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ABSTRACT 

We have made use of the Oak Ridge Electron Linear Ac- 
celerator (ORELA) to measure the fission cross section of 
233U in the neutron energy range of 0.36 eV to -700 keV. 
This papcr reports integral data and average cross sections. 
In addition we measured the total neutron cross section of 
"AI and natural chlorine, as well as the capture cross sec- 
tion of A1 over an energy range from 100 eV up to about 
400 keV. 

neutron induced fission cross sections of 233U. For the pre- 
sent fission measurements a 33U fission chamber and a 6Li 
glass scintillation detector were aligned in the neutron 
beam from ORELA at the SO-meter station on Flight Path 
No. 1 (FP-1). The center of the fission chamber was at ap- 
proximately 81.237 m fiom the neutron source and the 6Li 
glass was located approximately 1.323 m in front of the 
fission chamber. Two separate runs were made: the first, 
with a Cd filter in the beam. was carried out at a low repe- 
tition pulse rate of - 78 Hz in order to cover the low eV 

I. INTRODUCTION 

In support of the Nuclear Criticality Predictability Pro- 
grain established in response Io the Defense Nuclear Facil- 
ity Safety Board Recommendation 93-2,' time-of-flight 
(TOO nieasurements of the fission cross section of 2 3 3 ~  in 
the neutron energy range from 0.36 eV to several Iiundred 
keV lmve been initiated at tlie ORELA. Also total and 
capture cross sections of AI and C1 in the energy range 
froin about 100 eV to several hundred keV have been 
ineasured or are under way. The goal is to derive accurate 
cross section representations for the materials involved in 
criticality calculations of fuel storage, transportation, etc., 
configurations. Additional high-resolution measurements 
of tlie transmission of 233U below a few keV neutron en- 
ergy are being planned for fall 1998, as well as for the 
other materials involved. Evaluated data files in ENDF-6 
forinat will be processed into formats for use in criticality 
analyses. After benchmark data testing, the data will ulti- 
mately be submitted for inclusion in ENDF/B. 

11. DESCRIPTION 

The Oak Ridge Electron Linear Accelerator (ORELA) 
was used as the neutron source for measurements of the 

m 

region of neutron energies: the second, with a '% filter, 
was carried out at -400 Hz nIuch covered the neutron en- 
ergy region from about 100 eV to dmost 700 keV. Tlie 
Cd-filtered run was used to normalize all the obtained data 
to previous experimental data in tlie low eV region. Tlie 
high-resolution data obtained ivitli the '%I filtered run al- 
lowed extending the resolved resonance analysis to about 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any sp- 
cific commercial product. process, or =Nice by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, m m -  
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



500 eV. For background determination we took data for 
both runs with several centimeters of polyethylene in the 
beam. In this way we were able to determine the residual 
alpha particle and noise rate detected by the chamber elec- 
tronics at the bias level used in the experiment. 

The fission chamber used in this experiment was 
similar in design to that described by Weston et aL3 except 
that twice the fissile material was used. The chamber COR- 

tained a total of 2.11 gEU;; Of ~U&um with an isotopic 
composition of 99.997% U distributed in 40 coatings 
onto 21 aluminum plates Of 0.127mm thickness. Each 
plate is coated to a diameter of 76 mm. Nineteen plates 
were coated on both sides and the two end plates on one 
side only. In this arrangement the total thickness of 233U 
was 0.00011956 atoxn/barn. The thickness of the alumi- 
num in the fission plates added up to approximately 0.016 
ah. nie plates were connected electrically to form ten 
identical sections with a separate fast amplifier for each 
section. The electronic bias levels on the discriminators for 
each section were individually set such that the residual 
alpha detection rates with no neutrons present were about 
one count per second. The 10 individual discriminator 
outputs were combined via a logic OR unit to give the ex- 
perimental fission cliqnber rate. 
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Figure 2: Present '33Ufissioti cross section data (solid lirie is at1 
eve glide ) compared to Kestotz et ai.' (circles). The excellerrt 
TOP resolritiotr of this expenmetit iniproves the descriptiwlt oftlie 
data. 

The 6Li glass detector used in this experiment was 1 
inin thick ,and had a I0 cin diameter. It was positioned in 
the neutron beam upstream of rhe fission chamber. With 
this detector we determined tlie relative neutron flux versus 
energy. ?he efficiency of this f lu s  monitor was calculated 
by means of a computer program used previously in other 
measurements by Macklin et ai?. Since the attenuation of 
tlie neutron beam by the glass was not negligible, and the 
absolute amount of 6Li in tfie glass was not accurately 

known, the transmission of the glass was measured. The 
obtained transmission was then fitted with the calculations 
by varying the t i  amount slightiy from the manufacturer's 
specifications. In this fashion a thickness of 0.001662 ah 
of 6Li in the glass was derived. 

Extremely high purity aluminum and n a d  chlorine 
samples were used in the present transmission measure- 
ments. The samples were mounted in the holder of a sam- 
ple changer positioned at about 10 meters fkom the neutron 
target in the FP-1 beam of ORELA. Measurements were 
made on a thin sample and on a thick sample for the alumi- 
num runs. Additional measurements were made for the 
open beam and thick polyethylene samples were used to 
determine the gamma-ray background. The thh sample 
was 0.01894 at% and tlie thick sample was 0.1513 a/b as 
derived from weight and diameter measurements. The col- 
limation was arranged in order to accept neutrons coming 
from the water moderator of the ORELA target. A pre- 
sample collimation limited the beam size to about 2.54 cm 
on the samples. The neutron detector was a 7.6 cm diame- 
ter, 1 cm thick 6Li glass scintillator viewed on edge by two 
12.7 cm diameter pilotomultipliers and positioned in the 
bean at -80 meters. Far the chlorine hansmission sample 
we used natural CClj (thickness for chlorine 0.2075 ah) 
which was compensated by an equivalent amount of carbon 
and the sample-hoider window material. 

Table I: '-33U fission integal data (b eV) compared to pre- 
vious measurements. 

Energy 
interval 

(W 
0.5-1.0 
1 .o- 10.0 
8.1-17.6 
17.6-20.0 
20.0-30.3 
30.311.5 
4 1559.5  
59.5-71.0 

71-84 
84-100 
100-200 

Present 
work 

63.79 
1233.8 
959.6 

236.45 
927.03 
587.15 
714.1 
390.0 

546.40 
622.5 
2501.9 

Weston 
Ref. 2 

62.80 
1234.1 
964.25 
237.55 
930.25 
571.67 
684.18 
368.37 
324.56 
535.96 
2509.7 

Deruytter 
Ref. 6 

62.77 
1239.0 
964.1 

Wagemans 
Ref 5 

63.70 
1248.2 
965.2 

For tlie neutron capture measurements we used rectan- 
gular samples (2.54 s 5.08 cm) of high purity aluminum. 
Tliese consisted of a "thin" sample. 0.01520 ah in thick- 
ness. and a "thick" sample of 0.04573 a/b. The capture 
samples and C a 6  gamma-ray detectors were situated at a 



distance of -40 meters from the neutron target on FP-7. 
This capture system4 has been re-engineered to minimize 
structural material surrounding the sample and detectors. 
In addition, the less neutron sensitive c& scintillators re- 
placed the previously used Cd7~ scintillators. A 0.5 mm 
thick 6Li glass scintillator served as tlie neutron flux moni- 
tor. Pulse-height weighting was employed with the Ca, 
detectors and normalization of the capture efficiency was 
carried out in a separate measurement using the "black 
resonance" technique3 by means of the 4.9 eV resonance 
from a 0.00508 cm thick gold sample. 
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Figrrre 3: ,\kutroir captiire atid tratrsnrissioir data for "ill in the 
erieigr. ratrgefionr 20 keVto I70 keV. The solid litre represents 
the S..t\nlYJt to the data (circle). 

111. RESULTS 

Aftcr deadtime correction the obtained fission data 
mere corrected for timedependent and time-independent 
backgrounds by means of the black resonance technique. 
A special run was used to determine the amount of overlap 
neutrons and correct for these events. For normalizing our 
data we used the best available set of resonance parame- 
ters' aid determined with SAMMY* tlie normalization 
factor in the neutron energy region from 3.1 to 20.0 eV. In 
botli the Cd and '% filtered runs we used tlie same nor- 
malization factors 

Figures 1 and 2 show the measured fission cross sec- 
tions of 2 3 3 ~  in the neutron energy range from 10 eV neu- 
tron energy up to 50 eV and from 400 to 500 eV, respec- 
tively. The data are compared with the fission cross sec- 
tions of Weston et The reported data are corrected for 
self-shielding, and multiple scattering. We find that our 
uncorrected experimental data are slightly lower at very 

low neutron energies, which is consistent with the self- 
shielding effect of our relatively thick sample. In Figure 2 
the impact of a good TOF resolution is clearly demon- 
strated In the present measurement we can resolve reso- 
nances which are shown in the data of Ref. 2 oniy as one 
broad peak. With the present data it will be possible to 
obtain good resonance parameter to energes as high as 1.5 
keV. 

From our normalized eqerimental data we calculated 
integral fission data over coarse energy bins. The results 
are tabulated in Table 1 and compared to previous meas- 
urements. It can be seen that our data differ by almost 1% 
compared to the most recent measurement of Ref. 5 in the 
low energy range. In the proposed normalization region 
(8.1-17.6 eV) from Ref. 6 ,  we are slightly lower. Towards 
higher neutron energies we deyiate up to 4% with the only 
available experimental data from Ref. 2. 

Table II : Average Experimental Fission Data 

Energy 
interval 

(eV) 

0.4-1.0 
1.0-2.1 

2.1-2.75 
2.75-3.0 
3.0-15.0 
15 .O-30.0 
30.0-50.0 
50.0-75.0 
75-100 
100- 125 
125- 150 

15-150 

Present 
work 

130.61 
388.33 
203.07 
57.56 
105.28 
95.22 
41.99 
42.6 1 
39.49 
40.22 
23.53 

43.81 

Ref. 7 Ref. 2 
(Evaluation) 

128.7 129.2 
387.9 391.7 
204.6 207.5 
50.2 51.9 
104.3 104.9 
95.51 95.03 
40.27 40.13 
40.53 40.66 
36.03 35.57 
36.97 36.84 
20.78 21.29 

41.45 1 41.39 

Wage- 
mans 
Ref. 5 

130.7 
388.8 
204.4 
50.1 
106.2 

We used tlie computer co!: SAMMY to generate averaged 
fission cross sections for -:-U. These are compared to pre- 
vious experiments and evaluation in Table 2. Again we 
find the same trend as in the integral data. We see rela- 
tively good agreement at low neutron energies, considering 
hat our data are not corrected for sample related effects. 

In Fig. 3 we showv the capture yield and transinission 
in tlie energy range from 20 to 170 keV obtained from our 
most resent aluminum measurements. The solid line repre- 
sents the fit to the data generated by the computer code 
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Figire 4 : Neutron tmiisniission of iiatuml chlorine fioni 300 eV 
to 20 keV. The solid line is the preliniiriary SAMWYJt to the data. 

S A M M Y .  With these newly determined resonance pa- 
rameters r, and r,, which will be reported elsewhere, we 
are able to describe the cross section up to 400 keV. We 
find very good agreement in the region of overlap with the 
most recent lugh resolution transmission esperiment done 
at Gee]. This data set has a low energy cut-off at about 200 
keV. For the present data without any neutron sensitivity 
correction we obtain an average of 15% reduction in the 
gaiiuna width compared to previous measurements. 

I .o I 
0.9 t 
0.8 

0.7 

0.6 
I 

H1 'E 0.5 

0.4 

0.3 

0.2 

0.1 

I- 

and JENDL 3.2. With the help of previous measurementsg 
on enriched chlorine isotopes, as well as the fitting code 
S A M M Y ,  we were able to identlfy them and assign them to 
an isotope. In preliminary fits obtained with S A M M Y ,  we 
found several inconsistent spin and neutron energy assign- 
ments. The resonance parameters will be reported in an 
upcoming publication. 
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In Figure 4 and 5 the transmission data for the natural 
chlorine sample are plotted over various energy ranges. 
We found several new resonances compared to ENDFB-6 


