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ABSTRACT
An instrument is des'.ribed which measures the 
uranium content of a 0.080-inch thick plate of 
uranium-aluminum alloy. The content is measured 
by gamma-ray transmission *:o an accuracy of 
i 0.0006 gram per square centimeter over the 
range of 0.085 to 0.115 gram per square centi
meter of contained uranium.
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NONDESTRUCTIVE MEASUREMENT OF THE 
URANIUM CONTENT OF URANIUM- ALUMINUM ALLOYS

INTRODUCTION

A n o n d e s t r u c t i v e  m e t h o d  f o r  t h e  m e a s u r e m e n t  o f  u r a n i u m  
c o n t e n t  I n  u r a n i u m - a l u m i n u m  a l l o y s  was  . * e q u i r e d .  The a l l o y  w a s  0 . 0 8 0  
i n c h  t h i c k  an d  was c l a d  o n  b o t h  s i d e s  w i t h  O .OJO i n c h  o f  a l u m i n u m .
The u r a n i u m  c o n t e n t  w as  o n  t h e  o r d e r  o f  0 . 1 0 0  g r a m / c m 2 . T h i s  r e p o r t  
d e s c r i b e s  t h e  d e v e l o p m e n t  o f  a  s u i t a b l e  I n s t r u m e n t .

SUMMARY

An i n s t r u m e n t  w a s  d e v e l o p e d  t h a t  u t i l i z e s  g a m m a - r a y  t r a n s 
m i s s i o n  t o  d e t e r m i n e  t h e  a m o u n t  o f  u r a n i u m  i n  a u r a n i u m - a l u m i n u m  
a l l o y  w h i c h  i s  0 . 0 8 0  i n c h  t h i c k .  The e x t e n t  t o  w h ic h  t h e  a l l o y  a t 
t e n u a t e s  t h e  gamma r a d i a t i o n  f r o m  an a m e r i c l u m - 2 4 1  s o u r c e  i s  d e 
t e r m i n e d  w i t h  a  s c i n t i l l a t i o n  d e t e c t o r .  T h e  a t t e n u a t i o n  i n  n e a r l y  a 
l i n e a r  f u n c t i o n  o f  t h e  u r a n i u m  c o n t e n t  b e t w e e n  O.O85 an d  0 . 1 1 5  
g r a m / c m * .  The I n s t r u m e n t  m e a s u r e s  t h e  a v e r a g e  u r a n i u m  c o n t e n t  o f  an  
a r e a  o f  0 . 7 2  cm2 t o  a n  a c c u r a c y  o f  t 0 . 0 0 0 6  g r a m / c m 2 , i n  l e s s  t h a n  
o n e  s e c o n d .

DISCUSSION

A n o n d e s t r u c t i v e  m e th o d  was n e e d e d  t o  m e a s u r e  t h e  u r a n i u m  
c o n t e n t  o f  u r a n i u m - a l u m i n u m  a l l o y .  The a l l o y  c o n t a i n s  n o m i n a l l y  
0 . 1 0 0  g r a m / c m 2 o f  u r a n i u m .  Oamma-ray  t r a n s m i s s i o n  was c o n s i d e r e d  t o  
b e  t h e  m o s t  a p p l i c a b l e  t e c h n i q u e .

I n  c h o o s i n g  a  s o u r c e  o f  gamma r a d i a t i o n ,  s e v e r a l  f a c t o r s  
n e e d  t o  b e  t a k e n  i n t o  c o n s i d e r a t i o n ;  n a m e l y ,  t h e  op t imum q u a n t u m  
e n e r g y  f o r  maximum s e n s i t i v i t y ,  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  s o u r c e ,  
t h e  h a l f - l i f e  o f  t h e  s o u r c e ,  t h e  a b s e n c e  o f  u n d e s i r a b l e  q u a n t u m  
e n e r g i e s ,  c o s t ,  and  a v a i l a b i l i t y .

The f i r s t  c o n s i d e r a t i o n  was t o  d e t e r m i n e  a  gamma e n e r g y  
t h a t  w o u l d  o p t i m i z e  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t  t o  v a r i a t i o n s  
i n  u r a n i u m  c o n t e n t .

e q u a t i o n

w h e r e

The  t r a n s m i s s i o n  o f  m o n o e n e r g e t l c  r a d i a t i o n  i s  g i v e n  by  t h e

I ( 1 )

I  i s  t h e  t r a n s m i t t e d  i n t e n s i t y  

I Q i s  t h e  i n i t i a l  i n t e n s i t y

M. i s  t h e  l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  i n  cm 

X i s  t h e  s a m p le  t h i c k n e s s  i n  cm
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The usual transmission analysis by optical or X-ray methods Involves 
the use of a radiation source with such a large output of photons 
that only a small percentage of the lr.ltlal Intensity need be trans
mitted to be detected. In this situation, an energy of radiation Is 
chosen that gives a large percentage change in transmitted Intensity 
per unit change In sample thickness. Relative sensitivity Is defined 
as the fractional change In transmitted Intensity per unit change of 
thickness, and from Equation 1 is written

. I jK 1  ■ u  (2)
This equation shows that the best relative sensitivity can be ob
tained by making u. as large as possible, which can be achieved by 
selecting a source with a quantum energy such that a Is near an 
absorption edge for the material of concern.

In the case of transmission analysis by gamma rays, however, 
the photon output of the source Is much smaller than in the case of 
X-rays so that the number of photons that can be expended Is limited. 
In general, the previous sensitivity criterion no longer is appli
cable. For the present problem it was planned to measure the trans
mitted Intensity with a scintillation counter, modified to give a 
current rather than a pulse output, to "buck out" part of the current 
with a battery, and to present the resulting current on a micro- 
mlcroammeter. It was desirable, tnerefore, that the absolute change 
in transmitted Intensity, as detected by the modified scintillation 
counter, be as large as possible for a given change in the uranium 
content of the uranium-aluminum alloy. The absolute sensitivity can
be defined as and from Equation 1 It follows that

57 “  *u I o e " iX (5)

By differentiating this equation with respect to u and equating to 
zero, Berman and Harris^ ̂  find for the maximum absolute sensitivity,

ux - i (4)
For the case of approximately 0.100 gram per square centimeter of 
contained uranium, the optimum absorption coefficient corresponds to 
a photon energy of *j6 Kev. Americium-^] was chosen as a suitable 
gamma source. Its principal gairana radiation Is emitted at 59*7 Kev. 
Amerlcium-241 Is also attractive In other respects. It has a half- 
life of 470 years and an activity of approximately 3*3 curies per

DESCRIPTION OF THE INSTRUMENT
A schematic diagram of the Instrument is shown In Figure 1. 

The 0.15-curie americium source Is mounted In an aluminum capsule 
that has a thin window, 0.010 Inch thick. The transmitted gamma 
radiation is converted into light pulses by a thallium-activated 
sodium-iodide crystal, 2 mm thick. These light pulses are detected

)
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and Integrated by a phototube whose d.c. output current is pro
portional to the transmitted radiation. The current Is measured with 
a modified Beckman Model V micromicroairuneter. This detector system 
permits the use of a source producing a count rate greater than 710 counts per second, with the resulting advantages of fast meter 
response and low statistical error.

The Phototube

The detector Is a converted 6292 photomultiplier. The tube 
Is connected as a simple phototube, using only the cathode and first 
dynode. The magnitude of the output current of the phototube is of
the order of 10” 10 ampere. For such low values of current, leakage 
at the base of the phototube is troublesome. The leakage was reduced 
by eliminating the base of the tube and by cleaning the exposed glass 
surface around the leads. The crystal was mounted on the tube with
"Dow Coming 200" fluid of 10^ cs. viscosity. The phototube and 
crystal assembly were mounted in a brass framework (Figure 2); then 
the glass surface around the leads was cleaned again. The entire 
assembly was mounted inside a light-tight steel cylinder (Figure 3). 
Connections were made to pins 14 and 1 of the tube, the cathode and 
the first dynode respectively, with a triaxial cable.

The Beckman Mlcromlcroammeter

The small d.c. output current of the phototube is measured 
with a Beckman mlcromlcroammeter, Model V. Since it is only neces
sary to measure small changes in uranium concentration about a 
standard value, a part of the phototube current is balanced out by 
placing a bucking voltage in the feedback loop of the Beckman 
(Figure 4). This permits the Beckman to be operated on a lower 
current range so that changes in the differential current may be read 
with greater accuracy. The bucking voltage may be adjusted to 
compensate for long-term drifts, if required. No short-tenn drift 
was experienced.

A cam, mounted on the shaft of the range-selector switch, 
actuates a ralcroswitch which connects the bucking voltage in the
circuit on the 10 x 10’1" ampere range and removes it on all other
ranges. This prevents damage to the meter when the range selector is-11 -Qturned from the 10 x 10 ampere position to the 5 x 10 ampere
position while changing samples.

PERFORMANCE OF THE INSTRUMENT

It was not possible to obtain a series of samples with 
known values of uranium content to evaluate the Instrument. However, 
since the transmission of a sample is a function only of u.X, it was 
possible to produce equivalent changes by varying the thickness X of 
a sample of known uranium content. This procedure Involved the 
following steps: (l) Values of uX were calculated as a function of

J
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uranium content for an alloy sample of constant thickness.
(2) Values of uX were calculated as a function of sample thickness 
for an alloy of known uranium content. (3) Instrument readings were 
taken as the sample thickness was varied by machining away successive 
increments. It was then possible to obtain a graph of Instrument 
reading as a function of uranium content, since the thickness vari
ations could be converted to an equivalent variation in uranium 
content. Details of this procedure are given in the Appendix.

A plot of Beckman reading vs. uranium content is shown in 
Figure 6. The graph Indicates an instrument sensitivity of 0.80 
division per 0.001 gram/cm* change in uranium content.

The required measurements are made by moving the source 
collimator assembly and detector along the sample while maintaining 
the alignment of the two units. Any extraneous movement causing a 
change in geometry between collimator and detector produces a change 
in detector current. With a 0.360-inch aperture In the lead colli
mator and a 1.5-inch diameter sodium-iodide crystal, the collimator 
detector geometry is much more critical in the axial direction than 
in the transverse direction. A movement of t 0.010 inch in the axial 
direction gives a change in the Beckman reading of i 0.2 division. 
TTiis amount of movement can be tolerated and, coupled with i 0.25 
division of circuit "noise", allows an accuracy of ± 0.45 division or 
t O.OOOo gram/cm?.

t. E. Gooawln
Instrument Development Division
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FIGURE 6
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APPENDIX

CALIBRATION

Calculation of p.X vs. Uranium Contents

The transmission of monoenergetic radiation is given by the
equation

1 - v
-uX

The exponent uX for a clad alloy sample is given by 

uX ualloy ta f ^cladding tc
where t and t are the thickness of the alloy and cladding re-ft c
spectlvcly. The quantities aalloy ^cladding may be wrltten as

ualloy " UA1 + “ um(A1 )p A1 (a ) + um(U)pU(a)

' ^cladding = ^m(Al)p Al

where um(Al)
um(U)

p Al(a)
pU(a)

is
is
is
Is
is

the mass absorption coefficient of aluminum 
the masa absorption coefficient of uranium 
the density of aluminum in the alloy 
the density of uranium in the alloy 
the density of aluminum « 2.70 grams/cmJpA2

Por 59*7-Kev gamma radiation the quantities um ^A  ̂ and are
0.281 and 5.96 cmVgr’ams, respectively. The quantities and
pU(a) ma^ ^e calculated to a good approximation from the equations

% A1 by weight_________________
PAl(a) “ :t  U by weight, , l  A TTy weight

% A1 by weight 
D

pu(«)
U bĵ  weight

where
Py « density of U « 18.7 grams/cm3

Prom these values, and ucladdlrig may be calculated. The
values of t and t are 0.203 cm and 0.152 cm, respectively.ft c The
table below was obtained for various uranium concentrations, Pu(a )ta > 
by substituting the appropriate values in the equation for uX.

• • ••• • • • • • •• • • • • • t• t •••
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% U by Weight

\l
1516
\l
19

Prom the above table, a plot of 
Figure 5*

PufajSi uX

0.080 0.744
0.087 0.784
0.094 0.828
0.102 0.872
0.109 0.914
0.117 0.959
0.124 1.00

vb Pu(a )ta was made as shown in

Calculation of p.X vs. Sample Thickness

Initially, an unclad alloy sample used in calibrating the 
Instrument contained 0.128 gram/cm* of uranium. The Ha2i0y of the
sample was calculated to be 3*74. Using this value of a and various 
values of sample thickness, the calculated values of u.X in the 
following table were obtained.

Sample Thickness (cm) uX

0.25^ 0.951 
0.241 0.902 
0.228 0.853 0.216 0.808 
0.204 0.764

Instrument Reading vs. Sample Thickness

The alloy sample was machined down in the successive steps 
given In the table. After each of the machining operations, the 
sample was placed between the source and detector and the Beckman 
reading was recorded. The results are Included in the table below.

Sample Thickness (cm) Beckman Reading

0.254 38.4
0.241 45.2
0.228 51.2
0.216 57.3
0.204 63.4

Por the u-X values in the table, corresponding values of 
^U(a)^a were found from Figure 5 and plotted against the Beckman
reading. This plot, a graph of Beckman reading as a function of 
uranium content, Is shown In Figure 6. The graph shows that the 
instrument has a sensitivity of approximately 0.80 division per 0.001 
gram/cm* change in uranium concentration. The fluctuation In meter 
reading due to "noise" corresponds to about ± 0.0004 gram/cma.


