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Abstract. Reactivity monitoring is one of the urgent problems that require a solution in order to achieve a license
for a future full-scale ADS. As a part of the EUROTRANS experiments at the YALINA-Booster facility,
presented in this conference, a set of measurements with imposed beam-trips has been performed. Traditionally,
the source jerk method has been used in subcritical systems to obtain the reactivity by comparing the total
neutron flux before the neutron source removal to the semi-stable delayed neutron flux after the source removal.
The deuterium-tritium neutron source of the YALINA-Booster facility can, in addition to pulsed mode operation,
operate with continuous beam with short imposed millisecond-scale interruptions, thus providing the possibility
to monitor the reactivity at each beam trip in the source jerk manner. In order to test the validity of the beam-trip
reactivity values determined by using detectors operating in current-mode (also presented in this conference), the
reactivity values of the YALINA-Booster assembly obtained through the beam-trip technique using pulsed-mode
detectors is presented in this work. In these experiments, a beam-trip frequency of 1 Hz and an interruption time
of ~20 ms have been chosen and two different core loadings with effective multiplication factor around 0.95 have
been investigated. These two different loadings with close to equal reactivity but different source multiplication
characteristics make it possible to explore the effect of the different source multiplications. In addition, the
response of the imposed beam-trip reactivity monitoring technique to reactivity insertions and removals has been
studied through control rod movements. Experimental data from fission chambers have been acquired from all
three zones of the core: the fast booster zone, the thermal zone and the reflector.

1. Introduction

In the framework of the IP-EUROTRANS [1], within the 6th FW Program of the UE, an
experimental campaign has been started at the YALINA-Booster facility located at JIPNR-
Sosny (Belarus). The YALINA experiments will continue the work performed during the
MUSE program (5th FW Program of the UE) [2]. The main objective is the qualification of
the reactivity monitoring techniques as well as to develop the electronic chains that can be
used in a power ADS. For this purposes, YALINA couples a D-T neutron generator to a
flexible zero-power subcritical assembly with an intermediate neutron spectrum. The high
intensity of the accelerator and the possibility to work in continuous or pulsed modes allow
the study of the current-to-flux relationship, beam trip experiments and dedicated experiments
for loading and start-up procedures. In this paper are presented the results of the analysis of
the source jerk technique to determine the reactivity applied to the beam trip experiments.
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2. The YALINA-Booster subcritical assembly

The YALINA-Booster subcritical assembly (FIG. 1) is formed by two main zones: a central
fast zone (booster) composed of 36% enriched UQO, fuel in a lead matrix and a thermal zone
around it composed of 10% enriched UQ; in polyethylene. Surrounding these two zones there
is a graphite reflector. A number of experimental channels for detectors are available in all
three zones. See [3] for further details. All the measurements used for this paper were taken
with U-235 fission chambers.
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FIG. 1. Schematics of the YALINA-Booster facility showing the different
regions and the locations of the different experimental channels.

The facility is coupled to a deuteron accelerator and tritium or deuterium targets can be used.
The results presented here were taken with a tritium target, but due its high depletion degree it
also had a significant deuterium content.

The facility allows for great flexibility in core loading patterns. The results presented here
were measured in the configurations described in Table 1. The values of k.; have been
calculated using MCNPX 2.5.0 and the JEFF — 3.1. library.

TABLE I. YALINA-BOOSTER CONFIGURATIONS

Internal booster | External booster | Thermal zone Calculated k.
SC3a 132 pins 563 pins 1077 pins ~0.95
SC3b 0 pins 563 pins 1090 pins ~0.95
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3. The source — jerk technique

The source jerk technique to determine the reactivity relies in measuring the neutron densities
in the system before and after a source removal. From the point kinetics model it can be
obtained that [4]:

Where ny is the neutron density before the removal and n; is the neutron density after it, as
shown in FIG. 2, which has been taken from the experiments. The oscillations observed in the
neutron density are due to an oscillation in the magnetic dipole causing the deuterons beam to
impinge on a tritium free region of the target. However, these oscillations do not cause any
bias in the reactivity values provided by the source jerk method as its period (0.02 s,
corresponding to a frequency of 50 Hz) is much smaller than the half lives of the different
families of delayed neutrons (ranging from 0.23 s to 55.72 s in the case of the thermal fission
of U-235, see [4] for instance), so the delayed neutrons level after the beam trips is not
affected by these oscillations and it is the same as if the neutron density before the beam trip
had a constant value equal to the average value. Therefore the source jerk method will give a
correct estimate of the reactivity providing that the neutron density before the beam trip is
calculated as the average over an entire number of periods of the oscillation.
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FIG. 2. Typical beam trip measured during these experiments.
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The results thus obtained are listed in Table II. No results from the reflector are presented due
to poor statistics.

TABLE I1
SC3a SC3b
Zone | Channel = = e 50t T CRIn | CR Out
1875 | -16.22
Booster ECIB +0.28 +0.30
beop | 1596 | 1422 [ 1571 | 1412
+044 | £030 | £024 | £0.18
Thermal 972 904 | -1017 | 935
sone | EOT | 1056 | +052 | 041 | 039

It can be seen from this table that the reactivity values measured with detectors at different
locations present large variations. These variations are due to spatial effects. So, to be able to
give an estimate of the reactivity of the system it is necessary to obtain a correction factor for
every detector location that takes into account the complete description of the system. These
correction factors can be obtained from MCNP calculations [5]. With these correction factors
the reactivity of the system is obtained in the following way:

p _ p experimental, detector
C

detector

The correction factors computed using MCNPX 2.5.0 and the JEFF-3.1. library and the
corrected reactivity values are listed in Table III.

TABLE III.
SC3a SC3b
Zone Channel = P TCROut | Ca | CRIn | CR Out
1813 | -1034 | -895 | 1.960
Booster ECIB | L0027 | 2021 | 021 | 0035 |
ceop | 1626 | 981 [ 874 [ 1741 | 902 [ 811
+0.023 | £030 | £022 | £0.028 | 2030 | +0.17
0979 | 992 | -923 | 1010 | -1007 | -9.26
Thermal zone | ECST | 1016 | +059 | +055 | +0.018 | 044 | =042
. 1015 | -8.88 920 | 827
Weighted average +0.17 | +0.15 +0.18 | +0.15
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For comparison, Table IV shows the corrected values for the reactivity obtained from the PNS
measurements, also presented in this conference [6].

TABLE IV.
SC3a SC3b

Zone | Chamnel = = e 5 T CRIn | CROut
040+ | 817+ | 972+ | 837«

Booster ECIB | 418 0.15 0.33 0.16
con | 9BE | 376+ | 782%

0.16 0.17 0.15
Thermal 061+ | 888+ | -1008+ | 9.05<

zone ECST | 508 0.38 0.50 0.29

It can be observed that the values obtained by the two methods are close, although further
analysis of these results will be required to assure the compatibility of the two methods.

4. Reactivity evolution during one experiment

FIG. 3 shows the evolution of the reactivity values obtained with the source jerk technique
during one experiment alongside with the counting rate during the same experiment. It can be
seen that the source jerk technique allows the monitoring of the reactivity in a continuous or
quasi — continuous manner. However it has the limitation that after an external source loss the
value of the reactivity obtained will be overestimated (in absolute value) as the delayed
neutron level takes some time to reach a stable value after changes in the neutron density.
Notice how after the beam loss the reactivity estimates by the source jerk method take some
time to reach a stable value. For comparison, the results for the prompt decay constant method
of reactivity measurement, which is not affected by changes in the delayed neutrons level, are
also plotted. In the case of Yalina — Booster, because the neutron spectrum is mostly thermal,
the prompt neutron decay slopes follow a nearly point — like model and thus this method can
give good reactivity estimates.
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FIG. 3. Corrected values of the reactivity obtained by the source jerk method (red) and the prompt
decay constant method (blue) during one experiment, alongside with the counting rate during these
periods (black).

5. Summary and conclusions

We have shown that the source jerk technique can be used to monitor the reactivity in a
continuous or a quasi-continuous manner but it will drive us to overestimate the subcriticality
level in case of beam losses. Still, in this case, the prompt decay constant method can give
correct values of the reactivity. However, the results present large spatial effects. Hence, in
order to be able to give an estimate of the reactivity of the system MCNP simulations will be
needed to obtain correction factors. Further analysis is still required to compare with the
results obtained from the prompt decay constant method and the results from the PNS
measurements.

6. Acknowledgements

This work was partially supported by IP-EUROTRANS contract FI6W-CT2005-516520, by
the ENRESA-CIEMAT agreement for the Transmutacion Aplicada a los Residuos
Radiactivos de Alta Actividad and by the Swedish Institute.



ADS/P4-08

7. References

[1]

(2]

[3]

[4]
[5]

[6]

KNEBEL, J. et al., "European Research Programme for the Transmutation of High
Level Nuclear Waste in an Accelerator Driven System”, FISA 2006.

SOULE, R. et al., “Neutronic Studies in Support of Accelerator-Driven Systems: The
MUSE Experiments in the MASURCA Facility”, Nuclear Science and Engineering
148, pp. 124-152 (2004).

KIYAVITSKAYA, H. et al., “Experimental investigations at sub — critical facilities of
Joint Institute for Power and Nuclear Research — Sosny of the National Academy of
Sciences of Belarus”, presented at the Technical Meeting on use of Low Enriched
uranium in Accelerator Driven Sub — critical Assemblies, IAEA, Vienna, Austria, 10 —
12 October 2005.

HETRICK, D.L., Dynamics of Nuclear Reactors, ANS, La Grange Park, Illinois, 1993.

PELOWITZ, D.B. (Editor). “MCNPX User’s Manual. Version 2.5.0.” Los Alamos
National Laboratory Report (20005).

BERGLOF, C. et al., “Pulsed Neutron Source Reference Measurements in the
Subcritical Experiment YALINA-Booster”, this conference.



