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ABSTRACT
The "Nuclear Test Gauge", a slightly sub- 
critical assembly for quality control of 
reactor components, was designed, con
structed, and placed in operation. Cali
bration experiments demonstrated that the 
sensitivity of the unit is adequate, and 
that the speed of testing is increased by 
a factor of ten over that of a critical 
test pile.
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• 0 THE NUCLEAR TEST OAUQE

INTRODUCTION
•

It Is desirable to test pile components before they are 
charged into a reactor that operates at high specific power. One of 
these tests is the measurement of the "specific reactivity” of the 
component. This test is usually performed by measuring the effect 
that the component has on the kinetic behavior of a chain-reacting 
"test pile". This danger coefficient measurement, however, is time 
consuming and requires a large initial investment lr. equipment.

The testing time can be reduced by operating the pile at a 
reactivity sufficiently below criticality to minimize the effects of 
the delayed neutrons. In a subcritical condition the testing for 
reactivity consists of the observation of changes in the neutron 
population or in the "multiplication''.

In view of the advantages of speed, safety, and simplicity 
that might be derived from this method, experiments were made to 
determine whether the method provided enough sensitivity to compete 
with an existing test pile.'1' These experiments'8’ demonstrated 
that a subcritical assembly of enriched uranium not only is superior 
to a test pile of natural uranium by a factor of ten in speed of 
testing, but also is equivalent to the test pile in sensitivity. In 
view of the success of those exploratory experiments, the decision 
was made to design and construct a production model of a subcritical 
test pile. The device is called the "Nuclear T?st Gauge", or NTQ.

The present report describes the mechanical features, the 
instrumentation, and the safety features of the NTG. The results of 
loading and calibration experiments are also discussed.

— ^  SUMMARY
A "Nuclear Test Gauge" was designed, constructed, and 

placed in operation. It is a slightly subcritical assembly that is 
used for quality control of reactor components. It consists of a 
strong neutron source and sufficient fissionable material and moder- 

* ator to yield a multiplication of approximately 100. Calibration 
experiments demonstrated that the sensitivity of the NTG is adequate,

, and that approximately one minute is required to make a measurement 
compared with the ten minutes required for a danger coefficient 
measurement in a chain-re acting test pile. Other advantages of the 
NTG over a chain-reacting pile are lower capital investment and lower 
operating costs, the ability to resolve lnhomogeneitles in long pile 
components, the ease with which the NTG can be adapted to test differ
ent types of samples, and the greater inherent safety of a subcritical 
assembly.

O  The NTO is equipped with a system of safety sheets that are
^inserted within 0.3 second after the initiation of a scram signal.

• • ••• •• • • • •
• • • • • :.
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The safety sheets control sufficient reactivity to shut the NTO downj| 
promptly In case of any conceivable supercritical excursion caused bj9 . 
an error In loading.

DISCUSSION
DESCRIPTION OP THE ASSEMBLY

Qeneral Arrangement
The Nuclear Test Oauge was designed to accommodate a variety 

of reactor components. As shown in Figures 1 and 2, the NTO tank has 
horizontal fuel tubes, and a central sample tube which Is part of a 
removable plug. The safety devices Include two safety sheets which 
are mounted above the tank and can be dropped into the fuel lattice, 
and a dump valve which drains the moderator Into a dump tarn located 
below the NTO tank. Concrete shielding surrounds the tank o.i four 
sides. Access through the shielding to either face of the fuel 
lattice is provided through openings that are covered by loading doors 
and removable shielding tanks which are filled with water. Both 
safety sheets are Inserted automatically into the lattice and the 
moderator Is dumped automatically by the scram circuit if any attempt 
is made to open the loading doors during operation. The light-water 
moderator Is circulated continuously during operation from the dump 
tank through an ion exchange resin and filter Into the NTO tank. The 
level of the moderator in the tank is controlled by an overflow tube 
which carries water to the dump tank. The neutron detectors consist 
of six Ion chambers, lined with B-10, which are located Inside the 
NTO tank.

The NTO Tank
Details of the NTO tank are illustrated in Figures 3 and 4. 

The tank is formed from 2S aluminum plate that Is one-quarter Inch 
thick. The tank is 38-7/0 inches long, 38-1/4 inches wice, and 44-1/4 
inches high.

The Lattice
The lattice is composed of 120 thin-walled tubes of 2S 

aluminum, each 38-7/8 inches long. Each tube has an O.D. of 1.090 
inches and an I.D. of 1.020 inches. The tubes are arranged in a 
hexagonal array with a center-to-center spacing of 1.687 inches, as 
shown in Figure 5«

In critical experiments made at Oak Ridge National Labora
tory* 3), the spacing of 1.687 inches was found to be the optimum 
spacing for minimum critical mass. With this spacing, any accidental 
deformation of the core produces a decrease in the reactivity of the 
assembly. A change of 0.1 inch in the lattice spacing reduces k by 
one per cent. It will be noted in Figure 5 that the lattice spacing 
was modified along two vertical planes to accommodate the two safety^ 
sheets.

-  6 -
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The fuel occupies the central two feet of each fuel tube. 
Rods of polyethylene are Inserted at each end of the fuel tubes. This 
arrangement provides an effectively infinite reflector of water around 
the core because the moderating properties of the plastic are very 
similar to those of light water. The fuel is enriched uranium- 
alwnlnum alloy in the form of cylinders, one inch in diameter end 12 
Inches long. The extrapolated critical mass of the NTO is 4.09 kilo
grams j f  U-2>^ _ the mass of fuel
in the im* at a multiplication of 100 is 4.00 kilograms of U-235. The 
loading varies, depending on what material is being tested. This 
small mass gives the critical NTQ such a large advantage in sensi
tivity over a conventional critical test pile^1* that the subcrltlcal 
NTO becomes sensitive enough for nuclear testing, whereas a sub
crltlcal pile of natural uranium would not be sensitive enough.

The seven central tubes are situated in a hexagonal poly
ethylene plug that extends the length of the tank (Figure 3). This 
plug can be removed and, by means of suitable adapters, specimens of 
different shapes and sizes up to an O.D. of 3.5 Inches can be ac
commodated.

The Source
A polonium-beryl H u m  source was used to supply neutrons to 

the assembly. During the experiments described in this report the 
source strength varied from 6.6 x 10T to 1.9 x 10T neutrons per 
second. The location of the source in the lattice is shown in 
Figure 13.

The Moderator System
The moderator of the NTO is deionized light water. The 

water is stored in the dump tank whenever the NTO is shut down. It 
is pumped from the dump tank through a column that contains a mixture 
of cation and anion exchange resins. The deionized light water then 
passes through a ten-micron filter, which is in the line to prevent 
dispersion of resin throughout the system. The water then enters the 
NTO tank. The water level in the tank is controlled by the height of 
an overflow tube. This tube returns the overflow to the dump tank, 
and the cycle is repeated. The system it designed to circulate the 
moderator at the rate of three gpm. The arrangement of the equipment 
and of the piping is shown in Figure 6. A moderator level Indicator 
lr located on the front face of the NTO.

The dtmip valve shown in Figure 4 is of sufficient size to 
drain the water to the midplane of the lattice in five seconds.

The size of the dump tank is sufficient to store all of the 
light water in the system. Light water can be added to the system 
through the line shown in Figure 6 to make up for losses.

- 7 -
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Shielding

The shielding design can he se*en In Pigure 1. A concrete |
wall two feet thick and nine feet high surrounds the entire assembly 
except for openings on the sides and on the top. Additional shielding 
for thermal neutrons is provided by a cadmium liner, 1/32 inch thick, 
which Is placed on the Inner face of the concrete. Both the NTG tank 
and the dump tank can be removed through the top of the shielding 
structure should this become necessary.

Openings through two opposite faces of the concrete shield 
provide access to the fuel tube lattice. During operation of the NTG 
each of these openings Is shielded as shown in Pigure 1 by a water- 
filled tank which is 24 inches thick, and by a lead-filled loading 
door which Is 2-3/4 inches thick. A seven-inch hole through the 
loading door is shielded by a lead cover shown in Pigure 7- This 
cover aligns the source and fixes its position in the fuel lattice by 
means of a locking clamp. A second opening in the cover accommodates 
the sample carrier tube which extends through the shielding tank and 
engages the center tube of the hexagonal plug. A similar cover on 
the rear face of the NTG has only one opening which permits discharge 
of the test samples.

Loading and unloading of the fuel In the NTG requires the 
removal of both the loading doors and the water-filled shield tanks.
Test samples, however, can be loaded and unloaded without removing 
the shielding.

Instrumentation

The neutron detectors are six ion chambers lined with B-10. 
These chambers are suspended inside the fuel tank. The ion currents 
from two of these chambers are amplified on two Beckman mlcromlcro- 
ammeters, which in turn actuate the scram system. These Beckman 
micromicroammeters can be seen in Pigure 2. The remaining four ion 
chambers are connected in parallel and feed the differential electro
meter. Except for the ion chambers and the differential electro-1 
meter'4 ', commercially available instruments were used. This differ- H  
ential electrometer Incorporates a source of bucking current together 
with a scale expansion feature which permits changes in the ion 
current of the order of 0.1 per cent to be measured. The output from 
the differential electrometer is registered on a Brown recorder, 
which is also shown in Pigure 2. A typical section of recorder chart 
is shown in Pigure 8. It illustrates the response time, the sensi
tivity, and the noise level. The lower part of the trace shows the 
flux at equilibrium for an acceptable sample, Then a sample of lower 
concentration was inserted and the flux fell off sharply, coming 
close to equilibrium In one minute. The new sample contains about 
1«5 g» of U-235 leas than the standard.

The details of construction a*id circuit diagrams for the 
ion chambers and the differential electrometer are discussed in the 
Appendix. '■

8 -

•• iti • • • *•• • • • t * t • •: t :• i t  ;.t %?.• *.»
«* • 
'*. j

♦♦



k During loading, a L1I (Sn) scintillation counter Is pro
vided to monitor the neutron flux several feet away from the core.

The Safety System
Although the NTG Is not meant to go critical, many safety 

features are Included that are common to chain-reacting assemblies.
Two large safety sheets are suspended above the fuel tank. The safety 
sheets are of 1/8 -Inch thick boral. The horal Is clad with aluminum 
and welded Into aluminum frames. The reactivity worth of the safety 
sheets, Ak/k, was measured to be approximately minus JO per cent.
When the sheets are Inserted into the fuel lattice, they divide the 
lattice into three sections. The sheets are suspended by electro
magnets which are attached to cables carrying manually operated 
counterweights outside the shielding. Interruption of the electrical 
current to the electromagnets will release the safety sheets at any 
time, regardless of their position. Approximately 0.3 second is re
quired for the sheets to fall freely into the lattice from the full- 
out position. Moistened cellulose sponges on the tank top snub the 
fall of the sheets. This system Is shown In Figure 9. The safety 
sheet support frame, which Is shown In Figure 10, has "Micarta" 
guides that extend into the lattice and act as runways for the safety 
sheets.

The light-water moderator can be removed very quickly from 
the tank by means of an air-operated dump valve, which will drain the 
water to the midplane of the core In five seconds. The quick opening 
valve Is shown in Figure 4. It consists of an air cylinder and 
gasketed closure disc. The closure disc is forced by air pressure 
against an eight-inch opening In the bottom of the NTO tank. When a 
scram signal occurs, a solenoid-actuated valve reverses the direction 
of air pressure on the piston, quickly forcing the closure disc down
ward. Air for operation of the dump valve is supplied from a receiver 
tank which is located on top of the NTO tank. A small compressor out
side the shielding maintains the pressure In the receiver tank.

The scram system of the NTO, which is composed of two inde
pendent circuits, will cause the safety sheets to fall and the dump 
valve to open simultaneously if an unexpected increase occurs in 
neutron level, or if the loading doors in the NTO tank are raised 
during operation. A block diagram of the scram circuits is shown in 
Figure 31. The scram system consists of two linear Fu»ckm«n micro- 
mi croammeters, the control panel, and the associated power supplies.
A scram can be initiated in either of the two channels which are inde
pendent up to the control relays. The micromlcroammeters derive 
their input signals from two of the neutron-sensitive ion chambers. 
These chambers are located on opposite sides of the lattice in the 
moderator to afford protection even if the flux distribution la 
asymmetric. A Weston "Sensitrol" meter-relay is connected in series 
with the meter in the micromlcroammeter, and ia adjusted such that 
the contacts on the meter-relay pull in at about 95 per cent of full 
scale. When these contacts pull in they cause a Western Electric 
relay, No. 275B, to drop out. If the po..r falls this relay also 
drops out, which gives a ’’fail safe" feature to this part of the

- 9 -
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c ircu it. The * * * * * " r c ^ t T r o p e ^connected  In a e r ie s  w ith  th e  scram l in e  In  th e  chea on th e  $
Each o f  th ese  re la y s  can be bypassed by m ‘ however, t h a t  I fcsrs
p a s -  sw itc h es , as w ell a s  tne a v ^  ^  co n trc l  p a n e l ,  which
to  p re v e n t “" ““ th o rlze d  u se  Re 8 c i r c u i t  I s  b y p a sse d . *
g « e n ° l U ?  2 * S S  c i n t ^ l  p ^ e !  In d ica tes when the sa fe ty  s h e e ts
are  "cocked"v

cCl S 2 i ^  th e ‘duSpWv alv e  un less the s a f e ty  sh ee ts  a re  r a i s e d  
♦ ^
D eta iled  e x p la n a tio n s  of the a c t io n  Of the c i r c u i t  fo llo w in g  

a scram  and of the c i r c u i t  diagram are  g iv e n  In the Appendix.
F u rther p r o te c t io n  ag a in s t nuc lear  acc id en ts  i s  a f fo rd e d  oy 

th e  d es ig n  of the a ample c a r r i e r .  I f  th e  l a t t i c e  of th   ̂ TO------  v

s^srss t s r ^ X ^  sr1'
S ^ p i e .  I f  “  attem pt I s  made to  I n s e r t  a d i f f e r e n t  s iz e  sam ple, the

t _ i . 4 1  x r  n h i / 1  AI1B .
•  x* - w - w w m w  r

e r r o r  i s  immediately o b v io u s .
Another s a f e ty  p recau tio n  i s  th e  slow ra te  a t  

w ate r Is  ra ised  In th e  ta n k . The time re q u ire d  to f i l l  th e  tank  i s  
approxim ately  20 m in u te s . This Is  slow enough to  allow  ®£f * £ tiv e  
o p e ra tio n  of the scram d ev ices  I f  r a i s in g  th e  w ater b r in g s  th e  NTO
to  c r i t i c a l i t y .

These
O perational p rocedures In c o rp o ra te  o th e r  s a fe ty  f e a tu r e s .  

Include:

1. All changes In the fu e l c o n f ig u ra tio n  aj ^ t ^ £ e a£ ^ ethe 

and w ith  tw o^independent scram  c i r c u i t s  In  o p e ra t io n .

2 .

Hi
The w a te r  i s  d rained  from th e  tank  a t  the end c f  each
day.

. P roper o p e ra tio n  or the two scram c i r c u i t s  i s  confirm ed I 
each day b e fo re  the w ate r i s  pumped in .

. . . . . . . . . . . .

.



5 . The s a f e ty  sh ee ts  a re  cocked b e fo re  th e  w a te r  l a  pumped 
In .

6.

7.

TTie n e u tro n  source I s  alw ays In se r te d  in  th e  l a t t i c e
b e fo re  th e  w ater I s  pumped In .

'

Only th e  type o f m a te r ia l  being  te s te d  i s  a llow ed in  
the v i c i n i t y  of the NTO.

CALIBRATION EXPERIMENTS

O perational C h a ra c te r i s t ic s

E quations t h a t  d esc rib e  th e  k in e t ic s  and th e  s e n s i t i v i t y  o f 
a s u b c r i t lc a l  p i l e  have te en  d isc u sse d  in  DP-481* ' .  The tim e- 
dependent b eh av io r o f  N, the number o f  n eu tro n s  produced p e r  second, 
when sm all changes In  the  fu e l lo a d in g  a re  made, can be re p re se n te d  
by :

t/iM  mN(t ,k )  -  SM ± ANe'

S I s  the number o f  n eu tro n s  per second em itted  by th e  so u rc e ; M i s
th e  m u l t ip l ic a t io n ,  k i s  the  e f f e c t i v e  m u l t ip l ic a t io n  c o n s ta n t;
AN I s the change In  n eu tro n  p ro d u c tio n  r e s u l t in g  from a sm all change 
In  k; t  Is  the tim e ; and l  i s  the  e f f e c t iv e  neu tron  l i f e t i m e .

The change in  the e q u ilib r iu m  value o f N r e s u l t i n g  from a 
change, Am, In  th e  amount o f fu e l i s  found by d i f f e r e n t i a t i n g  the 
tim e-independen t p a r t  o f  N In E quation  1 w ith  re sp e c t to  m. To ca rry  
o u t th i s  d i f f e r e n t i a t i o n  one must know th e  behav ior o f  k a s  a fu n c tio n  
o f  m. Experim ents w ith  the NTO showed th a t ,  fo r  v a lu es  o f  k above 
0 .9 5 , th is  r e la t io n s h ip  was l in e a r :

Alt m a 
Am * m0

where a , the shape o f  the " load ing  c u rv e " , depended on th e  s t a 
t i s t i c a l  weight o f  th e  load ing  p o s i t io n ,  and where ra i s  th e  c r i t i c a l

Ak °mass o f  the assem bly. With th is  e x p re s s io n  fo r  ~ ,  th e  r e l a t i o n  be
tween changes in  n e u tro n  p roduction  and lo ad in g  becomes:

I f  th e  change, Am, i s  sm a ll, N i s  a  l i n e a r  fu n c tio n  o f  m. For s ig 
n i f i c a n t  changes i n  th e  lo ad in g , th e  change in  m u l t ip l ic a t io n  M must
be taken in to  acco u n t when the r e c o rd e r  c h a r t  i s  c a l ib r a t e d  in  te rn s
o f  th e  fu e l c o n te n t o f  the  t e s t  specim ens.



I n i t i a l  Loading

re a “d-"Ftrrvr;ffd SErw a te r  ra is e d )  b e fo re  th e  fu e l  was lo ad ed  In to  the l a t t i c e .  These

J » 3 S .r  ■s e v e ra l  months, th e  re fe re n c e  v a lu e s  had to  be c o r r e c te d  fo r  the 
decay o f the  s o u rc e .

B efore f u e l  was added, th e  so u rce  was i n s e r t e d ,  the w ater 
was d ra in ed , and th e  s a fe ty  sh e e ts  w ere cocked. A fte r  each  a d d itio n  
o f  f u e l ,  the w a te r  was ra ise d  slow ly  and the m u l t ip l i c a t io n  W8B 
m easured. The w a te r  was then dumped to  g et raady f o r  th e  nex t 1 a g 
s te p .  Sm aller in c rem en ts  o f fu e l w ere added in  su b seq u en t s te p s ,  as 
c r i t i c a l i t y  was approached . The av e rag e  o f the in v e rs e  m u l t ip l i -  
c a t io n  i s  p lo t te d  in  P lgure 12 as a  fu n c tio n  o f the  m ass o f  U-2J5 In 
th e  co re . The l a t t i c e  c o n f ig u ra tio n  th a t  produced * bu I****1®**1™ 
o f  100 (k -  0 .9 9 )  i s  shown in P lgu re  13. The tubes t h a t  d id  n o t ac
commodate fu e l  o r  th e  source were f i l l e d  w ith  p o ly e th y le n e  ro d s .

'

S t a t i s t i c a l  W eight in  the Sample Ho -

The s e n s i t i v i t y  o f  the  NTQ depends on th e  s t a t i s t i c a l  
w eigh t o f the c e n t r a l  channel as shown in  E quations <- and 3* 
s t a t i s t i c a l  w eigh t could  be in c re a se d  by removing some o f  the fu e l 
from the innerm ost r in g  of tubes and th en  adding to  some o f  the  
p e r ip h e ra l  p o s i t io n s  to  compensate f o r  th e  r e s u l t in g  re d u c tio n  *n 
m u l t ip l ic a t io n .  The s e n s i t i v i t y ,  AN/Am, o f  the l a t t i c e  shown in  
P lg u re  13 was d e te rm in ed  by m easuring  the  change in  th e  d i f f e r e n t i a l  
e le c tro m e te r  re a d in g  when two sam ples o f  known bu t d i f f e r e n t  concen
t r a t i o n s  were a l t e r n a t e l y  p o s it io n e d  In  the sample h o le .  The l a t t i c e  
was a l te re d  by rem oving the  fu e l from  th e  innerm ost r i n g  o f  tu b es , 
and the s e n s i t i v i t y  was measured a g a in .

Noise Level in  th e  Ion Chambers

For a g iv en  m u l t ip l ic a t io n ,  source s tr e n g th  and c r i t i c a l  
m ass, th e  l im i t  in  s e n s i t iv i ty  o f th e  NTO depends on th e  n o ise  le v e l 
in  the n e u tro n -d e te c tin g  system . A ccord ing ly , s e v e ra l  p re c a u tio n s  
were taken to  m inim ize no ise : (1 ) th e  in stru m en ts  d e r iv e d  th e i r
power from a " S ta b i l ln e "  e le c t ro n ic  v o lta g e  r e g u la to r ;  (2 )  ground 
connections were made in  such a way a s  to  avoid ground lo o p s; and 
(3 ) leads from th e  ion  chambers were c a re fu l ly  s h ie ld e d .  The c a lc u 
la t io n s  in  the Appendix in d ic a te  t h a t  th e  rem aining n o is e  i s  o f  the  
o rd e r  to  be ex p e c te d  from the s t a t i s t i c a l  f lu c tu a t io n s  in  the  ion 
c u r r e n t .

To ac h iev e  a  high s ig n a l- to -n o iB e  r a t i o ,  and hence, a high 
s e n s i t i v i t y ,  th e  l a r g e s t  p o s s ib le  f r a c t i o n  o f n e u tro n s  le a k in g  from 
th e  core must be d e te c te d . The p rim ary  d e te c t in g  system  fo r  most o f

■
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the experiments consisted, of four boron-lined ior. chambers connected 
in parallel. For the measurements reported for slugs of enriched 
uranium-aluminum alloy and slugs of natural uranium, however, only 
two chambers were available. Haul all chambers been of equal ef
ficiency for detecting neutrons and placed in regions of equal flux, 
the sensitivity of the NTQ should have doubled when the msnber of 
chambers was doubled. The measured ratio of sensitivities was 1.7*

For operating convenience, a 0.1-uf condenser was placed 
between the common signal lead from the ion chambers and ground. The 
condenser served to smooth out ion chamber fluctuations without seri
ously lengthening the response time.

Flux Distribution in the NTQ
Radial and axial flux traverses were made with Indium foils 

which had a thickness of 100 mg/cm*, for the lattice shown in 
Pigure 14. Each foil was counted on two end-window beta counters.
The saturated activities corrected for decay, counter dead time, and 
foil weight, are shown in Figures 15 and 16 as functions of position 
in the NTQ lattice.

The axial traverse was made in lattice position (07,35)*
For the radial traverse, one group of foils was 

placed between fuel pieces, while another group of foils was placed 
in the moderator. For a given radius, the latter foils were more 
active than the former.

The axial flux extended over a distance of about 38 inches. 
Any portion of a sample outside this interval had no effect on the 
neutron population. The reactivity worths of samples of different 
lengths were estimated as proportional to the square of the flux 
integrated over the extent of the sample.
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The possible consequences of inserting the 
-pie into the various la ttic e s  th a t were chosen are 7 following ta b le . The highest possible value of the
U iplleatlon  constant is quoted fo r  e ilcu lar .
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The consequences of an uncontrolled excursl< 
Ls cussed in d e ta il in  the Appendix. I t  1#
I  sheets and the moderator dump valve f a l l .  ®» 
'proceed for approximately five minutes a t which 
begin to melt. The resultant change In la tticechange in la t t  

The radiation levels adjacent to the KTO shield
down the reactor

>red during operation. In areas where 
ttlon, the dose rates are below six wr 

uranium-alvailnu* alloy are tested 
»t 20 mrem per hour is  encountered ‘ 

ling doors.
Since sample slugs are 

are not
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APPENDIXV
DESION AND CHARACTERISTICS OP THE ION CHAMBERS

Neutron-senBitive Ion chambers of suitable size and sensi
tivity were not commercially available. A chamber shown in Figure 33 
was designed at the Laboratory. The sensitive volume consists of the 
two annular spaces formed by the three inner, coaxial, aluminum tubes. 
A fourth aluminum tube forms the outer case of the chamber and pro
vides rigid mechanical support for the "Teflon" Insulators. The 
neutron-sensitive coating material was fully enriched B-10 suspended 
in mineral oil. The tubes were first degreased in "Trlclene" and 
then the B-10 was painted on the surfaces shown in Figure 34 with a 
camel-hair brush. The tubes were then baked in a nitrogen atmosphere 
at 300°C and at atmospheric pressure for two hours. The tubes were 
rotated continuously at approximately 30 rpm while in the oven to 
obtain a uniform coating. The tubes were allowed to cool for two 
hours in the nitrogen atmosphere before they were removed. Two 
such coatings per surface were required to obtain a thickness of 
0.54 mg/cm2. Filling arrangements were made by drilling a 1/4-inch 
hole In the plug and soft-soldering a copper tube into the hole. 
Electrical connections to the aluminum tubes were made by attaching 
clips, which were taken from female Jones plugs, over the edges of the 
tubes. These clips protruded through 3/l6-inch holes drilled in the 
insulators. Two "Kovar" seals were soft-soldered into holes in the 
chamber cap to provide gas-tight connections to the outside of the 
chamber. The chambers were evacuated and then filled with argon to 
atmospheric pressure, evacuated, and refilled. The chambers were then 
sealed by pinching the copper filling tube and soldering over the end.

The chambers were placed near a neutron source and their 
saturation voltages were obtained. All the chambers saturated be
tween 200 and 300 volts. Since the differential electrometer provides 
a regulated B+ supply of 300 volts, the chambers in the NTQ were 
operated from this supply.

The linearity of the chambers was obtained by comparison of 
their current outputs with that from a large wide-spectrum chamber 
manufactured by the Oeneral Electric Company. All the chambers were 
linear over a current range of three decades. The sensitivity of the 
chambers was estimated to be on the order of 10-13 ampere per nv.

i

THE DIFFERENTIAL ELECTROMETER
A schematic diagram of the differential electrometer is 

shown in Figure 35. The bucking circuit consists of a negative 
voltage supply that contains two volt age-reference tubes and a ten- 
turn "Helipot". The voltage that appears across this "Helipot" is 
used to buck out the voltage drop in the input resistors of the 
electrometer. The stability of the No. 5651 voltage reference tube 
is 0.1 volt. This amounts to a maximum Instability, due to drift in 
the bucking voltage, of 0.15 per cent full scale. Drift tests on the 
electrometer with no input signal showed a stability of plus or minus 
0.1 per cent full scale over a period of 24 hours.
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CONTROL CIRCUIT
The operation of the control system will be described by

consideration of the events that follow the Initiation of a scram. 
Figure 36 is a diagram of the control circuit. Assume that the 
control relay circuit has been broken, either by the "Beckman- 
Sensitrol" combination, the master scram switch, or the interlock 
switches on the loading doors:

1. Relay No. 3 opens, interrupting the flow of current to 
the electromagnets that hold the boron-aluminum safety 
sheets out of the lattice against the force of gravity.

2. Relay No. 2 opens, interrupting the flow of current to 
the transformer that supplies the solenoid actuator on 
the dump valve.

3. Relay No. 1 drops out as it is connected across the 
transformer mentioned in (2 ) above.

Relays 1, 2, and 3 are self-locking, i.e., one of the
normally open contacts is connected in series with the coil, nils 
means that if the current in the relay coil is broken the relay will 
fall open and stay open, regardless of the behavior of the control 
signal, until the normally open contact is bridged long enough by 
other means for the relay to pull in again. This feature insures 
that a scram will go to completion even if the control signal is re
turned to normal. The '’reset” switch performs the function of 
bridging the normally open contacts on Relays No. 2 and No. 3. This 
switch is spring loaded to return to the open position when the toggle 
is released. The reset function for Relay No. 1 is performed by a 
microswitch that is mounted on the safety sheet support such that it 
is closed only when the safety sheet is in the "up1' position. The 
second normally open contact on Relay No. 1 is connected in series 
with the coil on Relay No. 2. This method of connection prevents 
the dump valve from being closed unless the safety sheets are in the 
"up" position. One set of contacts on the microswitch are used to 
light a green light on the control panel to indicate when the safety 
sheets are "cocKed". The master scram button is located in the center 
of the control panel. The contacts on this switch are filso in series 
with the scram line so that manual operation of the scram circuit is 
possible.
NOISE LEVEL IN THE IONIZATION CURRENT

3 x 10T n/sec, the current from two chambers in parallel was about 
2 x 10“* ampere. The statistical fluctuation to be expected ls<*)

where M is the average number of ion pairs produced by each neutron 
absorbed in B-10, e is the charge of the electron in coulombs, i is

With a multiplication of 100 and a source strength of

(A-l)
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th e  ion  c u r re n t in  amperes and t i s  th e  re so lv in g  tim e o f  the de
te c t io n  system . The re so lv in g  tim e depends on the  in p u t  time 
c o n s ta n t ,  on the  tim e req u ired  to  c o l l e c t  the e le c t ro n s  in  the 
chamber, and on th e  frequency  re sp o n se  o f  the a m p lif ie r .

The en e rg y  re le a se d  in  th e  B-JO (n, a )L l-7  r e a c t io n  i s  ap
p ro x im ate ly  2 .5  Mev, and the  energy re q u ire d  p e r  ion  p a i r  in  argon i s  
approx im ately  25 e v . Thue M -  1 0 * 1  on p a i r s .

The re sp o n se  time o f  the  system  i s  governed p r in c ip a l ly  by 
th e  response tim e o f  th e  re c o rd e r . I t  was on the o rd e r  o f  0 .1  second. 
When the  v a lu es  a r e  s u b s t i tu te d  in  E q u atio n  (A - l) , a r e l a t i v e  no ise
l e v e l ,  j i- ,  o f  0 .3  p e r  cen t i s  o b ta in e d , 
observed  v a lu e .

which i s  ap p ro x im ate ly  the

HYPOTHETICAL EXCURSION IN THE NTQ WITH k -  1.002

The fo llo w in g  assum ptions were made:

1. The e f f e c t iv e  m u l t ip l ic a t io n  co n s tan t in c re a s e s  from 
0 .99  to  1.002 In s ta n ta n e o u s ly  a t  time t Q.

2. Both s a fe ty  sh e e ts  f a l l  to  f a l l  and the  dump valve does 
n o t open .

3. No h e a t  i s  t r a n s f e r r e d  from the fu e l  to  th e  m oderator.

4. No d efo rm atio n  o f the f u e l  occurs u n t i l  th e  m elting  
tem p era tu re  i s  reach ed .

The t h i r d  assum ption i s  made on the b a s is  t h a t  th e  O.D. o f  
th e  fu e l  s lu g s  i s  1 .005  inches and th e  I.D . o f th<_ su p p o r tin g  tube i s  
1 .020  in ch es . The r e s u l t in g  a i r  gap te n d s  to  in s u la te  th e  fu e l .  As 
th e  s lu g  h e a ts  and expands, t h i s  gap d ec re a se s  b u t does n o t com pletely 
c lo s e  b efo re  the  m e ltin g  tem pera tu re  i s  reached .

The c o n s ta n ts  used in  t h i s  c a lc u la t io n  a re  g iv e n  below:

♦ (average f lu x  in  co re  a t  k -  0 .9 9 )

<jf  ( f i s s io n  c ro ss  s e c t io n  o f U-235)

0 (a b so rp tio n  c r o s s  s e c tio n  o f U-235) 

V (volume o f co re )

( e f f e c t iv e  m acroscopic a b s o rp tio n )  

Cp(A l) ( s p e c if ic  h e a t  o f  Al)

E (energy absorbed in  Al p e r  f i s s io n )  

A0 (tem p era tu re  r i s e  in  aluminum)

10* n/cm *-sec 

580 b 

687 b

8 .3  x 104 cm*

0.0749 cm-1

0 .2 1 4  ca l/gm -°C

175 mev » 6.69  x  10“ la  gm -cal

640°C
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T (p e rio d  o f r e a c to r  w ith  k * 1.002 ) 20 .5  sec

f  (therm al u t i l i z a t i o n )  0.764

The I n i t i a l  f ia a lo n  r a te  a t k -  0 .99  i s  given by fV 0 f /0 a »
which ia  4 .0  x 10^ f i s s io n s  p e r  seco n d . The neu tron  f lu x ,  a t  any
tim e t ,  i s  p ro p o r t io n a l  to  e t / T. I f  th e  h ea t produced l a  equated to  
th e  h ea t absorbed in  the aluminum, th e  equation  i s

CpMA9 -  E lZ*f f  fV J* 1 e t / T d t
® o

( A-2)

where t j  i s  the  tim e a t  which the  tem p era tu re  r i s e ,  AS, i s  ob ta ined . 

Then,
.  /m C MA0

—2-------------  -  1 .80 x 107 (A-5)eh/'1 - 1 .
T h ere fo re ,

E ei*f f  fV ~  T 
0 6 a

-  1 6 .7

and t^  -  342 seconds

Under the assum ptions made, i t  ta k e s  342 seconds fo r  th e  fu e l s lugs 
to  reach  the  m e ltin g  p o in t o f  aluminum, which i s  660°C.

During th e  h ea tin g  phase and befo re  m e ltin g  o f  the  fu e l 
o c c u rs , a p o a l t iv e  c o n tr ib u t io n  to  th e  r e a c t iv i ty  m igh t r e s u l t  from 
th e  decrease  in  d e n s i ty  and, hence, th e  d ecrease  in  th e  s e l f - s h ie ld in g  
o f  the fu e l .  T h is  change was e s tim a te d  to  be Ak « ♦ 0 .0 0 1 ; the 
c o n tr ib u tio n  was n e g le c te d  in  the c a lc u la t io n .  I f  t h i s  a d d it io n a l 
r e a c t iv i t y  were c o n s id e re d , the p e r io d  would decrease i n  the  course 
o f  the ex cu rs io n  from  20 seconds to  n in e  seconds.

When th e  fu e l  reaches i t s  m e ltin g  p o in t ,  i t  w i l l  deform. 
T his deform ation  can  only a c t to  d e c re a se  the r e a c t i v i t y  and h a l t  the 
ex c u rs io n , s in c e  th e  l a t t i c e  sp ac in g  i s  chosen to g ive  th e  minimum 
c r i t i c a l  mass.

- 22-
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TYPICAI SECTION OF RECORDER CHART
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FIGURE 1 6

DISTANCE FROM C E N T E R ,  INCHES
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FIGURE 2 3
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SCHEMATIC DIAGRAM OF THE DIFFERENTIAL ELECTROMETER
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CONTROL CIRCUIT


