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In order to validate the availability of criticality calculation codes and related nuclear data

library, a series of fundamental benchmark experiments on low enriched uranyl nitrate

solution have been performed with a Static Experiment Criticality Facility, STACY in JAERI.

The basic core composed of a single tank with water reflector was used for accumulating the

systematic data with well-known experimental uncertainties. This paper presents the outline

of the core configurations of STACY, the standard calculation model, and calculation results

with a Monte Cairo code and JENDL 3.2 nuclear data library .

1. Introduction

Since the first criticality attained at the Static Experiment Criticality Facility, STACY,

in 1995, systematic criticality data on 10% enriched uranyl nitrate solution using single core

tank have been accumulated0'25. In the fundamental critical experiments, two cylinder tanks

of 60 cm and 80 cm in diameter and a slab-type tank of 28 cm in thickness were used.

Temperature coefficient and kinetic parameters such as effective delayed neutron fraction and

prompt neutron life time were also measured changing the uranium concentration and

reflector conditions. The basic criticality data of STACY have been submitted to the

working group of International Criticality Safety Benchmark Experiment Project, ICSBEP in

OECD/NEA, most of which are included in the International handbook of evaluated criticality

safety benchmark experiments(3'5). As the accuracy of these criticality data of STACY were

evaluated very carefully, these data are useful for validating the calculation codes and nuclear

data file.

This paper presents the outline of the configurations of basic cores of STACY and the

main calculation results for the water reflected cores using a continuous energy Monte Carlo

Code MCNP-4A/B and Japanese Evaluated Nuclear Data Library, JENDL 3.2.
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2. Experiment configuration

STACY is a solution-type critical facility which consists of a core tank containing fuel

solution, a solution transfer system, a fuel storage system, a fuel treatment system, and a water

reflector system. The fuel solution is fed from a storage tank to a core tank and its reactivity

is controlled with the solution height without control rods making a simple geometry. The

core tank is placed in a water reflector pool and basic benchmark cores are constructed with

water reflector or without reflector. Schematic view inside STACY reactor room is shown in

Figure 1.

Experimental range and obtained number of critical conditions of basic cores are

summarized in Table 1. Critical solution height was measured by observing the constant

reactor power with compensated ionization chambers of operation channel(3,4). Critical

solution heights were accumulated with three core tanks with changing the uranium

concentration of uranyl nitrate solution from 464 gU/L to 187 gU/L. The acid morality of

fuel solution is fixed for each core. The variations of the critical solution height for three

core tanks are shown in Figure 2.

3. Uncertainties of critical experiments

The effects on keff of uncertainties in measured data were calculated and are described.

Sensitivity studies were performed with the two-dimensional neutron transport code

TWOTRAN and a 16-group cross section set collapsed from the 107-group SRAC public

library based on JENDL-3.2. Table 3 shows an example of the effects of uncertainties of fuel,

geometry and temperature on k^ of a single core. For example, Tables 2 and 3 show the

critical conditions and effects of uncertainties of fuel geometry and temperature on keff in

case of 60 cm cylindrical tank. Main parameters of materials are U-235 enrichment,

uranium concentration and acid molarity. Amount of the impurities in fuel solution such as

Fe, Cr and Ni are so small that their reactivity effects are negligible. Main parameters of

geometry are size of the core tank, thickness of side and bottom plates, and measured critical

height. The error in measured critical height using reactor period is ±0.2 mm in STACY

experiments.

4. Standard benchmark model

The benchmark model for water reflected core is shown in Figures 3. The model is very

simple and it consists of the fuel solution, core tank, and light-water reflector only. In the

benchmark model, the side and lower reflectors have a thickness of 30 cm. These are thinner
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than the actual water reflector. The thickness of 30 cm, however, is considered to be

sufficiently large. Main structures and devices which are not included in the benchmark

model for simplification are as follows. Figures 3 show the photograph and standard

benchmark model of three core tanks.

(1) Contact-type height gauge. This is hung above the surface of the fuel solutions.

(2) Four legs supporting the core tank.

(3) Fuel feed/drain pipe containing fuel solution. The outer diameter of this pipe is 27.2

mm and the thickness of the pipe wall is 3.4 mm.

(4) Guide tube for neutron source. This tube lies horizontally below the core tank. Since

this tube is filled with air, it replaces water reflector.

(5) Base plate. This plate is supporting the four legs. The upper surface of this plate is 14

cm below the bottom of the core tank.

(6) Neutron counters. The closest counter is 6 cm away from the side wall of the core tank.

(7) Upper structure of the core tank. The guide tubes of the safety rods, height

measurement devices, and safety rods are located above the upper plate of the core tank.

(8) Water-reflector pool wall. The bottom of the pool is 33 cm below the core tank. The

side wall of the pool is 70 cm away from the side wall of the core tank.
(9) Hood and concrete wall of the reactor room.

To estimate the model simplification effect for each core configuration, a detailed model that

includes the structures (l)-(9) was constructed. The model simplification effect is defined as

the difference of keff's between the benchmark model and the detailed model. The

calculations of keff's were carried out by MCNP 4A/B with JENDL-3.2 (107 neutron

histories). The model simplification effects are not definitely known. Thus, the biases in

calculated keff of the benchmark model are estimated to be none.

5; Calculation results

For the benchmark model of each basic core of STACY, critical calculations were

performed using a continuous energy Monte Cairo code MCNP-4 and JENDL3.2 as standard

method. Other calculations are also made using standard code system of United States,

France and United Kingdom. Nuclear data file ENDF/B-VI is used as an updated file in

United States, and JEF2.2 is used in UK and France. A multi-group Monte Cairo code

MORET is frequently used, and a continuous energy Monte Cairo code TRDPOLLI is used as

a reference calculation in France. MONK8 is used as a standard system in UK.

Figure 4 shows comparison of calculation results of three core tanks of STACY. From

these figures, it can be seen that the calculated results with combination of MCNP and

JENDL3.2 are larger than other code systems. The calculation using this combination

overestimated the experimental keff of unity in the range from 0.4% to 1.0% A k. As. there is
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a slight tendency that the bias of the calculation using MCNP-4 and JENDL 3.2 increase with

uranium concentration in fuel solution, it is necessary to consider the reason in detail from the

experiment and analysis aspects.

Figure 5 shows a preliminary calculation results when the nuclear data of JENDL 3.2

for uranium in fuel solution are replaced by those of JENDL 3.3. It can be seen that the

calculation with JENDL 3.3 causes the decrease of 0.3~0.5% A k compared with

JENDL3.2.

6. Summary

There were few criticality data for the low enriched uranyl nitrate solution before

STACY became in operation with a single core tank. By obtaining the systematic criticality

data with well-known experimental error by changing fuel concentration, it became possible

to discuss the bias of calculated neutron multiplication factor. Temperature coefficient in

relation to reactivity feed back and kinetic parameter used in transient analyses such as

effective delayed neutron fraction and prompt neutron life time have been also measured for

single core by changing uranium concentration and reflector material®. These data will be

useful to validate the reliability of temperature dependent nuclear data library and the

calculation method.

As for single core of STACY, benchmark experiments on plutonium nitrate solution

with high Pu240 content and mixture of uranium and plutonium nitrate solution with low

plutonium enrichment are scheduled in near future(7). In order to update the nuclear data

library and establish the standard calculation system of Japan, it will be necessary to make

wide benchmark analyses using the evaluated criticality data of STACY.
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Figure 1. Schematic view inside STACY reactor room

Table 1. Experimental condition of STACY basic single core

(1) 6000 cylindrical tank
U concentration = 225.3 ~313.0 (gU/L)
Acidity = 2.17 ~ 2.28 (mol/L)
Water = 7 (case), Bare = 5 (case)

(2) 280T slab tank
U concentration = 299.6 ~464.2 (gU/L)
Acidity = 0.80 ~ 0.97 (mol/L)
Water = 7 (case), Bare = 6 (case)

(3) 800 0 cylindrical tank
U concentration = 187.4 ~243.1 (gU/L)
Acidity = 0.97 ~ 0.99 (mol/L)
Water = 4 (case), Bare = 4 (case)
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Figure 2. Variation of critical solution height in basic core of STACY

Table 2. Critical condition of the water reflected 60 cm-diameter cylindrical tank

Run

No.

1

29

33

34

46

51

54

Uranium

Concentration

(g/liter)

310.1 ±0.5

290.4±0.5

270.0±0.5

253.6±0.5

241.9 ±0.5

233.2±0.5

225.3+0.5

Acidity (a)

(mol/liter)

2.17±0.02

2.23±0.02

2.20±0.02

2.24±0.02

2.27 ±0.02

2.28±0.02

2.28±0.02

Core

Temperature

(°C)

23.1

24.8

24.7

24.8

24.6

22.4

23.3

Critical

Height

(mm)

415.3±0.2

467.0±0.2

529.3±0.2

648.5 ±0.2

785.6 ±0.2

955.0 ±0.2

1303.3±0.2

Density w

(g/cm3)

1.4827 ±0.0005

1.4572±0.0005

1.4348±0.0005

1.4090±0.0005

1.3936±0.0005

1.3848±0.0005

1.3722±0.0005

Date

2/23/1995

5/30/1995

6/9/1995

8/14/1995

7/7/1995

9/20/1995

9/26/1995

(a) These values are measured at 25°C
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Table 3. Effects of uncertainties of fuel, geometry and
temperature on keff for 60 cm-cylindrical tank

Parameter

Enrichment

Concentration

Acid molarity

Density

lmpurity(Fe)

Impurity(Cr)

Impurity(Ni)

Uncertainly

±0.013wt.%

±0.5gU/l

±0.02mol/l

±0.0005g/cm3

2&mg/l

10mg/l

11mg/l

A keff. %

1

±0.046

±0.029

-+0.040

±0.009

-0.0009j

-0.0004

-0.0006

29

±0.048

±0.038

-+0.038

±0.007

-0.0009

-0.0004

-0.0006

33

±0.050

±0.048

-+0.034

±0.004

-0.001

-0.0005

-0.0007

34

±0.051

±0.058

-+0.031

±0.002

-0.001

-0.0005

-0.0007

46

±0.053

±0.067

-+0.029

<0.001

-0.0011

-0.0005

-0.0007

51

±0.053

±0.073

-+0.027

-+0.002

-0.0013

-0.0005

54

±0.055

±0.079

-+0.025

-+0.003

-0.0007

-0.0003

-0.0007 | -0.0005

Parameter

Diameter

Side-Wall Thickness

Bottom-Plate Thickness

Critical Height

Temperature

Change

±0.3°C

Uncertainly

±1.0 mm

±0.2 mm

±0.4 mm

±0.2 mm

1

±0.010

A keff. %

1

±0.037

±0.026

±0.005

±0.009

29

±0.009

29

±0.037

±0.026

±0.004

±0.007

33

±0.037

±0.025

±0.003

±0.005

A keff, %

33

±0.009

34

±0.008

34

±0.038

±0.026

±0.002

±0.003

46

±0.008

46

±0.038

±0.026

±0.001

±0.002

51

±0.008

51

±0.038

±0.026

±0.001

±0.001

54

±0.008

54

±0.038

±0.027

<0.001

<0.001

1500

Water
300 , 0

r '•' \ Dimensions in mm

Photograph Benchmark model

Figure 3.(a) Configuration and benchmark model of 60cm-diameter cylindrical tank
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Figure 3.(b) Configuration and benchmark model of 28cm-thick slab tank
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Figure 3.(c) Configuration and benchmark model of 80cm-diameter cylindrical tank
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Figure 4.(a) Calculation results of neutron multiplication factor keff
for water reflected 60cm-diameter cylindrical tank
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Figure 4.(b) Calculation results of neutron multiplication factor
keff for water reflected 28cm-thick slab tank
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Figure 4.(c) Calculation results of neutron multiplication factor keff
for water reflected 80cm-diameter cylindrical tank
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Figure 5. Difference of keff between JENDL3.3 and JENDL3.2
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