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RESUME

EACL Accélérateurs a installé un irradiateur à faisceau électronique IMPEL A-10/50 au centre
de service dïotron Industries, près de Vancouver. La construction de l'installation, la mise en
place de l'accélérateur et du convoyeur et la mise en service à la pleine puissance nominale de
50 kW ont été exécutées en 12 mois. lotron a commencé l'exploitation commerciale
immédiatement, et la première période d'exploitation continue a donné 250 heures de
production en 12 jours. On étudie dans ce document les organismes et les activités d'étude,
de production et de gestion de projet qui ont permis de réaliser la mise en oeuvre et la mise
en service dans les délais.

*EACL Accélérateurs, 43 6B Hazeldean Road, Kanata (Ontario) K2L 1T9, Canada

**Iotron Industries Canada Inc., 1425 Kebet Way, Port Coquitlam
(Colombie-Britannique) V3C 6G1, Canada

AECL-11414



AECL

MANAGEMENT OF THE INSTALLATION OF
A10 MeV, 50 kW ELECTRON-BEAM IRRADIATOR

by

C.B. Lawrence, L. Armstrong, N.H. Drewell and J. McKeown*

L. Scott, D. O'Brien, and E. Svendsen**

ABSTRACT

An IMPELA-10/50 electron-beam irradiator has been installed by AECL
Accelerators in lotron Industries' service centre near Vancouver. Construction of
the facility, installation of the accelerator and conveyor, and commissioning to the
full rated power of 50 kW were completed in 12 months. lotron began
commercial irradiation immediately and the first continuous operation achieved
250 hours of production in 12 days. The engineering, production and project
management organizations and activities to complete the on-schedule installation
and commissioning are reviewed.
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1. Introduction

The IMPELA-10/50 iiradiator is a 10 MeV, 50 kW electron-beam linear accelerator designed [1]
and manufactured by AECL Accelerators, a division of Atomic Energy of Canada Ltd; its
specifications are summarized in Table 1. AECL Accelerators has recently installed the
IMPELA-10/50 at lotron Industries' electron-beam service center near Vancouver, B.C. lotron
Industries is a private company that provides sterilization, cross-linking and other related services.

The lotron Industries installation is the third 50 kW accelerator built and installed by AECL. The
first unit, the prototype, continues to operate [2] and be used for experiments at the Chalk River
Laboratories. The second unit, installed at E-Beam Services in Cranbury, N. J., also continues to
operate well and provide electron-beam service to the New York area [3].

A 10 MeV, 50 kW irradiator has the optimum technical characteristics to provide a profitable
operation for a service centre. However, to be a success, the business must operate according to
rules, made by investors, which are just as inviolate as the laws of physics. The investors demand
a return on investment, which translates into the business requirement of insuring that the service
centre is built on time and on budget, works reliably, and that revenue is generated when the
facility is complete. Without all four of the essential ingredients, the service centre business will
fail and the accelerator will not find its way into an industrial process. The project management
used for the lotron installation is presented in this paper as a case study for future installations.

Table 1. IMPELA-10/50 Specifications

Beam Power at Output Window 50 kW
Beam Energy 9.5 ±0.5 MeV
Pulse Length 200//s
Pulse Repetition Frequency 250 pulses per second
Beam Scan Width variable, 40 to 80 cm, 15 cm from window
Beam Scan Uniformity ± 5% over 80% of the half mean width
Rf Frequency 1300MHz
Accelerator Structure On axis coupled cavity, standing wave
Klystron Thomson TH2115

2. : Logistics

The Project Management group of AECL Accelerators is located in Kanata, near Ottawa,
Ontario. The installation site, a new building in the Meridian Industrial park in Port Coquitlam,
near Vancouver, is about 4500 km (2800 miles) from the Kanata Office. The distance had a
minor effect on schedule, mainly a few days to ship heavy components, but it did limit the amount
of professional interaction and contact Planning for the lotron installation began with a series of
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meetings in Vancouver and Kanata.

After the project was formally launched, the lotron and AECL project managers met monthly to
review progress and coordinate construction of the irradiation facility and delivery of the
accelerator and product handling systems.

The IMPELA irradiator comprises 14 modules that are assembled and tested at their respective
factories and shipped to the installation site. The Production group plans and coordinates the
purchase of components, the manufacture of the modules and shipment to site. Components and
modules originate in four countries; some modules are shipped directly to site, while most
components are shipped to the AECL stores in Kanata. There are just over 5000 different parts in
an IMPELA irradiator that are purchased, received, inspected, held in inventory and packed into
kits for assembly into modules with the aid of a Manufacturing Resource Planning (MRP) system,
from qad Inc. The computerized MRP system permits the relatively small Production group to
efficiently manage the inventory of parts and plan manufacture by subcontractors with a minimum
of overhead.

Parts are purchased or manufactured from drawings prepared and controlled by the Engineering
group. There are about 1500 specification drawings for purchase of commercial components and
about 1400 detailed documents and drawings for parts manufacture, assembly, wiring and testing.
Every drawing is controlled by means of formal design change notices and each release is
archived. Drawings control the purchase of all components and the manufacture and installation
of all modules. A Computer-Aided Design (CAD) system, Microstation, is used to prepare
drawings which provide bills of materials that are electronically down-loaded to the MRP system.
The CAD drafting system minimizes effort to make small changes, and produces high-quality
drawings as well as accurate and complete bills of material for the Production group. It also
provides a data base that can be searched electronically for every occurrence of a part in the
accelerator.

The Projects Management group provides the technical interface to the client and carries out the
installation, commissioning and training of operators. Liaison with lotron Industries began during
contract negotiations, and carried on during manufacture of the irradiator and construction of the
shielding. When the agreement was signed, a schedule was struck and reviewed monthly with
lotron. When the shielding was in place and irradiator manufacture nearly complete, the Projects
Management group moved on-site to oversee the installation and commissioning.

3. Schedule

The overall schedule for the lotron project is shown in Figure 1. The activities have been
summarized into seven tasks: Planning and Design, Construction, Manufacturing, Accelerator
Installation, Conveyor Installation, Commissioning, and Beam Operation. Three milestones are
shown: the purchase agreement date, provisional acceptance of the irradiator by lotron, and final
acceptance. The open diamonds and open rectangles in Figure 1 are the planned milestones and
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tasks, respectively: the solid triangles and solid rectangles are the milestones and tasks that were
achieved. Most of the Planning and Design task occurred over two years prior to the schedule
shown, culminating with an agreement to purchase in 1993 January. Selection of the product
handling system, modifications to the shielding layout to accommodate the product handling
system, and preparation of shielding construction drawings took place during the Planning and
Design phase. Construction of the shielding and warehouse began immediately after the
agreement was signed, and was complete for the start of accelerator installation in
1993 September. Manufacture of the linear accelerator structure, started prior to the purchase
agreement, was also completed in 1993 September. The overall manufacturing schedule stretched
into October, because of late delivery of one large component, but it did not impact the start-up
date.

At this point the project entered a crucial stage. The investment in accelerator modules, shielding,
warehouse and accelerator services had been made, and the interest began accumulating during
the time the construction clock was ticking, but no revenue could be generated. The suppliers,
working hi parallel at many locations, had done their job and the work was now concentrated at
one small location, outside and within the accelerator shielding.

The Projects Management team, a project manager, site supervisor and technologist, arrived
on-site about a month before delivery of the first modules, to set up an office, engage local trades
and receive the modules. The installation specialists hired locally included a consulting engineer,
surveyor, heavy-equipment riggers, electricians, welders, plumbers and control wire-men.
AECL engineers and technologists managed the installation and performed other specialized jobs.
The use of many local skills during the installation phase minimized the cost and shortened the
schedule by having many activities occurring in parallel. Installation of the irradiator took place
over about three months with 1.5 months of concurrent commissioning activities, followed by
two months of dedicated commissioning. The conveyor installation, by a local Vancouver
company, began on schedule, but operation of the conveyor was delayed for three months
because its control cabinet and program were not available. Li general, the skill level available in
the Vancouver area was found to be quite adequate, even though none of the companies had ever
worked on a linear accelerator. The heavy moving equipment available in Vancouver made the
unloading and placing of large modules an easy task.

Accelerator commissioning was carried out by the Project Manager and two technologists. The
skill and knowledge level at this stage was critical and benefited from the team's experience. The
inspection of the facility's personnel safety system, on 1993 December 8, marked the start of
accelerator commissioning. The milestones of the commissioning period and the first 300 full-
power hours are listed in Table 2.

The rf power system was commissioned in the first five days, following inspection of the
personnel safety system. First beam from the accelerator occurred on day 10. First operation at
50 kW was achieved on day 23, and operation for several hours at full-power occurred on day 54.
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Sustained full-power operation and provisional acceptance by lotron was achieved, on 1994
February 9, two weeks ahead of the schedule set a year earlier. Completion of the first 300 hours
of operation and final acceptance by lotron was achieved about five weeks ahead of schedule.
During the 300 hours of operation, lotron was able to operate 24 hours per day and seven days
per week with additional operators from AECL. During the last 250 hours of the 300-hour run,
the irradiator operated at full power for an average of 20 hours per day. Product set-up and
correction of minor problems occupied the other four hours per day.

Table 2. lotron Commissioning Milestones

Day Milestone

1 personnel safety system inspected
6 first high-power rf to the accelerator
10 first electron beam
23 first operation at 50 kW
40 conveyor operation
54 operation for several hours at 50 kW
58 beam parameters calibrated
63 provisional acceptance by lotron
65 operator training completed
72 24-hour operation at 50 kW
82 50 full-power hours complete: continuous operation begins
94 300 full-power hours completed since provisional acceptance

4. Goals for the Next Installation

Much time was spent planning the conveyor layout, and after a struggle during installation the
conveyor is now satisfactory. However, in spite of months of planning with the supplier, the
conveyor was operational three months after the scheduled date, due to late delivery of its control
system. This is unsatisfactory, and closer control of the conveyor's control system is essential for
a better schedule.

The capital cost of an electron-beam service centre is a heavy burden for a new business. The
cost is divided about equally between the installed irradiator and the support systems, which
include shielding, accelerator services, conveyor, warehouse and offices. Very close attention
must be paid to all cost aspects of the service centre, to remain competitive in the early days.
The best possibility for reducing the capital cost of the irradiation service centre is to reduce the
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overall schedule. The target for the next installation is to complete manufacturing, construction,
installation and commissioning in nine months. To gain the advantage of a short schedule, the
irradiator support systems in the centre must also be planned very carefully, constructed, and put
into operation quickly. There is scope for more comprehensive planning and execution to bring
together all aspects of financing, product handling, construction, manufacturing, installation,
commissioning and business start-up.

5. Conclusion

The installation of the IMPELA-10/50 irradiator at the lotron service centre, the second
commercial installation, was carried out on time and on budget, with product irradiation
commencing as soon as commissioning was complete. Operation of the irradiator has now
exceeded 2000 full-power hours in the first eight months of operation.

The strengths of a well-designed irradiator, backed by carefully controlled engineering,
production and project management, are evident. The use of standard industrial components
from many suppliers, the manufacture of modules in parallel, installation by local trades and
commissioning by a skilled team provided a linear accelerator for industrial use with the same
assurance as other industrial products. Further gains are possible with better planning and
improved quality assurance of components, modules, conveyors and on-site accelerator services.
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