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1. INTRODUCTION
The Static Experiment Critical Facility, STACY in the Nuclear Fuel Cycle Safety Engineer-

ing Research Facility, NUCEF is a solution type critical facility to accumulate fundamental
criticality data on uranyl nitrate solution, plutonium nitrate solution and their mixturel|2).

A series of critical experiments have been performed for 10 wt% enriched uranyl nitrate
solution using a cylindrical core tank.

In these experiments, systematic data of the critical height, differential reactivity of the
fuel solution, kinetic parameter and reactor power were measured with changing the uranium
concentration of the fuel solution from 313 gU/G to225gU/G.

Critical data through the first series of experiments for the basic core are reported in this
paper for evaluating the accuracy of the criticality safety calculation codes.

Benchmark calculations of the neutron multiplication factor kcff for the critical condition
were made using a neutron transport code TWOTRAN in the SRAC system3) and a continuous
energy Monte Carlo code MCNP 4A4)with a Japanese evaluated nuclear data library, JENDL
3.2.

2. CRITICAL FACILITY
STACY consists of the core tank containing fuel solution, solution transfer system, fuel

storage system, solution adjusting system, and water reflector system5>6). The fuel solution is
fed from the storage tank to the core tank through a critical approach. The core tank has a cy-
lindrical geometry with a diameter of 60 cm, which is made of stainless steel SUS 304.

Solution height in the core tank is measured with contact type height gauge. This height
gauge has an accuracy of ±0 .2 mm. Two B10 counters and four gamma compensated ioni-
zation chambers were positioned around the core tank to measure in the source range and
power range, respectively. The maximum power is limited up to 200 watt. The external neu-
tron source, Am-Be, is inserted below the bottom of the core tank at the beginning of the op-
eration. Reactivity is controlled by adjusting the solution height in the core tank without con-
trol rods.

3. EXPERIMENT
Main experimental items through the first series of experiments are listed in Table 1.

3.1 Critical solution height
The cylindrical core tank was settled in a reflector pool and the light water was supplied

into the reflector pool before the operation. The side reflector and lower reflector are more
than 30 cm in thickness. The height of the water reflector was 20 cm more than the upper plate
of the core tank. The vertical cross section of the core tank is shown in Figure 1. The initial
critical approach for a water reflected core was performed on February 23, 1995 using the
uranyl nitrate solution containing 310.1 gU/Q and2.2mol/G free nitric acid, and the meas-
ured critical height was 41.5 cm. The uranyl nitrate solution had an enrichment of 9.97wt%.
Additional four experimental channels composed of three He3 proportional counters and one
B10 counter (Channel 1-4) are positioned around the core tank. The lowest uranium concen-
trations for the water reflected and unreflected cores were 225 gU/ Q, and 242 gU/ Q , respec-
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tively under the limitation for the maximum critical height of 140 cm. Measured critical
heights are summarized in Table 2.
3.2 Tests on nuclear limitations

The nuclear limitations such as maximum reactivity and maximum reactivity addition rate
are fundamental quantities for safe operation of the critical assembly. The differential reactiv-
ity was evaluated using an inhour equation by measuring the reactor period at a slightly
super critical state after attaining criticality. The dependence of differential reactivity on the
solution height is determined by the shape of the fundamental mode of the neutron flux along
the vertical direction.

The neutron flux distribution along the vertical direction was measured by activation of
gold wires attached on the outer surface of the core tank. Activity of the gold wire was
measured with a Nal(Tl) scintillation counter using the beta-gamma coincidence counting
technique. Four cylindrical safety rods containing B4C pellets are positioned at the upper part
of the core tank, and are dropped by gravity in an emergency shutdown condition.

Reactivity worth of safety rods were measured using a rod drop method to evaluate the
shutdown margins in both conditions of all-rod insertion and one-rod stuck insertion.

Power calibration was made using an analysis of fission products in the fuel solution
which was sampled after the operation. The gamma activities were measured with a Germa-
nium detector for fission products such as Cel43 and Bal40, and Np239, which is pro-
duced by capture reaction of U238,. In addition, the activation method of Au foil attached to
the outer surface of the core tank was applied to the experimental core, and the validity of this
method was confirmed by comparison with the calibrated power by FP analysis method. In
the irradiation of gold foil, the integral power of the operation was estimated by combining the
activity of the Au foil and activation rate calculated by MCNP4A, a continuous neutron Monte
Carlo code.

4. CALCULATION AND DISCUSSION
4.1 Calculation method

The calculations were performed with SRAC code system developed at JAERI and
MCNP 4A. SRAC code system is composed of neutron cross section library with 107 groups
called a public library, diffusion code CITATION and transport codes, ANISN and TWO-
TRAN. Among these codes, ANISN and TWOTRAN were adapted to the calculations on ac-
count of their geometrical capability and feasibility. The former was used for energy collapse
from 107 to 16 group and the latter was used for calculation of the effective multiplication
factors of experimental cores. The thermal cut-off energy was 0.6825 eV. The narrow
resonance approximation was adapted for energy group collapse calculation . The number
of neutron particles is usually 1,000,000 (=5000X200) in the calculations with a continuous
energy Monte Carlo code MCNP 4A. The multigroup nuclear data library in the SRAC system
and the MCNP nuclear data library were both prepared from the latest Japanese evaluated nu-
clear data library JENDL3.2 which was completed in JAERI.

4.2 Calculation model
Two types of geometrical models were adapted in the benchmark calculations. Simple

two dimensional R-Z models were used for TWOTRAN, which does not include the upper part
above solution height. Therefore, the heights of the core tank and water reflector changes
according to the critical solution height in this simple model. Three dimensional model in-
cluding the water reflector above the core tank were used in the calculations with MCNP 4A.
The thickness of side water reflector and bottom water reflector were fixed 30 cm and that of
the top reflector was fixed 20 cm. The calculation model for each code is shown in Figure 2.
4.3. Benchmark calculations

The results of the benchmark calculations for experimental cores with TWOTRAN and
MCNP4A are summarized in Table 3. When using JENDL 3.2, the average values of calcu-
lated keff with TWOTRAN for water reflected and unreflected cores were 1.00796 ±
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0.00145 and 1.00630 ±0.00131, respectively. The average values with MCNP 4A for re-
flected and unreflected cores were 1.00795 ±0.00197 and 1.00380 ±0.00173, respectively.
The variation of calculated keff with the critical solution heights for reflected and unreflected
cores are shown in Figure 3 and 4.

Fluctuation of calculated keff with MCNP 4A was small for both water reflected and
unreflected cores. However, calculated keff is slightly larger than the experimental value of
1.0. The further investigation of the discrepancy of the average keff between reflected and
unreflected cores are necessary. However, in the calculations with MCNP 4A, the fuel re-
gion, the core tank and reflector region of sufficient thickness were all considered and no
apparent bad approximation were found.

The first feature of TWOTRAN calculation is that the variation in keff with the critical
heights for unreflected cores is relatively smaller than that for water reflected cores. The
second feature is that the calculated values of TWOTRAN are always larger than those of
MCNP about 0.25 % A K. It is mainly due to that the differences of infinite multiplication
factors between two methods. The discrepancy between TWOTRAN and MCNP is almost
constant, which implies that both MCNP and TWOTRAN evaluated the leakage effect
comparatively. The discrepancy between calculated and experimental values is mainly due to
the nuclear data library JENDL 3.2. This is because the calculations with the combination
of TWOTRAN and JENDL 3.1 gave smaller keff as seen in Table 3. The calculated in-
finite multiplication factor for typical fuel concentrations are seen in Figure 5. Calculated

infinite multiplication with ANISN are always about 0.25 % A K larger than those with
MCNP 4A.

In the case of the water reflected cores, the calculated keff with TWOTRAN has a ten-
dency of increasing with critical height. In comparison with the results of MCNP 4A, the
values with TWOTRAN were smaller in the lower range of the solution height and larger in
the range of solution height more than 70 cm.

Taking account of the conventional R-Z model used in TWOTRAN calculations, the negli-
gence of the above parts of water reflector above the fuel solution height probably effected
negative, especially in low height cases. This negative effect becomes smaller with increasing
in the solution height, the differences of infinite multiplication factors between two code
systems gradually become dominant.

The ratio of the group wise production rate to the total absorption rate is shown in Figure
6. It can be seen from this figure that most of all production reaction occurred under 0.1 eV
neutron energy range, and neutron multiplication is dominated by the neutrons in the 15th. and
16th. energy groups.

5. SUMMARY

As the STACY started steady operations, systematic criticality data on low enriched
uranyl nitrate solution system could be accumulated. Main experimental parameters for the
cylindrical tank of 60 cm in diameter were uranium concentration and the reflector condition.
Basic data on a simple geometry will be helpful for the validation of the standard criticality
safety codes and for evaluating the safety margin included in the criticality designs.

Calculations with TWOTRAN and MCNP 4A using JENDL 3.2 overestimated the ef-
fective multiplication factor for critical configuration , which is mainly due to the nuclear data
library. However, further investigation is necessary to the discrepancy between the calculation
and experimental values.
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Table 1 Main items of reactor physics lest and their requirements

|No.

1

2

3

4

5

6

7

8

9

Experimental Item

Critical height

Maximum reactivity

Maximum reactivity addition rate

Reactivity of driving mechanism

Shutdown margin at all-rod insertion

Shutdown margin at one-rod stuck

Reactor power

Kinetic parameter /? eff/1

Neutron flux

Limit value

40-140 cm

0.8S

3 cent/sec

^ 3 0 cent

Keffg 0.985

Keff<0.995

Power

< 200 watt

-

-

-

Measurement

Inv.se multiplication

Reactor period
measurement

Rod drop method

Neutron source
introduction method
Gamma activity of fission
products and Np239

Activation of gold foil

Reactor noise method

Pulsed neutron method

Activation of gold wire

Scanning of neutron
counter

Instrumentation

B10 counter, He3 counter

Compensated Ionization
Chamber (CIC)

B10 counter, He3 counter

Multi-Channel Sealer (MCS)

B10 counter ,CIC,
Am-Be source
Ge(Li) detector,
y -ray spectroscoDV
Nal(Tl) Scintillation,
/? - y coincidence system

Fast Fourier Analyzer, CIC,
Analog Data Recorder

Pulsatoron, B10 counter,
MCS

Nal(Tl) Scintillation counter

Counter driving system
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Table 2 Experimental results of critical solution heights

Run
No.

1
29
31

34
46
51
54
14
30
32
36
49

Reflector

Water

None

Uranium
Concentration

(g/1)

310.1
290.4
270.0
253.6
241.9
233.2
225.3
313.0
290.7
270.0
253.9
241.9

Acidity
(moll/1)

2.17
2.23
2.20
2.24
2.27
2.28
2.28
2.25
2.23
2.20
2.23
2.27

Core
Temperature

CO

23.1
24.8
24.7
24.8
24.6
22.4
23.3

23.8
25.4
25.3
25.8
23.4

Critical
Height
(cm)

41.53
46.70
52.93
64.85
78.56
95.50
130.33
46.83
54.20
63.55
83.55
112.27

Density
(g/cc)

1.48266
1.45717
1.43479
1.40902
1.39357
1.38480
1.37220
1.48807
1.45711
1.43389
1.41018
1.39410

Date

1995/2/23
1995/5/30
1995/6/9
1995/6/12
1995/7/6
1995/9/20
1995/9/26
1995/4/11
1995/6/1
1995/6/7
1995/6/21
1995/7/13

Reflector

Water

None

Run

No.

1

29

33

34

46

51

54

14

30

32

36

49

Table

Uranium

Cone.

(8/1)
310.1

290.4

270.0

253.6

241.9

233.2

225.3

313.0

290.7

270.0

253.9

241.9

3 Results of the benchmark calculations

Acidity

(moll/1)

2.17

2.23

2.20

2.24

2.27

2.28

2.28

2.25

2.23

2.20

2.23

2.27

Effective multiplication factor

TWOTRAN

JENDL 3.2
1.00547

1.00763

1.00625

1.00925

1.00949

1.00873

1.00889

1.00424

1.00678

1.00564

1.00817

1.00666

TWOTRAN

JENDL 3.1
0.99810

1.00054

0.99948

1.00276

1.00323

1.00266

1.00299

0.99669

0.99957

0.99878

1.00161

1.00033

MCNP 4A

JENDL 3.2

1.00751 ±0.00068

1.00848 ±0.00068

1.00669 ±0.00066

1.01044 ±0.00058

1.00799 ± 0.00054

1.00754 ±0.00053

1.00702 ±0.00055

1.00278 ±0.00070

1.00403 ±0.00066

1.00300 ±0.00065

1.00533 ±0.00062

1.00385 ±0.00067

Safety rod

Level guage
Unit [ mm]

Stainless steel

Plate
5as£

Bottom of the
reflector pool

300

1196

Fuel drain line

MODEL 1 MODEL 2

Figure 2 Calculation model

Figure 1 Vertical cross section of the core tank
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Figure 3 Calculated Keff for water reflected cores
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Figure 4 Calculated Keff for unreflected cores
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Figure 6 Calculated ratio of group wise production
rate to total absorption rate
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