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ABSTRACT
The determination of 235U4g383~isot0pic ratios is

extremely important in nucleaf'ﬁechnology.g:
J

[Although it is reckoned that very precise and accurate
isotopic analyses of uranium can be performed by mass spectrometry,

nuclear methods can give their contribution as well.

(/ Neutron activation analysis followed by high resolution

gamma-ray spectrometry using solid state Ge(Li) detectors

utilizes the ratio between peaks of 239Np and fission products of
235U to measure 235U/238U ratios in samples with several en-
235

richments in U. Due to the possibility of using several ratios

between peaks, the precision of thé method can be greatly

improved. +

( The method of passive gamma-ray spectrometry, in which

the natural radiocactivity of uranium is measured can also be

235U/238

utilized to determine U ratios., In this case, the ratios

of the areas of several peaks correspénding to the natural

isotopes 235U and 238U are computed.

¢ In the present work, an application of the method of
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multiple peak ratios was introduced for the case of passive
gamma-ray spectrometry. The results were compared to those ob-
tained by neutron activation analysis and to those obtained by

other authors.

( In the case of activation analysis, an average pre-
cision of down to 0.1% and an average accuracy of 3% were
attained. For passive gamma-ray spectrometry, the corresponding
values were 1.0% and 2.6%. A

/ The measurements were carried out in standards con-

235U/238

taining several U ratios.
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RESUMO

235, ,238

A determinagdo de razes isotdpicas U/“""U & de ex

trema importancia para a tecnologia nuclear.

Embora se reconhega que resultados muito precisos e

€Xatos sejam obtidos por espectrometria de massa, os métodos nuclea-

res também podem dar sua contribuicio.

O método de andlise por ativagao com néutrons seguido
de espectrometria de raios gama de alta resolugidaoc em detectores

de estado s6lido de Germdnio-Litio utiliza as razdes entre os
239 235

picos do Np e dos produtos de fiss3ao do U para medir as
-~ ; —_ 235, ,238 3

razoes isotopicas u/ U em amostras com diversos graus de

enriquecimento em 235U. Devido & possibilidade de utilizar um

-

nimero bastante grande de razOes entre picos, a precisao do mé

todo pode ser grandemente aumentada,como ja foi demonstrado por

alguns autores.

O metodo de espectrometria de raios gama passiva, em

que a radioatividade natural de amostras contendo urdnio & medi

235U/238U

da, pode também ser utilizado para determinar razdes P

calculando-se as razdes entre as areas dos picos corresponden

235U 238U

tes aos isOtopos naturais e



No presente trabalho, introduziu-se uma aplicacio do
método das miltiplas razdes entre picos para o caso da espectro
metria de raios gama passiva e comparou-se os resultados obti
dos com os da andlise por ativacao e tambam com Os resultados

obtidos por outros autores.

No caso da analise por ativagao, obteve-se uma preci
sdo média de até 0,1% e uma exatid3o de 3% e para a espectrome
tria de raios gama passiva, uma precisao média de 1,0% e uma

exatidao de 2,6%.

As medidas foram feitas em padrdes contendo diversas

razdes 235U/238U.
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1. INTRODUCTIOXN

235 238,

The determination of the U/"7U isotopic ratios is of great

importance in nuclear technology. It is reckoned that precise and accurate

isotopic determination of uranium is usually carried out by mass spectrometry.
Hevertheless, this method requires highly specialized and cxpensive
equipment. In nuclear lazboratories it is often more convenient and cheaper

to use other available methods of analysis. Among the existing nuclear
(o]

methods for the 5U/EBL’U ratio determination, neutron activation followed

by high resolution gamma-ray spectrometry and passive gamma-ray spectrometry

can give satisfactory results. The purpose of the present work is to

compare these two methods and decide which one gives the most precise and

accurate results.

The method of neutron activation in which several peak ratios
239 : 235

i , : 5 , .
between Np and some of the fission products of U are computed can give

(1) (2)

very precise results, as related by Mantel et al and by John et al

In the present work, this calculation procedure was applied

also to natural radioactivity measurements (passive gamma-ray spectrometry),

i . . 235
by determining several ratios between peaks correspoading to U and to

2
23uU

The precision and accuracy of the two methods were  evaluated

n _

and compared to the results obtained by Mantel et al and by John et al

I~
(&5 ]

35 3
2. DETEPITNATION OF THE ZJDU/ “U ISOTOPIC RATIO BY THERMAL NEUTROH

ACTIVATIOX ANALYSIS FOLLOWED BY HIGH-RESOLUTION GAMMA-RAY SPECTROMETRY

he activation of uranium with thermal neutrons gives origin,
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amony others, to the following nuclear reactions
Ano 299 o 239
T O S L SN b ] L -
‘ 3 ” . Lo U5 2
i o 8 9 92U (Ty )y = 23.54 m) — (,1/, 2.35 d)
0.2 92 f2 - 2
7 G §

7135 1

anU (n, fission) ——F.P. + 2,5 oh

= i 4
where T.?, = figsion products

. : . 239, B oo
The flrst transuranium element, Mp, as well as many of the fission

ac

products of ~ U, are gamma emitters and give origin upon activation to well

identifiable species. The use of high-resolution y-ray detectors could
therefore, allow the separation and determination of many y-ray peaks
present in the same matrix, even if the corresponding energies are close

together. As, in this case, all the species can be determined separately in

a single gamma spectrum, many of the common sources of error, such as flux
variation, self shielding, sample weight, chemical yield and counting

geometry, can be aveoided.

In Table 1 the energies aand half-lives of several gamma-ray
239 A . .- . . . .
peaks of "~ Np and fission products identified in irradiated uranium

standardsare presented.

TABLE 1 - Energy and Half-Life of Several Gamma—-Ray Peaks Obtained in the

Spectrum of Irradiated Uranium

Radioisotope Half-life Energy (keV)
239, _ 2.35 d 61, 29, 106, 118,210,
228, 278, 285, 316,334

T 66.2 h - 6.02 h 140, 181
L2, o 24 78.0 h - 2.38 h 668, 773

3 33,7 h 293
gy o« Hmg 9.67 h - 50.3 m 556

133, 20.3 h 530
97 97

Zr - "'Yb 17.0 h - 72.0 m 658, 743
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The area ratioc between two identifiable gamma-ray peaks
238 P . . . .
corresponding to ~~ lp and to a fission product will therefore be

225,233 _ ;
proportional to the u/ U atom ratio i1n the analyzed sample. Of course,

the precision of such a method of analysis is greatly increased if weusethe
0

averace of several ratios between the areas of Ilp and fission product

.

In this case, the only error present is due to countin statistics

s

™
2,
n
-

and to the peak integration. The idea of usin s en  the
239 " . .
area of Tﬂ and fission product peaks was already described by different

5 4 (6
Vasconcellos et al( ) and Iima et al- ) have used the

. 239, . .
of the peak ratios of “¥pn and of the fission products to calculate

(4]

he U isotopic abundances in geological samples, in search for an

"Oklo Fhenomenon" in the Northeastern regions of Brazil.

2.2. Experimental

2.2.1. Preparation of the Standards for Irradiation

b Je & =

- u = L3 De .
Since just a few uranium standards of well kaown U 1sotopic
composition were available, new mixtures were prepared ia order to obtain

sufficient experimental points for the calibration curves.

The solutions were prepared by dissolution of the standards
in 1:1 HW s and addition of water in order to obtain a final concentration
of azbout 10 mg of uranium/ml. 3y mixing these standards solutions, fourteen
final solutions with different isotopic ratios were obtained, according to

Table. 2.

_UMitsAO NACIONAL DE ENERGIA NUCLEAR/SP - IPtN
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A b R ls )
oAy R Iy AU LE SN . . P P 1 . .
TASLE 2 = u/ U 1sotoplc Ratios Used to Obtain the Calibratioa Curves

in the Keutron Activation Method

Srendsry ZBSU/ZBBU Composition Origian of the
Standards
1 0.005297 CXEW*
2 0.007254 NEd*
3 0.01014 n3s
4 0.01931 Mixture
5 0.02031 NBS
£ 0.03143 NBS
7 0.04028 Mdxture
8 0.05278 B
9 0.07607 Mixture
10 0.1145 Mixture
11 0.1566 Mixture
12 0.1924 Mixture
13 0.25126 NBS
14 0.9997 N33

* Standards analyzed by mass spectrometry in the "Comissao Nacional de E-

nergia Huclear”.

2,2.2. Irradiation and Counting

For the irradiation of the standards, convenient aliguots of
the uranium solutions were pipetted into small polyethylene containers
especially made for activation analysis, supplied by the Free University
of Amsterdam. The solutions pipetted were then dried under an infra-red
lamp prior to the irradiation. The total uranium and the 235U masses

irradiated ranged from 1 to 5 mg and from 25 to 200 ng, respectively.

Each group of standards were introduced into the same
polypropylene vial for irradiation and were irradiated for 30 minutes. The

irradiations were carried out in a pneumatic tube of the IEA-R1 reactor,at

1

a thermal neutron flux of 4.3 x 101 n/cm?s and a rapid neutron flux of
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2
e T

f ‘Np and of the fission products were
recorded by using a solid state Ge(Li) detector, model 5001-1022V, with a
o the 1332 keV peak of GOCO. The detector was coupled
to a 4096 channel Model 54104 Hewlett-Packard analyzer and to a Hewlett -
0

OA minicomputer for data reduction.

The cooling times varied from 20 to 50 hours, depending upon

the experiment, although they were usually close to 25 hours. The counting

i

times, on the other hand, varied between 20 to 50 minutes. The distance

between sample and detector and the respective time of measurement  ware

5

chosen such that the dead

o

time of the system would not exceed 107,

2.3. Results and Discussion

The standard sarples of well knowh isotopic composition, as

well as the sample to be analyzed were prepared, irradiated and countad as

. . | 239 S S
described above. Ths next step was then to choose the best “Np and fission

product peaks to use for the evaluation of the ratios. A similar study has

(D

already been carried out by HMantel et al , in order to investigate the

influence of Compton scattered higher energy gamma-rays from fission

23° . . .
nroducts on the “Np peaks. They compared the ratios of the principal peak
o

235 . s : : 5
areas of pure Ip with those obtained from uranium samples with different

5 5, ; : .
U composition. They concluded that the ratios involving the 105, 118,210

. — . 235
and 270 keV peaks show no systematic variation with the U content, up to
: 235
a concentration of 5% U.

The results obtained in the present work for the ratio betwsen
these peak areas coafirm that they can be chosen as repressntative of the
238, .. - 5 2D -
amownt of U in samples coataining up to about 107 U. The ratios

T 4 #. .4 & 72, i T
between the principal fission product peaks aad the ~“Mo 140 keV peak were

o5 235 3 ; .
also evaluated for samples of different U contents, to investisate the

239
presence of any possi Np amount. The results
2

35
. - - L. . = “ o "
obtained show no systematic variation of the ratios with the U content

ble influeace of the

gven in coancentrations up to 16%.

After corraction for decay, the calculation of the r

o 29.. ’
between all the net areas of fission product peaks (" 71l0-140 keV, Ce-

2
293 keV, 1331-530 kev, 1y-556 keV, ° Nb-658 keV, 1321-668 keV and 773 keV)
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P 41 o - - St NS i b i 1 277 7 7 s }
end those of v (105, 11T, 210 and 277 keV) was carrisd out.
- r I3

The isoctopic composition of

T

the calibration curves coastructed by linear recsression from the above

values of enrichmeant of the ¢ ] This

next step was to evaluate the mean enrichment (X) accordiag to John et

o

al , and tiie standard deviation of this mean {ox). In order to get

o
o]
Tt
rt
L
i

o}
=

ecision, the values of x and o_ were used for excluding the

outlayers from the set of averaged data. A new mean enrichument (x.,) and a

new standard deviation (o 1) were then obtained by comsiderinzg just the .
8 1

values within thz interwval

=G <X, <X+ 0
* 3 5%

2)
To further optimize the precision of the method Jchn et al(“’ calculated an

L

weichted mean of enrichment (w + Um)’ by defining an ampirical formula:

1
[1-12] . 3+ 0.03

B =

. . . th . . ..
where p; 1is the weight of the i result, r is the correlation coefficient
. s . 4 . Th
of the calibration curve used for the calculation of the 1

value.

This formula i1s such that the P value will fall down from
33.33 for r = 1 to &gbout 1.5 for r = 0.8, it giving, therefore, a greater

weight to the best calibration curves.

Following the same procedure as for the simple mean, a new
eichted mean enrichment (w
of ws
1

Gml) was calculated by excluding the values

1 X

of the interval.

Finally, the accuracy of the method was evaluated for - each

COMISSAO NACIONAL DE ENERGIA NUCLEAR/SP - IPEN
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Fh

where 1 is the mean enrichment mentioncd above and £ 1s the same value

the respective standard.

A computer routine was developed for these calculations. The

results achieved in two distincT experiments are summarized in Table 3,
where 0¢_, 0_,, O 4, O and A stand for the mean values of ¢ , 0o _,, 0 , ©
x? Txl u wl x' xl w' Wy

and A, caleulated from individual results found for all the n samples

Our method proved to be applicable for the determination of

o9 2-\0
£33 . SE o I . o, - . =
the u/ U isotopic composition (x) in the range 0.005297 < x < 0.25126
. 235
which corresponds to U abundances up to 20.013%.

Ye can see from the data of Table 3 that the precision of

the method is improved when the weighted mean, w, is used. Of course, this
precision can be further improved by averaging over a number of ratios

greater than 28.

Indeed , for the two experiments, the mean standard deviation
imoroved of about 127 to 347 when the new weighted mean of enrichment (wl)
was used instead of the arithmetic mean of enrichment (x). For example, it
can be observed in Table 3 that ox is 1.0%, while cw, is 0.88%7 for

1

experiment 1; and that Eé is 0,677, while gw’ is 0,447 for experiment 2.
- 4

The precision achieved of at least 1.0%, considering the mean
values of standard deviations of the means for all the n samples (o ), is
S

(2).

in pood agreement with the results of John et al

Mantel et al(l) obtained a precision of 0.6% for the standard
deviation of the mean (¢_), considering a sample of natural uranium. In our
rperiments we obtained precisions even better (0.1%Z, for imstance, for the
0.25126 235U/238U isotopic composition in experiment 1), when dealing with

higher concentration ratios.

Mevarthelecss the accuracy of the niethod did not prove to be
2 } i

cpod as einacted (& egual te 3.0 and 5.5 for exoeriments 1 and 2

[ - e - 3

respectively). o apparent reason was found for this fact.
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235 .. .,233..
u/ U s

o2

Study of producibility of tue liathod
Flwz groups of staadaras were irradiated at differeat
days da orisr to $tudy the re ibilic, of the methoel. As variaticas ca
occur i tue reactor neutron e irradiations were carried out
alirayes 1o the saue weeli's da the 5ame hour. The lrradiatiocss durins
the first 487 of the reactor eration were avoided as well as those
izm=diately a2fter the reactor reached the criticality, the chosen tine
i - ) + e
11liny always after 11 an.
Tae results obtained for the analysis of the :33% standard ,
23 Bigda
it “U/777C atomlc ratio egual C.03143, using these five groups of
=] 'wz.: aF amdas a1 T 1 I+ T4t 1,’;. /,
uranlum siandardas are summarized i1n Tabp SE
~ A A
i : —— 235,233 ; s ;
TA3LI 4 - Anealysis of 485 st U/777U atordc ratio = 0.03143)using
L3 v -~ ~ 1“,1 o s 1 =B T g i e 3 atr
<lve groups or calibralion curves irradiated at differeat days.,
c 7 8. % o % T Z
X x1 W Liq
Group 1 1%8 1.1 1.8 12
Croup 2 1.1 ol 1.0 0.7
Group 3 o 1.8 2.5 1.4
Group 4 0.8 0.6 0.2 0.5
Group 5 2.0 1.2 2.0 1.1

233U/

&3

Qg . - . - .
U isotopic composition of the standards used in each group of

experiment.

Group 1 0.005297, 0.007254, 0.01931, 0.03143, 0.04028, 0.07607, 0.1145,

Group

Group

sroup

Croup

L

W

0.1566

0.005297, 0.007254, 0.01931, 0.03143, 0.04028, 0.07607, 0.1145,

0.1566, 0.1924, 0.25126

0.005297, 0.007254, 0.03143, 0.05278, 0.1145, 0.25126, 0.9997

0.007254, 0.01014, 0.01931, ©.02081, 0.03143, 0.04028,

0.07607, 0.1145

2.005297, 0.007254, 0,03143, 0.0527

From Table 4

method is adequate.

o
S

0.1145, 0.25126.

it is seen that the reproducibility

0.05278,

the
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0.03143
0.04023
0.05278
0.07607

0.1145

1.5

4.5

1.8

(]
(&)

1.7

nnr e
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e le © - (¢ L.)

meriment 2

Tant omi e -1 At I +1 xres +ala o lati
Isotopic & &t relativ relative new relative relative
corposition enrichment error standard mean error standard
of the s AxXZ deviation enrichment Az1E deviatiox
standard ol 4 xl ox17%
N.007254 0.005941 13.1 2.1 0.005000 17.3 1.7
0.01014 0.00879 13,3 L3 0.00337 12..5 Q. 71
n.01%31 0.01237 2.9 0.33 0.01957 2.9 0.25
02681 7.02132 5, i, 0.29 0.,021388 5.1 0,22

O%%

0.67

w |
N B
w9

Ax17

SR

ox1%
0,47




Lxperiment 2
weichted relative relative new relative relative
mean error standard weighted error standard
enrichment deviation mean deviation
enrichment
o AwZ owl wl Awl? cwl?
0.006030 16.9 2.0 0.006030 16.5 1.8
0.00833 12.4 1.2 0.80832 12,0 0.61
0.0£991 3.2 05 33 0.01992 3.2 0.24
0.02139 5.2 0.2¢6 0.02184 4.9 0.23
0.03213 2,2 0.41 0.03219 2.4 0.29
0.04£011 0.42 0.47 0.03931 L.2 0.29
0.05182 1.8 0.38 0.05157 243 0.25
0.07915 £.0 0.44 0.07910 4,0 0.31
0.1127 1.6 0.26 0.1127 1.6 0.18
Aw? gw? AwlZ owl?
5.3 0.64 5% 0.44

* The figures indicated in this line stand for the mean value

the corresponding data of the same colum.
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3. DOTERMINATION OF T ~U

27250 130TOPTC RATIO BY PASSIVE GAITA-RAY

Py ato)

SPECTROITTPY

3.1. Principle of the Method

The alpha decay of many of ths natural isotopes and daughters of

uranium (also thorium and transuranic elements, like nlutonium) is

energy and decay to the groin yinZ isomeric state.

© 23571 3—-1.----« 1 T+ #1 o 3 £ 1 L |

For example, U decays to Ih through the emission of an alphz particls,
. 2 231

with a half life of 7.1x107 years and 957 of the decays leave the Th

nucleus in approximately 10 different excited states. These excited states

decay through different de-excitation modes, emitting gamma-rays at about

—

30 different discrete emergies. This spectrum of garma-ravs is unigue to
295
T decay
a0
- - - - - 2 .
4 simtlar situation .occurs ia the decay of U and its
F . ; ; 235,238
Se, 1t czx be easily foreseen that the determination of u/ U

isotopic ratios can be accomplished by computing the ratios between Y-ray

peaks corresponding to each one of these two isotopes or their daughters ia

ST
£

The cetermination of uraniur: isotooic ratios or ~ U earichnents

'u

g S r o i b T g - - e *’Jg ~
47 Tae Usc OX passlve gatmasray spectrometry has already Deen performed Sonme
¢ varra(7) b, 235 oo T 3
autiors. Casar and Mafra calculated U enrichumeats in U0, and U,0.
rﬁr- w
. P 233
pellets with enrichments varying from 0.47 to about 207 in U. The

authors measured the 105.7 kaV peak of 235U in the samples, with a solid
state Ce(Li) cetector, using as standards U, and UBOS pellets of natural
abundance (0.7207% "BDU). The irportance of using thick samples for msasuriag
Y-rays in this energy range was pointed out and the critical distance for

U0,,U,0, and uranyl nitrate were calculated.
J aQ

: _— . 53 235, ; 238 :

Pacalt aand Obrusnik measured U and U contents in fuel

elements with 10 and 807 w.w. enrichment, using the 185.7 keV line for the
5 2 235, L 7 (5 238y :
quantitative detercination of U, while for the U content only the
. 234 L
1001.4 keV line of the Pa dzughter could practically be used.
&)

Hemon et al performed analysis of uranium isotopic abundances
by fine gamma spectrometry before and after activation, on ore samples from

Oklo.

COMISSAC NACIONAL DE ENERGIA NUCLEAR/SP - IPEN
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(lJ)

Towson and Hontze have

on uraaium chemical precipitates by

)y

L R ~ - P
U 185.7 keV peak and of the 92,

the

Interferences normally encouatersd by usiang the latter
. . ; . . v e .. 234
approximating the spectrum 1n the regien ol the Th

ies of Cauchy functionms.

analyzed a sample of the Cklo deposit containing zbout

0.51 atom percent of U, by a gamma-ray spectrometer system, using a hizh-

purity planar Ge detector. The 238U was determined from its daushter's
CZJLTH) 63.3 keV photopeak, the 235U was determined from its 143.2  and
163.4 keV photopeaks. The ratios of thes e photopeaks were compared with
that from z standard having normal uranium isotopic content.

In the present work, the method of mult iple peak ratios intoduced by
1
. (1) o . . 3 5 F 5
Mantel for the neutron activation method was applied to the determination
s 235,238, . . . ; & ; ..
of v/ U lsotoplc ratios by passive gamma-ray spectrometry using solid

state Cz(Li) datsctors.

235-" 7.1 o ) ) T 1 2357-
Tor U, the 144, 164, 136 and 205 keV peaks of U were used,
5 238 " - 234 m
while for U, the 258, 766 and 1001 keV peaks of the Pa daughter
(tlf? = 1.18 min) were utilized.

3.2 Experimental

£y

The experimental work coasisted of measuring the radioactivity of
‘ ; . 235,238 5
nitrate solutions of NBS 1sotopic standards with several v/ U ratios.
The measurements were performed by using the same solid state Ge(Li) detector

as described in item 2.2.2 of the neutron activation procedure. The

measurement periods had to be very loag, due to the low intensity of the
2:35 238 G i
peaks of - U, and U, and varyied between 540 and 1120 minutes.
235,238

Ia Table 5, the ~~"U/ U isotopic ratiocs of the several standards

¥

used to obtain the calibration curves are presented
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——— 235,232, v . . . i .
TAZLE 5 - 1y U isotopic ratios used to obtain the calibration
curves in the passive gamma-ray spectrometry method.
nam  aAn
Standard =TTU/TTU compositlon Origin of the staadards
1 0.005297 Tk
2 N0.007254 B
3 0.01014 {33
4 0.02031 135
5 0.05273 NBE
6 3.1585 158
* Standards analyzed by mass spectrometry in the "Comissao Nacional
de Energia Nuclear".
The nitrate sol ons of the N3S standards were measured in plastic

Cesar and Mafra have calculated the critical distance for solutions
anco
. 235 ;
of uracyl nytrate to be of 2.30 cm, for the 136 keV peak of U. Se, it
<ras considered that ths heizht of 4.5 cw was sufficient for the self-

absorption of the gamma-rays measured to be considerzd as saturated.

“ioreover, the height of the liquid was zlways the same for all the

|

standards measure

£

The isotopic composition of each sample was -avaluated fron  the
calibration curves coastructed by linear regressioa from the above
wentioned ratios and from the values of enrichment of the stendards. This

i

¥ 1 - . - -
procefuraylﬂged 12 values of isotopic composition for sach analyzed sample,

since this was the number of peak ratios obtained by corbiniang the 144, 154,
p . 235 N
5 zad 295 keV peaks, for ], with the 258, 766 aad 1001 keV peaks, for

cat
€2)
developed by Jonn et al’™’ aad cescribed 1in 1ten 2.3 of the present work.
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235,238
In Tabls 6 are prescnted the valuss of the "U/77 U ratios obtained,
topether with the relative standard deviations, ox, ogul, ow, owl aal th
relative errors, Ax, Axl, Au aad Awl, &ll in 7
It can be observed i1: Table 6 that the relative error, 4, and tl
"?3’:!
relative standard deviatiens, o, decrease with inecreasinz ~ U abundance.The
best values were obtaine! for very eariched samples (Ax and gu = 0 foz
o s 213
A YA - - <I33,,
U/777C = 3.166 or 757 ia U) .
The relative standard deviations had a significant improvement by
(2)
emnloving the ctatlstﬂcul treatmant of John et al . Forexample, the wvalue
of ox was 0,87 for the / ”U ratic equal to 0.05278 while SEh was

0.09%7 for the same enrichmant.
4. Coaclusions

o conclusion, can be said that both nuclear methods studied,

it
utron activation analy
P

ne rsis and passive gamma-ray spectrometry, for the
. . 235 33 . . . .

determination of u/ U isotopic ratios, can give satisfactory results.
By using the method of multiple peak ratio computation and

empleying the statistical treatment of the data recommended by John et al,

the following conclusions were draw

14

4,1, Neutron activation method

The neutron activation method proved to be applicable for the
. . 235,238 . — ‘
etermination of the u/ U isotopic composition in the range from

.005297 to 0.2516, which corresponds to slightly depleted uranium (~0.57)
;235
U

to an enrichment of about 207 in

The precision achieved, of at least 1.07, considering the mean

values of standard deviations of the means for all the n samples, ox, is

2

in good agreement with the results of John et al

(B

- Mantel et al obtained a precision of 0.67 for the standard
deviation of the mean, ox, for natural uranium. In the present work, a

pracision of 0.1%7 was achieved for the standard enriched in 207.



- The accura;dof the method did not prove to be as sood as expecte

r experiments 1 and 2).
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4.2 Passive gamma-ray spectrouetry

amma-ray spectrometry method proved to bs applicable
.
. . 3 VAl " 0 N :
in the interval of u/ U raties from 0.005297 to 3.166 (slightly denleted

uranium to uranium enriched to 75%).

ision achieved was of at least 1.567 (value of ox).

= ine pre

%]

- The relative errors, &wl(Z), varyied from 10.47, for naturel uranium,

to 07 for the uranium enriched to 757%.
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