94-107. 

3D. B. Trauger and 0. Sisman, Gas Cooled Reactor 
Program Semiann. Rept. Sept. 30, 1963 (to be published). 

3372, pp. 95-108. 
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9.15 DEVELOPMENT AND TESTING OF THERMOCOUPLE MATERIALS 

N. H.  Briggs 

G. W. Greene E. G. Meyer R. R. Sel lers '  

T h e  measurement of temperature is required in 
almost all experiments conducted a t  this Labora- 
tory; and particularly in irradiation experiments, 
the  temperatures t o  b e  measured a r e  becoming in- 
creasingly higher - almost to t h e  melting point 
of refractory metals. T o  provide a wide range of 
thermocouples that  will  meet the  requirements of 
the many experimental programs at the Laboratory, 
the  properties of many combinations of thermo- 
couple wires,  insulation, and sheathing a t  high 
temperatures and in varied atmospheres,  both with 
irradiation and nonirradiation, a r e  being investi-  
gated. 

Several specif icat ions were written and i s sued  
for t h e  purchase of thermocouples for ORNL Stores 
and for in-pile experiments. T h e s e  specif icat ions 
covered bare wires,  glass-fiber-insulated wires,  
and metallic-sheathed thermocouples. T h e  common 
types of thermocouples were specif ied:  platinum- 
10% rhodium vs  platinum, Chromel-P-Alumel, 
i ronconstantan,  and copper-constantan. After 
having been purchased, t h e s e  materials a r e  tes ted  
t o  determine their  conformance t o  the  specif ica-  
t ions (Sect. 7.10). 

T o  determine the s tabi l i ty  of thermocouples and 
other temperature s e n s o r s  under various condi- 
t ions of temperature (up t o  4 7 0 0 9 )  and atmosphere 
(argon, helium, and vacuum), two high-temperature 
furnaces a re  being instal led and tested.  In one 
furnace, a tungsten tube is the  res i s tance  heat ing 
element. T h e  other furnace is an  induction-heated 
furnace. T h e  tungsten-tube furnace was  tes ted  
up to 4 7 0 0 9 .  Because  the  heat ing element tends 
t o  burn out ,  th is  furnace is limited to several  
hundred hours of continuous operation. 

Chromel-P-Alumel thermocouples in a metallic, 
0.031-in.-OD shea th  were tes ted  at a constant  
temperature of 1950oF in a helium atmosphere t o  
determine their  calibration drift over a long time 
a t  t h e s e  conditions.  Preliminary resul ts  af ter  
1000 hr of heating show that  thermocouples which 
had been heated a t  1 0 0 O T  for 24 hr prior to the 
extended t e s t  at the  higher temperature produce 
less drift and much less sca t te r  of the data points 

'Formerly with ORNL Reactor Division. 

than thermocouples which had not been heat  
treated. The  total  drift for all thermocouples 
ranged from -100 to  -15OT. 

In power reactors,  such  as the EGCR, materials 
and components a r e  se lec ted  t o  have  a useful 
life for as  much as 20 yr. One way to  achieve 
temperature measurement under th i s  condition with 
thermocouples is to design for replacement of the  
thermocouples when necessary.  Th i s  will  require 
instal l ing tubing with a thermocouple wel l  a t tached 
at the  point of measurement. Whenever a thermo- 
couple fa i ls  it can  b e  withdrawn from the tubing 
and a new thermocouple inserted and pushed 
through the tubing t o  the  point of measurement. 
Th i s  technique was  tes ted on mockups t o  deter- 
mine the force required t o  push t h e  thermocouple 
through a 65-ft length of tubing with bends of 
various radii. T h e  tubing w a s  f$-in. OD (0.152 
in. ID) with a 0.049-in.-thick wall. T h e  thermo- 
couple was s t a i n l e s s  s t e e l  sheathed,  0.063 in. OD. 
T h e  t e s t s  were made at room temperature, and 
the tubing and shea th  were cleaned prior t o  the  
tests. 

In the f i rs t  t e s t ,  in which the tubing was  bent 
in a configuration similar t o  permanently instal led 
thermocouples in  the  EGCR, and with bends of 
2 i - i n .  radii, the  thermocouple could not be pushed 
through the  tubing by a mechanical pushing de- 
vice,  which automatically measured the  force 
being applied t o  the thermocouple. T h e  test 
failed. The  force required was  in e x c e s s  of the  
maximum force, 50 Ib, avai lable  from the pusher. 
T h e  second test, in which all radii of bends were 
4 to  6 in., a l s o  failed. In a third test, in  which 
all bends were 1 2  in. except  for two bends of 
4 in. and 4 %  in., the  thermocouple was  inserted 
successful ly ,  with 20 to  30 l b  of force required 
for the l a s t  few feet. (This force is considered to  
be excess ive  for t h e  application.) It was  con- 
cluded tha t  th i s  technique of thermocouple re- 
placement could b e  applied t o  reactor design; 
however, the tubing runs require careful layout 
with very gentle bends throughout the  ent i re  length 
of tubing. 

T h e  performance of thermocouples under nuclear 
irradiation will  b e  s tudied during the  next year. 
A capsule ,  designed for insertion in the ORR, will  
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allow irradiation of up to 26 individual thermo- t ions will  b e  done with t h e  capsule  removed from 
couple wires at a cons tan t  temperature of 570°F. t h e  reactor. T h e  planned total thermal neutron 
T h e  c a p s u l e  contains  a 1-kw molybdenum-wound d o s e  is 1.8 x l o2 '  nvt. A mockup of t h e  capsule  
heater  and a reentry tube  for a s tandard thermo- was  built to t e s t  t h e  heater  concept. Satisfactory 
couple,  which 
thermocouples 

will  b e  used to cal ibrate  t h e  t e s t  
a t  periodic intervals.  All  calibra- tes t ing  is planned t o  2500°F. 

performance to 1500°F was  obtained, and further 

9.16 POTTED HERMETIC SEAL FOR SHEATHED THERMOCOUPLES 

T. L. McLean 

When a shea thed  thermocouple is instal led in 
reactor fuel  cladding, a hermetic seal must b e  
provided a t  t h e  junction of t h e  thermocouple and 
the  extension wires  to prevent f iss ion products 
from diffusing out of the  end of the  thermocouple 
assembly. Previously, s u c h  seals were made with 
a spec ia l  Conax fitting, which compressed a 
rubber plug between t h e  shea th  and wires. T h e s e  
uni ts  were difficult  to  assemble,  expensive, and  
not as rel iable  as  desired. A potted connector 
was  developed which is smaller,  less expensive, 
e a s i e r  t o  assemble,  and more reliable. T h e  con- 
nector is 2 in. long by y4 in. in  diameter. T h e  
wire-to-wire res i s tance  of connectors made in  this  

manner h a s  a lways  measured greater than 500 
megohms. T h e  connectors also form a helium- 
t ight seal with t h e  sheath.  

Assembly of a connector is begun by clamping 
the  shea thed  thermocouple and two extension 
wires  in  p lace  for welding. T h e  fiber-glass- 
insulated extension wires  a r e  welded to the  0.01- 
in.-diam thermocouple lead wires  with a res i s tance  
welder. A smal l  ceramic insulator is placed at 
t h e  end of the  shea th  to keep  the wires  separated.  
Clear  epoxy is poured over t h e  connection into a 
removable mold made from plas t ic  tubing and two 
rubber washers .  



10. Support for the High-Voltage Accelerator Program 

10.1 SECOND-STAGE PULSE COUNTDOWN SYSTEM FOR THE ORNL 3-MV VAN DE GRAAFF 

R. F. King 

The terminal beam pulser for the ORNL 3-Mv 
Van d e  Graaff del ivers  short-duration bursts  of 
ions to  the accelerator tube at a repetition rate  
of l o6  pu l ses / sec . '  The  optimum repetition rate 
varies widely from one experiment t o  another. In 
general, i t  is difficult to  produce beam pulsing 
equipment which can supply a wide range of re- 
petition rates  in the Van d e  Graaff terminal; for 
example, consider the  beam-pulse diverter o r  
countdown system external to  the  accelerator de- 
scribed in a previous report.2 With that system, 
the accelerated beam pulses ,  or burs t s  of ions,  
were directed between a pair of deflector plates .  
A s i n e  wave of 3500 v peak amplitude and an rf 
frequency of either 500, 250, or 125 kc  was  ap- 
plied to one plate  of the  pair. This  plate  was  
biased with a dc  voltage jus t  equal t o  t h e  peak 
value of t h e  rf voltage. The other plate  operated 
a t  rf ground with a small adjustable  d c  bias.  

To es tab l i sh  the frequency of t h i s  beam deflec- 
tion voltage as a n  exac t  submultiple of t h e  nomi- 
nal 1-Mc frequency of the master osci l la tor  in  t h e  
Van d e  Graaff terminal (and, therefore, of the  rep- 
eti t ion rate of the  ion-beam bursts emerging from 
the accelerator), a s ignal  from the master osci l -  
lator was  picked up with a tuned ferrite-core an- 
tenna at ground potential  mounted inside the  Van 
d e  Graaff tank. After amplifying t h i s  s ignal  and 
passing it through either one,  two, or three fre- 
quency-divider s t a g e s  and an adjustable  0-360' 
phase shifter,  the  500-, 250-, o r  125-kc frequencies 

J .  W. Johnson e t  al . ,  Instrumentation and Controls 
Div .  Ann. Progr. Rep t .  J u l y  1 ,  1961, ORNL-3191, p. 91. 

2R. F.  King and W. H. duPreez,  Instrumentation and 
Controls D iv .  Ann. Progr. Rep t .  Sept.  1, 1962, ORNL- 

1 

3378, p. 85. 

were obtained. By manipulating t h e  phase  control,  
the  peak of the rf deflecting voltage could b e  made 
to occur i n  t i m e  coincidence with the passage  of 
a beam pulse  through the  deflector plates .  T h e  
particular pulse  in  t h e  deflector p la tes  a t  t i m e  
coincidence was  passed  through undeflected. All  
subsequent  pu lses  in  t h e  train were deflected off 
target unti l  t h e  deflection voltage completed one 
full cycle .  T h e  process  was  then repeated. Sine- 
wave deflection voltages were chosen for t h i s  
system, b e c a u s e  the  magnitude and t h e  rate of 
change of voltage required, coupled with the  ap- 
proximately 40-ppf capaci ty  of the deflector plates ,  
precluded using rectangularly shaped gating volt- 
ages .  With sine-wave vol tages ,  a l imiting factor 
of about 8 between the repetition rate  of the beam 
pulses  and the repetition rate of the  deflection 
voltage could be used without requiring exces -  
s ively large deflection voltages.  

Because beam-pulse repeti t ion rates  lower than 
125 k c  are necessary for some experiments, a sec- 
ond s t a g e  of beam pulse  countdown was  bui l t  to  
work in conjunction with the f i rs t  s tage  and t o  
share  t h e  s a m e  deflector p la tes  (Fig.  10.1.1). 
Since th i s  second s tage  had only to discriminate 
between beam pulses  already separated by 8 psec ,  
it became possible  to u s e  rectangularly shaped 
gating vol tages  effectively. 

The second-stage pulse  countdown system takes  
a s ignal  from the  125-kc frequency already gen- 
erated and divides  it further by a factor of 4 to 
31.25 kc. A pulse  shaper  and power amplifier 
produces a rectangular output voltage pulse,  hav- 
ing approximately a 2-psec r i se  time, a 3-psec 
duration, a 2-psec fall time, and a 1600-v ampli- 
tude. Th i s  voltage pulse  is applied t o  the  beam 
deflector plate  that  originally carried d c  b i a s  
voltage only. T h e  b i a s  is s o  arranged that  the 

> 
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Fig. 10.1.1. Pulse Countdown System for Pulsed Van d e  Graaff. 

3-psec duration part of the  voltage pulse coin- are diverted.  If further reduction of repetition 
c ides  with zero voltage to  ground. When both s y s -  ra te  is required, only the number of frequency- 
tems are  operating, the result  is that  one beam divider s t a g e s  in  the second countdown system 
pulse emerging from the accelerator is passed un- No  lower l imi t  of repetition 
deflected to the target and the  following 31 pulses  

need b e  changed. 
ra te  is imposed. 

10.2 IMPROVED KLYSTRON BUNCHER FOR THE ORNL 3-Mv VAN DE GRAAFF . 

J. P. Judish 

The  power amplifier for the  preacceleration 
klystron ion-beam buncher for the 3-Mv Van de  
Graaff’ was redesigned and increased in power. 
I t  is now capable  of injecting the optimum bunch- 
ing  energy into the beam pulse  a t  machine energies  
up to 2.1 Mv. The new amplifier operates  a t  the 
same frequency (27 Mc) as t h e  previous amplifier, 
but with a power input up to  about 325 w. Most 
of th i s  power is diss ipated via  l o s s  mechanisms 
in the cri t ically coupled LC circuit  which contains 

‘R. F.  King et a t . ,  Instrumentation and Controls Div. 
Ann. Progr. Rept .  Sept. 1 ,  1962, ORNL-3378, p. 84. 

R. F. King 

the buncher electrode. Sine-wave voltages up t o  
approximately 12 kv rms  can  be applied to  the  
buncher electrode. 

Klystron bunching dec reases  pulse  duration, 
but increases  beam-energy spread. Measurements 
of the  width of the  C13(p,y)N14 resonance, which 
occurs  at 1.747 Mv, showed a n  energy spread of 
about 0.5 kv in the  1-Mc pulsed, unbunched beam. 
After imposing optimum bunching, the  energy 
spread increased t o  about 2.7 kv. With the  buncher, 
the  burst  duration is reduced from 10  x lo-’ t o  
1.3 x lo-’ sec or less. At present,  t h e  measur- 
ing system is incapable of measuring beam pulse 
durations of less than about 1.3 x lo-’ sec. 
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10.3 TANDEM VAN DE GRAAFF MODIFICATIONS 

a 

G. F. Wells 

A new accelerator tube was ins ta l led  in  the low- 
energy section of the Tandem accelerator because  
of interplanar insulation failure of the original 
tube. This  failure, caused  by planar arc-over 
within the tube sec t ion ,  was attributed to opera- 
t ions with 0- beam injection. Two beams of 0- 
at slightly different energies a r e  produced by the 
duoplasmatron source. When one beam was  prop- 
erly injected into the accelerator,  the  other i m -  
pinged on various p lanes  in the  low-energy sec- 
tion, causing local outgassing and secondary 
electron emission - two good conditions for in- 
ducing interplanar tube sparking. In the  installa- 
tion of the new tube, adjustable defining s l i t s  
were placed at the entrance to the accelerator 
t o  exclude unwanted beams. 

The  design of the new accelerator tube incorpo- 
rates t he  alternating inclined-field-gradient prin- 
ciple.  When alternate groups of planes a re  in- 
clined at a slight angle to  the  beam trajectory, a 
small force is generated perpendicular to the  beam 
path. The  direction of the  force changes  with 
alternate groups of planes and c a u s e s  secondary 

'Physics Division. 

C. D. Moak' 

electrons to  b e  collected on the  p lanes  before the  
electrons are appreciably accelerated; the  effect 
of t h i s  plane inclination i n  deflecting the  ion beam 
is negligible. The  result ing improvement in  over- 
all machine performance is due to a reduction in  
the  x-ray background produced by stopping high- 
energy electrons a t  the accelerator terminal. 

When the  tube was replaced, two product-52 
analyzing magnets were also installed: a main 
analyzer magnet immediately following the  accel- 
erator, and a 90° deflecting magnet in the  experi- 
mental area below t h e  accelerator.  Power for 
t hese  magnets is provided by new 7-kw solid- 
s t a t e  power suppl ies  with current regulation of 
0.01%. These  magnets have  extended the  useful 
range of energies obtainable in analyzed beams 
from the accelerator. 

Allowable maximum terminal voltages were in- 
c reased  by us ing  SF ,  gas  (10 vol %) mixed with 
the normal N,-CO, tank g a s  and by maintaining 
the  moisture content of the  gas  mixture a t  1 0  ppm 
or leis. 

For experimental use,  15-Mev protons, 52-Mev 
oxygen ions,  and 118-Mev iodine ions  were pro- 
duced. 

10.4 NEGATIVE-ION SOURCE DEVELOPMENT 

W .  H. duPreez '  J .  W. Johnson R. F. King 

The  negative-ion beam which is presently being 
injected in to  the Tandem Van d e  Graaff accelera- 
tor has  certain undesirable quali t ies which l imi t  
the  target current and make the  beam unsuitable 
for pulsing and bunching. To obtain a better 
quality beam, two methods of producing a negative- 
hydrogen-ion beam were investigated: charge 
exchange of a posit ive-ion beam in a gas  target 
and direct  extraction of a negative-ion beam from 

'Visitor from the South Africa Atomic Energy Board, 
Pretoria, South Africa. 

t he  plasma in  a duoplasmatron source.  , Charge 
exchange is the  method now being used  on the  
Tandem accelerator,  and the  investigation of this 
method showed that no meaningful improvement 
in the  resu l t s  was possible.  

Direct extraction was  then investigated,  and 
the  negative-ion output was  found to depend 
strongly on the  configuration and position of t he  
duoplasmatron intermediate electrode, and on the 
duoplasmatron arc-discharge conditions of gas  
pressure,  magnetic field, and a rc  current. 

An ion-source configuration and an arc-discharge 
condition were found which s t ab ly  and reliably 

. 
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yielded 30 pa of negative hydrogen ions through a 
0.0085-in.-diam source aperture. At t h e s e  optimum 
conditions, the  ratio of electrons extracted from 
the ion-source plasma to t h e  negative ions  ex-  
tracted was  a minimum; a value of 500 was typi- 
cal. Some arc  conditions were found that  yielded 
negative beam currents a s  high as 100 pa, but for 
unknown reasons,  t h i s  intensi ty  could not be main- 
tained for more than 1 to 2 min before i t  drifted 
down t o  a value no greater than 30 pa.  

The ion-optical qual i t ies  of the  direct-extracted 
negative - ion beam are  qui te  good compared t o  
those  of a beam produced by charge exchange be- 
c a u s e  of the  low, approximately 100 ev, energy 
spread of the  duoplasmatron beam and the  small 
object s i z e  from which the beam originates.  

From t h e s e  facts ,  i t  is concluded that  direct  
extraction of a negative-hydrogen -ion beam is very 
promising; however, additional work will  be re- 
quired to  improve i t s  reliabil i ty at high outputs.  

10.5 THERMAL LEAK-VALVE DEVELOPMENT 

J .  W. Johnson 

Except for the i so topes  of hydrogen, which may 
be leaked through a palladium barr ier  a t  elevated 
temperatures, the  feeding of g a s  to an accelerator 
ion source,  maximum flow rate of 3 t o  5 cc/hr,  is 
plagued with difficulties. Needle valves  must be 
closed until the  needle deforms the  valve seat be- 
fore these  low gas-flow rates  can b e  obtained and 
controlled. The  deformation of t h e  valve s e a t  
produces hysteresis  and other uncertainties in  con- 
trol of the  flow rate and may also gal l  the  valve 
s e a t .  Because a needle  valve requires a mechani- 
c a l  drive for its control, and because  the palla- 
dium-barrier leak valve requires e lectr ical  control 
of the  voltage t o  the heater by means of a variable 
transformer (Variac), the conversion of a n  ac-  
celerator from hydrogen to  other feed g a s e s  in- 
volves many hardware changes  o r  completely 
separate  control systems.  An electr ical ly  con- 
trolled thermomechanical valve w a s  adapted f rom 
a Harwell design2 (Fig.  10.5.1) t o  b e  integrally 
mounted i n  the g a s  supply bot t le  in  a manner s imi -  
lar  to  the present arrangement for t h e  palladium- 
barrier leak valve for H,. Since the palladium- 
barrier heater  is used to control t h e  sea l ing  force 
on the  '/,-in.-diam s ta in less  steel bal l  (shown in 
Fig.  10.5.1) by thermal expansion of the  tension 

C. D. Moak' 
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'private communication from F. D. Pilling, AERE, 
Harwell, England, to C. D. Moak. 

Fig.  10.5.1. E lectr ica l ly  Controlled Thermomechani- 

ca l  Valve.  
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wire, t he  valve assembly can b e  directly inter- 
changed with t h e  palladium-barrier leak-valve 
assembly without changing the control system. 

Th i s  type of valve h a s  been used to  feed He in  
t h e  5.5-Mv Van d e  Graaff and He, 0,, Br,, I , ,  
and H ,  i n  the Tandem Van d e  Graaff. Operation 
w a s  stable,  reliable, and reproducible. The  flow- 
rate  response to a change i n  control s e t t i ng  was  

smooth and  qui te  l i ke  that obtained from a pal- 
ladium-barrier leak valve. T o  reduce the. poison- 
ing of the discharge i n  the ion source for He'' 
operation on the 5.5-Mv Van d e  Graaff, s p e c i a l  
ca re  was  taken t o  remove most of the hydrogenous 
materials from the  gas bottle and valve. T h e  re- 
s u l t s  were excellent;  0.1 pa of H e 2 +  beam current 
w a s  obtained. 
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11.1 COSTS AND MANPOWER SUPPORT OF LABORATORY PROGRAMS 

Joseph Guarneri 

To fulfill its responsibil i ty to t h e  Laboratory re- 
search programs, the  Instrumentation and Controls 
Division employs over 300 technical  and other per- 
sonnel  of various s k i l l s  and discipl ines  to carry out 
diverse  functions ranging from research in  b a s i c  
instrumentation to routine maintenance and servicing 
of on-line instrumentation. Studies  and investiga- 
t ions a re  pursued not only to  keep  abreas t  of the  
s t a t e  of the  art, but also t o  contribute to it.  A s  new 
instruments and components become avai lable  on t h e  
market, they a r e  tes ted  and evaluated to  determine 
their  character is t ics ,  performance, and reliability for 
future incorporation in  new instrument design and 
development a t  ORNL. Development work is carried 
out to  upgrade the  performance and reliability of in- 
strumentation in u s e  at t h e  Laboratory. On-line in- 
strumentation and controls sys tems for processing 
plants,  research reactors,  and experiments a r e  stud- 
ied  to  formulate more advanced maintenance tech- 
niques or,  if required, spec ia l ized  training programs 
for maintenance and supervisory personnel. 

The  cost of Division labor required to  carry out  
these  act ivi t ies  in fiscal year  1963 was  approxi- 
mately $3 million, o r  4% of the  total  expenditure of 
the  Laboratory. Purchases  of capitalized instru- 
mentation and electronic components amounted to 
almost $4 million (Table  11.1.1). T h e  ac tua l  value 
of these purchases, $4 million, was  much larger 
than shown in Table  11.1.1, however, because  t h i s  
total  does  not include a large amount of experimental 
instrumentation which had not been capi ta l ized or  
which had been purchased directly by or for other 
Laboratory Divisions.  T h e  a s s e t  accounts  of t h e  
Laboratory contain approximately $16 million (Table  
11.1.1) of capi ta l ized instrumentation; moreover, 
t h i s  figure d o e s  not reflect  the  value of experimental 
instrumentation, which is not capi ta l ized.  

In the p a s t  ten years  t h e  annual budget for the  
Division increased from $0.5 million in 1953 to $1.3 

million in 1963, with an attendant increase  in  man- 
power from 155 t o  304 respectively (Table 11.1.2). 

T h e  distribution of Division manpower used  in  
a s s i s t i n g  other Laboratory divis ions during f i sca l  
year  1963 is shown in  Fig.  11.1.1. Figure 11.1. lb  
excludes the  Reactor  Controls and Basic Instru- 
mentation Departments. Neither char t  includes man- 
power expended for research and development pro- 
grams of the  Instrumentation and Controls Division. 

Table 11.1.1. Schedule o f  ORNL Instrumentation Costs, 
Fiscal Year 1963 

Capitalized instrumentation acquired -$3 million 

Electronic components purchased 4 1  million 

Electronic components i s sued  from $880,000 
ORNL Stores 

Number of instruments, components, and >4200 
electronic suppl ies  stocked in 

ORNL Stores 

Value of electronic inventory in ORNL $509,853 
Stores a s  of June 30, 1963 

$16 million Instrumentation in a s s e t  accounts a s  
of June 30, 1963 

Table 11.1.2. Comparison of Cost and Manpower 
Expenditures in 1953 with 1963 

c o s t  Manpower 

Function 1953 1963 1953 1963 

Research $250,000 $427,000 15 51 

Support 254,000 905,000 140 253 

$504,000 $1,332,000 155 304 

- -  
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( a )  ENTIRE DIVISION 

UNCLASSIFIED 
ORNL-DWG 64-4223 

( 1  70 

(61 INSTRUMENT DEPARTMENT ONLY 

Fig. 11.1.1. Distribution of Instrumentotion and Controls Division Manpower in F isca l  Year  1963. 

. 
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Conference on Instruments and Techniques in Nuclear P u l s e  Analysis  (Sponsored by NAS-NRC), Monterey, 
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International Federation of Automatic Control Conference, Basel ,  Switzerland, August 27-September 4, 
1963 

Ball ,  S. J., “Discussion of Paper: Experimental Study of the  Dynamic Behavior of a Heat  Exchanger 
and of a Mixing Process ,  by L. Delvaux.” 

Handling in a Nuclear Power Plant.” 
Walker, C. S., e t  al., “Review of Technical Paper:  Pr inciples  and Application of Automated Fue l  
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