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MEASUKEMENT OF ABSOLUTE FISS10N RAVE OF NATURAL. DEPLETED URANTUM ANL THORIIM
AND MICROSCOP'1C CROSS SECTICN RATIOS IN THE kADIAL BEAM OF THZ RAs.
M. Bovisio de Kicabarra, L. Cohen de Porto, D. Wailsman, . H. Kicabarra
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Abstract: The capability to measure absolute filssion rates per nuclei has been esta-
blished to a precision level of around % Z%4. Thin deposits of ThCz and U358 were
prepared by molecular plating and the isotopic masses determined by two techniques.
A miniature fission chamber and SSNTD fission tragment detection technigues were
used in the radial neutron beam of the RA3. Fission fragments selfabsorption in the
deposits are corrected. The results of this 1nvestigation are: 1. Optical efficiency
of SSNTD detectors. 2. The microscoplc integral fission cross section ratio of Tha32
to U238 by two independent techniques. 3. Experimental ratios of natural, depleted
uranium and thorium fission rate per pg to Mn56 (Mn thermal flux monitor) desinte-
gration rate per yg. The agreement with calculated results is excellent.

( fission fragments detection, integral cross section, fission tracks, neutron spectra

neutron beam, Th232,U238, In115 )

Introduction

The objective of this work is the determina-
-tion of fission rates of U238, natural uranium and
Th232 at the radial beam of the RA3 reactor. This
facility will be considered by us as a controlled
environment benchmark neutron field.

Individual fission fragments are directly re-
corded as they emerge from a thin deposit of fis-
sionable material. The measurement problem has
several important features
1. Preparation and mass assay of thin fissionable
deposits.

2. Fission fragments detection was based 1n two
techniques: a)Miniature fission chamber detection
of fission fragments. b)Solid state nuclear track
detection of fission fragments.

3. Experiments of fission rate measurements at
the radial neutron beam of the RA3.

4, Formalism used for interpretation and data re-
duction of experimental results.

5. Final results and comparison with calculated
values which validates the assumption of the near
fission spectrum shape ot the fast neutron beam.

Freparation of Thin Fissionable Deposits

All fissionable sources under consideration
in this paper are 12.45mm diameter oxide depositis
laid down on polished aluminum disKs 24.8mm in
diameter and 0.1 to O.2mm thick.

Molecular platingls @ 3 was chosen to ensure
adecuate deposit uniformity, tor accurate track
counting®. Uranium and thorium deposits were 100
to 200 pg/cm2 thick. Deposits homogenelity was
controlled by microscopic inspection. The depo-
sits adherence was controlled by a counting af-
ter a process which 1included soft but firm fric-
tion, a counting revealed losses smaller than 1%.
Actual manipulation for deposits irradiation 1s
much less than this process, anyhow the possibili-
ty of weight losses was controlled by o or gamma
counting before and after irradiation.

Mass Assay of Uraniun Deposits

The uranium deposits masses were assayed by
absolute o emission rate determination.

A depleted uranium deposit (UDE1, 23ppm U235,

*In collaboration with LUE Lab., CNEA.

monel backing) and several natural uranium depo-
sits (UNQ, UN2, UN7, UN1(¢) were measured 1n a 2nm gas
flow counter workKing 1n the chamber region. Seve-
ral gases were tried and a propane-futane mixture
was selected because a reasonable separation ot
U234 and U238 a peaks was obtained. The electro-
nic for 2w a counting was standard and the evenis
were registered in a 4096 MCA. The integration
bias was taKen at channel 100 and counts below
the bias, :0.5%, were obtained by extrapolation of
the flat distribution from channel 100 to 20C.
The background, around 0.006d/s, was substracted
and amounts to 0.3% for the less active deposits.
In addition a thin natural uranium deposit
(<100ug/cm2) was measured 1n a semiconductor
a spetrometer and the a desintegration ratio
(U234+U235+U238 )/U238=2.054+0, 5%, was determined.
To get the absolute a desintegration rate
corrections, for a selfabsorption 1n the deposit,
fq, and for the small back-scattering in the back-
ing, fg, were applied. The a selfabsorption was ta-
Ken into account using the (1-t/2Ry3gg) approxi-
mation, t 1s the deposit thickness and the a range
1n U308, Ryy30a=10.10mg/cm?, was calculated by:

1/Ry3os = Wy/Ru + Wo/Kg (1)

where WU»WU are the weight fractions of U and O
1n U308 and the o ranges, Ry, Ry, were taKen
from Littmark and Ziegler®. The a backscattering
correction was taKen from Hutchinson et al.5,whe-
re a bacKscattering study tor different backings
was made, using a speclally designed 1w detector.
The o emission per Y pg was calculated us-
ing U238 half lite® and the experimental total to
U238 a desintegration ratio. Final results are:

Table 1. Alpha Counting Uranium Mass Assay

Source  fg fy a (d/s) U (peg)
UDE1 0.989 1.015 2.114%.007 338.7%.6%
UNO 0.977 1.000 6,106%,025 492.8+.8%
UN2 0.987 1.000 3.516%.022 280.9%*.84
UN7 0.994 1.000 1.756+.006 139.3%.6x
UN10 0.987 1.000 3.419%.016 273.0%.74
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Mass Assay of Thorium Deposits

A 0.&5mm thick thorium monitor foil (THM3)
and the molecular plated deposits (THiZ, THi3, TH14)
were packed together and 1rradiated 4 days in the
RA3 thermal column (3{y:101¥ n/cmés). After Th23i
(22.3 min) decay the 2¢.95 days Pal33 activity of
THi2, TH13, TH14 was measured relative to the same
activity of THM3, 1n a Ge(Ll) gamma spectrometer.

The THMZ activity was about 100 times higher
than the deposits activity, therefore to minimize
random summing error 1in the ‘*shape’ amplifier,a 1
mm lead absorber was used to suppress U233 X rays
and the amplifier time constant was set equal
1o 1.5ps. To minimize live time error (<1%) the
ADC upper and lower level discriminators were
set to count only 300, 312, 340, 376, 399 and 416 KeV
Pa233 photopeaks.

The 312KeV photopeaK activity ratio, TH13/THM3,
was measured at 5.5cm distance from the Ge(L1) de-
tector. Previous measurements at differents distan-
ces, trom 2.5 to 14.5cm, shown that there were not
random summing and live time errors. To obtain
the true TH13/THM3 activity ratio the THM3 activi-
ty was corrected for thermal neutron flux self-
depression, Gyp, and selfabsorption of the 312keV
photopeak,fg,ln the thorium thick foil. G{p=0.993
includes neutron depression in the foil and border
effect?. £,:0.937 was calculated assuming expo-
nential apprax1mat10n,fg:(i—e’ugd’/pgd.

A theoretical calculation shows that the error in
assuming this approximation 1s less than 0.5% at
5.5cm from the detector. The 312 KeV photonic ab-
sorption coefficient, pg, was obtained by measuring
the activity ratio with and without an equally
thick thorium absorber foil. Finally from the mea-
sured ratio and the monitor mass(2!.400mg, 99.8% Th)
the TH1i3 mass was determined.

Then TH12 and TH14 masses were determined re-
lative to TH13 by measuring the 312KeV photopeak
activity ratio at 0.5 and 2.5¢m distance from the
Ge(L1) detector.

The gamma activity ratios were measured befo-
re and after each experience at the RA3 neutron
beam. The average ratios and deduced masses are

Table 2. Gamma Counting 7Thorium Mass Assay

Source d{cm) counting ratio Th mass (mg)
THM3 5.5 1. 21.357

TH13 5.5 8.812E-3+0.8% 0.1862+%1.0%
THi12, 2.5 1.1257+0.64% 0.2119%1. 2%
THi4 2.5 0.8488+0.71% 0.1597+1.2%
TH12 0.5 1.1304+0.6%% 0.2128+1.2%
TH14 0.5 0.8573+0.7%% O.1614+%1.2%

*ratio to secondary monitor (TH13)

Flssion Fragments Detection Techniques

a) Miniature Fission Chamber Measurements

The miniature fl1ssion chamber 1s of paralell
plate type. The grounded plate 1s the aluminum e-
lectroplated deposit. The chamber has an anode
disk paralell to the tissionable deponsit and a cy-
iinder which forms the side wall of the chamber.
This anode arrangement prevent loss of eleclric
fileld strength at the active volume edges. To re-
duce neutron absorpition and scattering elecirodes
‘and si1de wall are made of aluminum (f1g.1).

The chamber 1s operated with continous flow
of argon. As the max.mun number of pulses expected
from natural uranium deposits was about 30 c¢/8 no

fast electronic was needed and the pulses trom the -
chape amplitier were directly recorded 1nto a 1024
MCA. The pulse height distribution has a very low
plateau up to channel 200. The tission data obtain-
ed 1s the integral from channel 40 to 1024 plus
zero extrapolation correct1on(gu.az for ZOOpg/cma).

Miniature Fission Chamber

Fig. 1

b) S0l1d State Nuciear Track Detector Measurements

Good optical quality and low toss1ll tracks
background mica was selected for SSNTD detectors.

Mica disks of 23mm diameter and 50um thick
were used. The mica disks were heated up to 580 °C
during 24 hours, for annealing of the fossil tracks.
The remaining background tracKks were enlarged by a
7 hours preetching in HF 49% for easy discrimina-
tion from the 'true’ tracks®.

The mica detector 1n close contact with the
fissionable deposit was placed between an alumi-
num back plate and a ring holder secured by screws.
This stack was 1irradiated at the RA3 neutron beam
simultaneously with the fission chamber.

After 1rradiation the mica detectors were et-
ched with HF 49% for 1 hour to obtain Sym diameter
tracks. The tracks counting was made by two obser-
vers and the agreement was better than 1.5%. Coun-
ting statistics was 10000 tracks for natural ura-
nium and 000 tracks tor thorium. The tracks were
counted along o to 10 detector diameters by each
observer., Total tission tracks were obtained by Zw
integration of the radial tracks distribution.

As we made simultaneous 1irradiation ot ftils-
s1on chambver and SSNI'D, by comparing the results
trom both detectors we get the mica optical effi-
ciency of Tabie 3.

Table 3. SSNTD Optical Efficiency

EXP Foil fg fq fis/(s+pg) Mica

x100 Eff.
CTR1 F.Ch UNO .967 .989 7.525+0.3% 1.002
CTR1 SSNTD UN7 .991 .997 7.533+1.0% +1.3%
CTR3 F.Ch UN2 .981 .989 8.235%1.2% 0.996
CTR3 SSNTD UN10 .982 .997 8.205%1.0% .74
CTR4 F.Ch THi3 .988 .993 0.4086+1.7% 0.986
CTR4 SSNTD THi2 .987 .996 0.4030+1.6%2 *2,6%

¢) Corrections to Fission Rates Measurements

Fisslon chamber and SSNID measurements are
nearly 100% efficient, however small corrections
for tission absorption in the deposit, tg, and flux
perturbation 1n the neutron beam, 4, must be ap-
plled to obtain absolute fission rates.

The fission tragments absorption is taken to
be fy=1-t/2R The average ftisslon fragments ran-
ge in UJO&.R:Y.img/cme,was calculated using egua-
tion(l), wnere ranges 1n U and O, Ry and R, were ta-
Ken trom Littmark and Ziegler“. For Th there
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1s not fission fragments range information. So the
fission fragments range in ThO2, R=7.5mg/cm2, was ob-
tained from the U308 range using the Bragg—Kleeman9
rule. We assume 20% error in the ranges, this means
<0.3% error in fg for a 200ug/cm? thick foil.

The second correction takes into account the
‘small perturbation produced by the chamber deposit
and the SSNTD stack absorption and scattering in
the neutron beam (~0.3% in most cases).

Experiments in the Radial Neutron Beam

Experiments were made in the radial neutron
beam of the Argentine MTR Research Reactor, RA3.
Description of the beam has been made in a pre-
vious publicationi©,

The miniature fission chamber and/or SSNID
stack were mounted on a dispositive outside the
neutrography room and behind an auxiliary shield-
ing. A carriage moves the dispositive inside the
room to the center of the neutron beam (fig.2).
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Fig.2 Irradiation Facility

Two types of experiments were made: CTR and
CAM. In the first experiments (CTRi, CTR3, CTR4)
simultaneous neutron irradiation of SSNTD and fis-
sion chamber were made. In CTR{ and CTR3 arrange-
ment, a pair of natural uranium deposits, one in
the miniature fission chamber and another in the
SSNTD stack, were iradiated during 40 min. In fig.
3 the arrangement for experiment CTR4 is shown.
Thorium deposits are placed in the fission chamber
(TH13) and in the SSNTD stack (THie2), back to back,
with a uranium depleted deposit (UDE1) and irra-
diated during 6 hours.

i Frssion chamber
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Fig.3 CTR4 Irradiation Arrangement

In CTR experiments chamber fission rates were
registered and SSNTD detectors tracks were counted
after etching as already described. In Table 3 are
the SSNTD optical efficience results obtained from
CTR experiments.

In CAM experiments the deposits were irra-

diated and measured by means of the fission
chamber.

To 1intercalibrate different experiments of
CTR and CAM series Mn folls were used as monltor.
The neutron capture induced MnS6 activity was mea-
sured in a 4nf proportional gas flow counter. The
4wB counting was corrected for B absorption in the
foil (sg=0.73)!!, extrapolated to irradiation end
and reduced to saturation activity.

From the measured normalized fision rates per
U pg, the ratio of depleted to natural uranium
UDEP/UNAT was obtalned:

Table 4, Experimental Depleted to Natural

Uranium Fission Rate Ratio.

EXP Foil f5 £ fis/(sepg)** UDEP/UNAT
x100

CAM2 UNO  .967 .999  8.049+0.5%

CAM2 UDE{ .984 .997  1.578%1.0%*  (0.196)*
CAM3 UNO  .967 .999  8.408:0.4%

CAM3 UDE1 .984 .997  1.56431.0%  0.186%1.4%
CTR3 UN2  .981 .989  8.034*1,2%

CTR3 UDE1 .984 .997  1.552+2.4%  0.193#2.7%

**normalized to Mn monitor ( Agp = 1 d/(sepg) )
¥*not included in final results because UDE1
monitor has not been directly measured.

The fisgion rate ratio of thorium to depleted
uranium as obtained from fission chamber measure-
ments (F.Ch) and SSNTD counting are in Table 5.

Table 5. Experimental Thorium to Depleted
Uranium Fission Rate Ratio.

EXP Foil fgy fg fis/(sepg)*® TH/UDEP
X100

CAM3 F.Ch UDE1 .984 .997 1.564%1.0%

CTR3 F.Ch UDE1 .984 .997 1.552%2.4%  0.2675

CAM4 F.Ch THi4 .990 .999 .4166%2.1%  *1.7%

CTR4 F.Ch TH13 .988 .993 .4169%1.7%

CTR4 SSNTD TH12 .987 .996 .4112%1.6%  0.2667

CTR4 SSNTD UDE1 .984 .999 1.54230.9%  *2.24

*normalized to Mn monitor ( Ay, = 1 d/(seyg) )

An additional measurement of In1i5(n,n’)In115Mm
reaction relative to a Mn monitor was made on a
mock-up of the fission chamber used for CAM and
CTR experiments. The 336KeV and 847keV photopeaks
of Ini115™ (4.486h) and Mn56 (2.5785h) were measu-
red in a éfflciency,Eg,calibrated Ge (Li) gamma
spectrometer (Table 6).

Table 6. Experimental Ini115M/MnSé Ratio

EXP Foil fg* Eg d/(sepg) In/Mn
FAS1 In 0.975 .017 0.0211%6%4 0.0202%6%
FAS1 Mn 1.000 .0068 1.043042%

FAS2 In 0.975 .017 0.0201*6%x  0.0199%6%
FAS2 Mn 1.000 .0068 1.0100%2%

*gamma selfabsorption in the fo1il

Errors guoted in these tables are obtained by
cuadrature sum of independent errors components:
1) Statistics of a and fission products counting
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(10) and systematic errors 1n « and fisslon trag-
ments absorption corrections. 2) Statistics of gam-
;ma counting uncertainty (10) and gamma selfabsorp-
tion for thorium mass assay. 3) Statistics gamma
counting errors (i1¢) and gamma efficilency calibra-
tion errors for Inti5M/Mn56 ratio,

Formalism for Data Reduction

The neutron beam 1s assumed to have three main
components: a maxwellian thermal region,a i{/E epi-
thermal region and a fast region with a neutron
fission U235 shape (200KeV<E<iiMeV).

For the thermal and epithermal region Westcott
formal ism was appliedia. Activation and fission ra-
tes can be expressed as pp+y, where Qy is the West-
cott f£lux and pp=NG, N is the number of atoms per
pg of the measured isotope and ¢ is the effective
neutron cross section:

A
G = 81 09 Gth Fpes
Fres = 1 + rJ/T/TG+SoGr/81Gtn

0g 1s the thermal cross section (Eg=0.025eV), gp 1s
the non-1/v tfactor and fpeg taKes into account
the resonance activation as defined by Westcottl2,
The fast fission rate and the 1nelastic scat-
tering in In115 is py+9f, where d5 1s the fast flux
and pizNG,G is the neutron average cross section
in U235 fission spectrum. The fission rates in na-
tural, UNAT, and depleted, UDEP, uranium are:

UNAT = pp(nat) @y (1+pg(nat)/pp(nat)«ds/dw) (2)
UDEP = py(dep) &g (1+pp(dep)/pq(dep)edy/ds) (3)

Mp was calculated with gp=0.9757 and 035(=582.2b%.24
for U235% and N, U235 atoms per U pg in natural
50.722) or depleted (23gpm) uranium. For p,, U238
G¢=305mb#3%13 and U35 G4:=1.21b5, were used.

From the measured ratio UDEP/UNAT=0.190#2% and
eguations (2) and (3) Qf/Qw=3.11%4% was obtalged.

Th232 and Ini15 py were calculated with o3=81
mb7% and o=189mb*yx13.

Mn56 pp was calculated with 0g=13.41bt.3214
Gtp=1.0 and Fpeg=1.03%1%.

Final Experimental Results and Conclusions

A capability to measure absolute fission rate
to a precision level around 2% has been obtained.

The mass assay of thorium and uranium has been
done carefully and the details of the technique has
been described precisely. The uncertainty in Th23e
mass assay is around 1.2%,which iIs lower than quo-
ted errors in literaturel®. The mass assay tech-
nique is a non destructive one and could be applied
before and after each fission fragments detection
experiment,

Simultaneous irradiation of SSNTD and miniatu-
re fission chamber has allowed to obtain both fis-
sion ratios and optical efficiency of SSNTD detec-
tors. The mica optical efficiency obtained agrees
with previous resultsi6,

Table 5 shows the experimental ratio of tho-
rium to depleted uranium per pg measured by fis-
sion chamber and SSNTD. The agreement is better
than quoted errors, indirectly showing the gquality
of thorium and uranium mass assay.

From results of Tagle b and 6 the experimental
ratios of Gg(Th232) to Oy (U238) and Op s (Int15)
were obtained and shown 1n Table 7. The agreement
with evaluated experimental data by Fabry et al .13
is excellent.

Table 7. Measured Ratios of Mlcroécoplc
Integral Cross Sections.

05 (Th232) Gs (Th232)

g (U238) On, n» (In115)
present results O0.264%2% 0.41G17%
recommended?3 0.266%T% 0.42818%

In addition the experimental ratios of UNAT,
UDEP, Th and In to Mn and the calculated values u-
sing Fabry et al.13 experimental evaluated inte-
gral cross sections are compared in Tabie 8. The
agreement within quoted errors shows the consis-
tency of results obtained by Mnh monitor interca-
libration of several irradiation experiments.

Table 8.Experimental and Calculated Ratios

Ratio Experimental Calcujated
UNAT /Mn U.0822*3% 0.0B46%2%
UDEL'/Mn 0.0156+37% 0.0159+2%

Th/Mn 0.00416t27% 0.0042817x%
In/Mn 0.0201£6% 0.0202*6%
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