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The pulse source method is used to study homogeneous solution assemblies. Three sets
of sub-critical pulse experiments with spherical tanks filled with water solution of uranyl
nitrate 90% enrichment) were carried out at the R-F-GS facility, Obninsk, Russia. Seven
spherical tanks with the volume within the range of 129 L to 19.8 L were used in the
experiments. Three uranium concentrations were studied, i.e. 20.7, 29.6 and 37.5 g/L. The
sub-critical experiments were analyzed with the MCNP 4A code based on the Monte-Carlo
method, and with ENDF/B-V library.
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1. Introduction multiplying assemblies are studied the pulse sources
with the total capacity of 106 _ 109 neutron/s are used

The International Criticality Safety Benchmark with the burst duration A from several up to hundreds
Evaluation Project (ICSBEP) was launched in 1994 microseconds and the frequency R from one tenth up

- to several hundreds of hertz.
with the aim to screen and evaluate a representative Among all the pulse neutron method applications
set of benchmark critical experiments.') Besides
"critical" experiments a rather big number of sub- with the purpose to study multiplying media the
critical" pulse experiments were performed. The measurement of reactivity is of the highest priority.
International Project plan incorporates the activity on The advantages of the pulse method in this respect are,
evaluation of this type of data as well, with first of all, the possibility to measure a rather big sub-
introduction of the results of these evaluated criticality, the absence of any engineering restrictions
experiments into the International Handbook of typical of traditional methods of dropping the rods or
Evaluated Criticality Safety Benchmark Experiments. steady source ejection, no need to have in the system

Pulse neutron sources have been used in nuclear under study any noticeable power level required for
physics studies since 1942. As it is stated, the the statistical methods to be used.
experiments with a pulse source are the most correct By means of the modem codes it is possible to
way of verification of various theoretical and actually completely simulate the conditions of the
calculation models as compared to other critical experiment, which determines a qualitatively new
experiments. 2) Other advantages consist in safety of approach to the problems that arise during the
experiments with a pulse neutron source and the interpretation of pulse experiment results. Practically
possibility to get the information in a broad variety of it is possible to simulate any system, to calculate the
states of studied systems - from the complete lack of detailed neutron spatial distribution depending on
multiplication to delayed criticality. energy and time. One of the goals of this work

consists in calculation modeling of pulse experimentsThe pulse method is based on the possibility to get 3)

in a real limited system the asymptotic neutron spatial with the use of the known code called MCNP 4A.
energy distribution irrespective of pulse source Homogeneous solution assemblies were studied
characteristics. In the traditional pulse experiment the with the use of pulse source method. Three sets of
system under investigation is excited with short sub-critical pulse experiments were conducted with
neutron bursts recurring with a certain frequency R. spherical tanks filled with a water solution of uranyl
The value which is measured is neutron density N(t) nitrate of 90% enrichments. They were performed at
as a ftinction of time. It is registered with a detector the R-GS facility. Seven spherical tanks with the
and a time analyzer, with the measurement lasting till volume from 1.29 L to 19.8 L were used in the
the achievement of the required statistical accuracy. experiments. Three uranium concentrations 20.7,
The frequency R is chosen in such a way that the 29.6 and 37.5 g/L) were studied. Sub-critical
prompt neutron density could have enough time to experiments were analyzed with the MCNP 4A code
damp before the next source burst starts. Detectors and which implements the Monte-Carlo method and the
neutron sources can be both inside and outside the estimated neutron data library, ENDF/B-V.
multiplication system. When thermal neutron
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2. Experimental Facility Each sphere has a "dry pocket" with the inner
diameter of Icrn and wall thickness of 0.05cm for the

The spherical tank vertical section is given in fig. 1. neutron counter and assembly fixing device to be
The experimental system lay-out in the cell is shown placed there. The sphere center is 200 cm away from
in fig.2 (vertical section). the nearest wall. The walls, floor and ceiling are

vi in concrete. The walls and the floor were lined with steel
J_ plates with their thickness of 03 cm up to the height

of 280 cm. The wall thickness is about 100cm, that of
6 the ceiling is about 75 cm.

4 A portable neutron generator served as a pulse
neutron source with the energy of 14 MeV, pulse
duration of Ips and neutron flux of 107 neutrons/s.
The maximum pulse frequency was equal to 40 hertz.
Neutron pulses were injected to a unreflected spherical

3 tank which was filled with a water uranyl nitrate
solution.

The experimental sets differed in uranium
fR+4 I concentration in the solution. All the experiments

could be referred to the benchmark ones.
The solution volume in each sphere was first

measured by water calibration.
The inner sphere radius was determined from the

volume measured with the assumption that the tank
4 shape was absolutely spherical. The sphere sizes are
6 given in Table .

o 1 n able Sphere sizes.
Sphere Inner radius, Wall Volume, L

Fig. I Sphere in section. I - wall; 2 CHM-13 cm Thick-
counter; 3 - "dry pocket"; 4 - lap; - support tube; 6 ness,

flange. Dimensions are given in cm. cm
1 6.77 0.02) 0.2 1.29 ± 0.001
2 7.76 0.02) 0.2 1.95 ± 0002
3 9. 0.2 3.05 ± 0003

�50 4 1 10.64 0.02) 1 0.2 5.03 ± .005
5 13.34 0.02) 0.2 9.92 0.01

5io 6 15.01 0.02) 0.2 14.14 0.01
7 16.79 0.02) 0.2 19.81 0.02

120

3 All the spheres and auxiliary components of citical
2 assemblies used in the experiments were made of

stainless steel. The effective thickness of the spherical
6 wall was determined by weighing the empty sphere

and subtracting the weights of separate components
(dry channel, tube, flanges, etc.) which were
detennined by calculation. The stainless steel density

3 4)is equal to 793 r/cm .
The aqueous solution of uranyl nitrate of high

enrichment was used in the experiments. The uranium
isotopic composition was measured by mass-
spectrometry (table 2.
Table 2 Uranium isot ic comp sition.

Isotope I 234u 232-u Libu 236u

Fig. 2 Sphere in the test cell (vertical section). I - Mass 0.91 ± 89.04 ± 0.22 ± 9.83 ±
sphere; 2 - support; 3 - counter; 4 - neutron concen- 0.06 0.17 0.02 0.17
generator; - platform; 6 - cadmium screen. tration
Dimensions are given in cm.
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Uranium concentration was measured with certified measurement error turned out to be negligibly small as
chemical techniques. Three or four measurements compared to the statistical error.
were performed for each solution. Free nitric acid
concentration in the solution was determined by the Table 4 Logarithmic decrement of attenuation, a±2cr,
chemical method of titration. The measured solution s- .
parameters are given in Table 3 Sphere Concen- Concen- Concen-

tration of tration of tration of
Table 3 Solutio properties. 20.73g/L 29.60g/L 37.50g/L

Solution Solution HNO, 1 14700±290 15900±300 16500±320
2 13000±260 14000±280 15000±300

concentration density concentration 3 11000±220 12000±240 13000±260

(g/L) (g/cM 3) (mole/L) 4 9230±180 9820±200 10630±200
5 6770±120 7040±150 7330±150

20.73±0.10 1.023±0.001 0.053±0.001 6 1 5 70±100 5600± 1 1 0 5280±100
29.6 0 7 4660±90 4280±80 3800±70

0±0.15 1.036±0.001 .062±0.001

37.50±0.20 1.049±0.001 0.100±0.001

4. Principal Equations Used for Interpretation of

Concrete density and its composition were not Pulse Experiments

measured. In order to estimate neutron reflection from In the sub-critical system the dependence of count
the concrete walls and ceiling previously published
concrete composition and density 23 g/cm 3) were rate on time in the semi-logarithmic scale (after the

4) All the experiments were carried out at the background subtraction) has the form of a straight lineused . with a slope (cc) in accordance with the equation:

room temperature (- 20' Q. N = No exp(--at) (1)

3. Experimental Results The neutron flux is a descending exponential time

The procedures of measurement and the following function. As soon as Ot has been estimated, reactivity
determination of logarithmic decrement of neutron p [p�(k,0-1)/kO], related to this value L), can be
density attenuation are rather well developed .5) The found if we know the prompt neutron generation time
neutron pulse source target was located outside the (A) and the effective delayed neutron fraction ,
spherical assembly. The CHM-13 counter to register according to the equation:
thermal neutron density was placed inside the dry p =-a A+ ff (2)

channel (in its center). In order to reduce the Hence the equation which relates K',ff to a
contribution of higher harmonics the neutron counter immediately follows:
was placed at 900 to the direction of source neutron
injection. The additional experimental studies have K',ff =(I+ cc A - (3)

shown that starting with 300 gs the slope of neutron As a rule, the effective delayed neutron fraction has
density decrease curve in the semi- logarithmic scale only a weak dependence on Kff, which is confirmed
does not depend on the place where the counter s by the calculations. The dependence of A on Kff can
located in the dry channel. The delayed neutron be rather strong and different at various ways of
contribution was distinguished and the corrections for achieving sub-criticality. So it is necessary to calculate
counting losses due to the measuring channel dead the generation time. In this study in order to calculate
time were introduced in the usual way. the generation time the values of effective neutron

Table 4 shows the results of experimental
determination of attenuation decrements for seven multiplication factor K mcnp eff and relevant
spherical assemblies as a function of uranium functionals calculated with the MCNP code were
concentration for the optimum experimental used:
conditions. The error of experimental determination of A = 1` / K "Peff (4)
attenuation decrement cc was equal to 12% and was
due to the statistical error of processing the linear part where 1mc"P is the time interval between fission acts.
of the curve nN(t) according to the least square In the MCNP code this is the average time required
method. This error was achieved by the information for the newly generated neutron to initiate the next
acquisition during (6- 1 0). 1 03 switchings on of the fission.')
neutron pulse generator. The assembly neutron
shielding made it possible to minimize the effect of
scattered neutrons on the measurement error of a. The
contribution of instrumentation error into the
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and experiments (Tables 5 6 and 7 The
5. Comparison of Calculation and Experimental corresponding discrepancy between calculated and

Results experimental values of K'effis equal to 17%.
A satisfactory agreement of calculated values of

The comparison of calculated and experimental Kae
values of logarithmic attenuation decrement shows a ff and K -cnp eff indicates the correctness and self-
certain tendency towards an increase in the consistency of the accepted procedure of a and Kff
discrepancy between a values when the sphere volume results processing with the MCNP code for
decreases. The maximum disagreement is equal to unreflected assemblies.
27% and significantly exceeds the errors of calculation

Table Comparison of calculated and experimental Kff and a. Uranium concentration is 20.73 g/L.
P,,=0.00744.

Sphere a, s- K�ff A, s
number Experiment MCNP (C-E)/E, Kff, T,- a K Generation

calculation % expermien calculation time
1 14700±290 17405±67 +18 0.1416 0.1223 0.1180±0.0003 4.128810-4
2 13000±260 14906±20 +11 0.1954 0.1748 0.1706±0.0004 3. F71407
3 1 11000±220 12700±76 +15 0.2710 0.2435 0.2422±0.0004 2.451710-4
4 9230±180 10037±11 +8.7 0.3621 0.3429 0.3377±0.0005 1.917010-4-
5 6770±120 7422±42 +9.6 0.5039 0.4808 0.4812±0.0006 1.465010-4
6 5670±100 6109±86 +7.7 0.5772 0.5587 0.5596±0.0006 1.305010-4
7 4660±90 4853±18 +4.1 0.6468 0.6374 0.6312±0.0007 1.187710-4

Table 6 Comparison of calculated and experimental Kff and a. Uranium concentration is 29.60 g/L.
Pff=0.00744.

Sphere CL, s- Kff A, s

number Experiment MCNP (C-E)/E, Kaeff, Kff, K mc?7P eff Generation
calculation % experimen calculation time

1 15900±300 19230±36 +21 0.1792 0.1529 0.1464±0.0004 2.884510-4
14000±280 16493±29 +18 0.2443 0.2153 0.2093±0.0 2.2 43 I 0

3 12000±240 14027±23 +17 0.3277 0.2942 0.2934±0.0006 1.715810-4
4 9820±200 10983+8 +12 0.4329 0.4054 0.4022±0.0006 1.341210-4
5 7040±150 7530±93 +7 0.5829 0.5663 0.5659±0.0007 1.026910-4
6 5600±110 5721±31 +2.1 0.6648 0.6599 0.6530±0.0008 9.138010-
7 4280±80 4298±21 +0.4 0.7418 0.7410 0.7344±0.0007 8.3058 10-5

Table 7 Comparison of calculated and experimental Kff and a. Uranium concentration is 37.50 g/L.
Off=0.00744.

Sphere a, s- K�ff A, s
number Experiment MCNP (C-E)/E, Kaff, T/a ffi K mcnP eff Generation

calculation % experiment calculation time
1 16500±320 21035±68 +27 0.2113 0.1736 0.1666±0.0004 2.267110-4
2 15000±300 17950±117 +20 0.2769 0.2423 0.2346±0.0005 1.745910-4
3 13000±260 15373±27 +18 0.3632 0.3252 0.3259±0.0006 1.3543 104

4 10630±200 11742±8 +10 0.4714 0.4465 0.4431±0.0007 1.061910-4
5 7330±150 7887±40 +7.6 0.6307 0.6132 0.6196±0.0008 8. 0 TO 9- 0T
6 5280±100 5568±28 +5.5 0.7274 0.7165 0.7110±0.0008 7.239510-5
7 3800±70 3876±30 +2.0 0.8052 0.8020 0.7975±0.0007 6. 5 T
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6. Conclusion

The analysis of 21 pulse experiments conducted for
solution systems in the ideal spherical geometry
allows the following conclusions to be made:

1. The considered experiments are characterized as
profoundly sub-critical (Kff values cover the range of
0 12 - 0.80), so they are referred to a scantily explored
area of multiplying systems.

2. The results of practically accurate modeling of
pulse experiments with the MCNP code show that
there are significant and yet inexplicable discrepancies
in the attenuation decrement in the field of small
volumes of spherical assemblies Kff <0.4).

3. Calculation of attenuation decrement and &ff
with the MCNP code is self - consistent because a
satisfactory agreement of calculated K',ff and

K mcnpff values is observed.
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