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10.13 Critical Experiments on Interaction Systems Using STACY and
Their Analytical Evaluation
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A series of experiments with neutron interactive cores that consisted of two slab
tanks was conducted to measure the neutronic characteristics of the multiple-unit
system. The measured characteristics are useful to discuss the issues of criticality
safety design such as the modeling scheme of multiple-unit systems, the accuracy of
computation methods of the weekly-coupled system, and so far. In this presentation,
conditions of the series of experiments will be outlined. Their analytical evaluation
for the validation of computational methods will be also discussed.
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1. Introduction

A series of experiments with neutron interactive cores which consisted of two slab tanks was
conducted at the Static Experiment Critical Facility (STACY) in the Nuclear Fuel Cycle Safety
Engineering Research Facility (NUCEF) 1>2), Japan Atomic Energy Research Institute (JAERI) to
measure the neutronic characteristics of the multiple-unit system which is categorized as the general-
form in the criticality safety handbook of Japan.3>4)

The measured characteristics are useful to evaluate the criticality safety design method
determining the isolation condition where each unit could be treated as a single unit, the accuracy of
computation methods for the neutron multiplication factor, the fission source convergence behavior in
the Monte-Carlo calculation for the weekly-coupled system.

Asymmetrical experimental configurations as shown in Fig. 1 highlighted the source
convergence problem of the Monte-Carlo method. The fission number ratio estimated by the neutron
flux distribution measurement in two core tanks was compared with the computation result by the
Monte-Carlo method, which demonstrates the effectiveness of the newly developed algorithm of the
spatial neutron tracking.

In this presentation, conditions of the series of experiments will be outlined. The measured
results are going to be briefly described and their analytical evaluation of the asymmetrical
configuration for the validation of computational methods will be discussed.
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2. STACY Experiment

2.1 Experiment Configuration

The experiment was conducted with the
core configuration of arrayed two identical core
tanks as shown in Fig. 2. Each core tank was
made of SUS 304 stainless steel and has a inner
cavity of 350 mm thickness, 690 mm width and
1500 mm height surrounded by walls of 20 mm
thickness. The distance of two core tanks could
be varied from 0 mm to 1450 mm. First, nine
core distances were configured as listed in Table 1
without neutron isolators and a critical solution
level was measured for each distance. Then, as
shown in Tables 2 and 3, the polyethylene and the
concrete isolators were installed between the core
tanks, whose thicknesses are up to 300 mm and
600 mm, respectively. Figure 3 is a picture taken
from the upper side that indicates 8 concrete
isolator units composing a 600 mm thickness at
Run 324 in Table 3. The uranyl nitrate solution
was fed into the both tanks simultaneously and the
solution levels were kept the same for both tank.

The uranyl nitrate solution that was used in
the experiment had the 235U enrichment of 10%,
the uranium concentration of about 290 gU/L and
the acidity of about 0.8 N. The basic principle of
experiment is that the solution fuel condition was
not changed intentionally, critical solution levels
were measured for each core configuration and the
reactivity effect was evaluated from the difference
of critical solution levels. The fuel solution
condition, however, naturally changed over time
during the experiment period with the uranium
concentration, the acidity and the solution density
raising, which was caused by the water
evaporation. The fuel solution condition at each
experiment has been evaluated as shown in
Tables 1, 2 and 3 by interpolations of the results of
repeated solution sample taking and analysis
during the experiment period.

2.2 Experimental Result aad Its Application

,o.T: Surface of
Water deflector Pool

Fig.2 STACY 350T Slab Core Tanks

Core Tanks

FIg.3 Installation of Isolator Units

Tables 1, 2 and 3 also indicate measured critical solution levels in the columns "He" for various
core distances or isolator thicknesses of the polyethylene or the concrete. Generally, higher critical
solution levels are observed for larger core distances or thicknesses of isolators. The exceptions can
be seen by comparison between Runs 268 and 269 in Table 1, Runs 304 and 306 in Table 2, and Runs
322 and 324 in Table 3, where lower critical solution levels are observed for the larger core distance or
thicker isolators.

The exceptions are caused by the natural change of solution fuel condition mentioned above.
The reactivity effect related to the solution fuel condition should be compensated for the reactivity
effect evaluation of neutron interaction. In Table 1, values in the column "Hcc" indicate the corrected
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critical solution levels on the assumption that each
experiment was conducted with the same solution
fuel condition as Run 261.5 ) In Tables 2 and 3,
the columns "Hcc" indicate the corrected critical
solution levels for the solution fuel conditions of
Runs 292 and 311, respectively.

Runs 292 and 311 are configurations of a
100 mm core distance without isolators, which are
the references for both series of experiments with
the polyethylene and the concrete isolators to
evaluate the critical solution levels of the zero
thickness isolator. The reason why the 100 mm
core distance was chosen instead of 0 mm is
because of a poor reproducibility of a 0 mm core
distance due to mechanical tolerance. The
derivation of critical solution level for the zero
thickness isolator from the results of Runs 292 and
311 utilizing the reactivity effect estimation based
on the "Hcc" in Table 1 gives 490.5 mm and
500.8 mm for the polyethylene and the concrete,
respectively.

Figure 4 shows the critical solution level
change depending on the thickness of isolators
based on the columns "Hcc" in Tables 1, 2 and 3.
The plot of "Air" shows the results of experiment
without isolators. The critical solution level
change is saturated around a 30 cm thickness for
the polyethylene isolator and approaches to
719 mm. For the concrete isolator, it saturated
around a 60 cm thickness and approaches to
696 mm. For the case of air, the critical solution
level changes even at the 1450 mm core distance
and the extrapolation of the curve indicates that
critical solution level would be 831 mm for the
very large core distance.

800 r

Fig.4
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Table 1 Configurations without Isolators
"^Enrichment : 9.97%

Run
#

261
274
273
262
263
264
267
268
269

L*
(mm)

0
25
50
75
150
300
500
1000

1450

Sol. fuel condition at 25 °C

U cone*
(gU/L)

290.3
296.0
295.9
290.5
290.8
291.0
291.6
291.9
295.0

Acidity*
(N)

0.83
0.85
0.85
0.83
0.83
0.83
0.84
0.84

0.85

Density
(g/cm>)

1.4160
1.4234
1.4232
1.4163
1.4166
1.4169
1.4177
1.4181
1.4221

H e *
(mm)

494.9
498.8
519.7
554.2
600.3
659.9
709.8
763.2
762.5

Hcc*
(mm)

494.9
510.5
532.4
554.9
602.0
663.1
716.3
773.4
791.6

*) L : Core distance

U cone.: Uranium concentration
Acidity : Free nitric acidity

Temp.: Temperatur of the solutoin in core tanks

He : Measured critical solution level

Hcc : Corrected critical solution level

Table 2 Configurations with
Polyethylene Isolators

235U Enrichment: 9.97%

Run
#

T*
(mm)

Sol. fuel condition at 25 °C

U cone.
(gU/L)

Acidity Density
(N) (g/cm3)

He
(mm)

*) T : Polyethylene thickness

Table 3 Configurations with
Concrete Isolators

235U Enrichment: 9.97%

Run
#

T*
(mm)

Sol. fuel condition at 25 °C

U cone. Acidity
(gU/L) (N)

Density
(g/cm>)

He
(mm)

Hcc
(mm)

292 lOO(Air) 293.8 0.83 1.4199 561.5 561.6

294
295
298
300
302
304
306

10
25
50
100
150
200
300

294.9
295.3
295.8
296.3
296.9
297.2
297.7

0.84
0.84
0.84
0.84
0.84

0.85
0.85

1.4216
1.4222
1.4230
1.4239
1.4247
1.4251
1.4259

536.0
585.8
636.9
678.4
689.4
691.3
689.6

540.3
592.9
649.2
697.8
712.8
716.8
719.6

Hcc
(mm)

311 100 (Ai) 290.0 0.84 1.4154 576.0 576.0

312
314
316
318
320
322
324

25
50
100
200
300
400
600

290.5
291.0
291.5
292.0
292.6
293.2
294.2

0.84
0.84
0.84
0.84
0.84
0.84
0.84

.4161

.4169

.4176

.4184

.4193

.4201

.4217

531.1
553.8
594.5
642.2
662.5
664.8
660.4

532.5
557.8
601.5
653.7
679.3
685.3
690.9

*) T : Concrete thickness
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3. New Analysis Method

3.1 Wielandt's Method and its Implementation to MCNP

The eigen equation of a multiplication system was expressed as

L* = jPj (1)
k

where L and P are operators representing neutron loss and production, and </> is a neutron flux
distribution. By the Wielandt's method 6\ the modified eigen value equation such as

k k
(2)

is solved, where ke is an adjustment parameter and a larger value should be given than kef of the
system. If a fission reaction is selected at a collision site, v/ke (average) neutrons are produced and
tracked in the same cycle by the Wielandt's method as shown in Fig. 5 while the reaction is treated as a
capture reaction by the conventional Monte-Carlo critical calculation. For the next cycle, fission
neutrons of (Vk0 - l/ke) • vaflatw (w: weight, fa ^ o f the former cycle) should be prepared.

To implement the method to MCNP 7), a fixed source calculation was conducted to track all
starting fission neutrons and their progenies until their deaths. One run of the MCNP fixed source
calculation corresponds to one cycle of a criticality calculation. Locations of fission sources
determined during the random walk process of the fixed source calculation are inherited to the next
fixed source calculation. Then, the fixed source calculations of MCNP are repeated until the final
cycle.8)

Conventional method

Wielandt's method

(n) is the number of fission neutrons
used in the next cycle, but they are
generated by the fission source inherited
from the previous cycle.

[m] is the number of fission neutrons
used in the next cycle, but they are
generated by the fission source generated
in the current cycle.

Fig.5 Difference of particle tracking between
the conventional method and the
Wielandt's method

3.2 Analysis of STACY Experiment

The new method was applied for the
analysis of a STACY experiment modeled as
shown in Fig. 6. A polyethylene isolator unit
of 10 cm thickness was arranged asymmetri-
cally and a ratio of fission number of the left
core tank is evaluated as approximately 80% of
total fission number based on the result of a
gold foil irradiation measurement. A reactivity
contribution from one tank to the other is
0.25%Ak, where the system is weakly coupled.
A dominance ratio (a ratio of an eigen value of
the lst-order harmonics mode to that of the
fundamental mode) is 0.990, where a very slow
convergence is expected. For the system,
calculations were performed with 2000 particles

a
o

i
35 cm <SR

Fig.6 Asymmetric STACY configuration
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Fig.7 Variation of Fission Source Fraction

in each cycle by the conventional method and by the Wielandt's method. The multiplication factor
kef of the overall system is 1.007 and ke mentioned above was set as 1.03, where its dominance ratio
was 0.71.

The variation of a ratio of fission number of the left core tank over the calculation cycles is
shown in Fig. 7 under the extreme initial condition where initial neutron sources were given only on
the right core tank having a minor reactivity contribution. The convergence was achieved by the
Wielandt's method at about 20 cycles. At least 400 cycles were required, however, by the
conventional method, where the convergence was not clear yet.

4. Conclusion

A sereis of experiments was conducted with neutron interactive cores at STACY using uranyl
nitrate solution. Criticality benchmark data of the solution were obtained under various geometrical
conditions such as core tank separation, thickness of concrete or polyethylene installed between core
tanks. The benchmark data are useful to evaluate or validate the modeling scheme of mulitple-unit
system, the accuracy of computation methods of the weekly coupled system, and so far.

The Wielandt's method, which is an acceleration method for solving a neutron transport
equation, is modified for the Monte Carlo calculation. The multiplication factor calculation was
conducted for an asymmetric configuration of the STACY experiment by MCNP in which the
Wielandt's method had been implemented, which demonstrates very fast convergence of spatial
neutron source distribution with the method.
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