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ABSTRACT 

The problems associated with in-situ Uranium assaying are discussed, 
especially in relation to the secular disequilibrium between the parent 
Uranium and its radioactive daughters. A detailed study of the y-spectra 
of some natural Uranium bearing ore and mineral samples was performed 
using a high resolution Ge(Li) detector. A method of spectroscopic 
analysis of the low energy y-rays of U-238 and its daughter Th-234, 
using a proportional counter and a series of Ross filters, was found 
to be feasible. The application of such a method to Uranium assaying 
in natural ore bodies is discussed. 

INTRODUCTION 

Most present spectroscopic techniques, in the assay of Uranium content, 
assume equilibrium between the daughter nuclides and the parent Uranium 
and depend mainly on the easily detectable high energy y-rays such as 

(2) from Rn-222 . However, an assumption such as this may not be valid, 
as in the U-238 decay chain the long - lived daughters U-234 (TS = 
2.48 x 10 5 y), Th-230 (ih = 7.52 x 10 4 y) and Ra-226 (T̂ j = 1600 y) 
can give rise to the possiblity of secular - disequilibrium in the 
elemental concentration between parent and daughter nuclides. Furthermore 
the half-life of Rn-222 (TS = 3.8 d) is sufficiently long for this 
gaseous nuclide to diffuse from its production site and cause disequilibrium 
in geological formations through which air or water circulate. 

To avoid this uncertainty, only y-rays from nuclides that are before those 
long lived isotopes and Rn-222 in the decay chain should be used for 
Uranium concentration measurements. As shown in figure (1), they are 
namely U-238, Th-234, Pa-234 and U-234. A detailed decay scheme of these 
equilibrium nuclides is shown in figure (2). 

The present investigation is aimed at examining the y-rays emitted from 
these equilibrium nuclides, which are mainly low energy y-rays. The 
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reason why other workers in the field use hiyh energy Y~rays is due 
to their ease of detection above the background radiation level. 
However, from recent studies of environmental 7-radiation fields, 
they show that the use of low energy y-rays for the assessment of Uranium 
bearing ore in natural sites has certain advantages. This is because 
for the U-238 decay series the y-flux (at 1 metre) was found to be 
greatest in the energy range 0 - 250 keV. 

Table (1) lists the y-energies emitted from U-238, Th-234, Pa-234 and 
U-234 and their respective intensities. This investigation concentrated 
on the more intense of these energies; ie. the 48 keV line from U-238 
the 62.8 - 63.6 keV and 93.1 - 93.5 keV lines from Th-234. Table (2) 
lists the samples that initially were examined with a high resolution 
Germanium - Lithium solid state detector. The experimental set-up 
is shown in figure (3). 

SPECTROSCOPIC INVESTIGATION OF URANIUM BEARING ORE AMD MINERAL SAMPLES 

Examples of the y-spectra obtained from some of the smaples are shown 
in the following diagrams. They are: Figure (4) Mary Kathleen sample 
(50 - 300 keV); Figure (5), Mary Kathleen sample (60 - 110 keV); 
Figure (6), Sandvite sample (no lead shielding). These samples were 
used because of their high natural activity and hence simplified the 
initial peak identification. The large Pb-210 peak that appear in Figures 
(4) and (5) is mainly due to the X-ray fluorescing of the lead shielding. 
This was confirmed from spectra obtained with the shielding removed, 
and the problem can be solved by placing Aluminium sheets between the 
lead and the detector. The resulting spectrum is shown in Figure (6). 

The application of a Ge(Li) detector for low energy y-spectroscopy, 
under field conditions, has its lower limit for quantitative determination 
at 0.1% Uranium. Due to the requirements for the operation of such 
detectors and the nature of the investigational work, a more robust 
and less sophisticated instrument than the Ge(Li) would seem a more 
logical choice. Such conditions are met by Nal scintillation detectors 
or gas filled proportional counters. 

For low-energy y-ray spectroscopy, the selection of a proportional counter, 
as against a scintillation detector, is based on the inherent discrimination 
property of proportional counters against high energy radiation. 

. ../3 
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This is because the counter sensitivity becomes very small for gamma 
ray with energy above - 100 keV. It has also been found that the 
energy resolution of the proportional counter is two to three times 
better than that of the scintillation detector in the energy region 
< 75 keV. Hence the proportional counter will have a higher signal to 
noise ratio in the energy region of interest. 

PROPORTIONAL COUNTER DESIGN AND OPTIMIZATION 

Figure (8) gives a schematic view of the proportional counter used and 
its specifications. An example of a low energy Y~spectrum of the Sandvite 
sample using the proportional counter is shown in Figure (7). The 
spectrum does not have very high resolution as compared to a Ge(Li) c'etector 
spectrum and the detectable energy range for this counter was, nominally, 
6 - 5 0 keV. 

To improve the higher energy sensitivity of the counter for detection 
of y-rays in the desired energy range, all that is needed is to 
increase the pressure of the ionizing gas inside the counter. ' ' 
This increase in pressure will have the adverse effect of a decrease 
in detector resolution. However the sacrifice of resolution for improved 
sensitivity has insignificant effect on the results, as the energy 
selection in this proposed method is based mainly on the Ross balanced 
filters. 

To estimate the pressure increase required, it was assumed that the 
gas was pure Xe, i.e. ignoring the 5 - 10% C02 present as a quenching 
gas. (This quenching gas serves two purposes: (i) it absorbs ultraviolet 
photons produced in the avalanches which would otherwise release further 
unwanted electrons from the wire or the cathode cylinder, (ii) it absorbs 
similar photons whiah are released when the positive ions reach the 
cathode and which might otherwise initiate a second pulse.) An example 
of such estimation is shown below for the 48 keV gammas with 90">, detection 
efficiency. 

From the transmission relation, 

I = I Q exp (-upx) ...(1) 

where I = transmitted yray intensity 
I = incident yray intensity 

2 -1 \i - mass absorption coefficient (14 cm <jm for Xe at S.T.P.) 
for 48 keV y "rays. 



p = density of gas (5.387 g/l for Xe at S.T.P.J 

x = detector thickness needed 

the thickness X that is necessary for the Xe gas at S.T.P. to absorb 
90% of the 48 keV gamma is 

I/I Q = exp (-ypx) 

0.10 = exp (-lipx) 

in(0.10) = -upx 

-2.306 = -14.5887 x 10~ 3 • x 

x = 27.98 cm. 

Therefore for a detector design with a diameter of approximately 
2.85 cm, the required Xe gas pressured can be derived from the simple 
gas equation, 

P 1 V 1 = P 2 V 2 •*- ( 2 ) 

where P-.V.. refers to the pressure and volume of Xe gas in the real 
detector and P-,V refers to pressure and volume of gas at S.T.P. 

With volume V = window area x, detector thickness 
= A-x 

therefore 

PI _ A2*2 
P2 Al xl 

since 

x 2 
= Xl 

27.98 = 9.82 2.85 

Hence the Xe pressure required is 9.8 atmospheres. 

Similarly for (i) 63 keV photons and (ii) 93 keV photons we get: 

(i) 19.64 atm. 
(ii) 59.76 atm. 

These pressures can easily be contained by Be windows with appropriate 
tiiicknesses which are still sufficiently thin for the transmission of 
the Y-rays. 

.../5 
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ROSS FILTERS DESIGN FOR THE ISOLATION OF THE ENERGIES OF INTEREST 

' ith detector efficiency optimized what was then needed was a method 
of discriminating against Y-rays with energies other than those of 
interest. Ross or balanced differential filters permit isolation of a 
particular energy by discriminating against y-rays with energies both 
above and below the required energy. 

The use of differential filters to isolate a particular energy depends 
on having two elements whose absorption edges lie close on either 
side of the required energy. By adjusting the thickness of the filters, 
so that attenuations are equal at the lower and upper absorption edges, 
successive measurements, first with one filter and then the other, 
will eliminate all but the pass band of energies between the absorption 
edges. With perfectly balanced filters the difference, or net count-
rate, will consist solely of photons in the 'energy window' between 
the two absorption edges, as shown in Figure (9). 

In almost all preliminary calculations for "y-energy filter design, 
values of V near the absorption edge are required. These are difficult to 
obtain directly from either tabulated or graphical data- However, 
if the mass absorption coefficients for the top and bottom of the absoprtion 
edge (p- a n <* V-, respectively) are known, then the following formulae 
can be used : 

y(E) = Vl{Ek/E)~S E<E k 

u(E) = y 2(E k/E)" S E>E k 

...(3) 

Where E. is the absorption edge energy, E is an arbitrary energy near 
the absoprtion edge energy E. and s - -2.8 for 2 < 45 and -2.7 for 
2 ^ 45. The formulae have been shown to <jive values for y which agree to 
within + 5% with experimental values for a range 2 > E k/E > \ . 

The criterion for filter thicknesses (rather than the ratio of filter 
thicknesses) is that the statistical error of the ratio of difference 

(12) count-rate to the sum of the separate countrates should be a minimum 
A simpler, but less exact, criterion is that the difference in countrate 

(13) should be a maximum . If the filters are perfectly balanced, 
(13) it can then be shown that for one of the filters: 

m _ = in (u.,/y,) ...(4) 
opt \>2 - yj 2' ̂ 1 

. ../6 
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Where m . is the optimum thickness of the foil, u_ and u, are the opt i. l 
mass absorption coefficients of the filters at the upper and lower, 
absorption edges respectively. 

To investigate the 48 keV U-238 peak, matched differential filters of 
the following type and specifications are needed: 

-3 _Sm ; p =7.52 gm cm 

K absorption edge E = 46.835 keV 

, .Gd ; p = 7.9004 gm cm" 64 

K absomt ion edge E, = 50.239 keV 
a ' k 

letting E = 50.8 keV for ,-Gd we get from equation (3) that 

u (50.8) = 18.4388 cm 2 gm"1 

letting E = 46.5 keV for -_Sm we get from equation (3) that 

u (46.5) = 3.2626 cm 2 gm" 1 

To balance the filter attenuations 

{ W }
S m = ( W P }Gd 

where x is the foil thickness, 
therefore 

x„ = 5.9385 x^ J Sm Gd. 

Using these results and equation (4) the following optimum foil 
thicknesses are obtained: 

-..Sm : 130 ym 62 
..Gd : 21.6 pm. 64 

Using the transmission equation, (1) the estimated intensity of the 
48 keV gamma ray that will pass through the filters is 

I/I = exp (-upx) o sm 
= 0.74 

which therefore has good transmission statistics. In conclusion, 
the application of the Ross balanced filters in this detector system 
as energy discriminators are feasible and the foils arc commercially 
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(14) available . However, similar considerations of the materials for use 
in the filters for the 63AeV Th-234 peak which being: 

7 2Ha : 99.5 um 

Yb : 195.8 um 

are not commercially so readily available. 

CONCLUSION 

The initial study, made in this investigation, of the low energy 
Y-spectra of the U-238 decay chain is in agreeaent with similar work by 
others in this field ' 

The proposed method is shown to be feasible for U-238 concentration 
measurments in a field situation. However, due to time limitations on 
this project, construction of the filters was not carried out and hence 
no experimental work has been performed on the samples. 

To complete the project, one needs to calibrate the technique, using 
known concentration standards in various matrix strata. The threshold 
of sensitivity (taken as the concentration of U-238 for which the number 
of pulses recorded in the 'window' is three times the mean square error 
in the determination of the background under the peak) should be better 
than the 0.1% for the Ge(Li) spectrometer mentioned previously. Work 
on the construction of the proportional counter based on the calculated 
optimum conditions is in progress. 

The simplicity of the instrumentation and analysis using this method 
give it many advantages over other Y-spectroscopy techniques in the low 
energy region. But the use of low energy Y-rays does impose its own 
limitations. As it is a well documented ' stumbling block in 
most methods of spectroscopic analysis, that measurement of dacay products 
is very matrix dependent. This is especially so in the low energy 
Y-ray region. However, this can be remedied by the use of this technique 
with borehole logging methods. This method will then be superior to 
present high energy gamm ray spectroscopic methods of U-238 concentration 
measurements due to its simplicity of design, instrumentation ar.d method 

„._ „. , • (2,4,5,6,15,16,17,18) of quantitative analysis 
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November 1973. 

5. SENFTLE F.E., TANNER A.B., MOXIIAM R.M. - Ge(Li) and intrinsic 
Germanium detectors in borehole sond-s for Uranium and Coal exploration. 
TRANS. AM. NUC. SOC. INT. CONF. World Nuclear Energy, Nov, 1976, 
24_. 

6. LUBECKI A., WOLF R. - Determination of Uranium using K x-ray 
lines. Kernforschungszentrum Karlsruhe, Laboratorium fur Isotopentechnik. 

7. ADAMS R., DAMS R., - Applied Gamma-Ray Spectrometry. Pergamon 
Press, Oxford 1970. 

8. SIENBAHN K. - Alpha-Beta-, and Gamma-Ray Spectroscopy. North-
Holland Publishing Co., 1968 Amsterdam. 

9. POLICARPO A.J.P.L., ALVES M.A.F., SALETE M., LEITE S.C.P., 
DOS SANTOS M.C.M. - Detection of Soft X-rays with a Xenon proportional 
scintillation counter. N.I.M., 118, (1974), 217. 

10. SIPILA H. - Energy resolution of the Proportional counter. N.I.M. 
133, (1976), 251. 

— £ 



- 9 -

11. X-ray Filters for Energy Selection. Notes by C.G.C. for I.A.E.A. 
Meeting, May 1968, Vienna. 

12. BOONSTRA E.G. - Statistical considerations in design of balanced 
x-ray filters. J. Sci. Instrum., 42_, (1965), 563-8. 

13. KIRKPATRICK P. - On the theory and use of Ross filters. Rev. Sci. 
Instrum., 10, (1939), 189-91. 

14. Goodfellow Metals Ltd., Cambridge Science Park, Milton Road, 
Cambridge CB4 4DT, England. 

15. TAYLOR H.W. - Gamma rays emitted by Uranium and Thorium in the 
energy range 10 - 120 keV. Int. J. of Appl. Rad. and Is., 
2£, (1973). 

16. GRATSY R.L., DARNLEG A.G. - The Calibration of gamma-ray spectrometers 
for ground and airborne use. Geological Survey of Canada. Papers 
71 - 17 (1971). 

17. WORMALD M.R., CLAYTON C.G. - Some factors affecting accuracy 
in the direct determination of Uranium by delayed neutron borehole 
logging. I.A.E.A. - SM - 208/35. 

18. HYDE E.K., PERLMAN I., GEABORG G.T. - The nuclear properties of the 
Heavy Elements Vol. II. Prentice Hall Inc., Eaglewood Cliffs, 
New Jersey, U.S.A., 1964. 

.../10 



TABLE (1) 

U-238 DECAY SERIES y-ENERGIES (<250 keV) 

ISOTOPE HALF-LIFE (Th) PHOTON ENERGY 
(keV) 

INTENSITY 
(*) 

U-238 4 X 10 9 y 48 33 
Th-234 24.1 d 29.9 7 

62.8 12 
63.6 5.69 
69.8 0.13 
93.1 <12 
93.5 < 7 

Pa-234 1.17 m 43.5 - 1 
186 0.66 
197 < 0.66 
227 < 0.66 
236 - 0.09 
255 - 0.08 

U-234 2.47 x 10 5 y 53.5 28.35 
120.4 0.35 

. . . / l l 
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TABLE (2) 

NATURAL URANIUM ORE SAMPLES 

High - grade Uranium ore (Mary Kathleen mines). 
Autunite (Ca t"0 2

,2 ( P 04 )2 " 1 0 " 12 H O ) (Washington U.S.A.). 

Autunite in Pegmatite (Lake Boga, Victoria, Australia). 
Carnotite (disseminated) (Central Australia). 
Davidite (Radium Hill, South Australia). 
Monazite (Madagascar). 
Salecite (Mg(UO 2) 2(P0 4) 2 - 10 hyj) (Rum Jungle, Australia). 

Tobenite (Ca ^ ^ ( P O ^ " 1 2 H
2

0 ) ' 

Sandvite (Uranium (U.Og 4-10%) bearing Ilmenite with Carnotite 
enouistations). 

Low grade replacement ore. 
Low grade secondary ore. 
Low grade Carbonate ore. 
High grade secondary ore. 



Element 
atomic 
number 

Uranium 92 

Protactinium 91 

Thorium 90 

Actinium 

Radium 

Francium 

Radon 

Astatine 

Polonium 

89 

88 

87 

86 

85 

84 

Bismuth 83 

Lead 82 

Thallium 81 
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FIG.d) The J-238 series decay chain. Region of possible secular 

disequilibrium is shown to the left of dashed line. 



Figure (2) U-238 decay chain. w " a ' j a 

(Equilibrium section). — 
lo . i j* 

/fcr 

«7J» 

. I - I H W 7 

9Z U 
234 

o a 

037 n • 

80,10* ; ' 7 

-tf *—A 

4 

a 

I 
• >»% 
1*1. 

90 Th 230 



Detector 
Pre

amplifier 
— » - Amplifier MCA. 

i i 

High 
voltage 

Miter 

• < — 

Detector 
power 
supply 

CR.O. 

Figure (3). GeCLi) detector and equipment. 

Figure(8). Gas filled proportional counter 
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Figure (7): Uranium ore spectrum 
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for a set of matched differential f i l ters. 


