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Abstract 
The computing codes used for the thermo-hydraulic aspects of the TRADE (TRiga Accelerator 
Driven Experiment) require the basic information of the temperature distribution across the core 
and its correlation with the thermal power produced by the core itself during the normal operation. 
Moreover the core codes used for the evaluation of the effects on the system following a changing in 
the reactor reactivity require the knowledge of the reactor responses to the system variation. With 
the aim of give the as complete as possible answer to these requests, an acquisition system based on 
PC was realized. A series of records of the temperature distribution across the core in several 
steady states as well during reactivity transients was performed. 
 

1. Introduction 
The TRADE experimental activities are scheduled to begin in 2008 at the existing TRIGA reactor at 
the Casaccia Centre of ENEA near Rome. The plan is to couple an existing reactor capable of 
demonstrating features of power operation (notably power coefficients of reactivity) with a neutron 
spallation source driven by a high energy proton beam. It is felt [1] that TRADE will be able to 
demonstrate and test many features of operability of an ADS such as relations among reactivity 
(including feedback), accelerator current, and source importance. There are a number of relevant 
measurements that can be made in the reactor before the spallation source is installed [2]. These 
include characterization type measurements, such as fission rate traverses or core thermo-hydraulic 
performances, and fundamental reactor physics measurements such as determination of kinetic 
parameters through noise or other dynamic techniques. In this paper, we will summarize 
measurements of temperature distribution inside the core at different steady level of power and with 
different reactivity steps. These measurements were realized with the use 20 thermocouple placed in 
the core cooling water, described here below.  

2. Data Collection System 
The goal of the measurement campaign was the assessment of the temperature increase associated 
to the core heat on the outlet water for the different rings. This information is basilar for the 
computational codes used for the follow-up of the reactor dynamic. The request was to have a set of 
data linked to the reactor power and fuel temperature changes as consequence of the reactivity steps 
or steady states. For this purpose we realized a personal computer based data logging system 
combining two National Instruments A/D modules for the 14 bit digital conversion of the signals 
coming from the different devices and instruments with a special designed LabVIEW application 
ensuring a paced collection and store of the different temperature sensors, the two power channels 
and the rod movement. Each A/D module allows 16 single-ended channels, with the possibility of 
different ranges and amplifications. 
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3. Thermocouple positioning and connection 
The temperature in the core is characterized by a high gradient from the water channel towards the 
fuel element: at 1 MW, mean temperatures of the cooling water are about 40 °C while fuel 
temperatures are about 270 °C. Different thermocouple positioning among various sensors implies 
an un-comparable data collection. Using the ten holes in the top core grid having the corresponding 
holes in the bottom grid (Fig. 1), a set of ten housing tubes was designed in order to minimize their 
impact in the water flowing and ensure the thermocouple positioning just below the two grids. 
Figure 2 illustrates the sensor positioning and the housing tube details. The mapping traverse is the 
North-South axis of the core (Fig. 1). Each small tube has a prolongation for its positioning from 
the pool top (Fig. 3). With this arrangement, 20 K-thermocouples, with stainless steel cladding 
having φ 1 mm, was connected to data acquisition system, each among a conditioning module 
ensuring the galvanic de-coupling and the first amplification. 
For the fuel temperature information, one of the two available thermocouples inserted in the hottest 
pin (in B06 position) was connected to the data acquisition system with the above conditioning 
module. 

4. Reactor power and control rod information 
The output signals from the two channels, associated to the two compensated ionization chambers 
of the reactor control system, was connected to the data acquisition system for the continuous 
monitoring of the changing in the reactor response as consequence of the reactivity modifications. 
The synchronization with the control rod movement was ensured by means of virtual switch in the 
graphic interface of the LabVIEW application.   
 
 

 
Figure 1 – Measurement positions. 
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Figure 2 – In-core thermocouple positioning (left) and housing tube detail (right). 

 

 
 

Figure 3 – Prolongation tubes in the pool with top grid magnification  

5 - Reactor state  
The core configuration selected for the temperature measurement campaign is based on the pre-
TRADE core loading [3], characterized by the control rods positioned in D ring, with the excess of 
reactivity essential for operate at maximum power (1 MW). The four control rods were calibrated 
with dynamic measurements: figure 4 illustrates the typical S curve of the rod SHIM 1, used for the 
positive reactivity insertions in all step measurements. The control rods are moved with DC motors 

Top

Bottom
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having constant speed. The position of the rod is detected with a multi-turn potentiometer and the 
indication ranges from 100 (rod inserted) to 800 (rod completely withdrawn). The values of rod 
position (sometime cited as "cycles") are referred to the above indication. The movement from 100 
to 800 (i.e. 700 cycles) requires ~ 90 seconds. Figure 5 illustrates the reactivity controlled by 
SHIM 1 as a function of the position. Negative steps were obtained by the complete drop of the 
Regulating Rod. During all the measurements performed, the primary pumps are always in action, 
ensuring a water flow 80 m3/h. The pumps of the secondary loop were switched off during some 
measurements. 

 
Figure 4 – SHIM 1 Calibration Curve 

 
Figure 5 – SHIM 1 Reactivity <vs> position 

6 - Steady State Measurements 
The measurements were performed at different levels of the reactor power in steady state 
conditions. These conditions were obtained in two ways: 

• Long acquisitions in steady state at maximum power, dedicated to observation of possible 
counter reaction due to poisons and/or bubbles effects (Fig. 6); 

• Before  and/or after the step insertion (Fig. 7 and 8). 
 

 
Figure 6 – Temperature oscillations after step 

insertion 
 

 
Figure 7 – Temperature oscillations after step 

insertion 
 

A first examination of the thermocouple responses during the steady states reveals that the water 
temperature in the upper part of the core, just below the upper grid, is continuously oscillating (Fig. 
7) sometime accompanied by the oscillation in the neutron detector response (Fig 8). 
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Figure 8 – Temperature and neutron 

oscillations  
 

  
Figure 9 – Temperature with S3 tube lifted 

 

 
A possible justification of this behaviour was, at the beginning, that the tubes holding the 
thermocouples and connecting the lower plenum with the upper part of the core, establish an 
unsteady forced convection flow within the tubes. A measurement was executed inserting  a step of 
reactivity starting form about 500 kW and, during the steady state between two step insertions, 
moving up a thermocouple holder (S3 position) in order to place the lower thermocouple (S3B) in 
the position previously occupied by  the upper one (S3T). Figure 10 shows the displacement. 
 

 
Figure 10 – Thermocouple holder displacement 

 
The inspection of the temperature plot obtained (Fig. 9) excludes the first assumption: the 
temperature in the upper position continues its oscillation, even after the step insertion. 
A long-period acquisition (14.000 seconds) at maximum power steady state, keeping un-altered the 
control rod position (Fig. 11), reveals a low frequency oscillation, superimposed to the high 
frequency “noise” of the linear channel. A magnification of the linear channel and fuel temperature 
plots (Fig. 12) reveals that the two low frequency “oscillations” are strictly correlated: variations in 
neutron flux are accompanied by fuel temperature variations. The high frequency correlation 
requires further investigations.   
With the temperature collected during the long-period acquisitions, a radial map of the temperature 
across the core was achieved with the mean values of each thermocouple over a long observation 
time. The inlet and outlet temperatures are shown in figure 13 as well as the differential temperature 
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across the core. The shape of the outlet temperature profile is in good agreement with the flux 
distribution in the core, tacking into account the asymmetry highlighted in [3]. The 1N and 2S 
indications are slightly misaligned respect to the flux distribution. This is probably due to a small 
displacement of the thermocouple sensitive parts inside the housing tubes. Inlet temperatures are 
constant over the whole plenum below the bottom grid. 
 

 
Figure 11 – Temperature and flux oscillations 

 
 

 
Figure 12 – Temperature and flux oscillations: 

Magnification 
 

 

 
 

Figure 13 – Temperature profile in the core 
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7 - Positive reactivity insertions 
More than forty measurements were executed with positive step insertions. The reactivity 
values are indicated in the React. Step. in Table I. 
Figure 17 summarizes the reactivity steps performed at the various starting steady power of 
the reactor  
Examples of that category of measure are shown in Figures 14, 15 and 16. 
 

 
Figure 14 – Positive reactivity insertion 

 

 
Figure 15 – Positive reactivity insertion 

 
 

 
Figure 16 – Positive reactivity insertion 

 

 
Figure 17 – Negative reactivity insertion 

 

8 - Negative reactivity insertions 
Nine measurements were executed with negative step insertions obtained by the Reg. Rod 
drop, having 39 ¢ of reactivity. Figure 17 gives an example of that category of measurements. 

9 - Conclusions 
With the discussed measurement campaign, data from more than 50 reactivity steps are 
available. Figure 18 illustrates the different reactivity steps categorized by the starting 
steady power of the reactor. Dynamic code developers have data for benchmark 
Temperature oscillations require further examinations: a possible theme to be investigated 
is the water pressure changing in the core by the natural convention cooling. 
Temperature asymmetries in the two sides of the core (North and South) are explained by 
the already detected flux asymmetry. 
. 
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Figure 18 – Reactivity steps performed <vs> starting steady 
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