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ABSTRACT
.. . . 235, . 238 . -
Fission cross section ratio of szgh o U has beer measured in the fast
neutron field generated by the U fission plate installed on the thermal
column of the Tehran Research Reactor (TRR} with a Makrofol sclid stats
nuclear track detec&gg. The experimeagg were carried out with & set of
total six enrichzd U and depieted "7 U deposits with different masses
end Makrofol films of 0.025 mm and 0.060 mm thicknesses. The chemically
etched tracks were counted by an optical microscope. No significant
differences were observed with the thin and the thick films. The results
showed that the average fission <ross section ratio is 3.8% % 0.25.

1. INTRODUCTION

The fast neutron field installed on the th g@al column cavity of the Tehran
Research Reactor (TRR) is generated by an U fission plate. The plate
0.25% mm thick and 230 mm in diaweter is made of 93% enxiched urasniun with
the uniformity of abecut 10%. The plate has been supplied hy the U.K. Atomic
Energy Research Establishment (AERE), Harwell, and installed during 1978.
Alurinium, iron and copper were tried for fission plate cladding. Because
of some difficultiesggth aluminium solderirg, and those of the'ling half-
life (44.5 days) of “ Fe, copper has finally been choser. '

The mechanism of fast neutron generation is that the n=zutrons originated
from the reactor core, are slowed dewn in the graphite thernzl colums and
are collimated after passing through the rectangular hole of 100 x 100 x 850
mr. The well-therralized collimated neutron beam impinges on the fission
plate and produces fission neutrors.. In order tc reduse the gamna dose rate
from the fission plate, the lead stacking, 150 mm thitk,'have been used,
s ’ .. . . . 235,238 <. ‘ .

This Fenortdascribes tne neasurement of Y/™""U fission cross section
ratio in the TRR fast neutron field with Makrofol solid state nuclear track
detector (SSNTD). ' '

2. EXPERIMENTAL MEASUREMENTS

A selection of six deposits was exposed at thc TRR fast’ neutron fisld.

The deposits were specifically prepared for the University of Tehren at the
U.K. AERE, Harwell. The deposits were 20-mm-diam vacuur evaporated or
backings of 32.0-mm-diam polished platinum, 0.125 mm thick. The isotopic
concentration and mass assay of the fissionable deposits exposed at the

TRR fast neutron field, supplied by the AERE, are shown in Table I. The
diameter of each deposit was determined from the autoradiography and from
the microscope traversc aleag t'e Tissicn sourse. A '
The detectors were 12 circular Makrofol KG films with the diameter slightly
greater than that of the backing of the dépos¢its to make the removing easier.
Six of the films were 0.025 ma thick (thin films) ard the rest were (.060

mm thick (thick films). The Makrofol SSNTDs were etched simultaneously at



Table I. ‘The fissionable deposits exposed at the TRR fast reutron field

R e
Foil Identification i  Depo§it Isotope Concentration _ .Mass of
and Principal Isotope i Diameter (at %) Principal Isotope
' () (1072 kg)
zc . 4 :
UT-51 255 120.0 + 0.1 .§§6U 93.197; gng 1.179| 79.7 + 0.4
L U: 0.25C; “77G:5.435
235, . '
UT-52 g | 20.1 % 0.1 " 261.8 + 1.3
UT-53 235y 20.1 + 0.1 | " 1 729.5 + 4.0
ut-81 2%y 1 20.0 + 0.1 | #*Pu:90.095; P uie.005 | 81,9+ 2.5
ur-s2 % 201 ¢ 0 " 276.1 + 8.3
UT-83 238, 20.4 + 0.1 Y 777t 23

328 K for 95 min in the solution of 25% (€.25 N) NaOH.  The etched films
were then counted by an optical microscope with an overa:il mag. of 409.

The specimen holder has been made of three cadmium plates, 1 mm thick, in

the uap“ ¢t equilateral triangles,,each side 100 mm long. One 6f the plates

whibh is placzd between the other two, has three holes, 32 mm in diameter,
the same as o the backings. The deposits are nusltluned back-to-back

with the Makrofol CGSNTD pliaced on their fissionable materials. This sandwich

of deposit anl SSNTD is pluced tetwcen two cadmium plates of specimen holder.
This arranzcment prevented the deposits to slip and also held the SSNTD in
intimate ccntact with the deposits. Figure 1 shows the schematic view of
the speciimen holder with two uranium deposits and two Makrofol films. The

cadmium specimen holder is mounted on the mair support, the plexiglass plate,

next to the fission pist=. The gold foil used for reactoer power monitoring
is placed at the top corner of the plexiglass plate.

3. RESJLTS AND ﬁISCUSSIQN

The first part of the experiments was to determine the thernal neutron flux
within the TRR cavity in order to choose the suitable reactor power and
irradiation time. The thermal neutron flux was measured using o1l feils.
The 1esu]ts Jhowed that the mean cadmium ratio in the cavity is

ﬁ(d‘ = * 4.1% and that the thermal neu” ron flux is (2.€1 $0.01) E 12

m s ‘or raeftor power of 1 MW.

Several experimentévwer carried cut in the TRR fast neutron field with the
Makrofol SSNTD. In these experiments three pairs of enriched and depleted
vranium deposits and Makrofol films were placed in the specimen holder.
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Fig. 1 The schematic view of the speciemn holder with two
uranium deposits and twc Makrofol films.

The experiments were carried out at low reactor power of 10C kW ‘or 60 min
to avoid track pile-up and excessive overlap. Tais led to track density of
about 4 E 08 tracks/m” with th - statistical error of about 2% for the
thickest enriched deposit.

The correction typically appﬁed to the isotopic fission tares are summerized
.in Table II. These corrections iaclude absorption of fissior frsgments

in the deposits, fissiori in other isotcpes, neutron scattering and absrption,
and flux pertirbation by the Makrofol. '

The_fission,fragment absorption was calculated(l) on the basis of 0.69% per
1077 kg U/m” ir UOQ,. The corrections foy fission in isotopes other than the
2 prectrons torayts . > ot
princinal one are based on the fact tthSS in t?gg_ast neutron field the
tracks are produced oniy by fission of U and "7 U. Considering the
isotopic(g?ncentration of the deposits and taking the avsrage fisg%gn CToss
section cf 1.233 + 0.52% and 0.2967 * 3.25% for the ~~~U,gpd ™ Yso
respectively, the corrections are 0.9863 and 0.999& for the ““°U and U.
respectively. The effect of neutron scattering and abscrption due tc the
thermal column cavity wall was assumed to be negligible since a well-
collimated neutron beam impinges onn the figsicon plate, and that due to
platinum ‘backing of the deposits is small and could be neglected. It has
been shown ‘"’ that the perturbation of flux caused by the hydrogen in the
MaKrofol is about 1%._?§gnce, tggscorrections are 0.59% * 0.905 and
1.005 * 0.005 for the 77U and U, respectively. :

The combined uncertainty ascribed to the observed number of tracks per unit
area (Table I1IT) arises from tirack counting statistics, background, exposure
timing, irradiation positioning, imperfect contact between deposit and
SSNTD, radial uniformity of the fission sources,; and calibration of ths
microscope field of view.

Other possible of systematic errors such as integrity of the deposits, flux



Table ILi Typical}:orrectiops applied to the isotopic fissior rates:

— - "I's'bi:"_()l_)ia_; e e

235 - 238

et |

< . g o . T Foil.

Correction ° 4 . ‘ur-st. | wr-s2o | uT-s3 uT-81 UT-82 7 UT-83

Absorption - - - 1,0018+.0035 | 1.0058+.0035 | 1.0159:.0040 | 1:0018+.0035 | 1.0061%.0035 | 1:0171+.06043

k)

in deposit . * o , ;

{
i
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Table III, Track densities of “lakrofol SSNTD irradiated at the TRR fast neutron field.
l } 104 1:1'9.ck/m2
Detecter | Film Feil Identification Field of l Number of | Total Cbserved Relative Combined
Number | and Principal Isotope View { Frames " Ceount Statistical | Uncertainty
‘ (10-8 m}_’) { ; Error of Track
[ " (%) Densities -
| % O
L . __4
5 ! ; !
151 UT-51 gigu 9.2416 | 221 . 1060 5191 + 3.1 +3.3
E 181 UT-81 U 9.2416 1 210 | 264 1360 t 6,2 t 6.3
S'g 235 | |
o 152 UT-52 zmu 9.2416 | 132 L2424 19871 t 2.0 + 2.3
248 182 uT-82 Py 9.2116 121 r 642 | 5741 + 3.9 + 4.0
8 ‘ !
s - i
22 | 153 UT-53  23°y 3.2489 | 210 2933 41795 +1.8 £ 2.1
183 UT-83 U 3.3489 | 210 704 ! 10010 + 3.8 t 4.C
233 Y e i
—_ 251 UT-51 238U ©.,2416 195 831 | 4611 + 3.5 + 3.6
qg,, 281 UT-81 U 9.2416 196 218 1204 + 6.8 + 6.9
£ & 235 |
i~ 252 UT-52 2'38U 9.2416 208 3444 1 17916 +.1.7 + 2.0
=L 232 UT-82 u 9.2416 210 045 | 4869 + 3.3 t 3.5
.éé 235
= 253 UT-53 Z’SU 3.3489 224 3131 41738 £ 1.8 2.1
B 283 UT-83 YU 9.2416 121 1133 10132 £ 3.0 t 3,2




perturbation ty the specimen holder, trakk overlap, variation cof track density

with etching time and temperature, and uncertainty in .th: -etchart concent-

~ration are all assumed to be negligible. The summary of possib1g3§cugg§s

¢ systematic errors arc given in Table IV. The results of the “~7u/"°°U
f}ss}gg r§§§o are shown in Table V. The uncertainties (1 sd) assigned to

the u ‘U .fission ratios include:

1. Uncertainties in mass per unit area {Table I)
a. mass assay errors
b. deposit area
Uncertainties in corrections (Table II)
a. absorption in deposit
b. fission in other isotopes
C.. neutron scattering anc¢ absorption
d. flux perturbation by Makrofol
3. Uncertainties in count ratics (Table V)
a. counting statistics
b. background .
c. calibration of the microscope field cf view

L]

Table IV. Possible sources of systematic errors.

Description Error
%
1. Mass. assay (UT-51) " 050
2. Deposit area (UT-51) | 1.0
3. Background ‘ +1.0
4., Lxposure timing ‘ nill
5. Irraciation positioning : nill
6. Imperfect contact between c¢eposit and SSNTD nill
7. Radial uniformity of fiséipn soﬁrces nill
8. Calibraticn of the microscope field of view
Lafgé graticule +0.33
Small graticule +0.55
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Taule V. 235U_/238U fission ratic measured in the TRR fission-neuticn
spectrum.
Detector Foil Id=ntification Count Ratio ‘JJU/ZSSU Fission Ratio
and Principal Isotope ]
- - mf_ 51'" "”’2‘35‘6 [ S
= UT-8i 238U 3.8172+7 1% 3.7810.30
C.'g E | 235
oE | YT-52 <35,
& ! on 23 14 .6% 5.48%0.2
S UT-82 58U 3.4609%4 .6 3.48%0.20
52
o UT-53 ZooU -
R 23! +0.2
& UT-33 ““SU {.166314.5% 4.15+0.23
235
- 1 .
— g$_§1 238; 3.8297+7.8% 3.79%0.32
e
8 & 235! 3 a+4 T 3 70+
%3 ‘UT—SZ 238J 5.6792%+4.53% 3.70%0.19
28 UT-82 U
e UT-53 235,
Y v -9 ) a 2 -
= UT-83 238U 4.1193+3 _8% | 4.10%0.20
Average 3.8310.25

Tavle ¥ shows that there is no significant difference wi*h the thin and the
thick films, aré that the average fission cross section ratio is 3.83+0.25.

The comparison of ths

spectrum of the TRR cavity with similatr estimates
The tesults shkow that the ugreement betwesn the nresent work and other

VI,

ZSSU/ZSB

U fission ratios in

B

235

. 2T Fiecd
510) U thermal fission

is shown irn Table

experimentally measured fission ratios is to within 3%.

The correction for fissicn in other isotopesqggable

assumption of the fission cross scction for
of cross sections of six different references

estlmatezgglszggrrgctlon.
average u/

U fission ratio to the values

and

The results showed

the correction in less than 0.4%.

4. CONCLiIISIONS
< 3
The ZJSU/¢38

neutron field using Makrofol SSNTD.

IIésgﬁpends on the

The values

(Tablc VI) were used tc
that the sensitivity of the
of cross sections used in

i) fission cross section ratio was measured in the TRR fast
The track detectors were irradiated

with ihe UT enriched and depleted deposits, ard after the etchinf they were



23 2 .
Table Y1. Gemparison of the “JSU/“38U.fission cross_section .ratic in the

U fission neutron spectrum.

1 -

“Authors 235U/2;8U fission ratio
Gruncl, 1968(%) © 3.85:0.23
[abry et al., 1970(6) ‘ : 3.73+0.18

. 7
Grundl, 1972(’) 3.7120.17
. (8) x @ _
McElroy and Kellogg. 1975 3.8210.24
Fabry et al., 1978(%) 3.94+0.08
) ' Lk
Cullen et al., 1982(10’ ‘ 4.05
This work S 3.83%0.25
*€.(E): ENDF/B-V

. 235 228 . .. .

countad by an optical microsccpe. The average U/ "1 fission cross

section ratio in this fission-neutron spec{rum was found to be 3.83%0.25.
Better results can almost certainly be achieved by counting the whole area
of the exposed track detector. This is time consuming and Jifficult. bat
appears necessary if the best results are to be obtained. =



10.

REFERENCES

Grundl J.A., Gilliam D.M., Dudey N,D. and Popek R.J. (1975) Me&surement
of absolute fission rates. Nucl. Tech. 25, 237-257.

Stehn J.R., Goldbeg M.D., Wiener-Chasman R., Mughabghab S.F., Magurno

B.A. and May V.M. (1965) Neutron Cross Sections. BNL-325, Second Fdition,
Supplemert No. 2, Vol. ITX, Z=88 to 98, Rrookhaven National Laboratory,
United States Atomic Energy Commission.

Zijp W.L. and Nolthenius II.J. (1978) Comparison of integral cross
section values of several cross section libraries in the SAND-IT format.
In: Neutron Cross Sections for Reactor Dosimetry. Procecedings of a
Consultants' Meeting, Vienna, 15-19 November, 1976, Vol. II, 327-348.
IAEA-208. International Atomic Energy Agency, Vienna.

Azimi-Garakni D. and Williams J.G. (1977) Fission rate measurements with
the Makrofol solid state track recoeder. Nucl. Tech. 36, 368-378.

Grundl J.A. (1968) A studv of fission-neutron spectra with high-energy

activation detectors, Part II: Fission Spectra. Nucl. Sci. Eng. 31, 191.

'Fabry A., De Coster M., Minsart G., Schepers J.C. and Vandeplas P. (1970)

Implications of fundamental integral measurements on high-energy nuclear
data for reactor physics. In: Nuclear Data for Reactors. Proceedings
of the Second International Conference, Helsinki, 15-19 June, 1970,

Vol. II, 535-569. International Atomic Energy Agency, Vienna.

Grundl J.A. (1972) Measurement of the average fission cross section ratio
é;(UZSSJ/E;(UZSB) for U235 and Pu239 fission neutrons. In: Prompt Fission
Neutrcn Spectra. Proceedings of a Consultants' Meeting, Vienna, 25-27
August, 1971, 107-111. International Atomic Energy Agency, Vienna.

McElroy W.N. and Kellogg LS. (1975) Fuels and materals fast-reactor
dosimetry data development and testing. Nucl. Tech. 25, 180-223.

Fabry A., McElroy W.N., Kellogg L.S., Lippincott E.P., Grundl J.A. and
Gilliam D.M. (1978) Review of microscopic integral cross section data
in fundamantal reactor dosimetry benchmark neutron fields. Proceedings
of a Consultants' Meeting, Vienna, 15-19 November, 1976, Vol. I, 233-
263. TALA-208. International Atomic Energy Agency, Vienna.

Cullen D.B., Kocherov N. and McLaughlin P.M. (1982) The Intcrnational
Reactor Dosimetry File (IRDF-82). TAEA-NDS-42/R, January 1982.
International Atomic Energy Agency, Vienna.



