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ABSTRACT
Japan Atomic Energy Research Institute has started the supercritical experiment program

using a 10% enriched uranyl nitrate solution focusing on safety research in reprocessing plants
with the Transient Criticality Experiments Facility(TRACY)m in the Nuclear Fuel Cycle Safety
Engineering Research Facility(NUCEF). The purpose of the TRACY program is to obtain
data both on nuclear and thermal-fluidic transient characteristics and on the confinement
capabilities of radioactive materials in a postulated criticality accident in reprocessing plants.
In the experiment, fuel composition, reactivity insertion method, reactivity insertion rate, total
insertion reactivity and initial power can be varied for the experiment parameters '2'3 .̂ In the
supercritical experiment, excess reactivity can be inserted up to 3$ by withdrawal of a transient
rod or continuous feed of the solution fuel to the TRACY core tank.
In the transient experiment with step reactivity insertion of 2.9$, peak power and peak pressure
of the core obtained 1400MW and 0.85MPa, respectively.

In this paper, we will present the outline of TRACY, the power and core pressure
behavior changing the insertion reactivities with step reactivity insertion, and the peak power
changing the reactivity insertion rate and initial power level with ramp reactivity insertion.

I . INTRODUCTION

For design and operation of reprocessing plants, evaluation of a criticality accident

phenomenon is one of important requirements. Experimental study focusing on investigation

of a criticality accident phenomena with solution fuel has already been performed in French

experiment facilities [4] . However, since they use the highly enriched uranyl nitrate solution as

fuel, these experimental data have not been used to evaluate exactly for the reprocessing plant

in which low enriched uranyl nitrate solution is handled. The aim of the TRACY program is to

obtain data on postulated criticality accidents in reprocessing plants using low enriched uranyl

nitrate solution. The TRACY's data will be used to establish a reasonable scenario for safety

evaluation. There are three major research targets in the TRACY program. Their target are

evaluate 1) nuclear, thermal-hydraulic transient behavior such as power, pressure and

temperature, 2) irradiation dose from the core, 3) confinement capabilities of radioactive
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materials. By analyzing experimental data, the reactivity feedback mechanism in a criticality

accident will be realized.

The first criticality of the TRACY was achieved on December 20, 1995. The first

supercritical operation was followed by a supercritical operation mode function test on nuclear

characteristics. TRACY carried out 109 runs including 44 supercritical experiments up to this

November (1998).

In this paper, we will present the outline of TRACY and the results of transient behaviors

measurements, which focused on the first target.

II. EXPERIMENT

1. Experiment Facility

The TRACY mainly consists of a core tank, a solution feed system, a solution storage

system, and a ventilation gas line system as illustrated in Fig.l. The fuel of the TRACY is

uranyl nitrate solution, which is fed from a dump tank to the core tank by a pump. The core

tank made of stainless steel is cylindrical shaped with outer and inner diameter of 50 cm and

7.6cm, respectively. The outer and inner cylinder wall is lcm and 0.35cm thick, respectively.

The core tank is approximately 2m high. A transient rod for insertion of excess reactivity is

installed in the center of the core tank. The maximum power of TRACY is 5GW. The

maximum integrated power is 32 MWs, equivalent to 1018 fissions. In operations, reactivities

are controlled by feed and drainage of the solution fuel. Height of the solution fuel is

measured by a contact type level gauge whose accuracy is ± 0.2mm. A layout of the

measurement devices is illustrated in Fig. 2. The reactor power is measured using two

transient linear channel(Tra Lin ch.) and a transient log channel(Tra Log ch.) fission chambers

equipped on the ceiling of the reactor room. The pressure in the core and the plenum is

measured using strain gauge type pressure transducers equipped at the side and top of the core

tank, respectively. The accuracy of these transducers is ± 1.5 % of full scale(1.4MPa).

Axial distribution of the solution temperature is measured by thermocouples equipped inside

the core tank. All these data are recorded using a high-speed data logger. During the

transient experiment, radioactive gases including fission products are generated in the core and

they are circulated for at least 24 hours after the experiment in a closed-loop vent gas line

system to reduce radioactivity. Hydrogen gas is also generated during the experiment by high

radiation. The transferred hydrogen gas into the plenum is diluted in the dilution tank and

recombined into water by the recombiner.
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2. Transient operation modes and experimental conditions

(l)Transient operation modes

Criticality accident phenomenon are simulated by the following transient operation modes:

(i) Pulse withdrawal mode ; the transient rod is withdrawn within a 0.2 seconds time frame

from bottom to top (approximately 1.5 m) by pressurized air.

(ii) Ramp withdrawal mode ; the transient rod is withdrawn in a fixed speed

which can be set at various speeds(from 1 to 900 cm/min).

(iii) Ramp feed mode ; the solution fuel is fed continuously over the critical height

by the feed pump of which flow rate can be set at various rates(from 0.7 to 65 liter/min).

(2)Experimental condition

The experimental conditions of the core are as follows:

(i)Solution fuel: Uranyl nitrate solution

(ii)Enrichment: 10wt% U-235

(iii)Uranium concentration: about 400gU/liter

(iv)Nitric acid molarity: about 0.7mol/liter

(v)Initial temperature: about 25*0

(vi)Reflector: None

III. RESULTS and DISCUSSIONS

1. Transient Characteristics in the pulse withdrawal operation

Transient operations in the pulse withdrawal mode(with step reactivity insertion) were

carried out with different insertion reactivities. A typical transient profile of power and

pressure is shown in Fig.3. In this case, the reactivity of 2.9$ is inserted. The first peak

power was obtained at 1400MW. Simultaneously, the pressure in the core achieved 0.85MPa.

After those peaks, pressure in the plenum rises slowly and is smaller than that of the core.

The pressure in the core is generated by the growth of radiolytic gas bubbles. The first peak

power is limited by the negative reactivity feedback due to both the increase of temperature and

the growth of radiolytic gas bubbles.

The power and core pressure with step reactivity insertion were measured changing the

insertion reactivity. The measured specific peak power and peak pressure in the core for the

super prompt critical experiment p >1$) versus the inverse period are shown in Fig.4. In

this figure, the inverse period GO (s1) is obtained from the following equation using measured

Peff
—— by the pulsed neutron method.

- 122 -



JAERI-Conf 99-004

where p is the insertion reactivity($), j3 eff is the effective delayed neutron fraction and I

is the prompt neutron lifetime(s).

Both the peak power and peak pressure in the core are proportional to the 1.6th power of the

inverse period. A relationship between peak pressure in the core and coEp is shown in Fig.5,

where Ep is energy integrated up to the peak of power. The value 0) Ep is thought to relate to

the power at the time when radiolytic gas bubbles generated. It is seen from the figure that t

he peak pressure is proportional to coEp. Spike shaped pressures appeared in the range

greater than about 600MW, while the oscillated pressure was observed in the range from 300 to

600MW.

The profile of the power and pressure in the core with three different insertion

reactivities is shown in Fig.6. The core pressure starts to rise before the power reaches its

peak in all cases. These pressure rise points are considered to be equal to the starting points of

rapid growth of the radiolytic gas bubbles. Since the starting points are faster than the power

reach its peak, the peak power is limited by the reactivity feedback effect not only of the

temperature but also of the radiolytic gas bubbles. Approximately 5milliseconds after the start

of the pressure rise, the power reaches its peak. The power at the start of the pressure rise

changing the insertion reactivity is shown in Fig. 7. The power at start of the pressure rise

increases with the increase of the inverse period. The energy integrated up to the start of the

pressure rise Eg versus the inverse period is shown in Fig.8. The energy Eg(MWs) is obtained

from the following equation using the power at start of the pressure rise Ng(MW).

N.

The energy integrated up to the start of the pressure rise is equal to the threshold energy of the

generation of the core pressure. The measured threshold energy for the pressure generation is

about 2.5MWs, as shown in Fig.8 although this energy tends to decrease with the increase of

the inverse period.

2.Transient Characteristics in the Ramp withdrawal operation

The power in the ramp withdrawal operation (with ramp reactivity insertion by

withdrawal of the transient rod) was measured changing the reactivity insertion rate, the total

insertion reactivity and initial power level. The profiles of the power with three different

reactivity insertion rates are shown in Fig.9. In all cases, the first peak power increases with
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the increase of reactivity insertion rate and drops rapidly caused by negative reactivity feedback

of temperature rise and radiolytic gas bubbles formation. The gas bubbles move upwards,

then disappear from the core. Due to this movement of the bubbles, the positive reactivity is

added again, and the second peak appears. The first peak power increases with the increase of

the reactivity insertion rate. The relationship between first peak power and the average

reactivity insertion rate is shown in Fig.10. In the case of 1W initial power, the peak power is

proportional to the reactivity insertion rate and does not depend upon the total insertion

reactivity in the range of present measurements. Initial power was also varied for comparison

of peak power. The first peak power tends to increase with the decrease of the initial power

level. When the initial power changes from 1W to 3mW, the first peak power increases to

about twice as much as the higher initial power. The power profiles with different initial

power levels are shown in Fig 11. In the case of 200W initial power, the time required to

reach the peak of power is the fastest but the peak power is the smallest among the three cases.

This is because the higher the initial power becomes, the faster the temperature reactivity

feedback effect works.

IV. SUMMARY

A series of transient operations with TRACY have been carried out, and the following

results are obtained:

In the pulse withdrawal operation,

(l)The first peak power is proportional to the 1.6th power of the inverse period.

(2)The peak pressure in the core is also proportional to the 1.6th power of the inverse period.

(3)The peak pressure in the core is proportional to O)Ep.

In the ramp withdrawal operation,

(l)The first peak power depends on the reactivity insertion rate and the initial power.

(2) The first peak power is independent of the total reactivity insertion.
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Fig.l Schematic diagram of TRACY
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Fig.3 Typical transient behavior (Pulse withdrawal operation, 2.9$)
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