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The use of various decontamination techniques and equipment has become a critical part of
Fuel Handling maintenance work at Ontario Hydro's Pickering Nuclear Division. This paper
presents an overview of the set up and techniques used for decontamination in the PND
Fuel Handling Maintenance Facility and the effectiveness of each.

1.0 INTRODUCTION

The current PND Fuel Handling
Maintenance Facility (FM Shop) was
constructed in the late 1970's as part of
the Pickering 'B' expansion that increased
the size of the Pickering station from four
to eight units. It is located in the Unit 0
operating island just west of Unit 5.

Despite various other improvements, FM
Shop personnel still experienced the same
problem with inadequate decontamination
equipment that existed in the original
Pickering A Fuel Handling Maintenance
Shop. Decontamination was still limited to
manual scrubbing and dry wiping for
smaller items like closure plugs, and
manual scraping and vacuuming for larger
items like FM rams and head internals.

A renewed effort to upgrade Fuel Handling
decontamination capabilities was initiated
in December 1987, after excessive levels
of Co-60 were identified in the station
laundry and traced back to protective
clothing from the FM Shop. This effort
focused on two key result areas: (1)
eliminating the existing contamination
hazard, and (2) developing more effective
decontamination capability.

The FM Shop was thoroughly
decontaminated over a four month period
in order to eliminate the loose
contamination hazard.

An assessment of the facility was
conducted with the assistance of
personnel from what is now Ontario Hydro
Nuclear Technology Services (NTS) in

order to facilitate development of better
decontamination equipment.

1.1 Performance Criteria

A set of performance criteria was
developed from this assessment and used
as a general guideline for improving FH
decontamination capability. They are as
follows:

(a) The cleaning activities carried out
in the decontamination centres must
reduce loose activity to less than
1,000 cpm. Fixed activity to be
dealt with by disposal.

(b) The decontamination equipment
should be selected to minimize the
amount of "hands on" work in order
to minimize personnel radiation dose
during decontamination.

(c) Decontamination equipment must
have sufficient capacity to meet the
anticipated work load of the FM
shop in a timely manner.

(d) The layout for the FH
Decontamination Facility
must satisfy the following.

(i) A managed flow of personnel and
equipment through the
decontamination centre. This is best
achieved by one-way materials flow.

(ii) Contaminated and clean
equipment must be kept separate to
prevent cross contamination.
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(iii) Ease of inventory control, so
that parts brought in for
decontamination are easily retrieved
and processed.

(iv) Sufficient space to work and
manoeuvre materials along the
transfer flow paths.

(v) Sufficient storage space for
contaminated equipment awaiting
decontamination. The location of
contaminated equipment storage
must not pose a radiation hazard to
any staff working in the shop or
station.

machine components and tooling. The
degree of contamination removal depends
on the aggressiveness of the mechanical
method selected as well as the application
technique. An aggressive manual
application of a mechanical cleaning
technique can be highly effective at
removing fixed contaminants. However, it
can also remove the upper layers from the
surface of the contaminated object which
is usually not desirable unless the part is to
be scrapped. Less aggressive mechanical
methods may not result in material loss,
but may also not be effective at removing
more adherent deposits.

(e) Radiation monitoring of equipment and
personnel entering and leaving the
decontamination centre is required.
Appropriate monitors and meters must be
in place and operational.

(f) Procedures for facility operation,
housekeeping, equipment use and
maintenance, waste handling, and
radiation control must be available.

(g) Proper management of the Shop is
essential to ensure on-going successful
decontamination facility operation.
Periodic assessments of the facility
operation should be carried out to assist in
identifying deficiencies and required
corrective action.

2.0 DECONTAMINATION TECHNIQUES

Many techniques can be used to clean
contaminated items. Some of the methods
looked at for use in the FM Shop are
described briefly below.

2-1 Manual /Mechanical

Manual/mechanical techniques rely on
physical contact between the surface of a
cleaning tool, such as a metal wire brush
or scouring pad, and the surface to be
cleaned.

The process can be quite effective at
removing loose and some fixed
contamination from the surface of fuelling

2.2 Chemical

Chemical cleaning relies on the use of a
solvent solution to dissolve the radioactive
deposit or contaminant. Chemical cleaning
processes are usually classified as either
dilute or concentrated. In general, dilute
chemical cleaning refers to processes using
solutions with concentrations < 1 %
(w/w); whereas concentrated chemical
cleaning typically refers to processes that
use solutions with concentrations > 1 %
(w/w).

Chemical cleaning effectiveness is
dependent on a number of factors:
concentration and composition of the
cleaning solution, application method
(temperature, pH, flow rates, contact
time), and composition of the deposit or
contaminant are key among these.

2.3 High Pressure Water

High pressure water jets with discharge
pressures ranging from 1 to 15 kpsi have
been used to clean a variety of
contaminated equipment surfaces, and
tools.

The decontamination effectiveness of the
high pressure water stream depends on
the shape, flow rate, and discharge
pressure of the jet and stand off distance.
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Water jets employed at the lower end of
the pressure range ("2 to 3 kpsi) are
effective at removing some loose
contamination and will generally not
damage protective coatings or painted
surfaces beneath the deposit. A typical
system operating in this pressure range
will use a "fan" type spray nozzle (30° or
45° angle of dispersal on the spray), have
discharge water flow rates of 3 to 6
USgpm, and be manually operated.

Water jets employed at the higher end of
the pressure range ("9 to 15 kpsi) are
effective at removing all accessible loose
contamination and some fixed
contamination. (For the purposes of this
discussion, "fixed" refers to any
contaminant that cannot be removed by
manually wiping with a soft cloth.)
Damage to underlying protective coatings
and painted surfaces can result if care is
not taken when decontaminating with
water jets in this pressure range. Typically,
a system operating in this pressure range
will employ fan or pencil type spray
nozzles (jet can be angled or straight),
have discharge water flow rates of 6 to 15
USgpm, and be either automated or
manually operated.

2.4 Vibratory Finishing

Vibratory finishing uses small metal or
ceramic cleaning media immersed in a
cleaning solution to decon small metallic
components and hand tools. During
cleaning using this method, contaminated
component, cleaning media and solution
are all held in a large tub with a system to
continuously filter and recirculate the
cleaning solution. The tub vibrates on its
spring mounted base, creating physical
contact between the cleaning media and
component in the tub. A thorough
inspection should also be performed after
cleaning in the VFM to ensure that none of
the ball cones have become lodged within
the part cleaned.

The cleaning action obtained using this
method is a combination of the mechanical
effect created by contact between the
metal cleaning media and component/

contaminant surface, and the chemical
action of the cleaning solution. Each
process enhances the action of the other.

Vibratory finishing is effective at removing
loose and some fixed contamination from
the surfaces of small fuel handling
components and hand tools.

2.5 Ultrasonic Cleaning

Ultrasonic cleaning combines the chemical
action of a cleaning solution with the
physical cleaning action of cavitation to
remove deposits/ contaminants from
component/ tool surfaces. The basic
system consists of a tank (which contains
the cleaning solution), a heater, and an
ultrasonic generator and transducer
assembly. A recirculating clean-up system
with in-line filter is also sometimes
employed.

The effectiveness of ultrasonic cleaning on
any given deposit or contaminant is
dependent on the cleaning solution used,
and method of application. In general,
ultrasonic cleaning enhances the
effectiveness of chemical cleaning
solutions by producing a physical effect
(cavitation) on or near the contaminated
surface. This is due to the multitude of
bubbles that are produced in the cleaning
solution as a result of vibrations generated
by the transducer assembly. These bubbles
are unstable, localized low vapour pressure
regions and collapse quickly. The cavitated
"collapsed bubble" region produced is a
temporary, localized pocket of high
temperature and pressure that can enhance
the chemical cleaning properties of the
liquid solution by up to 10 times,
according to results reported by EPRI.

(f) Strippable Coatings

Strippable coatings are used for cleaning/
contamination control in two ways: [1] as
a protective coating (to prevent
contamination of the material underneath)
which can be easily removed when loaded
with deposits, or [2] as decon technique to
remove contaminants already present on a
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surface. Typically, a strippable coating will
be applied as one thick layer (0.020-0.080
in.) directly to the clean or contaminated
equipment surface. When applied as a
protectant, the strippable coating may be
left in place for up to a few days before
removal. When applied to decon a surface,
the strippable coating is removed as soon
as it has dried or cured sufficiently to
obtain maximum strength.

The effectiveness of strippable coatings is
quite good in general. Decontamination
factors as high as 1000 have been
reported by EPRI using this method.

(g) Dry Ice Blasting

Dry (CO2) ice blasting is a decontamination
method that relies on physical and thermal
effects to remove deposits from
contaminated surfaces. Systems on the
market today typically use compressed
pellets of C02 "snow" in the cleaning
process. The pellets are entrained in an air
stream that is directed via a jetting tool to
the contaminated surface to be cleaned.
The cleaning mechanism is dependent on
several factors: [1] the impact energy of
the pellet, which is a product of the
pellet's mass/density and velocity; [2]
pellet mass flow rate/ number of impacts
per unit time; and, [3] thermodynamic
effects.

Factors [1] and [2] are controllable by
making adjustments to the blasting
machine. Increasing any one of these
factors (pellet density, velocity, or pellet
flow rate) will increase the effectiveness/
aggressiveness of the decontamination.

Factor [3], thermodynamic effects, is
caused by the temperature differential
between the dry ice pellets and the
contaminated surface being impacted. An
effect known as "tracking" (freeze
cracking), in which the contaminant layer
becomes embrittled by the cold CO2 is one
such effect. Fracking results in a break up
of the active deposit layer, making it easier
to dislodge.

Another thermodynamic effect occurs
when the CO2 pellet sublimates on impact.
The CO2 gas from the sublimating pellet is
able to penetrate beneath the deposit layer
(which has been made accessible by
"fracking") and dislodge contaminants
from underneath as it expands.

Dry ice blasting can be effective at
removing most loose contaminants, oil and
grease, and some paints and adhesives. It
is not effective at removing oxides,
scales/mineral or other hard deposits.

3.0 DECONTAMINATION EQUIPMENT
SELECTION

Field testing indicated that high pressure
water jetting was effective at removing
most of the contamination normally
encountered in the course of Fuel Handling
maintenance. This contamination consists
mainly of activated corrosion and some
fission products picked up from the
primary heat transport system during
fuelling.

In addition to being effective, high
pressure jetting also offered the
advantages of being non-corrosive, and
being relatively inexpensive to start up and
operate. Waste disposal was also easy
since no chemicals, abrasives, or other
additives are ordinarily needed in order to
achieve good results.

Decontamination using manually operated
10 kpsi jetting equipment commenced in
1989. Very careful control of the water
jetting operation was maintained during
this time in order to ensure worker safety
as well as to obtain good decontamination
factors.

The FM ram was the most frequently
decontaminated item using this method
over the next 18 months. After several
repetitive manual cleans of the ram using
FM Shop personnel in plastic suits, it
became apparent that this physically tiring,
somewhat tedious task would be ideally
suited to automation. This observation
eventually led to the development of the
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automated Ram Spray Booth (RSB), a
ventilated, totally enclosed automated
water spray booth.

4.0 Ram Spray Booth

The RSB was custom designed and
constructed to decontaminate PND fuelling
machine rams, and can accommodate
other long cylindrical items with diameters
< 17".

Some key design features incorporated
into the RSB are as follows:

• accommodates an FM ram assembly
with the drive housing gray lock
attached

• use of overhead crane to load /unload
individual components

• high accessibility to the ram when
inside the booth

• all high pressure spray, drain, and filter
systems located within the booth

• built to facilitate decon of interior
surfaces and minimize potential for
crud traps

• able to use robotic arm to perform the
majority of the ram housing and ball
screw decon with rotary water jets

• capability to manually water jet areas
not accessible by the robotic spray arm
or as backup

• built in safety devices to limit access
to the booth interior when robotic
spray arm in operation

• PLC access codes to restrict use to
authorized personnel

• connectable to active ventilation

The height of the booth (92" including foot
pads), required construction of a raised
platform around the booth to provide
operators with easy access to controls and
glove ports.

The Automated Water Lancing Machine
(AWLM) uses a two nozzle rotary spray
jetting tool (~9kpsi) for cleaning. Separate
electric motors inside the booth move the
spray arm longitudinally and radially along
separate tracks to provide spray coverage
to most areas of the ram. An Allen Bradley

PLC directs both motors to control the
spraying pattern when in use.

A separate, smaller 3 kpsi water jetting
pump is also built into the RSB to permit
manual jetting of any areas missed. The
hand-held spray lances are operated
through glove ports down the length of
both sides of the spray booth.

The Ram Spray Booth was placed in-
service in mid-1994 at a total cost of
approximately $300,000.

Decontamination results achieved using
the RSB have been very good. Rams with
smearable activity > 1 million cpm have
been reduced to virtually zero loose.
Further, time required for a full ram
decontamination has been lowered from 7-
10 days using manual spraying to about 3
days using the RSB.

4.1 Ram Spray Booth Modifications

A number of modifications were carried
out during the RSB commissioning process
to address deficiencies and enhance
performance.

4.1.1 L-225
Installation

High Pressure Pump

The existing FM Shop high pressure jetting
pump was modified to allow it to be
installed beneath the Ram Spray Booth for
use as part of the Automated Water
Lancing Machine, resulting in savings on
equipment costs when purchasing the
RSB.

4.1.2 Light Curtain

Difficulties were encountered setting up
the electric light curtain. The light curtain
is a device consisting of an emitter, a
receiver, and two mirrors. As designed,
this device was supposed to stop the
AWLM in the event that one of the
operator's arms was extended into the
booth while in operation. Although the unit
did eventually function as designed, it
proved to be exceedingly difficult and time
consuming to maintain the proper set up.
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This was due to the fact that the light
curtain model selected by the manufacturer
is at the limit of its range when used as a
perimeter detector for the RSB. Slight
jarring of the mirrors from personnel
walking by was enough to set them out of
alignment. The corrective measure
eventually used to resolve this problem
consisted of disconnecting the light curtain
system, and using shield doors over the
glove ports to prevent access while the
AWLM is in operation. Safety interlocks,
which trip the Emergency Stop
instantaneously when activated, are in
place on all RSB doors and hatches to
prevent all other access routes to the
booth interior while the AWLM is in
operation.

4.1.3 Automated Water Lancing Machine
Programming

Customization of the PLC software for the
AWLM was carried out in the FM Shop
between April and July 1994. The number
of passes and the spray pattern of the
robotic arm were modified in order to
maximize coverage during FM ram
decontamination. The spray pattern was
modified so that washing occurred from

the top down (i.e. the first pass at 90° to
horizontal, then at increments on either
side of top centre down to horizontal) as
opposed to the original pattern which had

sprayed from 0 ° to 180 (i.e. from
horizontal to the top then back to
horizontal).

4.1.4 Tooling and Accessories

Ram trolley cart modifications and
numerous other mechanical changes were
made to the Ram Spray Booth during
commissioning to help achieve better
performance. These changes included
things such as:

fabrication /installation of spray cradles
and supports
fabrication /installation of ballscrew /
tube racks
installation of safety supports (for side
doors) in the RSB

repairs to defective air valves (for side
doors)
repairs to drip trays (for side doors)
addition of glove bar/ hanger
repairs to the cable tray
addition of an access port (2" dia.) to
the north end loading hatch to enable
water jetting of ram housing and tube
internals without removing them from
the RSB

5.0 Other Decontamination Equipment

Other equipment/techniques that had
proven to be effective -such as ultrasonic
cleaning and vibratory finishing-- were also
introduced into the FM Shop at around the
same time as water jetting. Figures 1 and
2 show the layout of the renovated
facility.

6.0 Decontamination Equipment
Effectiveness

Effectiveness of the equipment
installed was assessed as part of the
commissioning process. A summary
is presented in Table 1 below.
Regular checks since that time have
shown that the equipment is still
meeting performance targets (i.e.
able to decontaminate components
to < 1000 cpm loose).

7.0 CONCLUSION

Improvements in productivity and
equipment reliability have been achieved as
a result of upgrading Fuel Handling
decontamination capability.

Ram performance, for example, has
continued to improve as decon capability
has increased. This is at least partly
attributable to better rebuilds during
maintenance as a result of [1] being able
to fully see the part, and [2] being able to
spend more "quality" time working on the
part.

There are also other indirect benefits of
decontamination. The maintenance side of
the FM Shop, for example, is no longer a
rubber area, which makes for more
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comfortable working conditions. As well, since the commencement of the program,
dose pickup has dropped by a factor of 5 an important health and safety gain.

Table 1: Decontamination Equipment Effectiveness

DESCRIPTION

Ram Spray Booth
Vibratory Finishing Machine
Glove Box Spray Booth
Ventilated Sinks/Benches
Automated Parts Washer
Ultrasonic Cleaner
Ventilated Solvent Tank

USED FOR

rams, other cylindrical parts
closure plugs, small parts
small parts (< 18 kg)
small parts, hand tools
small parts, hand tools
small parts, hand tools
oil, grease removal

EFFECTIVENESS* (cpm)
> 1,000,000 to < 10,000

> 25,000 to<2,500
> 100,000 to < 2,500

> 10,000 to < 2,500
> 55,000 to < 30 ,000"
> 25,000 to < 2,500

fully degreased

Maximum smearable activity levels detected before and after decontamination. Total DFs for each piece
of equipment will vary depending on the nature of the contamination on the component being cleaned.
Most components can usually be decontaminated to zero loose activity levels.

##
Measurements after one wash cycle. Most components can usually be decontaminated to < 1,000

cpm with repeated washing (two to three additional cycles).
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