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Deregulation of the European electricity market on 01.01.1999 forced a large number of elec-

tric utilities - especially nuclear power plant operators - to find ways of drastically cutting

down their costs in order to be able to compete successfully within the new market environ-

ment.

Nuclear power plants currently in operation mainly have three potential ways of reducing

their power generating costs: by increasing plant availability, reducing fuel costs and cutting

down operating costs.

The optimization of plant refueling outages offers considerable potential for enhancing plant

availability, but also helps bring down operating costs by reducing expenditure on mainte-

nance.

In order to optimize an outage in terms of its duration and costs, a variety of approaches are

possible - all of which, however, involve certain key factors such as good organization, plan-

ning, logistics and control, improvement of equipment and tools, as well as motivation of per-

sonnel.

Another aspect is the introduction of innovative technologies. In the last few years, such

technologies have frequently enabled maintenance effort to be reduced, thus saving consid-

erable time, and have also resulted in a need for fewer personnel to carry out the work, thus

reducing radiation exposure. In many instances they have also improved the quality of work

and outage performance as a whole.

The paper uses recent examples to show how innovative technologies can contribute to-

wards reducing nuclear plant maintenance costs and shorten the duration of refueling out-

ages.



Options for Shortening Nuclear Power Plant Refueling Outages

1. Inservice Inspection of the Reactor Pressure Vessel

Inservice inspection of the reactor pressure vessel (RPV), with full-scope inspections being

performed every four years in German nuclear power plants as well as in most WER plants,

is normally on the critical path of refueling outages.

Framatome ANP GmbH (formerly Siemens) carried out extensive R&D work for more than

10 years aimed at obtaining an inspection technology that reduces inspection time to an ac-

ceptable minimum. Figure 1 shows the equipment as it is used today. The improved central

mast manipulator (CMM) is a general-purpose carrier not only for ultrasonic testing (UT) and

eddy-current testing (ET) probes but also for repair modules, and is even used for removing

material specimens from inside the RPV.

The time on the critical path that is needed above the reactor well for RPV inspection equip-

ment setup and removal is less than one shift.

The new multichannel UT electronics package SAPHIRp/us permits the simultaneous deploy-

ment of both standard UT probes and phased-array probes (Fig. 2). It provides inspection

results almost in real time.

After its introduction in Germany in 1996, the SAPHIR UT system soon took the place of pre-

viously used systems and has been deployed since then with great success in numerous

inspections carried out both in Germany and abroad. With SAPHIR the number of scanning

passes and search unit changeovers have been considerably reduced, allowing reactor well

occupancy time for RPV inspections at German pressurized water reactor (PWR) plants to

be reduced by more than half. In fact, through systematic improvements it has been possible

to cut critical-path inspection times for standard inspections (of modern-design RPVs) down

to less than 314 days.

Inspections in WER RPVs can also benefit from these improvements. A total of six SAPHIR

systems have now been supplied for VVER reactors. Two further systems have been or-

dered and are shortly to be shipped to their destinations.

Phased-Array Inspection Technique (Fig. 3)

Using this technique the sound beam is electronically steered through individual activation of

each transducer element (up to 16 per search unit). Firing of the elements is performed in

predefined patterns with set delays.



This has allowed the UT system to be greatly simplified (Fig. 4) and the multiple beam angle

capabilities mean that more data are captured which can then be processed using custom-

ized data reduction algorithms and scan presentations for optimum signal analysis.

As already mentioned, these search units can be used together with the SAPHIR UT system.

The large number of test channels (up to 448) and the possibility of combining conventional

search units with phased-array search units or transducer elements in almost any number of

ways means that search unit systems are compact and require only a single scanning pass

to test heavy-walled components simultaneously for both longitudinal and transverse defects.

Electronic steering of the transducer elements in phased-array search units has particularly

simplified ultrasonic testing of objects with complex geometries and has shortened inspection

times. In fact, for some areas such as dissimilar-metal welds in nozzles with complex geome-

tries or other hard-to-examine locations this was the only technique which could be success-

fully qualified.

Advanced Combined System for Inservice RPV Inspection from the Inside and the

Outside (Fig. 5)

With this combined system, two different manipulators are used to inspect the RPV from the

inside and the outside. They employ complementary search unit systems and are controlled

by identical control units, the ultrasonic signals are recorded and processed by the same UT

instrument and data processing system, and identical software is used for scan presentation,

analysis and final evaluation.

The resulting benefits in terms of optimized inspection planning, optimal equipment deploy-

ment and actual inspection performance - including the work carried out by the UT examin-

ers, recording and analysis of the data, and assessment by the authorized inspectors - are

obvious.

2. Eddy-Current Testing of Steam Generator Tubes

As long ago as 1972, FramatomeANP performed the world's first remote-controlled eddy-

current steam generator tube inspection at the German plant of Obrigheim. Since then the

equipment used for this task has been constantly improved with the aim of increasing pro-

ductivity and reducing the radiation exposure of personnel.

Nowadays, computer-controlled positioning robots (Fig. 6) are deployed for this work to-

gether with so-called dual probe pushers. These probe pushers enable two eddy-current

probes to be inserted into adjacent tubes at the same time (Fig. 7). Thus, the number of



tubes that are normally inspected every four years in each steam generator at a German

plant built by Framatome ANP - which range from 600 to 800 tubes - can now be examined

in just one day (using two examination systems operating in parallel).

Framatome ANP entered the world of WER inspections as early as 1980 by incorporating

the experience it had gained from inspecting vertical steam generators into the design of the

world's first "steam generator collector inspection manipulator" which was supplied to Fin-

land's WER-440 plant at Loviisa. Once again, the godfather of this new development was

the principle of an inspection and repair module positioner (Fig. 8).

This steam generator collector manipulator can be used for:

• Eddy-current examination of all tubes (100% inspection)

• Eddy-current examination of the ligaments between the tubes

• Ultrasonic examination of the circumferential welds of the collector

• Visual inspection of the inner surfaces of the collector

• Leak testing ("bubble test")

• Plugging of defective tubes.

New Manipulator for Inspecting and Repairing Steam Generator Collectors

(Figs. 9and10)

In the summer of the year 2000 a new manipulator was delivered to Finland's Loviisa in time

for the start of steam generator inspection activities.

This latest Framatome ANP product for steam generator inspection and repair in WER-440

and WER-1000 plants is the outcome of 28 years of experience in the field of steam genera-

tor inspection (20 years of which with VVER steam generators!). It makes use of new tech-

nologies now available on the market for both its mechanical components and the manipula-

tor control system. These state-of-the-art technologies enable the inspection system to be

manufactured at a much lower cost and much more quickly than in the past.

A new dual probe pusher is being used for the first time with the manipulator supplied to

Loviisa. The dual probe pusher enables two probes to be inserted into two adjacent tubes at

the same time, thus cutting inspection times in half compared to those of a single probe

pusher.



Productivity Increased

Use of the new inspection manipulator at Loviisa enabled productivity to be dramatically in-

creased compared to past inspections. At an average inspection rate of 100 tube legs per

hour, the total number of tube legs that could be inspected in just one day (24 hours) was:

2400.

This means that productivity was more than doubled. And this despite the fact that the two

probe pushers were not operated at their maximum possible speed (1500 mm/s). Any further

increase in inspection speed was limited by the rate at which the eddy-current signals could

be evaluated on-line.

3. SUSI

(Siemens Underwater System for Inspections) (Fig. 11)

Our underwater inspection system SUSI is used for performing visual inspections of the in-

side surfaces of:

- Reactor pressure vessels (Fig. 12)

- Reactor coolant pipes (Fig. 13)

- RPV internals (Fig. 14)

- Reactor coolant pump casings (Fig. 15), and

- Steam generator tube bundles (Fig. 16).

This submersible vehicle features a high degree of maneuverability and is easy to operate.

Due to its relatively small weight, it can easily be deployed without time-consuming prepara-

tions for a wide variety of different inspection tasks.

For retrieving loose objects from inside the RPV, the reactor well or reactor coolant piping it

can be equipped with a remote-controlled gripper.

Depending on the component being inspected, different design variants of SUSI are em-

ployed (Fig. 17).

The vehicle is equipped with two TV cameras. A high-resolution color CCD TV camera at the

front is used to perform the actual visual inspections. This is equipped with a 24x zoom lens

(with an autofocus mechanism that can be switched off) and can pan through 360° inside its

watertight housing and be tilted through ± 90°. The orientation of the camera is monitored by

position sensors and displayed as an overlay on the video image. The depth of submergence

is monitored by a pressure sensor and is likewise displayed.



For illuminating surfaces or objects to be inspected, a so-called lighting ring is mounted in

front of the camera housing. This ring is fitted with five 20-W underwater halogen lamps ar-

ranged concentrically to the camera, whose light output is continuously variable. Two addi-

tional on-board floodlights (75 W each) can also be switched on when required.

A second camera at the rear of the vehicle is used to view the area behind SUSI. This is

needed when the vehicle has to be reversed inside especially confined spaces (such as in-

side a reactor coolant pipe or a pump casing) where it is not possible for the vehicle to be

turned around. The rear-view camera is extremely small and is equipped with a monochrome

CCD image sensor. However, the camera's wide-angle lens enables equally clear pictures to

be provided of objects located at a distance of anywhere from 200 mm to infinity.

SUSI is connected to its control console and documentation unit via a neutrally-buoyant um-

bilical cable measuring 15 mm in diameter and 65 m in length.

All camera, lighting and vehicle motion functions are remote-controlled.

4. Bolt Loosener (Figs. 18 and 19)

Bolts and studs used in flanged joints such as at the RPV closure head or steam generator

collectors can become stuck for various reasons: for example, due to corrosion, foreign ma-

terial, hardened grease or galling of the thread. Framatome ANP has developed a tool that

allows even the hardest-to-move bolts and studs to be loosened for removal.

The main features of the bolt loosener are:

- Relatively light weight

- Fast installation

- Remote control

- Causes no damage to the thread of the hole.

Different models of the tool are provided, depending on the sizes of the individual bolts or

studs:

Model 1: for RPV flange studs sized M160 to M220

Model 2: for, e.g., steam generator collector flange bolts sized M42 to M60

Specially-designed adapters are used to adapt each model to the size and shape of the spe-

cific bolt or stud in question.



Each bolt loosener basically comprises the following components:

- Adapter with two radial vibrators

- Top plate with one axial vibrator

- Solvent pump

- Pneumatic control unit.

Principle of Operation

The radial and axial vibrators are operated by compressed air. The speed of the radial vibra-

tors' unbalanced rotors is adjustable. Both the frequency and the amplitude of the axial vibra-

tor are continuously variable.

The radial vibrators are used to simultaneously rock and turn the bolt (the direction of rotation

can be reversed, if necessary). The compressed-air operating pressure is increased in in-

crements. If the bolt cannot be loosened using just the radial vibrators, then the axial vibrator

can additionally be placed in operation. In conjunction with the action of the radial vibrators,

the motion imparted by the axial vibrator serves to crush and disintegrate any foreign matter

located between the flanks of the bolt thread.

The high frequencies transmitted by the vibrators to the bolt enable large centrifugal forces to

be obtained with only small amplitudes. These vibration characteristics together with the ca-

pability provided by the elastic driving fluid (compressed air) to adapt to the resonant vibra-

tion behavior of the vibrated steel component ensures that the bolt is only moved within the

elastic range of its material and does not suffer any material fatigue.

5. Cleaning, Spraying and Inspection Unit for RPV Threaded Stud Holes (Fig. 20)

This modular unit is used for cleaning and surface protection of the threaded holes provided

in the RPV for the closure head studs before the studs are installed.

It basically comprises:

• A support frame for the tool modules

• A brushing tool for cleaning the threads

• A spraying tool for spraying an approved lubricant or anti-seize coating onto the threads

• An inspection tool for visual inspection of the holes.

The unit significantly reduces the time needed for critical path activities. In addition, radiation

exposure of personnel is considerably reduced. The reactor building crane is only needed for

equipment setup and removal.
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The modular design of the tools enables them to be deployed either singly or together.

The tool module required for the particular task in question - cleaning, spraying or inspection

- is firmly clamped in position inside the support frame and centrally aligned with the

threaded stud holes. The support frame is then lowered onto the RPV closure head or onto

the RPV flange. All operations are controlled by a special program.

Thread cleaning is carried out by a rotating brush fitted with bundles of bristles arranged in

parallel helical rows that rise in a direction opposite to that of brush rotation. Loosened con-

taminants are vacuum-extracted through the brush while cleaning is in progress.

The spraying tool sprays a thin film of liquid lubricant or anti-seize coating onto the thread

through a special nozzle. The fluid is prepared in a tank fitted with an agitator.

A color TV camera on the inspection tool enables the thread to be visually inspected.

Two support frames can be connected together so that cleaning, spraying and inspection can

be performed in parallel on adjacent stud holes.

6. Cleaning Unit for RPV Flange Seal Faces (Fig. 21)

Framatome ANP has developed a special cleaning unit for cleaning RPV flange seal faces.

It mainly comprises:

• Base plate fitted with adjustable wheel axes for enlarging or reducing the radius of travel

• Geared, watertight, air-cooled electric motors for forward motion and cleaning heads

• Externally toothed, meshing gear wheels in which the individually spring-backed cylindri-

cal polishing heads are mounted

• Provisions for trackless guidance of the unit along the inside edge as well as the outside

edge of the RPV flange

• Dirt deflector unit with nozzles for high-pressure water spraying

• Rope tether for preventing the cleaner from dropping off the flange

• Connectors for attaching TV camera supports

• Control unit with separate remote control.

The main features of the RPV flange seal face cleaning unit are:

• Cleaning operations can be carried out without any need for the reactor building crane

• No tracks needed for guidance

• Can be used both underwater and when the flange seal face is dry

• Designed for flange seal faces of 110 to 170 mm in width

• Can be remotely controlled from an auxiliary platform or from the refueling machine



• Automatic motor cutoff if motion is obstructed

• Cleaning can be carried out while draining of the reactor well is in progress and therefore

has no impact on critical path activities

• Uniform surface quality

• Reduced personnel dose.

7. Laser Scanner for Visual Inspections of RPV Flange Seal Faces (Fig. 22)

Framatome ANP's remote-controlled laser line scanner enables even the tiniest topological

features and surface irregularities on RPV flange seal faces to be detected and measured. It

is even capable of identifying geometrical deviations at the O-ring grooves.

8. Fuel Assembly Inspection Equipment

Framatome ANP has developed various systems with which fuel assemblies and other core

components can be inspected with a minimum of time and effort. Compared to previously

employed techniques, the new systems have not only enabled the scope of such inspections

to be extended but have also served to improve the quality of inspection results. Two of

these systems are:

• Mast Sipping

• Multiinspection.

8.1 Mast Sipping (Figs. 23 and 24)

Sipping is performed at PWR plants for the early detection of leaking fuel rods. In the past,

sipping tests were performed inside a so-called sipping box which was set down in the fuel

pool. Our Mast Sipping system, however, allows sipping to be carried out while the fuel as-

semblies are being unloaded from the core and is installed on the refueling machine. Thanks

to its high degree of automation, the system combines maximum inspection sensitivity with

minimum inspection times and manpower requirements, thus also reducing personnel expo-

sure.

The Mast Sipping technique makes use of the reduction in pressure that occurs inside the

RPV in the vicinity of a fuel assembly as it is being lifted out of the reactor during core un-

loading. The resulting pressure differential allows gaseous, water-soluble fission products to

be released from defective fuel rods into the water inside the mast of the refueling machine.
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chine. A sample of the water inside the mast is continuously removed and degassed, and the

activity of the gas is measured.

The gas activity is displayed on a screen. Any changes in the count rates are automatically

detected and evaluated. The measured data and evaluation results are stored and printed

out together with the test parameters. The technique is also suitable for inspecting individual

fuel rods.

Thanks to its highly reliable performance - repeatedly verified during fuel repair operations -

our Mast Sipping technique has been fully acknowledged as being suitable to serve as the

only technique used at a plant for fuel sipping. Depending on their specific needs, plant op-

erators have the choice of either purchasing the entire system or just renting it.

Compared to previous sipping methods, Mast Sipping provides a time saving of up to

36 hours.

8.2 Multiinspection (Fig. 25)

The inspection system Multiinspection was likewise developed by Framatome ANP with the

aim of minimizing the time and cost of inspecting fuel assemblies and control assemblies

during refueling outages.

In the past, these components had to remain attached to the refueling machine for the dura-

tion of the inspection. The inspection itself was performed using a camera system temporar-

ily installed for this purpose. With our Multiinspection system, the fuel assemblies or control

assemblies are set down in special inspection boxes installed in the fuel pool. The refueling

machine is therefore only needed for a brief time to insert and remove them and is free to

perform other activities such as core shuffling or Mast Sipping tests. At the Gosgen plant in

Switzerland, for example, use of our Multiinspection system enabled the overall refueling

outage to be shortened by three days. (Fig. 26)

Multiinspection consists of an inspection manipulator, a control unit and two inspection boxes

for the fuel assemblies or control assemblies. Each box is open down one side, providing

free access for visual inspections. The fuel assemblies or control assemblies can be sepa-

rately rotated on their axes inside their respective boxes, permitting them to be inspected

from all sides. A carriage designed for vertical travel is mounted on each inspection box. It

carries two high-radiation-resistant underwater TV cameras which can be moved up and

down the fuel assembly over its entire length, including the top and bottom end pieces.

Instead of the inspection cameras, other modules can also be mounted on the carnage to

perform a variety of different tasks (Fig. 27). These include, for example, optical measure-

ments of fuel assembly bowing or dimensional changes. Semi-automated equipment for
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measuring the thickness of oxide layers on peripheral fuel rods can also be mounted on the

carriage. When Framatome ANP's INOXIS system is installed, oxide layer measurements

can also be performed at any axial position on fuel rods located in the fuel assembly interior.

The Multiinspection system is available in a variety of different configurations and can there-

fore be tailored to meet the specific needs of individual nuclear power plants.

9. Underwater Filter Unit for Reactor Well and Fuel Pool (Figs. 28, 29 and 30)

For refueling outages, the quality of the water in the reactor well and fuel pool - namely, its

degree of clarity and cleanliness - is becoming an increasingly important factor in connection

with measures taken to optimize outage time and cost.

All nuclear power plants are equipped with some form of fuel pool purification or cleanup sys-

tem for removing soluble - and often insoluble - corrosion products from the water.

Of course, insoluble particles can only be filtered out of the water by these systems if they

remain suspended. For this to be possible, they must be no more than 50 urn in size and

must not yet have settled on the bottom of the well or pool.

When traditional purification systems are used alone to filter the water, these particles can

become distributed throughout the reactor well and fuel pool before they reach the inlets of

the filters. This considerably shortens the service life of the individual filters, leading to a

need for frequent replacement and high disposal costs.

Framatome ANP's Underwater Filter Unit can be used to augment the capacity of a plant's

traditional purification system when impurity levels are particularly high (e.g. due to repairs

being carried out during the outage) or to replace it altogether when the system is out of op-

eration.

To achieve the best results, the Underwater Filter Unit should be placed in service as early

as possible while the reactor well is being flooded. This ensures that the water is cleaned

right from the start, thus giving corrosion products no time to settle or be entrained though

the entire primary system.

The Underwater Filter Unit results in a marked improvement in water clarity and also helps

reduce dose rates, thus minimizing personnel exposure.

The filter unit operates at a differential pressure of 2.5 bar. It can be installed in either a hori-

zontal or vertical position on the bottom of the reactor well or fuel pool, or can be suspended

from a wall.
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The water filtered by the unit is returned directly to the well or pool, thus achieving a high

filtration efficiency.

The Underwater Filter Unit removes:

• Contaminated and activated particles

• Large-sized particles

• Bacterial impurities (when using the 0.1 urn mesh size).

The Underwater Filter Unit helps to:

• Improve visibility in the reactor well and fuel pool water

• Reduce opacity of the water

• Reduce activity levels in the reactor well and fuel pool as well as in connected systems,

and hence in the reactor building as a whole.

The filter retention efficiencies (as measured by Multipass Test technique OSU-F2) are:

Particle Size Retention Efficiency
1.0 urn 100%
0.6 urn 99%
0.25 urn 90%

10. Refueling Machine (Figs. 31 and 32)

Modernization of the refueling machine offers another possibility for shortening refueling out-

ages. Often these machines incorporate a technology that has long since become outdated.

German nuclear power plants are currently in the process of modernizing their refueling ma-

chines in order to reduce the time needed for core discharge and reloading while at the same

time increasing refueling safety. Some of these upgrades include the following:

• Increasing the bridge and trolley travel speeds and increasing the hoisting speed of the

main hoist while still remaining within the allowable tolerances

• Increasing the hoisting speed of the main hoist during operations with no load (by 50%)

• Optimization of the functional diagrams of the double grab

• Automated approach of fuel assembly positions in the core and in the fuel pool using an

"Autopilot" function linked to the spent fuel storage management program

• Installation of a diagnostics system

• Reducing the distances traveled between the core and the fuel pool during core unloading

and reloading

• Optimization of the fuel handling sequence plan for core unloading and reloading

13



• Reading the fuel handling sequence plan into the storage management program either in

situ using floppy disks or from outside the containment via a data bus or network

• Replacement of drive motors, position sensors, limit switches and electrical wiring

• Replacement of the electrical control equipment.

Varna Attachments 1-1O.pdf

Varna Attachments 11-32.pdf
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Modul for EC examination
of SG tubes

Modul for UT inspection
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ivity more than 100 %

INTELLIGENDT

> Half tubes per day:
2400 (max. 4000)

> Probe Speed: 800 mm/s
max. Probe Speed: 1500 mm/s
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more than 100 %

INTELLIGENDT
FRAMATOME ANP

New Design Features:

> Dual Probe Pusher

> Mast out of Center

> High Positioning Speed

> Profi Bus Drives

Options for Shortening Nuclear Power Plant Refueling Outages



O

Q.

E
o
V)

*J w

(0 «

o
C

c
o
E

o

o
LL

O
C\J

CO

CO

CD
O 3
CO

•*—<

O
ca
c
15
%
a:
"n_co
0.
a3
o
D_

ro
_co
o
13

en
c
CD

o
w

cg

O

LU



Visual Inspection of RPV with SUSI
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Visual Inspection of Primary Piping using SUSI
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Visual Inspection of RPV Internals from OD
using SUSI
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Visual Inspection of Main Coolant Pump using SUSI

Main coolant pump housing

Area to be inspected
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Visual Inspection of SG Tube Bundle using SUSI 270
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Various Types of SUSI for Different Inspection Tasks

> Visual Inspection of Primary Circuit Components

> Removal of foreign object with an integrated robot arm

> Measuring of local radiation level

FRAMATOME ANP
Options for Shortening Nuclear Power Plant Refueling Outages .June 18-20, 2001



Bolt Loosener

XFRAMATOME ANP

Low weight

Quickly and easily assembled

Remotely controlled operation

Minimal stress to the thread - low

torque

Quickly and easily disassembled

Low maintenance requirements -

because of compressed air drive

Options for Shortening Nuclear Power Plant Refueling Outages fVIma; June 18-20, 2001



Bolt Loosener

t
Bn6parop flMa/ibHbiM en6paTop

Pe3b6a Kopnyca peaxropa

m- a m m-
:i

FRAMATOME ANP
Options for Shortening Nuclear Power Plant Refueling Outages



Modular Cleaning, Spraying and Inspection Unit
for RPV Threaded Stud Holes

Remotely controlled

Reduction of necessary

personell

Saving of time

Reduction of personell
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Cleaning Unit for RPV Flange Seal Faces in PWR

Remotely controlled
Reduction of necessary
personell
Reduction of radiation
dose
Saving of time
Operable underwater -
Cleaning while draining
of the reactor well -
therefore no impact on
critical path activities

LJ



Laser Scanner for RPV Flange Seal Faces
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Mast Sipping
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Mast Sipping is a Qualified Procedure
to Test PWR Fuel Assemblies

1 Water sample suction line
2 Air exhaust system
3 Sample conditioning system
4 Water sample extraction
5 Gas detector
6 Sample evaluation system
7 Printer for measurement results
8 Mast of refueling machine
9 Fuel assembly
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Multi Inspection System
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Reduction of Time during Refueling Outage Using
Advanced Inspection Techniques (PWR)

day

Core unloading

Sipping

Fuel assembly inspection

Control rod inspection

Change outs of core inserts

Core reloading

Core unloading and Mast-Sipping

Fuel assembly inspection

Control rod inspection

Change outs of core inserts

Core reloading
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Multi Inspection System

Rail of new fuel elevator

New fuel elevator used as
inspection position

Z-carriage with X-Y table,
Underwater TV cameras,
Oxide thickness layer
measuring device

Control cabinet
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Underwater Filter Unit for Reactor Well and Fuel Pool
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Gleaning of the well bottom

Filter System
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Modernization of Refueling Machine

Application inside the reactor and fuel pool:
• removal of crud of fuel assemblies and other particles
• filtration of bacterial pollutions
• decrease of turbidity
• improvement of visibility inside the poolwater
• reduction of activity in the pool and thereby within the
entire containment

Arrangement:
• compact, robust and reliable
• variable working positions (vertical/horizontal)
• high filter capacity
• numerous accessories
• central control unit
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Add ons for Underwater Sucker
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Modernization of Refueling Machine

c Increasing the bridge and trolley travel speeds and increasing the hoisting speed of ;

the main hoist while still remaining within the allowable tolerances :
o Increasing the hoisting speed of the main hoist during operation with no load (50%) :

o Optimization of the functional diagrams of the ,,double grab" :
o Automated approach of fuel assembly positions in the core and in the fuel pool using \

,,Autopilot" function linked to the spent fuel storage management program \
o Installation of a diagnostics system |
o Reducing the distances traveled between the core and the fuel storage rack during j

core unloading and reloading i
o Optimization of the fuel handling sequence plan for core anloading and reloading |

Reading the fuel handling sequence plan into the storage management program j
either insitu using disks or from outside the containment via a data bus or network \

- Replacement of drive motors, position encoders, limit switches and electrical wiring i

c Replacement of the electrical control equipment !
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Modernization of Refueling Machine
New Electronic Control System

Main Control Center Operating Panel
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