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ABSTRACT 
 
A set of automatic and semiautomatic machines and tools were designed for the accomplishment of remotely 
controlled works in high radiation fields on the ATUCHA-I moderator heat exchangers. 
 
The object of this equipment is to carry out works related to the cleaning, inspection and eventual blocking of 
the heat exchanger’s tubes. 
 
Due to the special characteristics of the area, such as difficult access, not much space and high dose rates, the 
remote operation of highly trained and specialized personnel with specially designed tools, is mandatory. 
 
The Principal operations consist of: 
 
• Equipment manually taken to the area by specialized personnel. 
• Remote cutting the bolting and cutting and re-weld seals with custom designed equipment. 
• Remote cutting and re-weld piping connections with equipment on customized tracks, special supports, 

drives and commands. 
• Remote cleaning, leak testing, machining and plugging of the tube sheets with a custom-made 

master-slave/Cartesian robotic manipulators. 
• Monitoring with video cameras and lighting systems incorporated into the equipment.  
• Ands others task as piping stabilization, supporting and moving flanges, re-alignment of seals and pipes, 

etc. 
 
This paper describes the entire development of this project, starting from the initial work plan to the 
completion of the first on-site work carried out at the facility. Including descriptions, drawings and pictures 
of the custom designed equipment, description of the performed works and comparisons between the actual 
doses and estimated manual operation doses. 
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1 INTRODUCTION 

Nuclear reactors are increasingly used for the production of electricity and radioisotopes and for research.  

Due mainly to their aging has been an increasing need to carry out repairing tasks that were not sufficiently 
provided for by the original design.  

This becomes critical when such tasks involve working on components located in such a way that even 
qualified trained personnel can reach them either with great difficulty or not at all. Situation that is similar to 
dismantling task during the decommissioning of a nuclear facility. 

Many difficulties are involved in these tasks, namely, high radiation doses, cramped areas, hard to reach 
components, coupled with stringent quality conditions. To overcome this, equipment, devices, tools and 
procedures must be developed, which must be reliable and duly verified. 

At the request of the Argentine Atomic Energy Commission (CNEA), INVAP SE developed Project REMA 
(REpair & MAintenance) in readiness for work that was feared would become necessary on the heat 
exchangers of the primary’s moderator cooling circuit at the Nuclear Power Plant Atucha I (CNA-I). 

Nuclear Power Plant Atucha I is a PHWR type whose thermal power is 1179MWth (345MWe) The plant was 
designed in the 1960s and has been generating electricity since 1974. 

The Atucha I moderator heat exchangers feature piping arranged in a horizontal U-shape, 750 ton/h circulate 
in the primary’s moderator side (D2O) and 950 ton/h in the secondary (H2O) with the work pressure of 115 
bar and mean temperature of 200°C. Each exchanger has the exchange capacity of 55 MW thermal power. 

In the early 1990s the moderator cooling heat exchangers at Atucha I started to show variation of thermal 
efficiency. This was attributed to particles and bits of thermal insulation peeling off the inside of the piping 
and accumulating on the tube plate and acting as a filter. It was believed therefore that there must probably be 
a good amount of solid material circulating in the piping, damaging its walls. 

These 20 ton components, sharing close quarters with all the other reactor components, are housed in the 
contention sphere and encompassed by concrete biological shielding. There is dearly little space to access 
any component (see figures 1 and 2), a condition aggravated by high radiation fields. 

Such is the background that led to steps being taken in case it became necessary, as feared, to carry out repair 
and maintenance tasks in this constricted space. 

 

 
Figure 1: Work area upper view 

 
Figure 2: Work area lower view 

2 DESCRIPTION 

The purpose of the work on the heat exchangers is maintenance such as cleaning, inspecting and perhaps 
repairing, with the view to extending the plant’s useful life whilst ensuring that the design conditions remain 
unaltered. 
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In full compliance with ISO 9001 norms which are applied throughout the Nuclear Area at INVAP, first the 
Initial Data were established, including the original requirement of CNEA Power Plant CNA I for an 
assessment at the site, to tally design drawings with the plant as-built, as well as a selection of the nuclear 
norms to be applied. 

The Initial objectives includes: 
 

a) tasks to be finished in the shortest possible time 

b) minimum modification of component 

c) minimum collective dose 

d) alternate methods to ensure successful completion of tasks 

e) unaltered original design conditions (both in function and norm) 

f) use of as much pre-qualified industrial grade equipment as possible to reduce integration and 
maintenance time and costs 

Next are described the details of the tasks and the equipment used. 

2.1 PLANING 

Once these design parameters had been established, the Conceptual Engineering was carried out and 
extensively discussed with the client.  

The next step was to define a plan that includes,  a schedule of operations,  related doses, definitions 
regarding alternate methods, detail engineering, construction and integration of components, procedures, 
inventory of supplies and spare parts, design of reports and qualification documents, testing schedules, 
personnel training program and costs. 

According to the initial objectives every instance of the tasks carried out was planned and supported by duly 
qualified procedures, fully meeting technical reliability and time-of-execution restraints. 

2.2 TRAINING 

Special emphasis was laid on training programs for supervising and operating staff in readiness for the 
complexity of the tasks. 

A great part of this staff remained on the project from the outset of the design, gaining broad knowledge of 
the performance of the equipment and the scope of the procedures. 

Following a work schedule and the procedures, all the steps of the tasks were rehearsed at the simulator, thus 
all the resources dedicated to the project were tested, individually and jointly. 

The training program makes provision for continued training to ensure proper maintenance of the skills 
achieved by the staff, both for the operation of the system and for its maintenance. 

All procedures were individually and jointly tested at a one-to-one scale simulator reproducing exactly the 
conditions of the work area. 

The purpose of the simulator was the qualification of all the procedures involved as well as the training of 
personnel in charge of the operations.  

2.3 CONTROL AND MONITORING  

All tasks were controlled and monitored from a control room.  

A control area 30m distant and on level with the components was established for the staff. From this area the 
heat exchangers and support areas could be reached relatively easily with minimum radiation exposure. 

This area was especially useful to house the control systems of the equipment, to calibrate and to finish 
assembling devices that would not fit whole through the access pathway. 

Monitors to determine accumulated doses to man and machine; video taping system, and control of tritium 
levels, with signal and images in the control room helps to control and monitors the tasks. 
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2.4 SHIELDING 

The radiation levels where the work was performed range between 0.1 Sv/hr to 0.4 Sv/hr for direct contact 
with the system opened.  

A specially shielding was designed and built for the staff and equipment protection. Also special design 
electronic equipment had to be used due to the high working radiation level. 

The shielding was comprised by aluminum modules light to carry and easy to assemble. 

After assembly the modules are filled with water by remote control and thus effective shielding is achieved 
for the area (see figure 3). 

Shielding for the various pieces of equipment was in each case devised according to the manufactures’ 
specifications as to their behavior under radiation. Admissible doses were determined to adequately calculate 
necessary shielding. 

Tungsten had to be used for some of this shielding because of the reduced space. 

 
Figure 3: Movable shielding in position 

2.5 REMOTELY CONTROLLED WORKS 

The main operations to be carried out, most of them  “automatically and remotely”, are as follows: 
 

g) Immobilization of piping 

h) Fixing of tube plate 

i) Cutting of entry and exit pipes 

j) Removal of bolting 

k) Remotely cutting of welded seal 

l) Removal of lids 

m) Cleaning and removal of radioactive residue 

n) Testing: fluorescein, helium and eddy currents; identification of faulty piping 

o) Plugging faulty piping 

p) Helium testing to ensure plug tightness 

q) Replacement of lids 

r) Re-welding seal 

s) Helium inspection of welded seal 

t) Replacement of bolting 

u) Re-welding of piping and tubes 

v) Testing the system for tightness 
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2.5.1 Positioning of piping 

By design, the heat exchanger itself anchors the pipes in place at the point they join the exchanger. 

In order to support the larger pipes firmly in place to preclude any shift from their exact position during the 
process of cutting or welding, special positioning devices (see figure 4) mounted on hydraulic buggies that 
move with precision to the desired location were devised. 

 
Figure 4: Hydraulic devices to support larger pipes and to remove lids 

2.5.2 Cutting and beveling of piping, bolting and omega shaped seals. 

To open and remove the entry and exit lids of an exchanger in order to reach the tube plates, all the connecting 
piping, as well the bolting holding them in place, and their welded seals must be cut. 

This is carried out by means of a remote control automatic hydraulic system which cuts and bevels as needed 
leaving surfaces ready for re-welding (see figures 5 and 6). 

 

                  
Figure 5: Remote cutting of seal                          Figure 6: Remote pipe cutting and beveling Tool 

 

It is especially important for the edges to be correctly beveled - the success of subsequent welding depends on 
it - here, irregularities can not be remedied by the skill of a worker welding by hand. 

For bolts cutting it was an additional constraint of  tight space between flanges plus the small height on the 
under pass (see figure 7).  
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Figure 7: Remote bolts cutting device (between flanges) 

 

2.5.3 Removing of components 

Once bolts are cut free and once connecting piping is cut, the entry and exit lids are removed by means of a 
remote control automatic hydraulic device (see figure 4). The lids are moved to a position such as to allow 
access to the tube plate for it to be inspected and cleaned. 

The lids weigh each a ton, so moving them involves an operation of precision so as to preclude damage to the 
seals, later to be re-welded. 

The device replaces the lids once tasks at the front of the exchanger are finished. 

2.5.4 Task with master-slave manipulators 

As the other tasks, with the sole view of minimizing doses, procedures were devised so that the devices used 
to inspect clean and repair could be remotely manipulated. 

The custom-made master-slave manipulators are automatic and programmable Cartesian robots, moving on 
three independent axes and registering the 1049 positions corresponding to the positions of the tubes of each 
plate. 

Master-slave manipulators allows that these tasks were performed with true precision (see figure 8). 

 

 
Figure 8: Calibration of positioning devices 

Positioning references: 

Prior to start the manipulators operation an automatic referencing search is performed. It consist on a two 
stages of positioning measurements for the reference assigned tubes. In the first stage the operator performs 
the -positioning of a tube- task on 4 tubes using the “manual mode” of control. After that the manipulators 
performs an automatic search in order to calculate the X, Y, Z positioning of the plate and its tubes. 

After each tooling exchange the manipulators performs an automatic reference tubes positioning in order to 
apply the calculated compensations of coordinates. 

The manipulators carriages has precise and steady stops when coming back from tooling exchange, the 
reference checking routine allows for fine tuning of each tool or device. 
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The tooling exchange is performed on the auxiliary platform, outside the water shielding. On its rail guided 
carriage the manipulators are moved to the platform and the shielding gate close prior to personnel access 
(see figure 3). 

Control and positioning redundancy: 

Different and redundant ways of control and positioning feed-back are implemented, ranging from totally 
manual control mode to full automatic programmable routines, in order to ensure completion of any tasks. 

Cleaning:   

Particles and bits of thermal insulation peeling where collected while opening the exchanger and removing 
the lids. 

Lather on, an specific chemical wash and brushing was performed achieving lower levels of radiation. 

 
Figure 9: Tube cleaning device 

Identification of faulty piping: 

The size of leak was assessed, by means of theoretical calculations, to be equivalent to a puncture 9 microns 
in diameter. 

By using non-destructive tests, like helium leak detection and Eddy current testing,  one perforated pipe had 
been found and 46 pipes were found to have thinning walls. 

Beveling and welding of plugs in faulty piping: 

The perforated tube as well as the 46 faulty detected were plugged. 

The whole operation was carried out by using the manipulators loading sequentially the beveling, special 
cleaning, plug presentation and welding devices (see figures 9, 10, 11, 12). 

 
Figure 10: Tube beveling device. 
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Figure 11: Plug presentation device. 

 

Figure 12: Welding-head on master-slave manipulator 

2.5.5 Welding of seal and piping 

The success of welding is tantamount to the success of the entirety of the tasks. The components must be 
returned to their original design conditions, welding hopefully to occur on a once-only basis; there must be 
neither failure nor imperfection to mar the operational success of the exercise. 

The welding conditions to ensure such success include careful selection and qualification of equipment, 
procedure and operator. 

The equipment chosen is a state of the art automatic, computerized programmable TIG device. 

 
Figure 13: Customized TIG seal welding device 

 

This device was modified and adapted to the specific conditions of the tasks. Special care was taken for its 
protection from radiation; furthermore it was prepared so as it could move into and out of the work area with 
no untoward delay and so as it could be programmed to weld according to a range of thickness, positions and 
materials. 
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Figure 14: Customized TIG pipe welding device 

 
Figure 15: Cord in 270mm tube 

 
Figure 16: View from monitor of the root cord 

 
Figure 17: Monitoring of cord passes 
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3 CONCLUSIONS 

One of the two Atucha Nuclear Power Plant moderator “Heat Exchanger” was clean, all debris on it were 
extracted. 

All tubes were inspected and many of them plugged by using remotes tools. 

The Heat Exchanger performance is now similar to the original one.  

The task is deemed as highly significant for the plant’s operational reliability and the extension of its lifetime. 

The obtained results confirms the previous estimations related to the suitability of works with remote tools. 
This technique avoids  unproductive time, reduce the personnel exposure and costs.   

The objective of using as much industrial grade equipment as possible was achieved with an outstanding 
result in decreasing all the design, construction or integration and also maintenance time and costs. 

As an example in table 1 are presented the real and estimated values of the Collective Doses for operations 
with and without the REMA system, showing the doses diminution by using this equipment.  

In spite of the remote tools used were not designed to perform dismantling tasks, the results shows the 
capacity to design and construct tools for cutting, inspection and disassembling of mechanical equipment. 
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Collective doses for operations with and without the REMA system 

 

Procedures without REMA Procedures with REMA 

t(min) Dose Rate Sv/h Collective Dose 
man Sv

t(min) Dose Rate Sv/h Collective 
Dose. man Sv

Cutting entry/exit pipes  2400 6.00E-02 2.4 40 1.00E-04 7E-05 

Cutting entry/exit bolts 1440 1.00E-01 2.4 1800 1.00E-04 3E-03 

Cutting entry/exit welded seal 4500 3.00E-01 22.5 240 1.00E-04 4E-04 

Cleaning and welding plugs 650 3.00E-01 3.3 1150 1.00E-04 2E-03 

Beveling entry/exit pipes 120 2.00E-02 0.04 60 1.00E-04 1E-04 

Replacing both lids 240 1.00E-01 0.8 24 1.00E-01 4E-02 

Re-welding seals 6000 1.00E-01 10.0 180 1.00E-04 3E-04 

Replacing of bolts, removal lid support hydraulic device       70 1.00E-01 0.1 30 1.00E-01 5 E-02

Re-welding entry/exit pipes 10200 6.00E-02 10.2 800 1.00E-04 1E-03 

Total collective dose (man/Sv)  51.7 0.1 

Equivalent in persons (1) 2585  5

The values presented on this chart represent only the main automatic operations. 
The values presented on this chart corresponding to a non-automatic procedure (without REMA) were calculated as extrapolations of the time spent on tests 
and rehearsals at the simulator. 
(1)To calculate the number of persons participating, the criterion adopted was to set as maximum admissible dose for a health-physics clean person in a year 
(20mSv/year) 
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