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MEASUREMENT OF OXYGEN CONTENT OF URANIUM OXIDE
FUEL AND STEEL

C. E. Calado, E. L. Machado and
L. Holland

ABSTRACT

Quantitative oxygen analyses of uranium oxide and stee! samples have been made using 3 pulsed fast nautron
activation analysis system The uncertainty in the measured oxygen content of uranwm oxide 15 + 2 4%; that of steel varies

from £ 13% at 30 ppm of oxyyen to * 4% a1 300 ppm of oxygen Samples were «rradiated 1 a fast neutron fiux of about

2x10% nem™ 5™} produced by 400 MeV geutercns on a tritium target Sampie N-16 Y.ray activities {produced via the

0'%(n,pIN'® reaction) were measured using 2 35 cc GellLi) detector {for uramum) and a 3 x 3"Nal detector {for steel).
Individual activities were normalised against the measured (3ray actnity of N-16 produced in a conveniently located water
ssmple Refative oxygen concentrations were absolutery normalised against the N-16 yray activity of stendard samples
Extensive measurements and calculations were made tv evaluate the relative importance of errors due 10 geometrical
effects, electronic drife, 7-ray pile up and counting statistics Ways i which the overall srror can be signihicantly reduced
are discussed

1— GENERAL CONSIDERATIONS SYSTEM DESCRIPTION
1.1 — INTRODUCTION

One of the principal usas of activation a1 sicnith 120eV neutrons is the analisys of oxygen in
different matrix structures!!-8.9.10.14) Rajative nivasurements are absolutely normalized against standard
samples of known oxygen content. This work i; concerned with the guantitative analysis of oxygen in both
steel and uranium oxide fuel. Intense 14 MeV neutron sources are conveniently produced by the T{(d,n)* He
reaction using low voltage charged particle accelerators'8! These neutrons react with oxygen 10 produce
"N via the '*O(n,p) '*N reaction, having a threshold energy of 10,3 MeV and oin,p) =40 mb. '°N
decays with a half life 7.16 5'2) via g-and. y-ray emission (Figure 1) The short irradiation time to saturation
for this reaction, coupled with the high energy of the emitted y-rays {7.11 MeV and 6.13 MeV},
signiticantly reduces the importance of most of the possible interfering reactions

. Direct interference is possible only by fluorine, via the ' *F(n,a}' N reaction, and boron, via the
Bin,a) *Liand ''Bin.p} ' ' Ba reactions. Fissile materials, if present, introduce a high background level.

Of these materials, only boron is present in significant quantities in specta! steels. Interfering
etfects dve to the 13 MeV and 11 5 MaV f-rays of "Li and ' ! Be may be eliminated by differential f-ray
attenuation or significantiy reduced by carefuf chnice of the irradiation/counting cycle. Attenuation of the
N-16 y-rays by the former method can be important in very low oxygen content steels. Since the interfering
reactions may be eliminated, quantitative analysis of oxygen in steel may be effected using a Nai(TQ)
detector. Precise quantitative measurement of the oxygen n uranium oxideé fuel by fast neutron activation
analysis is complicated by the high fission product activity The N 16 7y rays must be adequately resolved
and should be detected with a high efficiency. Pre-amplifier saturation due to low energy fission product
7-rays must be eliminated and pile up eliminated or allowed for In general the fow integral count due the
N-16 activity is the principal source of uncertainty in the analysis !

I
I



|6N T.1sec

N
1.500
1 1%

3.280

2%

P 4270

54%

2.700

10.330
24%

6.130

6.910

7.1%0

8870 NKev

7110
6.910

6130

Figure 1 — Nitrogen- 16 decay scheme



1.2 - EQUIPMENT

14 MeV neutruns were produced by the T(d.n)* He reaction using a 400 KV Van de Graaff
accelerator with a conventional triated titanium target of effective diameter 22 mm. Square pufses of
maximum intensity approximately 10'® ns™! were prodiiced by post acceleration mechanical interruption
of the 150 A deuteron beam At the measured source to sample separation of 5 mm the neutron flux was
of the order of 2 x 10®° n em™2 57!

The suurce intensity was monitored using an NE-102 plastic scintillator to measure the N-16

activity (E. -10.3MeV) of a re-entrant surounding water cylinder of wall thickness 5 cm. Location of the
test sample between the source and monitor resulted in attenuation of the fast flux at the monitor position.
The scintillator was directly coupled to an RCA-6342A photomultiplier used with conventional electronics.
During sample irradiation the photomuitiplier high woltage was automatically switched off. By
simultaneously irradiating and then counting both the monitor and test sample, the ratio of the monitor to
sample counts is made independent of both neutron source fluctuations and the irradiation counting
cycle!10),

Samples were pneumatically transferred between the irradiation and counting stations in
aluminium tubing of internal rectangular cross section 9.5 mm x 22.3 mm. This ensured that the sample
face clnsest to both the source and the detector was specified. Although transfer was typically between 0.5
10 1s using nitrogen gas at 20 to 40psi, a minimum wait time of 1.2s was necessary for the PM tube to
restabilize. Activated samples were counted in a lead walled housing, of wall thickness 10cm and internaily
lined with copper sheeting located approximately 10m from the neutron source.

Separate counting configurations were used for the uranium and steel measurements (Figures 2
and 3). A schematic of the total experimental system is shown in Figure 4. Irradiation transfer and counting
times were controlled with a Texas Nuclear 9615 Rapid Transfer Control Unit. Each counting irradiation
cycle was separately and manually initiated. Production of neutrons by the Did,n)? He reaction on ihe
accelerator beam stop was preverted by manually reducing the accelerating voltage to zero immediately
after irradiation. Prior 1o the start of the following irradiation the voltage was reset to 400 KV.

1.3 - THEORETICAL BASIS

The mass mo, of oxygen in the test sample is calculated using

mo = K; A/M n

where A and M are respectively the total counts due to the sample and monitor and K, is a constant for a
given experimental configuration. A is given by

AmoCy ke, Nyl oos S Sa/M, ()]

whare the symhols have the {oliowing meanings.

Ca — constant which aliows for neutron attenuation within the sample and self absorption of
the emitted y-rays by the sempie,

E, ~— intrinsic detector etficiency tor i-16 v-rays for the specified discriminator level.
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N, = avagadro’s number

6 - isotopic abundance of **O

o — cross section for the 1 *0Oin,p)* ® N reaction for 14 MeV neutrons,
¢4 — mean fast neutron flux in the test sample.

S, - saturation irradistion factor =1 -exp(-At)

S; — decay factor during sample counting = exp{—At, ) — exp(-At;).
Mo —atomic mass of oxygen.

The monitor count is given by

M= moM CM EM NA 00¢ M sl 31 ﬂp(‘m)/Mo

()

where exp(—Zd} is the attenuation of the neutron flux {at the monitor position) by the sample being
iradiated and ¢y, is the mean unattenuated 14 MeV neutron flux in the monitor. Equations (I1) and (1)

give:
A/M=m_ Cp Ep¢ o Mom Cpy O exp{-Zd)

and

Ky =mgom Cpp Epm Om expl-Zd}/Cp Ep Pp

Results are evaluated using a normalized count given by

C=ZAM
‘Lhere Z is an arbitrary consiant
Thus

m, =KC
where

K=K, A

The oxygen to uranium ratio, R, is related to the normalized count through the relationship

M, /Mg

I r—— o -

M - KC

(v}

v}

(vh)

{Vit)

(Vith



where

M, = atomic mass of uranium
Mg, = atomic mass of oxygen

M = sample mass.

1.4 — SOURCES OF ERROR

In equation V.. above K will be constant provided that electronic drift is negligible, the irradiation
and counting geometries are fixed and the samples are dimensionally equal and of essentially similar
cumpositions and density. The principal sources of error introduced by assuming K is canstant are due to
system gain and discriminator level changes and irradiation drift. These are corrected for by periodically
normalizing against a standard sample of high oxygen content. For small source to sample separations,
slight changes in the effective source position result in large sample activity changes. (Figure 5). By
defocussing the accelerator beam this effect is reduced. {Figure 6). Reduction of the target current to 80%
of the beam current by defocussing reduced errors additional to counting statistics tn approximately 1,5%.
For small source to sample separations sample inhomogeneity can introduce a further source of error due to
the high 1/r* flux gradient close to the source. The magnitude of this effect can be evaluated by measuring
the change in count rate when the sample orientation with respect to the source is reversed.

1.5 - SYSTEM TESTS

Effects due to interfering reactions in the monitor counts can be largely eliminated by correct
adjustment of the discriminator tevel. The correct setting was taken to be that which gave the known N-16
decay constant evaluaterd by least squares fitting the time decreasing activity to an exponential plus
constant background. Tn within statistics this decay constant was unchanged when data obtained in the
first three half lives was discounted. For this discriminator leve} the ratio of the N-16 counts to background
counts was less than 0,5%. These measurements additionally showed that the photomultiplier was stabilized
approximately 1.2s after its high voltage supply was switched on.

Measurements were made to evaluate the magnitude of errors due to source intensity variations.
The influence of geometrical affects was jargely elimineted by irradiating a cylindrical homogeneous Lt
sample, (33% oxygen), of diameter 22 10 mm and thickness 9 4 mm, at a source to sample separation of
62 mm and subsequently counting at a sample to detector separation of 60 mm. The normalized sample
count was essentiatly unchanged for fixed source outputs of between 0,5 max. and max. intensity {Table J).
In an additional measurement for winch the detector tosample separation was reduced to the standard value
of 1cm the total error was reduced to 1.3% with a counting error of 1.2% These two sets of measurements
therefore showed that the non statistical (counting) error of 1.5% obtained for standard conditions was
prectominantly Jue to geometrical effects at the irradiation terminal

2 -- URANIUM OXIDE MEASUREMENT
2.1 — INTRODUCTION

Most power reactors now in operation, or which are planned to be in opera-ion before 1982, use
ceramic uranium dioxide fuel in the form of pellets. Absorption of oxygen in excess of the stoichiometric
formula UO, leads to higher oxide productian snd an oxygen to uranium ratio (U/O) greater than 2,
Eecause many properties of ceramic fuel, such as thermal conductivity, fusion point, etc, are significantly
effected by this ratio'7-11.16.23! it must be held to between 2 00 and 2.02 (ASTM-C6986-72). Fuel petlots
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are fahricated by sinterring pellets of compressed UQ; powder The shrinkage during sinterring, and hence
the final pellet density_is significantly dependent on the initial Q/U ratio

Table |

irradiation of Lucite sample with different neutron yields.
Texp i the mean of the expected standard deviation
idering only ting statistics

Neutron yield Number of Normalized E xpectcd mean Observed
[% of max.) determinations counts average standard standard
Ic} deviation deviation
'on p ] [oobs ]
100 25 1136 35.6 28.0
80 25 123 395 355
50 16 1131 49.4 43.2

To date the methods must frequently used to measure this ratio utilise the weight change during
oxidation to U;0,423) the measured ratio of U (Vi) and U (IV)!5) or the direct measurement of the
excess oxygen by reduction in a CO atmosphere!5.22) Although sufficiently precise, these methods are
both destructive and slow

Details of quantitative measurements by fast neutron activation analysis, typically requiring less
than 1 hour per analysis. are here given Modifications to the experimental system are proposed which
should reduce the measured uncertainty of .2 8%, high because of poor counting statistics, to significantly
less than 1% .

2.2 - EQUIPMENT

Details of the activation analysis system have already been given in section 12 Sample activities
were measured with a 35cm’ Ge(Li) detector. The sample and detector were separated by a 2 cm lead
filter (Figure 2) to attenuate the low energy y-rays emitted by the fission products in the sample A thinner
filter resulted in the preamplifier charging rate of 45 000 MeV s~' being exceeded at the start of the
counting cycle Figure7 shows a schematic of the counting electronics, in which the 444 ORTEC biased
amptifier has base Iine restore and automatic pile up rejection Because of the initial very high actwvity of
short lived fission products, both the system gain and resolution vary with activity decay Puise height
spectra in a given counting cycle were therefore successively stored in the 4 memory stores of the
1024 MCA using a specially constructed switching circuit

2.3 — MEASUREMENTS AND EXPERIMENTAL hISULTS

Measurements were made using compacted UQ, samples of 10 mm diameter, 8 mm thick and
weight approximately 3 2 gms. This was necessary because sinterred uranium oxide samples with a wide
spread of O/U ratios were not available Samples were precisely located in thin watled aluminium rabhits of
low oxygen content Irradiation, wait and count times of 15,2 and 30 seconds were used The counting
time was subdivided into three 5 second intervals and one 15 second interval Each analysis v.as made usin:)
the integral counts collected over 16 irradiation/counting cycles For a given analys's the average count du:
to the rabbit and rabbit plus sample was 2,5 and 2000 A schematic of the sample counting elactronics '3
given in Figure 7

Spectra were read out on perforeted tape and the integral counts due to N 16 {6 3 MeV plus 1™t
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2"d escape peaks) was calculated by least squares fitting the data to a Gaussian plus linear background.
Representative spectra are shown in figures 8 and 9. Calculations were made using the BASIC program
AREAN-16 run on a 16 K memory Hewlett Packard 2116 C computer.

Results of analysis of sample 1data are given in table II; table 1t summariscs the results of
6 additional analyses and includes results of chemical analysis. Figure 10 shows the calibration curve for the
system, calculated by least squares fitting the data in Table !l to eguation (VI1). The proportionality
constant K, calculated uting the data in table 11, is {2.23 £ 0.01) x 10™* g count™'.

2.4 — CONCLUSIONS AND SUGGESTIONS

With the equipment used the mean square deviation of the integral normalised counts obtained in
16 sucessive irradiation/counting cycles was 2.5%; this is close to the value of + 2.4% due to counting
statistics alone

This precision is adecuate for unsinterred UO, powder but is inadequate for ceramic fuel rods to

be used in power reactors. For thc latter the oxygen/uranium ratio must be within the range 2 to 2.02
(ASTM-C696-72).

Several ways in which the uncertainty in the measurements may be reduced are as follows:

— increase the maximum possible count rate of the pre-amplifier by reducing the feedback
resister. For an acceptable loss in resolution, of the order of 3KeV, a five fold ir zrease in count rate Is
possibie* .

— Increase the sample size

— Increase the number of irradiation/counting cycles per analyzed sample.

— Use a higher efficiency detector. The 35 cc GelLi} detector used has an efficiency of 5%
compared 10 a 3" x 3 Nal{T{) detector, for the 1.33 MeV Co®® y-rays. Single detectors of efficiency 18%
and double detector systems of overall detection efficiency 30% are commercially available. With these the
7.11 MeV y-rays from N 16 {21% of the decays) can also be measured.,

— Increase the source intensity of 10'® ns™'. Generators of intensity approximately 10'? ns™!
are commercially available!13'

— Use special techniques to both reduce and correct for yreys pile up.

A particularly powerful technique to correct for y-ray pile up, base line shift and dead timg losses
is to introduce pulses of fixed amplitude, close to the y-ray peak of interest, into the preamplifier test
input. The pulse repetition frequency is reduced at approximately the same rate as he decay of tr?e
measured activity. The total loss of counts under the specified peak is thrn calculated from the.ratlo
{integral number of pulses)/(measured counts) for the pulser peak. Qunr. !l norertaintins {errors) inclusive of
counting statistics, of + 0.2% have been reported for experiments in hico LU 5 loss i peai COUNts occurs.

— Madification of the irradiation terminal

{ izussion with ORTEC technical reprassntative
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Table Il
Counts ob d in the irradi of ple ber 1
Determination Number cf Monitor Normalized
SAMPLE COUNTS
counts
number irradiation counts A
'] 13t spectrum 2"9specrrum 39 pectrum 4Mgpectrum Toral =25 x10%. - )
A F Ay Aq A M
1 16 239319 799.8 §33 3 319.7 367.8 2020 1745
2 16 296280 7758 52716 348.3 318 2031 1713
3 16 278643 6830 493.7 301 6 3 1870 1679
4 12 213956 609.0 354.2 204.6 288.2 1456 1701

9l



Tabie 11}

Counting Deta for irradiated UQ; Cylindrical Samples

17

Sample Weight 0/U ratio Number of | Normalized Expected Observed Normalized
chemica! determing- counts standard standard counts
number (g
maethod tions deviation deviation average
(R) c {Ogyp) {Gops! (c
1745 385
1 3272 2.033 4 1713 381 278 1710
1679 3.3
1701 448
1704 358
1658 371
2 3291 2,031 5 1701 389 389 1682
1627 39.9
1722 408
1728 451
1778 425
3 3.249 2113 4 1824 435 480 1790
1830 453
1700 452
1780 426
4 321 2.098 4 415 1754
1783 421
1741 427
1760 410
1769 424
5 3285 2.029 4 48 3 1723
1679 423
1683 428
1846 442
8 3268 2122 3 1742 44 8 534 1788
1770 454

Impreciss sample position and effective source movement on the accelerator target may
significantly increase the overall uncertainty in the measurements. When data blocks of 18 measurements
are summed the single measurement non-counting error of + 1.5% is reduced to * 0.37 .. By rotating both
the sample and monitor in the fast neutron flux, geometrical errors may be essentuslly eliminated!17.18)

In summary, measurement of the oxygen/uranium ratio by fast neutron activetion analysis was
shown to be sufficiently accurate for the analysis of uranium oxide powder prior to sinterring.
Implementation of the itemised modifications should result in an overai uncertaintly in this ratio of
significantly less than 1%. Fast neutron activation analysis, both non destructive and relatively rapid, would
then be sufficiently precise for msasurement of the O/U ratio of ceramic uranium oxide fuel pins to be used
N power reactors.
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3 - OXYGEN IN STEEL
3.1 — INTRODUCTION

In the manufacture of special purpose steels it is necessary to control and therefore measure the
oxygen content!20.21}, typically specified to be within a range messured in parts per million (ppm).
Viable methods of maasuring the oxygen in steels during commercial production are fusion reduction
under vacuum or an inert gas, measurement of the electromotive potentisl of the fused steel ““bath” and
14 eV neutron activation analysis4). The first is precise but suitable only for small samples (< 0.5 gm).
Interpretation of results obtained by the second method is dependent on operator judgement!6) and,
additionally, analysis of solidified steel is not possible.

Quantitative oxygen analysi. of steels by 14 MeV neutron activation analysis is a proven
nor-destructive technigue in which samples of up to 30 gms may be analysed.

This work was undertaken to test the suitability of an experimental fast neutron activation
analysis system of steel in steel manufacture.

3.2 - EQUIPMENT DETAILS AND SETTINGS

The experimental system has been earlier described and is shown in schematic form in figures 3
and 4, Irradiation, wait .nd counting tires of 153, 2 s and 30 s were used. For this irradiation the N-16
activity was approximately 77% of the satured activity and production of the interfering isotope Min-66
{T1/2= 2.6 h; E(y) between 0.84 and 3,2 MeV) was minimal. At the completion of the counting period the
N-16 activity was reduced 10 5.4% of its initial value. A 3" x 3" Mal(TQ) detector separated 3 mm from the
sample was used. The single channel analyzer was used in the integral mode with a descriminator cut oft
equivalent 10 a y-energy of 4.6 MeV. Pulses above this level were essentially due to N-16 activity. As earlier
stated the sample and monitor were simultanecusly counted.

3.3 - SYSTEMN TESTS
A series of measurement was made to check. the reproducibility of measurements and to estimate

the experimental errors ¢f the system for the specified irradiation/counting cycle. Pesuits of these
measurements in which a high oxygen containing sample was used are summarized in Table 1V beiow.

Table IV
Results of Reproducibility Measurements
¢ o obs ol exp Oobs Ogys n
3763+ 13 10269 7024 101 56.8 60
(2,869%) 1,51%)

were:

C -~ mean of normalized counts



2
0 exp — expected var-ance caiculcted assum:'ng only counting errors.

Z(IC-C)
obs — Observed vartance in the measurement ._—-__"___
n—

i

[+4

Osys — system exper'menta’ standard dev+ation

n — number of irrad ations

3.4 - SYSTEM CALIBRATION

The relative quantity of oxygen in a test sample is given by

A
my, =K, --- )
M

where the terms have been previously defined. K, is evaiuated from the counts due to a standard sample of
known oxygen content The error in ¥, ~ill be reduced by using several standards of different oxygen
content and applying a least squares f't to the count data

Five standard irradiation samples 9 4 mm high and 6 35 mm diam were cut from NBS standards of
the some diameter Other homogeneous ‘' standards’ of diameter 22 1 mm were cut from steel bars of
standard diameter 22.1 mm Two discs of thickness 9 4 mm were cut from each bar and the diameter of
one disc of each pair was reduced to 6 35 mm to anable a direct intercalibration with the NBS standards to
be made.

3.6 ~ SAMPLE CALIBRATION AND STABILITY CHECKS

A special rabbit was made from steel of very low oxygen content to transfer the 6.35 mm diameter
samples between the irradiation and counting station Resuits of the measurements made on the NBS
standards are summarized in table 5 A least squares fit to the data was made using the BASIC code
GENFIT in which efrors in two dimensions are allowed The calibration curve so obtained is given in
figure 11 Results for the two sets of 'sub-standards” are summarized in table 6 The oxygen content of the
smalier disc was directly calculated using the calibration constant K, evaluated from the NBS data. The
calibration graph for the ‘sub standards’ s given in figure 12

Irradiation tests; made before reducing the disc diameter from 22.1 mm to 6 35 mm, showed that the
oxygen concentration of each of a g.ven pa of discs were equal *c within 1%,

“he importance of p.ssiblie instabilitias n the counting electronics was checked by measuring (mean
of 4 ircadiations) a high oxygen content sample after every 40 sample irradiations



E xperimantal results for NBS standards

Table V

2

NBS SAMPLE 1090 1091 1093 1092 1094 RABBIT
PPM of O 490+ 10 130 x4 60 t5 28 22 45 285 0
Mean counts 210+ 54 804133 624 3 42€+ 24 37.7+23 | 308124
(7 measure-
ments)
Variance 191 33 63 333 37 223
Expected
Variance 206 74 61 405 36 278

Note: The oxygen content of the ‘rabbit’ was equated to zero for calculational purposes. Oxygen in the rablyt
will effectively increase the background level.

Table VI

Experimental resuits for secondary standards

Sample 2 3 V720 6 NBS 734
Sampie Diameter = 6.3 mm (7 measurements per sample)
Mean counts 76t 3.4 614+28 r 648+29 1376+ 46 634+ 3.7
Variance 80 32 i 45,7 148.3 935
]
Expected '
Variance 72 54,3 : 60.2 134.2 68.6
PPM of 0 11695 758+ 7.8 eh.1:856 1 2857+ 135 81.3+10.2
Sample diameter = 22.1 mm (10 measurements per sample)
Mean counts 25117 156 $6.7 177 +569 620t 95 192 * 6.5
PPM of 0 116 £ 9.5 758+ 78 85185 287 £ 135 8131 10.2

0OBS: The quoted error on the oxygen content is calculated using

Where

o=] oDM?! + gCAL’ 1%

Opmp = standard deviation on the sample counts, in ppm of oxygen;

GeaL = error due to the least squares data fitting of the NBS standards (ppm of 0).
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When consecutive ““check’ measurements ditfered by less than 0,5% no correction was made. The
maximum correction after 200 measurements taken on the same day was less than 3%.

3.6 — RESULTS OF MEASUREMENTS

Measurements were made on 20 steel samples of standards dimensions with oxygen contents in the
range 30 to 370 ppm. The mean and RMS error for each sample was calculated from 10 measurements.
Typical error values for the different oxygen containing steels are as follows; 30 ppm — 13%, 70 ppm — 9%,
120 ppm — 6%, 300 ppm — 4%. Additional measurements, each of 10 irradiations, were made on three
different days to check long term reproducibility. A maximum change of * 4% was observed but more
usually results were reproducible to better than + 1%.

3.7 — CONCLUSIONS

Results of quantitative oxygen analysis in steel using a fast neutron activation analysis system have
been presanted. These measurements are adequately precise for the control of oxygen concentrations in Fhe
fabrication of both normal and special purpose steels. By linear extrapolation 10 higher efficiency detection
systems, replacement of the single 3" x 3" Nal(TR) detector by two 3" x 3" detectors or two 5" x 5"
detectors would respectively reduce the lower detection limit from 3 ppm to 1.7 ppm and 0.9 ppm. For the
lower oxygen value the standard deviation on a single measurement would be of the order of + 50%.

RESUMO

Foram executadas anélises quantitativas do oxigénio em amostras de Gxido de urdnio e aco utilizando-se um
sistema de andlise por neutrons répidos puisados A incerteza na quantidade medida de oxigénio foi de £ 2.4% para o éxido
de urdnio; de * 13% para 30 ppm e * 4% para 300 ppm de oxigénic nos agos As amostras forem irradiedas em fluxos de
neutrons répidos de cerca de 2 x 10° acm™? seg”! produzidos por géutesons de 400 KeV incidentes sobre um aIVQ de
tritio As atividades gama do N-16 produzido via reagdo 0'%in,pIN'® foram medidas utiizando-se um detector Ge(Li) de
35cm” (para urinio) e um detector Nal de 3" x 3 ° (para os agos! As ahividades ndwiduais foram normahz?d'an com 8
atividade beta do N-16 proguzido e colocado em local aproprado As concentragdes relativas do oxigénio foram
normalizadas. de maneira absoluta, com a auvidade gama do N 16 em amost-as padrSes Medidas extensivas o ci_lcu'ot
foram fertos pars avaitar a )importanica relativa dos erros provementes dos efeitos geométricos. das flutuagies eietronices,
da justaposicdo de raios gema e da estatistica de contagem S3o discutidos também os meios para se reduzir
significativamente os erros.

RESUME

Des anaiyses quantitatives d'oxygeéne a partir d’achantiilons d'acier et @’oxyde d’uranium ont été faites ufﬂiwm
un system d'analyse d'activation prr neutrons rapides pulsés L'incerntuce quand au contenu f'oxygéne mesuré de |‘oxyde
d’uranium est £ 2 4%; celui de I'ar.er varie de *+ 13% 3 30 ppm d'oxygéne a t 4% a 300 ppm d oxygene

9 -1 -1

Des échantilions ont été irradiés dans un flux de neutrons rapides d'approximativement 2 x 10° nem™ " s

Produit par des deutérons de 400 KeV sure une cible de tritium

16
Des actvitds du rayonnement ¥ d'un échantiilon N-16 (produites wia 1a réaction O' ®(n,IN' %) ont été mesurées
utilisant un détecteur 35 cc GelLi) pour I'uranium et un detecteur au Nal (3" x 3') pour I'acier

Das actwitds indwviduelies furemt normahistes ar }a mesure de | acuvité du rayonnement 3 du N-18 produit dans
un échantillon d'eau

Les concentrations relatives d'oxygéne furent normalisees de manére absolue par I'utilisation de activité du
rayonnement 7 (N-16) d‘échantillons standards

Des mesures extensives ains que des calculs ont ete fars afin d’évalier I importance reiative des erreurs dgel a des
cffets gdometriques, dérive electronique. accumulation de rayonnement Y et stanstiques de cointage. Les differents
maniéres avec lmquelles |‘erreur globale peut étre significativement rdduite sont également discutéos
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