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ABSTRACT 
 

This paper we present is related to SIPPING Machine Control System New Design to perform Integrity of 
Nuclear Fuel Test. This test is a non destructive technique used for evaluating the radiated nuclear fuel 
coating structural integrity. It`s based on the radioactive emission detection of fission elements in the 
reactor cooling system, using the fuel inspection equipment (SIPPING).  
 
SIPPING equipment consists of one simultaneous test bell-shaped vessel of eight fuel elements, and 
another one for individual element test, a control workstation and some accessories (cables, 
thermocouples, hoses).  
 
SIPPING inspection is carried out by means of fuel element vessel. Through air injection, water flows 
around the element and heat evacuation is reduced, so fuel elements temperature increases. Those 
elements with faults shall expelled fission components dissolved in water and/or as a gas component.  
 
The project aim is the SIPPING system control design and software based on LAbVIEWTM, for control, 
monitoring and documentation of the SIPPING Test. This project shall give a major functionality to the 
system and, at the same time, shall facilitate the user a friendlier and interactive environment allowing: 
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- To substitute the present work platform with a real-time electronic system based on cRIO 

and a control software ad-hoc designed for SIPPING system. 
- To equip new system of a major redundancy for data storage, minimising loss probability 

of the same. 
 

 
1. INTRODUCTION  

 
The test to be monitored is a non-destructive technique used to assess the structural integrity of 
the irradiated nuclear fuel casing. It is based on the detection of radioactive emissions from the 
products of fission to the reactor coolant with the aid of the inspection equipment for fuel 
elements, known as SIPPING. 
 
The aim of this work is to facilitate the use of SIPPING, creating a new, more automated 
monitoring system while providing greater robustness and redundancies, thus guaranteeing the 
compilation and recording of test data in the event of communication failure with the control 
computer.  
 
Similarly, an IT application must be developed to easily identify and select the fuel elements on 
the map of the reactor core and to manage the test information. 
 
To deal with this challenge, the CompactRio “cRIO-9014 Real-Time PowerPC Embedded 
controller” was used. It controls the machine, guaranteeing system redundancy, and interacts with 
the application, developed in LabVIEW 8.6, which handles and makes the information available 
to the technicians in a user-friendly and simple way, simplifying and reducing the working time 
in the plant. 
 
SIPPING equipment consists of a chamber for simultaneous testing of eight fuel elements 
(figure1), along with another chamber for testing individual elements, in addition to the control 
station and the corresponding accessory elements (cables, hoses, thermocouples, etc.) (see figure 
1). 
 
The SIPPING inspection is carried out using the chamber which encloses the fuel elements. The 
water is moved by air injection and the heat evacuation is reduced, thus increasing the 
temperature of the fuel elements. Those with defects will give off the fission by-products 
dissolved in water and/or in the form of gas. The samples in water or gas phase are analysed in 
real time and stored for further analysis in the Radiochemistry Laboratory. 
 
Control over the running of the process, documenting the results and a prior assessment of the 
gas and water sample dosage (through communication with a radiation monitor) are performed 
from the control station with the aid of a personal computer. 
 
The aim of the project is inherent in the design of the control part of the SIPPING system and the 
LabVIEW based software application for the control, monitoring and documentation of the 
SIPPING tests. 
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Figure 1. SIPPING chamber 
 
 

2. RESULTS: SIPPING SAMPLING AND CONTROL SYSTEM DESCRIPTION 
 
The SIPPING control system developed is based on a cRIO real time system, specifically the 
cRIO-9014 embedded real time controller. The CompactRIO embedded real time controller is 
designed for use in industrial environments that call for extreme robustness and reliability and 
facilitates data storage redundancy. These specifications meet the needs found in Nuclear Power 
Station environments. The cRIO-9014 has a high-speed USB port for the connection of USB-
based external storage media (flash controllers and hard disks). 
 
Both the real time controller and the cards which allow the system to function are mounted on a 
cRIO-9104 chassis from National Instruments. This is a reconfigurable 3M 8-slot embedded 
chassis providing maximum processing power and the ability to design customised hardware 
using NI LabVIEW. 
 
The system is fitted with several expansion cards that give the system the functionality needed to 
carry out the SIPPING tests (temperature measurement, acquisition of analogue signals, drive 
control, etc.). The following cards have been installed: 
 

- NI 9211 4-channel thermocouple input module.  
- NI 9219 4-channel analogue input module.  
- NI 9476 32-channel sourcing type digital output module.  
- NI 9425 32-channel sinking type digital input module.  
 

To ensure maximum security in compiling the information and the system stability, three levels of 
redundancy are introduced: (See figure 2) 
 

- Internal hard disk (HD2) to PC, unconnected to the system and containing an exact copy 
of the hard disk labelled HD1. This disk can be activated in the event of failure of the 
initial hard disk.  

- Removable 2.5” hard disk that acts as backup disk for all the sessions carried out in 
SIPPING. This disc will store all the information generated by the SIPPING in real time 
and in parallel.  
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- cRIO is a real time information gathering and management system fitted with a small 
internal hard disk (HD3), which also has a USB port linked to a flash memory that 
enables the session data to be stored.  

 
In the event of PC failure, cRIO will continue to run in stand-alone mode, storing only the test 
data. This data may be recovered using a cRIO data backup software tool. 
 
Likewise, the redundancy is guaranteed with the measuring equipment for the gas and water 
sampling activity via the RS232 serial communication port, using the PC interface or the cRIO 
internal RS232 interface. 
 
The SIPPING system programming software is split into three blocks: 
 

- LabVIEW Real-Time programming for the embedded elements and expansion cards.  
- LabVIEW programming of the interface between the Real-Time module and the user 

interface.  
- LabVIEW Standard programming to provide the user interface with all the functionality 

needed by the client.  
 
 

 
 

Figure 2. Control system and redundancy level diagram 
 
 
The cited control system consists of: 
  

- Personal Computer: by means of an IT program, this computer’s mission is to coordinate 
all the individual processes for sample taking, making it possible for the System operator 
to make an initial estimation regarding the measurement of the sample taken. In turn, 
overall it also deals with the most relevant data from the process (activity in the water and 
gases, temperatures, pressures, etc.) immediately, for its subsequent assessment. 

  
- Software: loads a specific IT program designed for the following tasks: 
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o Controlling the running of the SIPPING process step by step either manually or 
automatically, in which case the operator, according to the sequence and 
instructions displayed on the computer screen, only needs to deal with elementary 
actions such as opening and closing valves, leaving them free to concentrate 
completely on the instrumentation indications, timing each step of the process, 
labelling the sample bottles and removing the samples from the Sampling Station 
to be sent to the Hot Laboratory (Radiochemistry) and later analysed and printed 
in line with the established sequence, and starting a new sequence. 

o Drafting, storage in memory and representation of the most relevant data and 
magnitudes of the process, and graphic printing of the same, such as: temperature 
increases, activities, pressures, etc.  

o Storage in the removable disk or diskette of the data acquired in the sampling 
process, as well as its printout on paper.  

   
In figure 3 we can see the start screen of this computer program. The buttons available to 
the operator are: LOWER (to lower the chamber and the pistons), AIR (to begin air 
injection), TAKE WATER SAMPLE, DRAINING (to eliminate water from a previous 
measurement), TAKE GAS SAMPLE, RAISE (to raise pistons and the chamber), GAS 
DRAINING (to eliminate gas from a previous measurement), DATA COMPLETE (on 
clicking here, the data capturing is ended and this is shown on different graphs that we 
shall show later). It is worth noting that the software that has been developed guides the 
operator at all times, showing them the state of the test and the steps to follow by means 
of messages that appear. We can see an example of these messages that appear in figure 4. 

 
- Keyboard: traditional, for industrial use, it is watertight and with it one can handle the 

sampling program as well as other tests on the equipment prior to using it so that it works 
properly. 

 
- Monitor: 14” colour. This is installed on a frontal frame and has a standard, high 

resolution VGA graphic card. On the screen we can see all the information necessary 
during the sampling process. 

 
- Printer. 
 
- FHT 1100 activity indicator/register: the activity measured in the water and gas samples is 

collected in the FHT 1100 equipment, which has two measuring channels. The activities 
measured are converted into analogue voltage signals by means of an E230 card. They are 
digitised, read and registered in the computer. The measurement range for the separate 
creation of Iodine and Caesium nuclides is transferred from the computer by an RS232 
interface in series. 

 
- NaI detector and SB40: this is set inside the lead plating in the inner frontal part on the 

left side of the control console. Adjustments made to this must be done before the 
sampling is carried out as one of the tests on the equipment prior to depth determination 
and within the parameters referred to in the NaI spark detector Check List and plastic 
attached. To do so, an energy source is applied from the Cs 137 for cold fuel elements, 
and from the I 131 for hot fuel elements, accepting a margin of error on the counts (cps) 
read with respect to the ones referenced in the Indicator Check List.  
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Figure 3. SIPPING Control Panel (left) and screen capture for the control computer 
application (right) 

 
 

     
 

Figure 4. Some of the messages that guide the operator when handling the system 
 
 
In addition, the Sample Taking Station has the following components:  

 
- Connectors, Valves and Drives: the sample taking, as well as the process of cleaning the 

facility’s connectors and hoses, is controlled via valves and drives which in turn are 
controlled by the personal computer’s E216 digital card through the sampling program. 
 

- Pressure sensor: this is the component of the equipment that captures the pressure by means 
of a frequency amplifier, converting it into a voltage value. This analogue value, which 
corresponds to the measurement of the water and gas sample, carried out in a vacuum, is 
digitised with the SMP-A/D E230 card for it to be read by the computer program and shown 
on the screen. 

 
- Thermocouples: The temperature rise in the SIPPING chamber is the indicator to start the 

process of measuring the samples. The temperature(s) of the fuel element(s) sampled are 
obtained simultaneously by means of the thermocouple(s) installed in the chamber(s) 
(individual and multiple ones). The NiCr-Ni sensors are controlled directly by the computer 
program. 
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- Other accessories: hoses, cables and electrical, electronic and mechanical components act to 
join the different utilities of the equipment (chamber, control station, etc.), making up a single 
entity: the Sampling Unit. These components are the nexus for the electrical supply, the water 
and the air necessary for the equipment's smooth running and its needs during its sampling 
and cleaning process. 

 
 

3. EXAMPLE OF RESULTS FROM CARRYING OUT SIPPING 
 
As a result of the process described, the computer application developed in this work provides the 
operator with a set of graphs corresponding to the activity detected from each benchmark 
radioisotope in each fuel element. In a graph in figure 5 we can see the activity of each one of 
these isotopes, easily reaching the conclusion that the fuel element corresponding to coordinate 
35-44 in the pool is defective, since the evaluation and sample-taking system shows us that the 
activity of all the benchmark isotopes is much greater than in this fuel element. 
 
Furthermore, the amount of spent fuel in this fuel element corresponds to the spent fuel that was 
deduced from comparison with caesium samples during normal operation. This discards the 
existence of another defective element with a high degree of probability.  
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Figure 5. SIPPING signal for the benchmark isotopes 
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4. CONCLUSIONS 
 

As a result of this work, a control system has been created for the SIPPING machine that 
considerably aids operators in carrying out tests on the fuel elements’ integrity. To do so, a 
computer program has been provided that is based on LABVIEW and which guides the operator 
during the test, who must follow what the program tells them to do on the screen step by step. 
Moreover, on ending the test the program itself analyses all of the data obtained, thereby helping 
in the process of identifying the damaged or defective fuel elements. 
 
With the new system, the following has also been achieved: 
 
- Replacement of the current work platform with a real-time electronic system based on cRIO 

and control software designed ad-hoc for the SIPPING system.  
- The new system has been given greater redundancy in data storage, thus minimising the 

possibility of data loss.  
- The new system is flexible in the face of future requirements. 
 
Therefore, the system developed will provide the nuclear industry with an efficient, safe and 
reliable way of evaluating the structural integrity of the irradiated nuclear fuel casing in both the 
reactor core and the temporary fuel storage pool. 
 
The entire SIPPING control system is now ready and the system’s stability has been ensured as 
well as communication with the machine’s features and equipment. Furthermore, an application 
has been developed to manage the tests, the system’s documentation and control over the 
redundancy of the information. Tests on the system will soon begin in the real work environment.  
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