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ABSTRACT
Efficient operation of a Candu nuclear power
plant depends greatly on the reliable and safe
operation of the fuel handling system. Successful
commissioning of the system is obviously a key
aspect of the reliability of the system and this
coupled with a rigorous training programme for
the fuel handling staff will ensure the system's
safe operation.
This paper describes the philosophy used at
Cernavoda 1 N.P.S. for the commissioning of the
fuel handling systems and for the training of staff
for operation and maintenance of these systems.
The paper also reviews the commissioning
programme, describing the milestones achieved
and discussing some of the more interesting
technical aspects which includes some unique
Romanian input.
In conclusion the paper looks at the organization
of the mature fuel handling department from the
operations, maintenance and technical support
points of view and the long term plans for the
future.

1. INTRODUCTION
In August 1992 a group of 14 Romanian
engineers and technologists arrived at the Point
Lepreau N.P.S. in New Brunswick, Canada to
start an extensive training programme into the
operation, maintenance and technical support of

the Candu 6 fuel handling system. This
programme, which was 11 months long for
technical personnel and fifteen months for field
personnel, included hands-on operations and
maintenance training as well as considerable
systems and skills training in the classroom.
At about the same time a group of expatriate
Canadians from operating CANDU plants in
Canada were assembling in Cernavoda, Romania
with other Romanian staff to form the nucleus of
the fuel handling commissioning group. Some of
the expatriate members of this group were
initially assigned to the construction department
to provide technical assistance. Working under
the direction of the expatriate fuel handling
superintendent this group developed the
commissioning philosophy, prepared the overall
commissioning plan and started on the
preparation of detailed procedures. In November
1993 the Romanian trainees returned to
Cernavoda to take up their assigned positions
within the fuel handling commissioning group.
As well as preparing for system commissioning
the fuel handling group were required to support
the following associated construction activities:

1) The verification of the Romanian built channel
closure installation equipment.
2) The installation of the closure plugs at each
end of the fuel channel.
3) The removal of these same plugs for draining
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and drying of the fuel channels following the hot
performance tests.
4) The manual installation of the first fuel load
together with the installation of the shield plugs
and once again the closure plugs.

2. COMMISSIONING PHILOSOPHY
In order that the Romanian fuel handling staff
acquired as much operating and maintenance
experience as possible it was vital that they be
part of the commissioning process. To this end
4 composite teams of Romanian technical and
operational staff were formed, each supervised by
an expatriat. Each team would be responsible for
commissioning a number of fuel handling systems
together with the preparation of the associated
procedures and other documentation. In the early
stages all team members worked on the
production of documentation, but as construction
progressed and turnovers were imminent the field
technicians were released from the technical
groups and formed into their own operations
group to carry out the hands on commissioning
work in the field. Initially the operations group
was supervised by expatriate with a Romanian
deputy who would later become the supervisor of
the group.
Once the field work was underway the remaining
team members formed the technical unit with
each engineer retaining the same systems
responsibility to support the commissioning work
in the field. As well as leading each team it was
the responsibility of each expatriate to train the
senior Romanian staff to perform the system
engineering function so that as time progressed
the Romanian staff could take over the system
responsibility thus ensuring a smooth transition as
the expatriate staff leave the project.
To gain even more hands-on experience it was
agreed with the construction department that the
pre-commissioning activities would be under the
direction of one of the fuel handling expatriates
using the Romanian fuel handling staff to perform
the field work. Through the experience gained
while pre-commissioning, preparing documents,
commissioning and operating the hardware and
the training given by the team leaders, this
philosophy has provided a solid foundation for the
Romanian staff in the design, operation and
maintenance of the CANDU 6 fuel handling

system.

3. COMMISSIONING ACTIVITIES
3.1 PRESERVATION CHECKS
One of the first tasks to be done was to evaluate
the condition of each of the three fuelling
machines as they had been under a state of
preservation for over five years. This was much
longer than the two years storage time expected
when the machines were shipped from Canada.
For preservation the fuelling machines were filled
with demineralised water and pressurised to
10PSI with nitrogen. The complete assembly
was then encapsulated in a foil wrapper which
was filled with a nitrogen atmosphere.
A clean room with temporary lighting and a
pressurised ventilation system, was established in
the warehouse where the fuelling machines were
stored. The cold test facility was moved into the
clean room and its oil and water systems
commissioned to provide adequate, if rudimentary
pressure sources to operate the fuelling machine
systems.
After removal of the foil encapsulation an
inspection was made of the external surfaces
which were found to be in good condition. Some
decomposing of the pipe sealant used on the oil
system pipe threads was observed but this had
no effect on the capability of the sealant to
perform its function. No sign of any oil or water
leaks could be observed.
A simple 110VAC electrical test box was
assembled enabling the operation of each oil
system solenoid valve to be verified. Samples of
the hydraulic fluid and demineralised water were
obtained for analysis before operation of the fluid
systems. These analyses showed that the
hydraulic oil was in good condition but the
demineralised water was in poor condition and
required changing.
The cold test facility was connected to the
fuelling machine oil and water systems and in
spite of a serious shortage of tubing and fittings
operation of all aspects of the machine were
verified. At the same time an inspection was
made of the accessible surfaces of the fuelling
machine and the components, as they passed
into or through the snout. After the inspection
the snout plug was replaced and the machine
refilled with water to enable a pressure test to be
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completed.
The result of this inspection showed a little
staining on some of the components otherwise
there was no sign of deterioration on the inside of
the fuelling machines. The operational checks
also verified that all systems were still operating
correctly and hence the three fuelling machines
were considered ready for commissioning without
any rehabilitation. The fuelling machines were
returned to the proper storage environment until
required for installation.
The D2O supply pumps for the fuelling machines
also required inspecting after being in a state of
preservation for about ten years. The preservation
for this equipment was not satisfactory as the
pumps had been shipped and stored with the
plungers installed. Although these plungers had
been coated with preservation oil, significant
corrosion had damaged the surfaces which had
an adverse effect on the life of the pump packing.
Although commissioning of the D2O supply
system continued with the damaged plungers the
frequent seal failures caused frustration which
was only solved when the fluid end of the pumps
were rebuilt with new seals, plungers and
bushings.

3.2 PRE-COMMISSIONING PROGRAMME
Before each system was turned over the pre-
commissioning team had identified all system
control components, thus identifying deficiencies,
completed a wire-by-wire verification of the
wiring and cable runs in the system and set up
the MCC for each electrical load. All
instrumentation devices were calibrated by the
pre-commissioning group as part of this
programme.

From a mechanical point of view all pressure
systems were hydrostatically tested before
turnover in a cooperative programme between the
construction group and the responsible fuel
handling commissioning team. This was also a
successful programme as it familiarised the fuel
handling team with the layout of each system
prior to the start of commissioning and also
helped in identifying further deficiencies.

3.3 COMMISSIONING PROGRAMME
A simplified diagram showing the commissioning
programme is detailed in figure 1 with the

completion date of major activities shown above
the activity. The programme spans just over three
years from the assembly of the team to the off-
power refuelling demonstration. Some of the
commissioning work was still outstanding at this
time, particularly in the irradiated fuel discharge
system where testing was held up due to delays
in filling the discharge and storage bays.
Following the turnover the commissioning team
completed equipment tagging, flow sheet checks
and load verification before energising the
system. Similarly in the field the mechanical
checks and control valve set-ups were completed,
also the electric motors were bumped, when
permissable, to verify the direction of rotation.
Pre-operational checks of the control logic and
instrumentation were being completed at the
same time in preparation for initial operation of
the system. During the initial operation the
system operating parameters were established
and alarms verified. The system was then ready
for the final operational tests in which the system
performance was verified under all conditions and
fully automatic operation established under
computer control.

The control consoles and termination racks were
the first systems to be turned over and this was
in May 1994. It was necessary to have these
systems first to ensure that control power was
available for all the remaining fuel handling
systems. Commissioning of the fuelling machine
bridges, carriages and catenary systems together
with the fuelling machine auxiliary systems
including the F/M oil, the F/M air and the F/M D2O
systems followed in logical order. Commissioning
on all these systems proceeded relatively
smoothly so that by October 1994 they were
ready for the fuelling machines to be mounted on
their carriages.

Commissioning of the two fuelling machines also
proceeded very smoothly and by March 1995
they were ready for initial operation at the
rehearsal facility. This facility is a full scale fuel
channel complete with end fittings and shield and
closure plugs. The complete assembly is
mounted between the two fuelling machine
maintenance locks. The channel, which can be
pressurised to reactor pressure, is supplied with
D20 from the fuelling machine systems and thus
with the exception of high coolant flow, the
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rehearsal facility is an accessible fuel channel
which is readily available for testing and training
purposes. The rehearsal facility contains twelve
dummy fuel bundles that are identical to the
Candu 6 fuel bundles and these are used for all
refuelling operations at this facility. For fuelling
machine testing or operator training eight more
dummy fuel bundles are placed in one of the
fuelling machines with the other machine left
empty to receive the fuel bundles from the
channel. To compensate for the lack of coolant
flow to move the fuel string towards the
downstream fuelling machine it is necessary to
use the computer refuelling jobs designated for
reactor shutdown operation.
It was necessary to have the fuel handling
software in a fully operational state at an early
stage to support the commissioning of the other
systems. To gain experience in the organisations
and operation of this software the fuel handling
staff assisted the software group in this
commissioning process. Some changes to the
software were required during the commissioning
of the individual systems when some small
operational defects were found.
For the initial operation of the fuelling machines
the refuelling was completed under computer
control in step by step, mode to allow the
operators to carefully monitor the performance of
each fuelling machine. As the initial operation
was very successful a second test was
immediately made, but this time the system was
operated fully automatically in run mode. The
success of this test proved that the fuelling
machines and auxiliary systems were capable of
fulfilling their design function.
The new fuel system was being commissioned at
the same time as the fuelling machines and was
ready for operation by April 1995. This allowed
a complete test of the refuelling operations to be
witnessed by the regulators, except for the spent
fuel system which was not yet ready.
The heat transport system was being drained of
light water at this time, thus it was also a
convenient point to drain and dry the fuelling
machines and auxiliary D2O systems which so far
had been operating with light water. This was a
tedious process especially for the fuelling
machines and the D2O valve stations with their
multiple circuits, each with many smaller tubes.

However the operation was successful and the
subsequent D2O fill followed with a minimum of
downgrading in the fuel handling system.
Due to the success of the automatic refuelling
operations a decision was made to complete the
off-power refuelling demonstration during the
heat transport system hot performance tests.
This was a CANDU first as no other CANDU
station has had their fuel handling system in an
operational state at this stage of station
commissioning. This is a tribute to the Romanian
commissioning staff as well as to the AECL
designers.

Following the off-power refuelling demonstration
the miscellaneous supporting systems such as
grappling and special tooling were commissioned.
The grappling system was tested at the rehearsal
facility and during these tests the operation of the
fuel grapples were proven as well as the pressure
tube seal and latch mechanism. A further test of
the grappling system proved that a channel could
be completely defuelled in the shutdown mode
using both fuelling machines and grapple
extensions to push the fuel into the downstream
machine.

in August 1995 the commissioning of the spent
fuel system was sufficiently far advanced to
allow the fuel to be discharged from the off
power refuelling demonstration, but the final test
of this system did not take place until December
1995. Following this test, which was also
witnessed by the regulators, the fuel handling
system was declared ready for the on-power
refuelling demonstration scheduled to take place
in October 1996.

3.4 COMMISSIONING PROBLEMS
As in any complex system there were some
problems to overcome during the commissioning
process. Most of these were of a minor nature
and were easily solved with a simple mechanical
adjustment or wiring change. One of the more
complex problems was a pressure instability in
the two Romanian designed oil hydraulic power
units. The specification called for the use of
pressure compensated piston pumps in these
units but in this case the improper valve type was
used to operate the compensation system. After
many tests and discussions with the power unit
manufacturer the correct type of valve was finally

44



01

w

Oa

H
U

i
V

i
H

CO

5
H
CO
«
H

9 3 - 8 6

yCOMMISSION THEo
93-87

PREPARE FOR CHANNEL

'CHANNEL CLOSURE
INSTALLATION TOOLS

94-85

kCOMMISSION A 8

'CONTROL CONSOLE
& TERMINATION RACKS

94-86
COMMISSION F/H SOFTWARE

CLOSURE INSTALLATION

94-88
^COMMISSION

O
93-98

COMPLETE CHANNEL THE

CLOSURE INSTALLATIONo
93-89

HEAT TRANSPORT SYSTEM

'F/M BRIDGES^
A & C SYSTEMS

94-89
COMMISSION

'F/M CARRIAGE^
A 8 C SYSTEMS

94-89

COMMISSION

AIR HOLD TEST

94-12
VERIFY OPERATION
OF THE BRIDGE

o
94-12

HEAT TRANSPORT SYSTEM

HOT CONDITIONING

F/M CATENARY
A R C SYSTEMS

O OF THE "BRIDGE T /^>kC0MMI SSION A 8 C/^~"N F~~\

CARRIAGE 8 CATE-V^^AuELLING M A C H I N E V - X I /CARRIAGE
|\ NARY, A & C SYSTEMS

9 3 - 8 7

kCOMMISSION COLD/""">VCHECK
[T/O) — (T /0

O
TEST FACILITY

93-11

CHECK PRESERVATION;

'F/M'S NOS

SERVATIONy*^.

. 1 ,2 & 3V. /

9 4-10
TRANSFER F/M'S

9 4-18

COMMISSION

A & C TO RB.
OIL HYDRAULIC

PU'S, A & C SYSTEMS

OF F/M 020 PUMPS

94-87
yCOMMISSION A 8 C.

[T/O) — [T/0]
'F/M AIR SYSTEMS

94-86 94-87
VCOMMISSION F/M/—\COMMISSION D20

[T/0
'D20 SUPPLY 'VALVE STATIONS

A 8 C SYSTEMS
O

94-89
CHECK OPERATION

NOTE: DATE SHOWN (E.G. 94-12) IS
THE APPROXIMATE DATE THAT
THE ACTIVITY WAS COMPLETED

94-89
COMMISSION REHEARSAL FACILITY

'F/M AIR SYSTEM,
D20 VALVE STATIONS
FOR A 8 C SYSTEMS 8
REHEARSAL FACILITY

AND A 8 C SYSTEM SERVICE PORTS E>

E>
95-83

INITIAL OPERATION

OF BOTH F/M'S AT
REHEARSAL FACILITY

o 95-83
CALIBRATION OF

REACTOR LATTICE
POSITIONS. A 8 C

o 95-83
CHECK OPERATION OF

a 9S-02
PREPARE FOR ANO

RECEIVE THE N/F

95-84

DRAIN & DRY THE

REACTOR PRESSURE
TUBES 8 FEEDERS

95-83
COMMISSION A 8 C

A 8 C N/F SYSTEMS
UNDER AUTO OPERATION

95-04

vCOMMISSION A 8 C

oCHECK OPERATION OF

A 8 C S/F SYSTEMS
UNDER AUTO OPERATION

o 95-84
TEST AUTO REFUELLING

OPERATIONS <» REHEARSAL
FACILITY

ON-GOING
FUEL HANDLING

6-B
N/F SYSTEMS

95-06

COMPLETE THE

S/F SYSTEMS

FIRST FUEL LOADo 95-0 7
D20 FILL OF

95-88
vHEAT TRANSPORT SYSTEM

OPERATOR TRAINING

HEAT TRANSPORT
SYSTEM

E>
95-06

FUEL HANDLING SYSTEM

DRAIN AND DRY O
95-07

FUEL HANDLING SYSTEM/

FILL WITH D20

'HOT PERFORMANCE TESTS

95-08

OFF POWER, FAF 8 .FARE

REFUELLING DEMO.

95-89

COMMISSION THE

FIGURE I FUEL HANDLING SYSTEM COMMISSIONING PLAN

GRAPPLING SYSTEM

95-11

WET TEST OF THE S/F

SCHEDUL ED 96-10
ON POWER, FAF 8

FARE REFUELLING
[\ DEMOMSTRATION

END)

DISCHARGE SYSTEM

ON-GO I N<3

PREPARE FUEL HANDLING

OPERATING DOCUMENTATION



FIRST CNS INTERNATIONAL CONFERENCE ON CANDU FUEL HANDLING SYSTEMS, HAY 1996

installed and the problem resolved.
A more serious instability problem occurred in the
F/M D20 supply system when a loose connection
in the pressure control system resulted in severe
vibrations in the piping to the high pressure
filters. The resultant pipe movement broke a tube
weld at the filter input. While investigating the
failure it was realised that the tube was too
constrained and a coiled length of tube was used
to repair the weld to allow freedom of movement
of the filter and pipe without straining the tube.
The tubing connections on the other filters in the
system were similarly modified.
Although both fuelling machine bridges worked
well, some problems were experienced with the
brakes as they occasionally failed to release. If
this failure went undetected by the operator the
brake was very quickly burnt-out and required
rebuilding. To overcome this problem each brake
was fitted with a limit switch to close on brake
release and wired as a permissive in the bridge
drive motor control circuit.
The Romanian manufactured bridge ballscrew
jacks were supplied with inadequate lubrication to
the upper bearings. The jacks operated well in
the short term, but because this equipment is not
accessible for maintenance with the reactor at full
power it was necessary to request the supplier to
redesign the gearbox to provide ample lubrication
to all bearings . The eight replacement gearboxes
have since been received and installed.
On the electrical side the Romanian panel light
bulbs on the control panels were so unreliable
that it was often difficult to know if a light was
on or off, but lit by the warming buss. The bulbs
were eventually replaced from Canadian supply.
A number of the Romanian designed power
supplies were also unreliable and were not
suitable for use in the specified application. In
some cases a small modification was all that was
required to correct the problem, in other cases
replacement units were ordered from Canada.

3.5 SUPPORT ACTIVITIES
The fuel handling group enjoyed a good
relationship with the construction department and
other commissioning groups throughout the
project and lent support in many areas as the
need arose, of particular interest are the activities
associated with the heat transport system and

the fuel channels.
The first of these activities was the installation of
the channel closure plugs prior to the heat
transport system air hold test. Special
pneumatically actuated tooling had been designed
by AECL for this purpose and manufactured in
Romania. The operation of the tooling duplicated
the action and forces of the fuelling machine
rams while installing or removing the channel
closure plugs. Commissioning of this tooling was
the first operation and this took place in June
1993. During commissioning of these tools some
problems were experienced wi th the
manufacturing tolerances causing difficulties in
achieving the correct operating parameters but
these were overcome. The tools performed well
for this programme but required extensive
rebuilding and seal replacement before they could
be used later for the removal of the closure plugs.
This was partly due to the use of an incorrect
lubricant that also damaged the seals.
In order to complete this programme efficiently
when most of the fuel handling staff were in
Canada, it was necessary to use personnel from
the construction, operations and maintenance
departments to form the two teams required to
do the work. A training programme was set-up
to train the teams on the operation of the tooling,
the careful handling of the closure plugs, the
cleaning and inspection of the end fittings and the
verification of the plugs before and after their
installation. To make the training more effective
a spare reactor end fitting was mounted in the
training area and a special test closure plug
installed into and removed from this end fitting by
the team members. This was repeated until they
were completely familiar with each operation.
A platform was mounted on each fuelling
machine bridge to provide access for the tooling
and operators to the reactor end fittings. Due to
the design of the bridge structure it was only
possible to access the upper sixty percent of the
end fittings from this platform and as in previous
CANDU projects, facilities were provided to hang
this same platform below the bridge to reach the
remaining end fittings. Moving the platforms was
a time consuming operation and interrupted the
flow of the work part way through the
programme. To overcome this problem one of the
Romanian senior fuel handling staff requested
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that the platform structure be redesigned to have
two platforms mounted on each bridge. This
design called for one platform to be on top of the
bridge and the other platform suspended at a
suitable distance below the bridge so that the
entire reactor face can be accessed without
transferring the platforms. Due to fabrication
delays the lower platform was not available for
the closure plug installation programme but this
innovation was to prove very effective when the
same platforms were used for later programmes,
when many platform position changes were
eliminated, with the resultant time saving for the
project.

The channel closure installation programme was
carried out in August 1993. It took thirteen days
of twelve hour shifts to complete the work
including the time lost for transferring the
platforms from the top to the underside of the
bridges. During the heat transport system air
hold test that followed immediately, six closure
plugs were found to be passing slightly. In all but
two cases the plugs were reseated using manual
tooling. The two plugs that could not be
reseated were removed and replaced with spares
using the pneumatic tooling.
The second support activity was the draining and
drying of the reactor fuel channels and installation
of the downstream shield and closure plugs prior
to the first fuel load. This programme utilised the
same pneumatically operated tooling, but this
time the channel draining system built into the
tool was also required.

By April 1995 when this work was carried out,
the trainees had returned from Canada, but it was
still necessary to form a similar composite team
as this task was part of the first fuel load
programme and required considerably more
manpower than the fuel handling group could
provide. In order to provide extended twenty
four hour coverage in two, twelve hour shifts it
was necessary to assemble three separate teams.
A dummy fuel channel assembly was set up for
training each of the teams for both the drain and
dry and the closure and shield plug installation
operations. For convenience the manual fuel
loading equipment was set up in the same area
and training for this operation completed at the
same time.
While testing the draining operation it was found

that the there was too much of a flow restriction
within the channel closure installation tool which
caused the draining time for each channel to be
much too long. As it was not possible to modify
the tool to correct this deficiency, a high
capacity, self emptying wet vacuum unit was
connected to the tool to increase the flow rate
and thus reduce the channel draining time.
The reactor fuel channel draining programme was
successfully carried out in ten days. Each team
worked in two groups, one at each reactor face
and thus, with a set of equipment at each face
they were able to drain adjacent channels
simultaneously. When all the channels in one
row were drained the two groups would work
together to pass the drying swabs through each
channel after which each end fitting would be
drained using the wet vacuum with a special
wand attached. To ensure that all the water was
removed from the end fitting liner tubes, the
water was trapped in a calibrated flask so that
the volume retained could be verified. Once the
end fitting liner tubes were dried the closure plug
region and the external surfaces of the end fitting
were thoroughly dried and cleaned, and then the
downstream shield and closure plugs installed.
The third support activity was the first fuel load
programme which followed shortly after the drain
and dry programme. This programme also
included the organization of the arrival of the first
fuel shipment. Most of the fuel came from
Canada although some Romanian made fuel was
included in the first fuel load to verify the
reliability of this fuel.

During the commissioning of the two Romanian
built, pneumatically actuated fuel loading
mechanisms, problems were experienced with the
speed control of the actuating cylinder during fuel
insertion. Some redesign of the control system
and control valve modification was required to
obtain the correct operating parameters.
The training for the first fuel loading concentrated
on the handling and inspection of the fuel, the
operation of the manual fuel loading mechanism
and the record keeping. The dummy fuel channel
assembly was used in the training sessions and
each team operated the fuel loading mechanism
many times to practise loading twelve dummy
fuel bundles into the channel.
The programme started in late May 1995 and
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was completed in early June. The actual fuel
loading process took just under 5 days to
complete which was another CANDU first. Once
all the fuel was loaded the fuel loading equipment
was removed from each face and replaced with
the channel closure and shield plug installation
tooling. The upstream shield plugs and channel
closure plugs were then installed in the end
fittings and the equipment and platforms removed
from the bridges. Again the success of this
programme was largely due to the fact that two
working platforms were mounted on each bridge.
For this programme each team was divided into
three groups, one at each reactor face and a
smaller group to provide support to the groups on
each face for materials handling and radiation
control. To minimise congestion on the platforms
the fuel was unpacked and inspected at floor
level before being lifted to the platform.

4.0 TRAINING PHILOSOPHY
In any group of people there will always be a
range of age, experience, technical capability and
dexterity even though all the people would have
been selected to perform specific functions with
a common interest. This fuel handling group is
no exception and thus it is the job of the fuel
handling training officer to arrange training for
individuals at different levels so that each person
can progress to the maximum of their ability.
From a training point of view the fuel handling
operations group falls into three categories. The
first category is for the six operations staff that
were trained in Canada (three others had been
promoted) and hence able to take lead roles in
commissioning activities. The second category is
for the eight people that remained in Romania
while their colleagues were in Canada, and thus
only qualified to take supporting roles in the
commissioning activities. The third category is
for the five people that were more recently hired
and had minimal or no prior exposure to fuel
handling operations. The training programme was
set up to meet the needs of all three groups while
also having to meet the departments objective of
having sufficient fully trained staff ready to safely
operate the system by the time the first refuelling
is required. At the same time the department still
has to complete the day to day operation and
maintenance of the fuel handling system.

The training required for the first category was
one of refreshment of systems training in the
classroom with extensive fuelling machine
operations training at the control panel. For the
second category more formal systems training
was required both in the classroom and in the
field, to be followed at a later date with training
at the control panel. For the third category in
depth systems training will be given in the field,
together with skills training, to be followed later
with formal classroom training. When sufficient
knowledge and experience has been gained the
control panel training will commence. It should
be noted that in each category the examinations
have an 80% pass mark Once the control panel
training is complete a final very comprehensive
examination has to be passed before the trainee
can be given interim authorization to refuel the
reactor and then only as a co-pilot for twenty
refuelling operations. At this point a practical
examination with oral questions is given at the
control panel by the fuel handling superintendent
and the operations supervisor. If this examination
is passed then the trainee is classified as a
fuelling specialist, and fully authorised to refuel
the reactor. All fuelling machine operations
training takes place with the machines on the
rehearsal facility, usually under expatriate
supervision and once reactor refuelling
commences the co-piloting requirement for the
category one senior specialists will be supervised
by the expatriate staff. Once fully authorised and
experienced the senior fuelling specialists will
supervise the co-piloting of the fuelling specialists
when they are qualified.

The formal training programme started in October
1995 after the intensive commissioning period
was over. To avoid a minimum of disruption to
the day to day operations the operating group
was divided into two teams, each with its own
supervisor and leaders. One team was scheduled
to be the operations crew for the week looking
after the routine operation and maintenance of
the system. They were also performing refuelling
operations at the rehearsal facility and completing
field check outs. At the same time the other
team spent the week in the training centre taking
the extensive fuel handling systems training. The
following week the two teams exchanged roles.
For the team at the training centre the first two
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days of the week were spent attending lectures
on a specific system given by the responsible
system engineer for that system. On the third
morning a comprehensive examination was
written after which a second course would be
given, with another examination written on the
following Friday afternoon. The second team
would take the same two courses the following
week. The examination was only written by the
category one and two students, the category
three students attended the lectures as an
introduction to the systems, they will study them
in depth later. This phase of the training was
completed by mid-March 1996 (at the time this
paper is being written). For the category one
trainees the next phase of training will be
concentrated on panel operations. For the
category two and three trainees the emphasis will
be on field operations training with oral field
check outs for each system given by the
operations supervisor. Coincident with this
training some classroom training will occasionally
be given to category one and two trainees on
special subjects such usage of the operating
manuals.

At the end of April the category two trainees will
write a comprehensive examination covering all
fuel handling systems. The successful candidates
will be classified as fuel handling field specialists
and authorised to carry out all the field operations
associated with fuel handling. The more
experienced field specialists start their control
panel training programme as time permits. At
this same time the category three trainees will be
classified as fuel handling specialists-in-training
and commence skills and formal systems training.
In mid-June the category one trainees will write
a comprehensive examination on the operation of
the fuel handling system from the control panels.
After this a practical examination with oral
questions will be given at the control panel by the
fuel handling superintendent and the operations
supervisor. The successful candidates will then
be classified as fuelling specialists authorised for
on-reactor fuelling machine operations under
expatriate supervision. Once reactor refuelling
commences and their co-piloting is complete this
group will be authorised for on reactor refuelling
and the more suitable will be selected as senior
fuelling specialist

It should be mentioned that throughout the
commissioning process the field personnel were
gaining experience in all disciplines, is was
deliberately organised this way as it is necessary
for fuel handling personnel to be cross trained in
all disciplines. In the fuel handling group all
personnel are expected to be able to fulfil the
mechanical, control, electrical and operations
functions at any time although some technicians
will take lead roles in certain disciplines based on
their backgrounds and experience.
As well as the maintenance training received in
Canada, training for maintenance activities has
been an on-going process throughout the
commissioning phase. Usually this training has
been given by the expatriate staff and to date this
has been very satisfactory and most maintenance
activities can now be competently carried out
with the Romanian field crews working with the
maintenance procedures that are now in place. In
some cases the Romanian systems engineers
provide additional support to the maintenance
activities on their own systems. Certain special
procedures such as changing the fuelling machine
ram assembly, rebuilding the F/M snout assembly
and rebuilding a ram assembly do still require
special training which is scheduled to take place
soon.
By the time the reactor will be ready for first
refuelling this programme will have trained six
fuelling specialists ready for control panel
operation and eight fuel handling field specialists
to give support to the fuelling activities. The field
specialists will also be supported by the
specialists-in-training and this team will be well
able to operate and maintain the fuel handling
system at Cernavoda 1 IMPS

5.0 THE FUTURE
The immediate future for the fuel handling group
is basically to continue the training programme as
well as maintaining the system in readiness to
support any on reactor operations that might be
required during phase B and C commissioning and
to prepare for the commencement of reactor
refuelling. As the time for reactor refuelling
approaches the operations group will be
organised into two crews each working eight
hour shifts to cover sixteen hours operation for
five days per week. Each shift will have two
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senior fuelling specialists, two fuelling specialists,
two fuel handling field specialists and one or
more fuelling specialists-in-training. The fuel
handling operations supervisor will not be on shift
and will not be directly involved with the day to
day operations of the crew, this will be the
responsibility of the two senior specialists. The
fuel handling control panel will be manned by a
senior fuelling specialist assisted by a fuelling
specialist. From an operations point of view these
two men are working under the direction of the
shift supervisor.
Work protection will be provided through the
work permit system and in the case of
maintenance work on fuel handling systems the
work protection and work permits will be issued
by the senior fuelling specialist at the control
panel, after approval by the main control room
operator. All electrical and mechanical isolations
in the field will be carried out by the field fuelling
specialists.
The rest of the crew will be working in the field
under the direction of the second senior fuelling
specialist. Their task will be to support the
fuelling operations and to complete the
maintenance activities.
The crews are scheduled to work the day shift
one week and the evening shift the following
week. After this two week cycle the crews
rotate the job functions so that those working on
the control panel assume field responsibilities
while the senior and one fuelling specialist from
the field take over the control panel
responsibilities. It can be seen that over a few
shift cycles all qualified personnel will spend time
on maintenance or field operations and on control
panel operations thus forming a highly
experienced and specialised team to operate and
maintain the fuel handling system. This team
approach will add greatly to the system reliability
as all qualified members of the crews have a
greater understanding of the working of the
systems. Thus they can quickly respond to
failures, also they can more easily diagnose
problems and often anticipate problems before
they become more serious, which will ultimately
be reflected in the overall efficiency of the
station.
In the long term the group will be striving to
improve their skills in all areas and to improve

the maintenance operations through the
development of special tools and fixtures. It is
hoped that the inadequate fuel handling
maintenance area will be replaced by a purpose
built facility that will have sufficient space to
rebuild F/M rams and fuelling machines at the
same time, as well as providing space for special
test facilities.
The fuel handling technical unit as well as
supporting the normal system operations will also
be looking to the future to see how they can
improve the efficiency and reliability of their
systems. Replacement of obsolete equipment is
one of their priorities, this particularly applies to
the oil hydraulic valves most of which are already
out of production with spare parts no longer
available. They also have to prepare for outage
work and to support reactor maintenance
programmes such as CIGAR, scrape sampling and
single fuel channel replacement. Looking further
into the future they must be giving thought to
expanding the irradiated fuel storage facility
including the possibility of dry fuel storage.
Hopefully the philosophies presented here, when
successfully applied, will make the fuel handling
group at Cernavoda 1 NPS rank amongst the best
in the CANDU group of nuclear power stations.
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